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GENERAL DESCRIPTION 

1. INTRODUCTION 

This manual describes standard programs avail
able from GE-PAC':' 30, and how to use these pro
grams, The manual is intended as a reference for 
programmers who are familiar with GE-PAC 30 
Digital System, and as an introduction for pro
gramm''ffS who have not used GE-PAC 30 Systems 
previously. Sections which describe system 
operation procedures, a typical programming 
sequence, and listings of which programs may be 
used with which equipment complement are pro
vided before the actual program descriptions. 
Note that programs described in this manual are 
normally supplied with the manual in the form of 
punched paper tapes. 

2. HEXADECIMAL NOTATION 

GE-PAC 30 documentation uses hexadecimal nota
tion extensively. The letter X denotes that the 
following alphanumeric characters, enclosed in 
single quote marks, form a hexadecimal number. 
Thus, X• 50 1 indicates 5016· Table 1 lists the 
decimal and binary equivalents for each valid 
hexadecimal character. 

In some contexts, hexadecimal notation is used 
exclusively. For example, CLUB, the interactive 
debug program, uses hexadecimal numbers only. 

Also, a program listing as generated by the 
assembler, describes the binary form of the pro
gram in hexadecimal. In these cases, the X• -- -' 
notation is not used, and all numbers are assumed 
to be hexadecimal. In general, memory locations 
and program starting addresses are also defined in 
hexadecimal. 

3. GLOSSARY OF TERMS 

This section explains some terms and concepts 
used in GE-PAC 30 programs and program docu
mentation, The terms are arranged in alphabetical 
order for easy reference. 

50 Sequence The 50 Sequence resides in core 
memory from X 1 50 1 to X•7F• and 
contains an 8 -bit loader and a Device 
Definition Table. These 24 half
words must be manually entered into 
memory. This area of core memory 
should be reserved for the 50 Se
quence; once keyed into memory, 
this sequence normally remains there, 
available for use. 

68 Sequence The 68 Sequence (o GE-PAC 30-2 
on~ is a short form of the 50 Se -
quence, It makes use of the 30-2 

TABLE 1. HEXADECIMAL NOTATION 

Hex Decimal Binary 
Character E_g_uivalent E_g_uivalent 

0 0 0000 
1 1 0001 
2 2 0010 

3 3 0011 

4 4 0100 

5 5 0101 

G 6 I 0110 
7 7 0111 

8 8 1000 
9 9 1001 
A 10 1010 

B 11 ] 01 l 
I 

c 12 I 1100 

D l:l 1101 
E 14 1110 

F 15 1111 

···-·· 

HcgiHtered Trademark of General Electric Company 
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absolute 

Autoload instruction. 

Programs designed to occupy a fixed 
set of locations in the core memory 
are called absolute programs. For 
example, an absolute program de~ 
signed for bytes 80-99 in memoty 
will not execute correctly it moved 
(relocated) to bytes 180-199 in 
memory. 

assembler The assembler program tI'anslates 
the source form of a program into a 
form which can be conveniently loaded 
into the system by a loader program. 
GE-PAC 30 provides an assembler 
program which converts assembly ... 
language tapes into binary object 
tapes. See ~ect and source. 

bias The base value used by the REL or 
General Loader to load a relocatable 
program is called the bias. The bias 
value is added to all relocatable 
quantities during the loading process. 
See General Loader. 

bootstrap tapes 

editor 

Fast Format 
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Certain program tapes are provided 
with the appropriate loaders on the 
tape itself. These tapes are loaded 
into mem:lry using the 50 Seqtience 
Loader or 68 Sequence Loade:t', AU 
bootstrap tapes have a part number 
with an MlO designation. See 50 
Sequence, 68 Sequence anq Fast 
Format. 

Aq editor is a program which mani
puiates symbolic or textual informa"" 
tion. It facilitates the creation, ex'" 
amination, and modification of 
character oriented data, Such a pro"' 
gram is useful fOr the creation and 
editing of source tapes. See ~_ourc~. 

Bootstrap tapes for large absolute 
programs, such as FORTRAN or the 
Assembler, employ a Fast Format 
for data organization. This format 
is essentially an 8-bit format which 
minimizes loading time on slow de~ 
vices. Fixed length records are 
used, however, to facilitate check
sum procedures. A transfer address 
is specified in the first record of a 
Fast Format tape. See !:?_ootstrap. 

FORTRAN 

Oen:eral Loader 

Micro-programs which are 
written for a Read-Only-Memory 
(ROM) are called firrnw are, as 
opposed to conventional machine 
language programs Which are 
called software. See micro
program. 

A method of representing num -
bers with a mantissa or fraction 
and an exponent or characteris
tic. For example, in the number 
• 5 X 103, the . 5 is the mantissa 
and the 3 is the exponent of the 
base 10, GE-PAC 30 systems 
represent floating-point numbers 
in a floating hexadecimal format 
using a 24 bit fraction and a 7 
bit exponent of the base 16. 

The FORTRAN language permits 
the statement of arithmetic prob
lems in an algebraic-type format. 
The GE-PAC 30 FORTRAN sys
tem is an interpreter which per
mits problems to b.e created and 
executed in an inter-active 
manner. 

The General Loader in the lar -
gest and most comprehensive of 
the GE-PAC 3.Q,loaders. This 
loader handles absolute or relo
catable programs with external 
program linkages and forward 
reference definitions, which occur 
on object tapes from one-pass 
assemblies. The loader bias and 
error messages are printed on the 
teletypewriter for operator con -
venience; See one-pass and ~i_§l.s. 

listing The assembler inputs a source 
tape and generates an object tape 
and a listing. The object tape 
contains the binary information 
to be loaded into memory. The 
listing is a printed record which 
shows each source statement, 
and the binary information gener
ated for that statement. The 
binary information is represented 
in hexadecimal form. 

loader A loader is a type of program 
which, when executed by the 
machine, reads information from 



\ 

a peripheral device and loads the 
core memory with instructions and 
data. 

micro-programs 

object 

one-pass 

GE-PAC 30 machines involve a Read
Only-Memory (ROM) used to control 
basic Processor operations. The 
sequence of commands which reside 
in the ROM is called a micro-program. 
See firmware. 

Object tapes are binary tapes pro
duced by the assembler. For each 
source tape assembled, there is an 
object tape. A loader reads the 
object tapes and places the corres
ponding instructions and data in core 
memory. See ~ssembler, 'JE..!lder, 
and source. 

The assembler takes one, two, or 
three passes across the source tape 
to complete an assembly. The num
ber of passes is controlled by an option 
control statement in the source pro
gram. When so directed, the assem -
bler will make an assembly - complete 
with listing and object tape - in one 
pass. In this case, the resulting 
object tape must be loaded by the 
General Loader. See General Loader. 

part number Each program is identified by a part 
number which defines the type of 
program, the revision level, and the 
tape format. For example, the part 
number for the assembler is 
03-00lROlMlO. In this number, the 
03-001 identifies the assembler, the 
ROl indicates the revision level, and 
the MlO indicates that the program 
is available in bootstrap form. In 
general, an MOB designation means 
a relocatable program in standard 
binary object format. An M09 des
ignation means an absolute program 

program 

in standard binary object format. The 
MOB and l\lf09 tapes require the REL 
or General Loader to be loaded into 
memory. Any bootstrap tape with 
designation MlO is loaded using the 
B-bit loader at 50 or 6B. Tapes with 
other designations may require spec
ial loading procedures. 

A program is a set of machine :instruc -
tions which, when executed by the 
machine, ">erforms some useful 
function. 

relocatable Programs designed to be loaded 
anywhere in core memory are 
called relocatable. For exam -
ple, a program which occupies 
26 bytes could be loaded into 
X 1 B0 1 -X1 99 1 or X•lBO• - X'199 1 

and executed from either location. 

Relocating Loader 

source 

The REL Loader is appropriate 
for loading absolute or reloca
table binary object tapes on 
which all .data is defined. This 
loader is not appropriate for 
linking to external programs or 
for loading object tapes from 
one-pass assemblies. See re
locatable and £_ne -pass. --

A source is a mnemonic or easy
to-read representation of a pro
gram. Assembly language or 
FORTRAN can be used to gener
ate a source form of a program. 
The source is often prepared as 
a source paper tape, or source 
deck of punched cards. See 
object. 

4. THE 50 AND 6B SEQUENCES 

The 50 Sequence in the name of the basic B-bit 
loader and Device Definition Table which resides 
in memory from X• 501 to X• 7F• • The 50 Sequence 
can be used on any GE-PAC 30 Processor. The 
6B Sequence performs the same function as the 
50 Sequence, but uses the 30-2 Autoload instruc
tion, thus requiring less care space (X1 6B 1 to 
X•7F• ). It has one other advantage: The 50 Se
quence requires tapes to be placed in the reader 
exactly on the first character. The 6B Sequence 
bypasses leading blank tape, so does not have this 
requirement. One of these Sequences must be 
manually entered into memory when a Processor 
is first turned on. The Sequences serve two basic 
functions: 

1. The B-bit loader is used to pull bootstrap, 
or self-loading, tapes into memory. 

2. The Device Definition Table is used to 
provide a limited degree of device :inde
pendence by specifying which devices are 
to be used by standard programs. 

Listings of the two sequences are shown in Table 
2. Note that the B-bit loader portion is standard 
for all memory sizes. The Device Table, from 
X•7B• to X•7F• is changed according to the device 
configuration at hand. The sequences shown in 
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TABLE 2. 50, 68 SEQUENCE 

. :)Q .:)~QiJENCE U)1\0er< 
* Fern ALL GE-PAC 30 PROCESSiJRS 

* 00 '.56 ORC X' 50' 
0050 C92Q ......... .LUAQ ........... LHl 2, ,X'tlQ' .. LOADS TAPE ... f.HO .. .V. . X' 80' 

0030 
0054 C.:5~0 .. 

0001 
CJ50 C84Q 

OOCF 
OO:::iC D3AO 

007 0 

co 60 o.::r1.J 
1';079 

0004 ;tJ AE 
OJ66 -J J ;;: 
CJ6o 4230 

0J64 
O·JuC JoA2 

0000 
0070 c 120 

J:J64 
0074 4300 

OJ 30 
007 d J2 94 
CJ7 A 0293 
QJ}C Q294 

OJ~d 
006;:i 2030 

OJOJ 
006C 0.3A0 

0073 
QQ 70 ..... Q ,)QC) 

OOCf 
0074 4300 

JOdO 

LHI ,J,J 

LBJ .......... 4,X .. ~C.E'-··· 

UC 

,5;;N~I; ........... SSR ... . 
LHR 
oIC 

RC 

.. BXL 

6INJV DC 
60UTDV DC 
~I)~JV DC. 
SUUTDV JC 

* 
* 

1 o, s1:;0v + 1 

1 . .0 .. , .L4 
14 t 14 
3 , s:::.:.J SE 

10;0<2) 

X.'80' 

X'0294' 
X'0298' 

'0224' .. 
X'02Yd' 

* 6d SSQUcNCE LOAD2R 
* fOa 30-2 P:~(;CE ?SOF? S ~)NLY 

* 
3 t l 

Lo 

IHRU ... X'Cf' 

NOTS. THAT LQCATlO?l X'jA' 

DEVICE DEF.INlTiCNS A:E 
FOR TTY 

.AL ............. O+X!Cr.~...... ... .... ... .............. ;/tUST.3E~Ci:i.:1.NQED ..... EO.R ..... ALL .... . 

* DEVICE D'.::FLSJIIONS .ARE. SAME.AS fD.R .50 3EQJ2.\C'.: 

* 
.............................. '! 

4 

.. * ... ci1 c;1 Sti i~L_~ 2AJ?SaTAPE-_ ~::.ADE.£;: ·r~.J 99. CulXDV.,.SlXJVJ .. 
* HIG;; S?t::;~u ?APE,:? TA?E PUi~Cl-:1= ~'\'.91~ (30dTJV) 
* CARD rt=. AL c Si;: ''.\L20 CS l.:'.JUVJ . 
* ~~~R~ ~N= DEVI2~ NU~~~~ 
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Table :2 at·e appropriate for teletypewriter input/ 
l)Utput. 

Note that these sequences are also used to load 
device test programs. When this happens, the 
following locations must be changed as indicated 
in the test program descriptions: 

X 1 5A 1 

x•12• 
50 Sequence 
68 Sequence 

The 8-bit loader stores 8-bit data bytes into mem
ory from X 1801 to X 1CF 1 and transfers to X 1 801 • 

This loader, and all GE-PAC 30 loaders, use the 
binary input device as defined in X 1 78 1 • When 
using the 8-bit loader at X•50 1 , three special 
steps are required: 

1. The first data character on the tape must 
be placed over the read fingers or the 
photo diodes of the tape reader. Fail
ure to observe this first-character 
restriction will cause the wrong data to 
be stored into memory. 

2. When loading from a teletypewriter the 
tape motion must be started manually. 
After the loader is started at X 1 50 1 , with 
an ASR-33 toggle the reader switch to 
START. With an ASR-35, put the reader 
switch in RUN with the Teletypewriter 
Mode Switch in the KT position. 

When using the 8-bit loader at X 168 1 , only step 
2 is required. 

The device Definition Table contains four half
words. Each halfword specifies one device as 
follows: 

IO Device No. 
7 t 8 

Output Cmnd. 
15 1 

The left byte contains the device number. The right 
byte contains the output command required to 
start that device. The four half-words are used as 
follows: 

X 1 7C 1 

BINDV Binary Input Used by 
loaders to se
lect the load 
device 

BOUTDV Binary Output Used by ass em -
bler to select the 
punch device. 

SINDV So:irce Inputs Used by assem -
bler to select 
the source in
put device. 

X'7E' LISTDV Symbolic 
Outputs 

Used by assem
bler to select 
Jhe list device. 

During loading operations, therefore, only BINDV 
at X 1 78 1 is used. During assembly operations, 
the other three halfwords are used. As other 
programs are created or revised by GE-PAC 30, 
they also will reference the appropriate halfword 
in the Device Table for device selection. 

The range of devices that can be used may vary 
with different programs. One rule applies to all 
programs: device number 2 implies a teletype
writer. Special steps are taken, whenever device 
number 2 is specified, to handle the idiosyncrasies 
of a teletypewriter. Device Table entries for other 
devices are shown in Table 3. The device numbers 
shown are the ones normally assigned to these 
devices. 

5. PROGRAM PREPARATION 

The steps required to prepare a program are 
summarized in this Section. The first step in 
implementing a program is to write the program 
using assembly language statements as described 
in the Assembler section of this manual. Given 
a symbolic description of a program, the prepara
tion process involves 10 steps as follows: 

1. Enter the 50 or 68 Sequence into memory 
if necessary. 

2. Load the REL Loader or General Loader. 

3. Load the TIDE (Editor) program. 

4. Use the TIDE to prepare program source 
tapes. 

5. Load the appropriate Assembler program. 

6. Assemble the source tapes. 

7. Re-load the REL or General Loader. 

8. Load the object tapes. 

9. Load Hex Debug (CLUB). 

10. Test the object program and punch new 
tape if desired. 

These 10 steps are summarized in Figure 2. 
These steps are discussed in the following para
graphs. 

Step 
--1 

Comments 
If the 50 Sequence is not already in core, 
it must be manually entered as follows: 

5 



2 

6 

--r-·----·--~----·---- ---

Program Function Table Location Device l Table Entry 
I 

! 

Loaders Loading BINDV at X• 7 81 Teletypewriter 0294 
High Speed Tape 0399 
Reader 

Assembler Punching BOUTDV at X 1 7A 1 Teletypewriter 0298 
Object H High Speed Tape 139A 

Punch 

Assembler Reading SINDV at X 17C 1 Teletypewriter 0294 
Source High Speed Tape 0399 

Reader 
Card Reader 0420 

Assembler Listing LISTDV at X 1 7E 1 Teletypewriter 0298 
High Speed Tape 139A 
Punch 

TABLE 3. DEVICE DEFINITION TABLE ENTRIES 

A. 

B. 

D. 

Comments 

Set the Data/Address switches to 
X 1 50 1 , set the MODE CONTROL to 
ADRS, and depress EXECUTE. 

Set the MODE CONTROL to MElVIW. 

Set the Data/Address switches to 
X•C820', and depress EXECUTE. 
This enters the first halfword into 
memory. 

Set the Data/Address switches to 
X•0080•, and depress EXECUTE. 
This enters the second halfword into 
memory. 

E. Continue this process until all 24 
halfwords of the 50 Sequence, as 
described in Section 5, have been 
entered into memory. 

In order to get the TIDE (Editor) Program 
into memory, the REL Loader, Part 
Number 06-024Ml0, is required. The 
loader is entered into memory as follows: 

A. Put the proper loader tape in the tape 
reader, observing the first character 
allignm ent. 

B. Set the Data/Address switches to 
X•50• or X•68 1 , set the MODE CON
TROL to ADRS, and depress EXECUTE. 

C. Depress INITIALIZE. 

3 

D. 

E. 

F. 

Comments 

Set the MODE CONTROL to RUN, 
and depress EXECUTE. 

If a teletypewriter is in use, start 
the tape moving by toggling the 
reader switch to Start or Run. 

If errors are detected during the 
load, the tape will stop. In this 
case, reposition .the tape to the pre
vious record gap and depress 
EXECUTE. Refer to the Loader 
Descriptions for details on error 
recovery procedures. 

G. The load is complete when the tape 
has been read to the end, and the 
Processor halts with the EXECUTE 
light on. 

Now that the loader is in memory, the 
TIDE program can be loaded. This is 
done as follows: 

A. Put the TIDE tape in the tape reader, 
placing the read fingers under any 
portion of the blank loader. 

B. Depress EXECUTE. This should 
start the tape moving. 

C. If errors a1·e detected during the 
load, the tape will stop. In this 
case, reposition the iape to the 
previous record gap and depress 
EXECUTE. 
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6 

7 

8 

9 

10 

WRITE PROGRAM 

MANUALLY ENTER 8 BIT LOADER 

LOAD REL LOADER BOOT STRAP 

LOAD RELOCATABLE TIDE 

PUNCH SOUR CE TAPE 

LOAD ASSEMBLER BOOT 
STRAP TAPE 

ASSEMBLE SOURCE TAPE AND 
PUNCH OBJECT TAPE 

LOAD APPROPRIATE LOADER 
BOOT STRAP 

LOAD PROGRAM OBJECT TAPE 

YES 
LOAD HEX DEBUG (CLUB) 

TEST AND CORRECT PROGRAM 
WITH CLUB 

YES 
PUNCH NEW ABSOLUTE OBJECT 

TAPE WITH CLUB 

Fig. 2 Program Preparation Sequence 

NO 

NO 

NO 

NO 

4 

5 

Comments 

D. The load is complete when the tape 
has been read to the end, and the 
Processor halts with the EXECUTE 
light illuminated. 

Now that TIDE is in memory, the source 
tapes can be prepared. For details on 
the use of TIDE refer to the Editor section 
of this manual. 

Given the source tapes, as prepared by 
TIDE, the next step is to assemble the 
tapes. For this step, the TAPE Assem
bler, Part Number 03-00lMlO, must be 
loaded into memory as follows: 

A. Put the assembler tape into the tape 
reader, observing the first charac -
ter allignment. 

B. Set the Data/Address switches to 
Xt50' or X 1 68 1 • Set the MODE CON
TROL to ADRS, and depress EXE
CUTE. 

C. Depress INITIALIZE. 

D. Set the MODE CONTROL to RUN, 
and depress EXECUTE. 

E. If a teletypewriter is in use, man
ually start the tape moving. 

F. If errors are detected, the tape will 
stop. In this case, reposition the 
tape to the previous record gap and 
depress EXECUTE. 

G. The load in complete when the tape 
has been read to the end, and the 
Processor halts with the EXECUTE 
light illuminated. 

6 The use of the Assembler is described in 
the Assembler Section of this manual. 

7 For each source tape assembled, the 
Assembler generates an object tape. 
These object tapes must now be loaded 
into memory. The object tapes may be 
absolute or relocatable, depending on 
how the program was written. If the 
programs involve ENTRY' s or EXTRN' s, 
the General Loader, Part Number 
06-025Ml0, is required. Object tapes 
from 1-pass assemblies also require the 
General Loader. If the object tapes are 
relocatable or absolute either the REL 
Loader or the General Loader can be used. 

7 



8 

9 

10 

Comments 

The version of Hex Debug to be used also 
affects the choice of loader. See Step 9. 
The proper loader should be entered into 
memory, using the same procedure as 
described under Step 2. 

With the loader in memory, the object 
tapes can be loaded. The loading process 
is described in detail in the Loader Des
criptions section of this manual. 

If it is necessary to test or debug the 
programs just loaded, the Hex Debug 
Program (CLUB) may be useful. Three 
versions of CLUB are available. They 
are: 

A. Relocatable with output, 03-002M08. 

B. Relocatable without output, 03-003MOB. 

C. Relocatable with output and disassem
bly, 03-M08. 

The output feature in CLUB enables a 
portion of memory to be punched as an 
absolute binary object tape. If it is not 
necessary to punch a new tape, the CLUB 
without output can be used since it requires 
less memory space. Note that CLUB 
loaded at X•BO• occupies memory from 
X 1 80 1 to X 1 5B81 without output, from 
X 1 B01 to X 1 7D2 1 with output, and from 
X 1 B0 1 to X•A4E• with output and disas
sembly. If other programs need memory 
in this area, relocatable CLUB can be 
loaded into some other area of core mem
ory. The relocatable CLUB tapes re
quire the REL or General Loader for 
loading. The use of CLUB should be con
sidered in Step 7 when selecting the load
er to be used. 

The use of CLUB is described in the De
bug section oft his manual. 

6. PROGRAMMING CONVENTIONS 

This Section summarizes some of the conventions 
used in programs and documentation supplied by 
GE-PAC 30. 

Convention 

hex notation 
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Com:nents 

Hexadecimal notation is used 
exentsively. · This notation is 
explained in Section 3. 

C onventio..Q_ 

ASCII codes 

low core 

tape formats 

Comments 

Standard programs supplied 
by GE-PAC 30 represent 
characters in ASCII code. This 
character code is defined in the 
GE-PAC 30 Reference Manual 
(PCP-125A). The ASCII code 
represents each character with 
8-bits in which the high-order 
bit is available for parity. The 
parity bit may change according 
to the input/output devices in 
use. Internal to the Processor, 
most programs mask the high 
order bit to zero, and handle the 
character in terms of the 7-bit 
codes. The assembler generates 
the 7-bit form of ASCII codes for 
characters. 

The general registers in a 30-01 
Processor reside in core memory. 
Refer to the GE-PAC 30 Refer
ence Manual for details. GE -
PAC 30 programs, as a rule, 
never refer to general registers 
by their absolute address in core 
memory. This rule is essential 
for program capability between 
the GE-PAC 30-01 and 30-02 
Processors. 

GE-PAC 30 programs are nor
mally supplied as binary object 
tapes in one of four formats. 
These formats, and the corres
ponding part number designa
tions are: 

MOB - Relocatable 
M09 - Absolute 
MlO - Bootstrap 
M14 - B-Bit Binary 

The MOB and M09 tapes are 
never generated from 1 - pass 
assemblies, and require the 
General Loader only when 
ENTRY• Sor EXTRN1 Sare in
volved. The Math Library tapes 
do require the General Loader 
since they use ENTRY• S. Other 
MOB and M09 tapes are loadable 
by the ABS or REL Loaders. 
The MlO and M14 tapes are 
loaded by the 8-bit loader at 
~50 1 • 



Convention Comments 

device number 2 Some GE-PAC 30 p1·ograms, such 
as CLUB and the test programs 
assume that device number 2 is 
a teletypewriter. This device 
is used for keyboard inputs and 
message printouts. The ABS, 
REL, and General Loader take 

Convention ---·-- Comments 

special steps when device num
ber 2 is specified in the Binary 
Device Definition at X 1 78 1 • 

These special steps involve XON 
and XOFF characters which 
control tape motion. 

9 



GE-PAC 30-01 
CORE MEMORY ALLOCATION FOR 

GENERAL REGISTERS AND PROGRAM STATUS WORDS 

Hexadecimal Memory Address 

General Registers 

00 01 • . • • • • • . • . . • • 1 • • • . . • 
02 03 • • . . . • . • • . • . . . . 0 

04 05 • • . . • . • • . • . . • • • • • . . • . 
06 07 . • . . . . . . . • • 
08 09 . • . . • . • D • . . . . • 
OA OB. . . • • • . • • . • . • • • 0 • 0 • 
oc OD. . • . • • . • • .. . • . • • • 0 • . • • • 0 

OE OF. • . • . • • • 0 • • • 0 • . . 0 • • • . • . 
10 - 11 . . • • . . • . • . • • . . . 0 • 0 

12 13 • . . . • . • 0 . • . • . . • . • . . • 
14 15 . • . • 0 • . • . • .. • 0 . . . • . . • . 
16 17 . • . • . . . . . • • . • . .. . . . .. . . 
18 19 . . • . • . • . • • . . • • 0 . • • • 0 • 
IA - lB • . . • . • 0 • . . •· • . • . • • . • .. 
lC lD . . . • . . • .. . • . • .. • . • • • . • . 
lE IF • . . • . . • . . • . • 0 

Micro-Processor Registers 

20 21 0 • 0 0 0 

22 23 . • . . 
24 25 • 0 • . . . .. 
26 27 • 0 • • 0 

28 2F • . . . . . . . 
Program Status Words 

• • 30 
34 

33 
37 Q • • • 

38 - 3B •• 
3C - 3F •• 

40- 43 
44- 47 

48 - 4B ••• 
4C - 4F. 

50 

10 

. . . . . 

• .. . . • 0 • 0 . . . . 
• 0 0 0 . . . • ._ • 0 . . • 0 

• • 0 . . • • . .. 
0 0 Ct 0 0 0 • • . . . • • . . .. . . . . 

• • • • • '9 • . . 
.. • • 0 

0 • • • . . • • 
• • . .. 

. . . . . . 
• 0 • 0 

Register· Assignment 

RO 
Rl 
R2 
R3 
R4 
R5 
R6 
R7 
RS 
R9 
RlO 
Rll 
Rl2 
Rl3 
Rl4 
Rl5 

Instruction Register 
Instruction Address Register 
Current PSW: Status and Condition Code 
Current PSW: Instruction Address Counter 
Reserved for Micro-Processor 

Old PSWi Illegal Instruction Interrupt 
New PSW: Illegal Instruction Interrupt 

Old PSW: Machine Malfunction Interrupt 
New PSW: Machine Malfunction Interrupt 

Old PSW: External Device Interrupt 
New PSW: External Device Interrupt 

Old PSW: Divide Fault Interrupt 
New PSW: Divide Fault Interrupt 

First user available memory location 



GE-PAC 30-02 

CORE MEMORY ALLOCATION FOR REGISTERS 
A ND PROGRAM STATUS WORDS 

Hexadecimal Memory Address 

Floating-Point Registers 

00 - 03 
04 - 07 
08 - OB • o•••P•O• 
OC - OF •.•• • • • 0 

10 - 13 Q • • 0 0 Cl 0 " • • 0 . . . 

Register Assignment 

• • .. 0 p . . . 14 - 17 
18 - lB 
lC - lF 

.o o•o.•e9000.ot1•o••••a•v•o 

RO 
R2 
R4 
R6 
R8 
RlO 
Rl2 
Rl4 

Micro-Processor Registers 

20 - 21 • .. . . • • • . • . • . .. • • • 0 • • 0 • • High Speed Interrupt Pointer 
22 - 23 • 0 0 ... . . • . . Register Save Pointer 
24 - 25 .. • . . • • . Current PSW: Status and Condition Code 
26 - 27 • . . . . . . . . . • . . . • • Current PSW: Location Counter 

Program Status Words 

28 - 2B • 
2C - 2F • 
30 - 33 • 
34 - 37 • 

o.-oci.a••o•.ooo•ooooa.ooo•• Old PSW Flp Divide Fault Interrupt 
New PSW Flp Divide Fault Interrupt oooo•••ci•o••oo . .. 

••11•to••oaoo 

38 - 3B • 0 • • • • 0 • 0 SI 0 • D • • • 0 9 • 

Old PSW Illegal Instruction Interrupt 
New PSW Illegal Instruction Interrupt 
Old PSW Machine Malfunction Interrupt 
New PSW Machine Malfunction Interrupt 
Old PSW External Device Interrupt 
New PSW External Device Interrupt 

3C - 3F . o • .. " • • " • • • o o • • • 

40 - 43 0 • e • • 0. 0 o. e 0 0 G • .0 Cl 0 0 0 e D 0 e 0 

• • • 0 • 0 •• 44 - 47 • 
48 - 4B • 
4C - 4F. • 0 • 0 O" • 0 0 • fit, G . . . .. Old PSW Fix Divide Fault Interrupt 

New PSW Fix Divide Fault Interrupt 

50 • •••••••o•o••o••o•o•e.oo First User Available Memory Location 

PSW STATUS FIELD ASSIGNMENTS 

Bit Set 

0 
1 
2 
3 
4 
5 
6through11 

Meaning 

Wait State 
External Device Interrupt 
Machine Malfunction Interrupt 
Fixed-Point Divide Fault Interrupt 
Reserved 
Floating-Point Divide Fault Interrupt 
Unassigned 
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GE 29-01 IROl 

TELETYPEWRITER OPERATION AND PROGRAMMING MANUAL 

1. DEVICE DESCRIPTION 

Model Numbers - ASR-33 and ASR-35 
Data Rate - 10 characters per sec. 
Printer Width - 72 characters max. 
Character Set - see Appendix 2 
Paper Feed - pin feed 

Note that this description applies to tele
typewriter with Teletypewriter Controller, 
Part Number 32-062. Figure 1 shows the 
teletypewriter keyboard layout. 

2. POWER CONTROL 

A three position power switch is located to 
the right and below the keyboard. When 
rotated left to the position marked LINE , 
power is applied to the teletypewriter and 
the device is logically corrected to the Pro
cessor. When rotated to the right to the 
position marked LOCAL, the unit is power
ed, but disconnected from the Processor. 

3. STATUS AND COMMANDS 

Table 1 illustrates the teletypewriter 
status and command byte coding. 

A Sense Status Instruction (SS or SSR) is 
used to transfer the status byte from the 
device controller to the Processor. The 
least significant four bits ( 4 - 7) of the 
status byte are copied into the condition 
code during the Sense Status operation. 
Branch instructions can test these four 
bits directly, 

Note that the status byte from teletype
writer with the Controller, Part Number 
32-004, involved a DRR bit in bit position 
3. Programming appropriate to one tele
typewriter controller may not be appropriate 
to another. For example, during READ 
operations, it is necessary to test the DRR 
and BSY bits in one case, while the BSY bit 
is sufficient in the other case. In general, 
testing the status byte for all bits zero dur
ing RE AD operations is compatible with all 
teletypewriter controllers. 

CD (.:\(;;\ CD(;:\ CD(.'\ CD CD n {.\ n ~ 
\.V~ 4 ~ s \V a 9 \.VVV\.V 

f:::\~(\~~~(\(\~f-\0£\~~ 
Q "-V \V \!Y \.!_) \V \V \..::_) \.!:__) \.V \V ~ ~ 

8 Q(DGJ®~QQ@eCD® 88 
8 OQQQQCDQOOCD 8 

c-~~~S-PA_C_E~B-A_R~~--') 

Figure 1. Teletypewriter Keyboard Layout 
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GE 29-0IOROI 

DISPLAY PANEL PROGRAMMING MANUAL 

1. INTRODUCTION 

This document pertains to the General Pur
pose Display Panel and Display Panel Con
troller, Part Number 32-061. The General 
Purpose Display Panel facilitates console 
operation and operator interaction with the 
machine. The console operating procedures 
are discussed in Chapter 3 of the GE-PAC 30 
Systems Reference Manual, Publication 
Number 29-004. 

In addition to its role as a console control 
panel, the General Purpose Display Panel 
can be programmed like a typical peripheral 
device. This discussion describes the pro
gramming aspects of the device. 

2. OPERATOR CONTROLS 

The Display Panel includes six distinct ele
ments: 

1. Control Switches: POWER, INI
TIALIZE, and EXECUTE. 

2. MODE CONTROL rotary switch. 

3. SPEED CONTROL rotary switch. 

4. REGISTER DISPLAY rotary switch. 

5. Data/ Address switches. 

6. Two 16-bit halfword display regis
ters. 

With normal input-output instructions, a 
program can sense the state of the MODE 
CONTROL rotary switch and the REGISTER 
DISPLAY rotary switch, read the Data/ Ad
dress switches, and output data to the dis
play registers. 

3. DEVICE NUMBER 

The Device Number of the Display Panel is 
1. Unlike most peripheral device control
lers, this Device Number is hard-wired and 
cannot be changed. 

4. STATUS FORMAT 

The status of the Display Panel can be deter
mined with an SS or SSR instruction. The 
meaning of each bit in the 8-bit status byte 
is shown in Firrure 2. 

5. MODE COMMAND 

Within the Display Panel Interface, Part 
Number 32-061, are two counters which 
control the data transfer to and from the 
Display Panel. The output counter, which 
is 2 bits in length, determines which byte 
of the Register Display is the destination 
f 'ff data bytes transferred to the display. 
Th·~ input counter, which is only 1 bit, con
trols which half of the Data/ Address switches 
is used when data is read from the display. 
The order of bytes transferred to or from 
the display registers and switches is shown 
in Figure 1. The appropriate counter is 
incremented following each transfer to or 
from the Display Panel. 

There are two modes associated with the 
Display Panel: the Normal Mode and the 
Incremental Mode. In the Normal Mode, 
the control counters in the interface are 
cleared (set to zero) every time the Dis
play Panel (Device Number 1) is addressed. 
In this mode, only byte 0 of the registers 
or switches is accessible by program since 
each Write Data (WD or WDR) or Read 
Data (RD or RDR) instruction addresses 
the specified device every time the instruc
tion is executed. The re-addressing of 
Device Number 1 keeps the control counters 
at zero in this mode. 

1 



I 2 

0 

0 2 5 4 5 8 7 8 9 10 II 12 15 14 15 ------------· _, _...__....._....__._, __.,,~-----'-'---___,........,....__ 

0 

FIGURE 1. ORDER OF BYTE TRANSFER 

In the Incremental Mode, the control counters 
are cleared when the mode is selected, but 
not cleared when the device is addressed. 
This mode allows subsequent Read Data or 
Write Data instructions to increment the 
Control counters, and access subsequent 
bytes of the registers or switches. 

The Output canimand (OC or OCR) instruc
tion is used fu control the mode. The 
command byte is as follows: 

1 2 
Iner 

2 

Norm 
Iner = 

Select Normal Mode 
Select Incremental Mode 

The remaining bits of the command byte are . 
not used. The control counters are cleared 
following a command to select the Incremen
tal Mode. 

6. DAT A INPUT 

One byte of the Data/ Address switches, as 
specified by the input control counter, is 
read when an RD or RDR instruction is exe
cuted for Device Number l. A bit of the 
data byte is a 1 if the corresponding switch 
is depressed. 



0 1 2 3 4 5 6 7 

MODE CONTROL Switch 

Model 3 

VARI 

HALT 

RUN 
ADRS 
MEMR 
MEMW 

Model 4 

VARI FIX 
VARI FLT 
HALT FIX 
HALT FLT 
RUN 
ADRS 
MEMR 
MEMW 

Figure 2. Status Byte 

7. DATA OUTPUT 

0 
0 
1 
1 
1 
0 
0 
0 

One 8-bit data byte is transferred to that 
section of the display registers, as speci
fied by the output control counter, when a 
WD or WDR instruction is executed to De
vice Number 1. The indicator in that reg
ister section is lit if the corresponding bit 
of the data byte is a 1. The remaining 
sections of the display registers are 
unchanged. 

8. INTERRUPTS 

There are no interrupts associated with the 
Display Panel. 

MODE 

1 0 
1 1 
1 0 
1 1 
0 0 
0 1 
0 1 
0 0 

0 
0 
0 
0 
0 
1 
0 
1 

0 0 
0 0 
0 0 
0 1 
1 0 
1 0 
1 0 
1 0 
1 1 
1 1 
1 1 
1 1 

REG 

0 
0 
1 
0 
0 
0 
1 
1 
0 
0 
1 
1 

REGISTER DISPLAY Switch 

0 
1 
0 
0 
0 
1 
0 
1 
0 
1 
0 
1 

OFF 
Register Display 
INST 
PSW 
R0/1 
R2/3 
R4/5 
R6/7 
R8/9 
Rl0/11 
R12/13 
R14/15 

9. INITIALIZATION 

Depressing the INITIALIZE button on the 
Display Panel puts the Display Panel inter
face in. the Normal Mode. 

NOTE 

After data transfers to or from the 
Display Panel in the Incremental 
Mode, the program should return 
the Display Panel to the Normal 
Mode. The micro-program which 
supports the Display Panel in most 
GE-PAC 30 Processors assumes 

that the Display Panel is in the 
Normal Mode. 
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BIT 
NUMBER 

STATUS 
BYTE 

COMMAND 
BYTE 

BRK 

BSY 

EX 

DU 

DISABLE 

ENABLE 

UNBLOCK 

2 

BLOCK 

WRT 
READ 

PWRON 
PWROFF 

TABLE 1 
TELETYP'.EWRITER STATUS AND COMMAND BYTE DATA 

HEX ADDRESS 02 

0 1 2 :~ 4 5 6 7 

BRK RSY EX DU 

PWR PWR 
DISABLE ENABLE UNBLOCK BLOCK WRT READ ON OFF 

The Break bit is set when the Break key on the Teletypewriter is depressed, 
or the Teletypewriter is logically disconnected from the Processor. · 

The significance of the Busy bit depends upon whether a Read or a Write 
operation is in progress. During Write mode, BSY is normally low, and 
goes high only while data is being received by the device. During Read 
mode, BSY is normally high, and goes low only when data has been re
ceived from the device, but not yet been transferred to the Processor. 
During Read mode, BSY goes high again as soon as the Processor accepts 
the data. 

The Examine bit is set whenever BRK is set. 

The Device Unavailable bit is set whenever the Teletypewriter power is off, 
the Teletypewriter is in LOCAL mode, or power is not connected to the Tele
typewriter. 

This command disables the Device Interrupt to the Processor from the 
Device Controller. 

This command enables the Device Interrupt to the Processor from the 
Device Controller. 

This command enables the printer to print data entered via either the key
board or the tape reader. 

This command disables the feature described above. 

The Write and Read commands are used to define the significance of the 
BSY bit. 

The Power On and Power Off commands are significant only with those Tele
typewriters provided with an optional Power Control Box. The option permits 
the Teletypewriter power to be enabled or disabled under program control. 



·I. DF.v1CE Nl'MBEH 

Teletypewriters are normally assigned 
Device Number 2. The device number 
can be changed, or additional teletype
writers added, as needed by a minor 
change to the teletypewriter controller. 
Refer to the Maintenance Manual for 
details. 

5. INTERRUPTS 

The interrupt associated with the tele
typewriter is a data-ready, or ready
to-transfer interrupt. That is, when 
enabled, an interrupt is generated by 
the teletypewriter controller when-
ever it is ready to execute a data trans
fer with the Processor. In the WRITE 
mode, an interrupt occurs when the 
controller is ready for another char
acter to send to the teletypewriter. 
In the READ mode, an inter:rupt oc -
curs when the controller has· assem
bled a character for transfer to the 
Processor. 

Note that when changing from the 
READ mode to the WRITE mode with 
interrupts enabled, an interrupt oc
curs as soon as the controller is 
ready to receive the first character 
for output. 

6. INITIALIZATION 

When the INITIALIZE button on the 
Processor Display Panel is depres
sed, the following occurs: 

1. The DSBL, BLK and READ com
mand functions are set. 

2. The BSY status bit is set. 

3. The BRK, EX, and DU status 
bits are reset. 

4. Any pending interrupts are 
cleared. 

7. ASH-:35 FEATURES 

The ASH-35 is a ruggedizcd or hcavy-dut.v 
version of the ASH-33. The programming 
of an ASR-35 is identical to an ASR-33. 
The operation of an ASR-35 is similar to an 
ASR-33 with the following exceptions: 

1. The Tape Reader and Tape Punch 
controls are different as explained 
later in this description. 

2. The ASR-35 has a mode control 
switch to the left of the keylxiard. 
The meaning of the 5 positions of 
this switch is illustrated in 
Appendix 3. 

3. Several additional keys, such as 
Local Line Feed, are provided. 
The meaning of these keys is self
explanatory. 

8. PAPER TAPE READER 

The tape reader is controlled by a three
position switch on the reader. The three 
positions are START, STOP, and FREE. 
When the switch is moved to the START 
position, any tape in the reader is advanced 
continuously at a 10 character per second 
rate. Tape motion continues until the 
reader switch is moved to the STOP position. 

In the STOP position, tape motion can 
be controlled by program, assuming 
the teletypewriter power switch is in 
the LINE position. The specific con
trol characters which affect the reader 
are X-ON (X'91') which starts the tape 
motion, and X-OFF (X'93 ')which 
stops tape motion. 



The pro~-rarnnwd steps·required to start 
the readt>r ;1r<· as follows: 

oc DEV, WRITE Set Write Mode 
WAITl SS DEV, STATUS Wait for BSY = 0 

BTC HSY, WAJTl 
WD DEV,XON Start Tape 
oc DEV, READ Set Read Mode 

WAIT2 SS DEV, STATUS Wait for BSY == 0 

BTC BSY, WAIT2 
RD DEV,DATA Read a Char 

carriage will not advance. To manually 
turn the punch off on an ASR-33, the 
following steps are required: 

1. Turn the power switch to LOCAL 
mode. 

2. Depress the UNLOCK key on the 
tape punch. 

3. Strike the~ key while the 
The programmed steps required to stop the CTRL key is depressed. 
reader arc as follows: 

OC DEV, WRITE Set Write Mode 
W AI'r:l SS DEV, STATUS Wait for BSY = 0 

BTC BSY, WAIT3 
WD DEV, XOFF f,'top the Tape 

Note• that when stopping the tape reader un
der progra 111 <'nntrol, the tape may advance 
1 or 2 charactt•rs between the time the XOFF 
character js issued and the tape comes to a 
complete halt. Similarly on starting a tape, 
1 or 2 characters ma.v be missed before 
synchronizatinn is attained. Therefore, 
tapes to be read under program control 
should be formatted to account for the start/ 
stop characteristics of the reader. 

The above procedures apply to both the 
ASH.-33 and the ASR-35 teletypewriters. 
The ASR-35 tape reader is enabled, 
however, only when the ASR-35 Mode 
Switch is in the KT, 'I~ or TTS posi
tions. See Appendix 3 for details. 

9. PAPER TAPE PUNCH 

The ASR-33 tape punch can be manually 
turned on at anv time bv depressing the 
L<X'K "ON" button on the punch unit. Once 
turned on in this fashion, all data output 

to the teletypewriter is unconditionally 
printed and punched. Note that non
printing characters transferred to the 
teletypewriter will be punched, but no 
image will be printed, and the printer 

If the ASR-33 is not in a LOCK "ON" mode 
(depress l'NLOCK to release the LOCK 
''ON" mode), and the power switch is in the 
LINE position, the tape punch can be con
trolled via program. 

The specific control characters which affect 
the punch are TAPE ON (X' 92 '), which 
starts the punch, and TAPE OFF(X'94'), 
which stops the punch. The punch controls 
are achieved by outputting the appropriate 
character to the teletypewriter. Note 
that the TAPE OFF character will 
get punched on the tape. 

The tape punch can be manually started in 
an alternate way. If the punch is not al
read.\' on, strike the TAPE key with the 
CTRL key depressed. and the power switch 
in LOCAL mode. This technique is equiva
lent to transferring :1 TAPE ON character 
to the teletype from the Processor. 

The ASR-·35 tape punch is enablPd only when 
the ASR-35 Mode Switch is in the KT or 
TTR position. In these modes, the punch 
is controlled via TAPE and 'PA-ff keys, and 
TAPE ON and TAPE OFF characters as de
scribed a!xwe. Refer to Appendix :~ for 
details. Following the program transfer of 
a TAPF: ON character to start the ASR-35 
tape punch, the program should output 2 or 
;3 rubout characters (X'FF') to achieve data 
s\·nchronization prior to punching the data. 



\ 

10. DATA FORMATS 

The format of data transferred to and from 
the teletypewriter is as follows: 

1. When reading data from a tape, 
each 8-bit tape character is 
transferred to the Processor 
as one 8-bit data byte. 

2. When reading data from the 
keyboard, one data byte is 
transferred for each key de
pressed. The data is the 
Asen code for the particular 
character, in which the most 
significant bit for the cruirac
ter is a one or zero to achieve 
even parity for that character. 
In general, programs which 
read teletypewriter data mask 
the most significant bit to 
zero, and manipulate 7-bit 
ASCII codes in memory. 

3. When transferring charactC'rR 

from the Processor to the 
teletypewriter printer, the 
most significant bit of each 
character can be either one 
or zero since it has no ef
fect on the teletypewriter. 

4. When transferring characters 
from the Processor to the tele
typewriter punch, each 8-bit 
data byte is punched as one 
tape character. The most 
significant bit is punched as 
spec if ied in the data byte. 

11. PROGRAM EXAMPLES 

Typical routines for transferring data 
to and from the teletypewriter are 
shown in Appendix 1. 
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OOOOR 
OOOOR C830 

0002 
0004R DE30 

0012R 
0008R 9D34 
OOOAR 42FO 

0008R 
OOOER 9B34 
OOlOR 030F 
0003 
0004 
OOOF 
0012R A400 
0002 
0014R 

DEVNO 0002 
* INPUT OOOOR 

Rl5 OOOF 
R3 0003 
R4 0004 
SENS 0008R 
UNBLOK 0012R 

*INPUT 
* 
* 

APPENDIX 1 
SAMPLE PROGRAM LISTINGS 

OPT PASS2,PRINT,NOPNCH,STOP 

*A BYTE WILL BE INPUT TO R4 FROM THE TELETYPEWRITER 
*REGISTERS R3,R4,Rl5 WILL BE USED 
*THE CALL IS BAL Rl5,INPUT 
* 
* 
INPUT 

SENS 

R3 
R4 
Rl5 
UN BLOK 
DEVNO 

ENTRY INPUT 
LHI R3,DEVNO 

oc R3,UNBLOK 

SSR R3,R4 
BTC X' F' ,SENS 

RDR R3,R4 
BR Rl5 
EQU 3 
EQU 4 
EQU 15 
DC X'A400' 
EQU 2 
END 

1 

LOAD DEVICE NUMBER 

SET DEVI CE MODE 

INPUT STATUS 
LOOP IF NOT READY 

INPUT BYTE 
RETURN TO CALL 

DISABLE,UNBLOK,REAO 



~000R 
000J0R CR.30 

0002 
0004R DE30 

0012R 
0008R 9035 
Pt00AR 42 F0 

0008R 
000ER 9A34 
0010R 0.30 F' 
0003 
rllr210 4 
0005 
300F 
0002 
0012R 9R01'1 
0014R 

BLOCK Ql0 I 2 R 
DEV~O 0002 

* OUTPUT ~000R 
RJ5 000 F' 
R3 000.3 
q .4 0004 
R5 0005 
SE~S 000~R 

OPT PASS~,PRINT,NOP~CH,STOP 
•OUTPUT 
• 
* •A BYTE WI LL 9E OUTPUT FROM R-1 TO TH£ TELt:TVPEWRITER 
*REGISTERS R3,R4,R5,R15 WILL B£ US£0 -
*THE CALL IS BAL RI' t OUTPUT 
* 
* ENTRY OUTPUT 
OUTPUT un R!, D£V~O 

oc R3,RLOCK 

SENS SSR R3,R5 
BTC x•F',SE:NS 

WDR R:S.-·R4 
BR FH 5 

R3 EQU 3 
R4 EQU 4 
R5 EQU 5 
RI5 EQU I 5 
DEV NO EQU 2 
BLOCK DC x •9s00 • 

END 

2 

LOAD DEVICE ~UMBER 

SET DP:VICE MODE 

INPUT STATUS 
LOOP IF NOT PDV 

OUTPUT BYTE 
RETU!H.J TO CALL 

DI SASLE,BLOCK, WR I TE 



0000R 
0000R -4S~F' 

0000 
0004R 485!=' 

0002 
0008R C830 

0002 
t1H:l0 CR DE3 ~ 

0028R 
00 I 0R 9034 
0012 R 42 F'0 

00l0R 
00 l 6R DA3 6 

0000 
0ClllAR CA60 

0001 
001 ER 0565 
0020R 4280 

0010R 
l.nl2 ~R 43'0" F' 

0004 
0003 
000 4 
0005 
0006 

OPT PASS2,PRINT,NOPNCH,STOP 
*TTY OUTPUT EXA "1PLE DI SAB LE,R LOCK, l.\IRI TE 
* TYPOUT 

* • 
*A SERIES OF BYTES WILL BE OUTPUT 
*AS DETERMINED RY THE CALLING SEQUENCE 

* *REGISTERS R3,R4,R5,~6,qf s,WILL BE USED 
*THE CALLI NG SEQUEOCE IS 
*BAL RIS,TVPOUT 
* DC A ( MESS) S TART I NG AD DRESS 
• DC ACEND> ENDI~G ADDRESS+! 

* 
* Er.JTRY TYPOUT 
T'?P 0 UT L H R 6, 0 CR I 5 ) 

LH R5,2CR15) 

LHI R3, DE VNO 

OC R3,BLOCK 

SE~S SSR R3,R4 

R3 
R4 
R5 
R6 

BTC X'F• ,SENS 

WO R.3 ,0 CR6> 

AHI R6, I 

CLHR R6,q5 
BTC X'8',SENS 

BF"C 0,40rl5) 

EQU 3 
EQU 4 
EQU 5 
EQU 6 

GET STARTING ADRS 

GET ENDING ADRS 

LOAD DEVICE NUMBER 

SET !'1:JDE 

INPUT STATUS 
TEST STATUS 

OUTPUT DATA 

I NC REME NT A DRS 

TEST FOR END 
LOOP IF' NOT 

·RrrURw·ru CALL 

--~i:--- - - . ----~T; EQU ·--T!f 
0002 
0028R 9800 
002AR · 

BLOCK 0028R 

DEV NO 
BLOCK 

EQU 2 
DC X'9S00 • 
END 

. -----DEV NO--·--· 0002 -----·---- ... ·-----·-- -- . -- ··-----------·-- -·---··· ··--- _ .... -·-- -- ·-----·- ··--------------· -- -------------··-· 
Rl5 000F' 
R3 0003 
R 4 0004 
R 5 0005 
R 6 0006 
SENS 0010R 

* TYPOUT 0000R 
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APPENDJX 2. TELETYPEWRITER/ ASCII/HEX CONVERSION TABLE 

HEX (MSD) ti 9 A H c D E F 

(LSD) Teletype- 8 Depends upon parity 
writer 

I Tape 7 0 () () 0 l 1 l l 

Channels+ 6 0 () 1 1 () 0 1 1 

! G () 1 0 1 0 1 () 1 

4 3 2 1 

0 0 () (). 0 NULL DC 0 SPACE 0 ca p 

1 () () 0 1 SUM X-ON ' 1 A Q . 

EOA 
TAPE 

" 2 B R 2 0 () 1 0 
ON 

3 0 0 1 1 EOM X-OFF # :~ c s 

EQT 
TAPE 

$ 4 D T 4 () 1 0 I () 
OFF 

5 0 1 0 1 WHlJ ERR r·· 5 E u .. , 

6 () 1 1 0 RU SYNC & 6 F v 
-

7 () 1 1 I 1 BELL LEM ' 7 G w 
l 

8 l 0 oT 0 FE 0 So ( 8 H x 
l 

9 1 () oj_!_ HT/SK S1 ) 9 I y 

A 1 0 1 i 0 LF S2 * : J z 
B 1 0 1 l VT I S;3 ·+ 

' 
K [ 

c 1 l 0 () FF S4 ' < L \ ACK 

] ALT. 
D 1 1 0 1 CR Ss - M 

MODE 

E 1 1 l 0 so SG . > N T ESC 

F 1 1 1 1 SI S7 I .,, () +- DEL I 

1 





APPENDIX 3. 35 ASR OPERATING MODES 

MODE LINE LOCAI~ 

~ 
[KID ..jPrinterl 

K ~eyboard) -
r 

Computer 

,. 
KT (Keyboard Tape) [Reader~ [Re:!Q"er~ 

KB j KB 
Computer [Prmte:J-

[Punch ~ h 

T (Tape) [Reader 1 

~ -
Computer 

fPrinter~ I Printer I-\.. 

IKBI 
}- Off 

~Punch I Line IKBI ~Puncnl 

[ifeader I •{Computer TTs 

)-Off 
(Tape to Tape Send) IBID---! Punch I Line Not Applicable 

Non Asen Tapes I Printer I Not Used 

(computer TTr I Punch '4 
(Tape to Tape Rev) . Not Applicable 

I Reader I 

lKBI )-- Not Used 

Non ASCII Tapes I Printer I 

\ 

1 



OPT PASS2,PRINT,~OPNCH,STOP 

* *THIS SUBROUTI~E STARTS THE TAPE MOVING AND READS 

* . ---·---------·--;·-UNTIL--C-HiRA-CTER X'FE' IS DETECTED 

* * CALL BAL Rl5,SEARCH 

* 0000R C830 SEARCH LHl R3,3 
·---····------- ····---e...~----·----·--···· ···--··· --------··- ··- . 

0004R OE.30 0C R.3 ,RUN 
00 I ER 

0008R 9034 
Ql00AR 42F'0 

000~R 

SENSE SSR 
BTC 

R.3 ,R4 
X'F'' ,SENSE 

0e0_EJL_.9._a~-~ - ---- - -- ----- RDR R~ ,_R ~ . 
0010R C540 --C(jfj" R",X'00FE' 

00F'E 
Pl0 l 4R 42.3P 

0008R 
".'101 SR DE.30 

001 F'R 

BNE SENSE 

oc R3,STOP 
0-~Tc1f-030 ,..--------------- --- ------BFf- R l 5 

0003 R3 EQU 3 
0004 R4 EQU 4 
0~0F' RI5 EQU 15 
001ER 9520 RUN oc· X'9520' 

_____ JHU.F!L ______________ $_T_O_P_ _ EQJ,I__ _RUN+_I 

* * 
* 
* 
* 

-----·-··-·-------- _ljr __ 

0020R 

* 
* 
* 

___ fil_L _____ 0.@~E_____ -
R.3 000.3 
R4 0e04 
RUN 001E 
SEARCHeJ000 
SENSE 0008 

_____ $J_QP . _0!'1 f __ . 

END 

2 

LOAD DEVICE NUMBER 

START READER 

OBTAIN STATUS 
LOOP UNTIL C8AR AVAILABL 

INPUT CKARACTER 
TEST FOR STOP CHARACTER 

STOP READER 

RETURN to CALLI NG ROOT! N 

DISABLE,RUN,SLEW,~WD 
STOP 

APPENDIX A PA r,E 
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llt(;ft SPEED PJ\l>J<:H TAPE HEADl•:H/PlJNCJI 

OPEHATIUN AND PHOGHAMMING 

Publication Number 29-0IGHOl 

i, INTR(HWCTION 

This manual provides information on 
the operation and programming of the 
High Speed Paper Tape Reader, the 
High Speed Paper Tape Punch, and the 
Combination High Speed Reader /Punch. 
Included in this document are a general 
description, a table of status and com
mand bytes, and sample programs for 
each device. 

Note, that with the Combination Reader/ 
Punch, since there is only one device con
troller, the devices cannot be used simul
taueously. To read and punch tapes at the 
same time, it is necessary to use sep
arate device controllers for each device. 

2. GENERAL DESCRIPTION 

Table 1 lists general characteristics 
of the Reader and Punch. 

TABLE 1. READER AND PUNCH CHARACTEHISTICS 

~~o~~:;;:;;-- I -- Hea=de=_=r========l====-=p~~~~:=:=======l 
i Type photo-electric electro-mechanical 
! 
I I 

I Tape Width I 
i I 

I 

I 
SpeC'd 

Tape handling 

Stop ti me 

llcad/Load Lever 

Power Switch 

Hemof.<' Switch 

adjustable tape guides 
for 1", 11/lG", and l" 

tare 

maximum of 300 char-
actcrs--per-sccond 

parer, paper-rn'.-lar, 
and mylar 

capable of stopping on 
a character (approxi
mately 1 mm i second) 

allows loading or chang
ing of tapes of varying 
widths 

applies AC power to 
Reader motor 

fixed width of 1" 

maximum of 6:L 3 char
acters-per-second 

same as the Reader 

will punch the next 
character and stop 

does not apply 

! ______________ _ 

applies AC power to 

Punch motor J 
puts the PunC' h on- I inc 

with the ProcPssor _ _ ____ ___, -------------------------------L------------



... STATI :-; 1\NI> ('Ol\11VIl\NI> 

Tahl1• ~ p1·ovid1•H Hl.:itus and command byte 
data for Uw llSPTl{/P. 

·I. INTEHHUPTS 

When enabled in the READ Mode, the device 
('onti·ollcr generates an external device in
tc•1Tupt when a data character is present in 
th(' controller, waiting to be transferred to 
the Proc('ssor. When enabled, in the WRITE 
Mod<', the device controller generates an ex
te111al device int<'rrupt when the controller 
is re:1d\ for anoth!'r character to be punched. 

G. JN !TIA LIZATION 

WIH'l1 th<' INITIALIZE pushbutton on the 
l'ro<·essor is dcprC'ssc>d, the following occurs: 

I. lnt<'rrupts ol all kinds are disabled. 

2. Tlw HSY. Nl\ITN, and EX status 
hi t s a n · s<'l . 

:l. Thc> DTSABLE, STOP. INCR, and 
HEAD command functions ar0 set. 

1. The punch rower is turned off un
kss the POWER pushbutton is de
prcss0d (locked on). 

Ii. l'I 'NC II POWER CONTROLS 

Tlwr·c· a 1·c· t\\'o pushhut tons on the front panel 
of the lli~h Speed Paper Tape Punch. The 
top lrntt(ln, 1:1heled REMOTE, determines 
tlw ,.:tatc 11f the Punch in rdC'rencc to the 
P1·01·<·ssor. If this pushbutton is rC'leased, 
tlw Punch is off-linc~ with thc Processor and 

--
II p 

){EMOTE off 
LOCAL off 

-

is Haid lo he in a LOCAL Mod(•. If thc button 
iH depressed, the Punch is on-line wi1h th<' 

Proc(•ssor and is said to he in a HEMOTE 
Mode. The POWER pushbutton is located di
rectly below the REMOTE pushbutton. With 
the POWER Switch released, and the REMOTE 
Switch depressed, Punch power may be turned 
on by the program via the command RUN bit. 
The power may also be turned off by the pro
gram via the command STOP bit. Figure 1 
illustrates when the power is on/ off as a 
function of programmed and manual controls. 
The letter B_!epresents the POWER button 
depressed, n means the POWER button is 
released. The letter P represents program
controlled power on. P means program
controlled power off. 

7. MODE SWITCHING 

With a Combination Reader/Punch, care 
must be used when switching modes. The 
following is an example of switching from 
the WRITE to the READ Mode. 

WD DEVICE. m:FFEH 

WAIT SSR DEVICE, STAT LS 

13TC 8, WAIT 
OC DEVICE. READ 

-
I\ J> B p B p 

on on on 
off on on 

F i~~111·1· I. J>11nc h Po\\'C' r· 

•) 
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TABLE~. IU<:ADEH/J>UNCII STATUS AND COMMAND BYTE FOllMAT 

STATUS 
BYTE 

BIT 
NUMBER 

COMMAND 
BYTE 

PlT 

ov 

NMTN 

BSY 

EX 

DU 

ov NMTN BSY EX DU 

-

I 
0 1 2 3 4 5 f) 7 

DISABLE ENABLE STOP RUN INCR SLEW WHITE READ 
-

STATUS BIT DESCRIPTIONS 

READEH 

The Overflow bit is set 
when the Buff er Register 
is loaded from the Read
er before the previous 
character has been trans
ferred. This condition 
can only happen in the 
SLEW mode. 

The No-Motion bit is set 
when the Reader has been 
issued a STOP command 
and the tape has stopped 
on the next character. 

The BUSY bit is set when 
the Buffer Register is emp
ty, waiting for a character 
from the Reader. 

The Examine bit is set when
evC'r OV-=1 or NMTN-0'1. 

The Device Unavailable 
hit is set when the power 
to the Reader motor is off, 
or the Read/Load Jcvcr is 
in the Load position (straight 
up) • 

PUNCH 

The Overflow bit is alwavs in a 
reset condition in the WHITE 
mode. 

The No-Motion bit is always in a 
reset condition in the WHITE 
mode. 

The BUSY bit is set when the Buf
fer is full, waiting to transfer to the 
Punch. 

The Examine bit is always reset in 
the WRITE mode. 

The Device Unavailable bit is set 
when the power to the Punch motor 
is off, or the HEMOTE switch ii:; 
released, or a low tape condition 
exists on the tape reel. There is 
no low tape sensor on the fan fold 
bins. 

'> ,, 
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TA TILE 2. READER/PUNCH STATUS AND COMMAND BYTE FORMAT (Continued) 

COMMAND BIT DESCHIPTION 

lHT 

DISABLE 

ENABLE 

STOP 

fUJN 

INCi~ 

SLEW 

WHITE 

HEAD 

HEADEH 

This command inhibits In
terru]:>ts from the Device 
Controller from interrupt
ing the Processor. 

This command permits In
terrupts from the Device 
Controller to interrupt the 
Processor. 

This command halts the 
motion of the tape after 
the next character has been 
read. The next character 
to be read is positioned 
over the sense lights when 
thC' tape stops. 

This command starts the 
tape moving and leaves the 
controlJcr in the RUN mode. 

In this mode of operation, 
the tape is advanced one 
character when the control
ler is in the RUN mode and 
BSY:ccl. The tape stops af
ter reading one character. 
The tape remains stopped 
unti 1 a Read Data instruction 
is issued to the Processor, 
which will reset BSY and 
start the tape moving. 

In this mod<' of operation, 
the tape is advanced, 
reading; continuous charac
ters, unti I stopped. 

DesignatC's the High Speed 
Paper Tape Reader. 

PUNCH 

Same as the Reader. 

Same as the Reader. 

This command halts the tape after 
the next character is punched. 
The Punch motor is also turned 
off, unless the Power Switch on 
the panel is depressed. 

This commands starts the Punch 
motor, unless the REMOTE Switch 
on the panel is released. 

Not used. 

Not used. 

Designates the High Speed 
Paper Tape Punch. 



TIH• ~-;1•11s<' loop is t'<•q11i .-.-d lo insun• f hat 

tlH· last clwl':H'h·1· in th<· l11tlTPt' n•giHt('t' is 

p111wlu•d print· to isH11i11g I h<~ Output Com- · 
111:md HEAD. Ir th<~ HEAD <'ommand is 
given too ::won, the last character is inter-
fc rred with. This is because the command 
HEAD causes the character on the tape, un
dt'r lht' sense lights to be strobed into the 
hufft'r n•gister. The logic behind this is 
that \vhcn the Reader has !wen issued a com
m:md STOP (Output Command WRITE causes 
a stop action also),the tape stops with the 
next character to be read under the sense 
lights. Thus, a RUN/STOP action will not 
eausc• a skipping of characters on tape. Be
cause of this feature, there is no need to 
S<'TISf' status and check for BSY = 1 in switch
ing from the HEAD Mode to the WHITE Mock. 

Appendix 1 shows a sample program for the 
Comhination Reader/Punch which reads a 
block of characters and punches a block of 
characters. 

8. DEVICE NUMBER 

The High Speed Reader /Punch device 
controller is normally assigned ad-

dress X'O:l' if using a Header only. Jf uHing 
a Punch only, or hoth a llc..mdcr and a Punch, 
address X'l:J' is normally assih'lwd. These 
device numbers are easily changed by a min
or modification to the device controllers. 

9. SAMPLE PROGRAMS 

Appendix 2 is a sample program using the 
High Speed Paper Tape Reader in the Incre
mental Mode. The Output command for this 
mode of operation is X'H9'. 

Appendix 3 is a sample program using the 
High Speed Paper Tape Header in the Slew 
Mode. The Output command for this mode 
of operation is X'!l!>'. 

Appendix 4 is a sample program using the 
High Speed Paper Tape Punch. The Output 
command for this operation is X'~)2'. 
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0000R C840 
0003 

0004R C830 
0064 

'11008R C820 
0001 

000CR 0 71 I 
000 ER DE4~ 

0042R 
0012R 9040 
00 I 4R 4280 

0012R 
0018R 0841 

0048R 
001CR cl 1 2' 

0012R 

0020R 0 711 
0022R DE40 

0044R 
0026R 9045 
0028R 4280 

eJ026R 
002CR DA41 

0048R 
0030R Cl UJ 

0026R 
0034R 9D45 
0036R 4280 

0034R 
003AR DE40 

0046R 
003 ER 4.300 

000CR 
0042R 9999 
0044R 9292 
0046R 2020 
0004 
0005 
0048R 
00ACR 

BUFFER 0048R 
,, DEVI CE 0004 

I NPJ 0012R 
INPUT 000CR 
OUTl 0026R 
OUTPUT 0020R 
READ 0042R 

APPENDIX 1 
SAMPLE PROGRAM 

HEA OEH/PlTNCH COMBINATION 

OPT PASS2, ~OP NCH, PR I NT ,STOP 

* * SAMPLE--PROGRAtwl USING THE-lfSPTR/MSPTP -Hf MODE SWiiCKlNG 

* 
START LHl DEVIC E,3 SET DEVICE NUMBER 

LHI 3' 100 SET HIGH LIMIT A ND 

LK! -- 2' l 1.01' LI m TS o·P' THE 

INPUT XHR l 'l BUFFER AREA 
oc DEVICE,READ READ MODE 

I NPl SSR DEVICE, STATUS 
BTC ~. lNPl 

RD DEVlCE,RUFFERCl > INPUT CHAR. 

BXLE l,tNPl 

* 
* OUTPUT XHR I , I CLEAR LOW LIMITS 

oc DEVICE, WRITE WRITE !'WIODE 

OUTl SSR DEVI CE, STATUS 
BTC 8,0UTJ 

WO DEVI CE,B UFFERC l > OUTPUT CHAR. 

B.XLE l, OUTI 

WAIT SSR - D~VlCEl-STATUS - - WAIT UNTIL LAST 
BTC 8, WA IT CHAR. IS PUNCHED 

oc DEVICE,STOP TURN PUNCH OFF 

B INPUT 

READ DC x•9999• 
WRITE DC x•9292• 
STOP DC • x '2020. 
DEVICE EQU 4 
STATUS EQU 5 
BUrFER DS 100 

END 

1 



START 
STATUS 
STOP 
WAIT 
WRITE 

Al-2 

0000R 
0005 
00.4&R 
0034R 
0044R 



"'000R 0310 
0078 

0004R DE10 
0079 

0008R 9Dl 2 
000 AR 4250 

0018R 
000 ER 4280 

00 t 2R 
000~R 

0014R ~~~0 
0020R 

* 

APPENDIX 2 
SAMPLE PROGRAM 

ll EA DE ll - TN C HE M E N TA L M 0 DE 

OPT PASS2,NOPNCH,PRINT,STOP 

* SAMPLE PR"O-GRAM-rnR HSPTR"- rlNCREMENTAL MODE) 

* 
* INPUT LB DEV,B I NOV 

DEV ,9 I NDv+ I 

DEV, STATUS 
5,TROBLE 

oc 
SENSE SSR 

BTC 

B TC 8, !iENSE 

RDR- DEV,TEMP 
B PROCES 

* 

SELECT DEVICE NUMBER 

ISSUE OUTPUT COMMAND 

GET STATUS OF READER 
DU OR EX=l; ERRO~ 

BSY:l ; WA IT 

READ ONE CHAR. FROM T"APE 
PROCESS THIS CHARACTER 

001~R C200 TROBLE LPSW STOP TROUBLE CORRECTED; RETURN 
001CR 

001CR 8000 STOP ·oc· ·-x·s00eP,ACIN1'"UT> TO INPUT ROUTINE 
0000R 

0001 
0002 
000.3 

0078 

0021!1JR 
0020R 

BINDV 
DEV 
INPUT 
PROCES 
SENSE 
STATUS .. 
STOP 
TEMP 
TR OB LE 

0078 
0001 
000~R 
0020R 
0008R 
0002 
001CR 
0003 
0018R 

* DEV EQU 1 
STATUS EQU 2 
TEMP EQU 3 

* BI ND V EQ U X • 78 • 

* PROCES EQU * 
END 

1 . 

DEVICE NUMBER x•13' 
HOLDS STATUS BITS 
TEMPORARY STORAGE 

OUTPUT COMMAND IS x•99• 





'\ 

0000R 0744 
0A02R D.310 

• 

APPENDIX :l 
SAMPLE PHOGRAM 

READER-SLEW MODE 

OPT PASS2,NOPNCH,PRINT,STOP 

*SAMPLE PROGRAM FOR HSPTR C SLEW MODE> 
* READ TAPE UNTIL x•rF• CHARACTER IS Et«:OUNTERED 

* XHR INDEX, 1 NDEX ZERO INDEX 
INPUT LB DEV,B I NOV SELECT DEVICE NUMBER 

0078 - .. -·····-· ·---·--.. -.. ·-- ·- --·-· .. - . ·--· -· -·-· ··--·--··-· .... ·-··- ···------ ... --· -·--··-.. ·--··-- - ··--·- ... ---- ... ·-· .. -··--- ····--··-··-··--·-· ...• - . ··-·--

0006R DEl~ 
0079 

000AR 9Dl 2 
000CR 4250 

002CR 
0010R 4280 

000AR 
0014R 981 :s 
0016R C530 

00 FF 
001 AR 4330 

0026R 
001 ER 40.3 4 

00:S4R 
0022R Cl40 

000AR 
0026R DE10 

l 034R 
002AR 0307 
002CR C200 

0030R 
0030R 8000 

0002R 

0001 
0002 
0003 
0004 
('1007 
0078 
0034R 
1034R 2020 
I 036R 

BINDV 0078 
BUF'FER 0034R 
CHECK 0003 
DEV 0001 
DONE 1034R 
HALT 00312JR 
INDEX 0004 
INPUT 0002R 
RETUR~ 0007 
SE~SE fl00AR 
STATUS 0002 
STOP 0026R 

TR OB LE 002CR 

oc DEV,BINDv+l 

SENSE SSR DEV,STATUS 
B TC 5, TROBLE 

RDR DEV, CHECK 
CLHI CHECK,x•rr' 

BE STOP 

ISSUE OUTPUT COMMAND 

CHECK STATUS 
DU M EX:l; ERROR 

READ FIRST CHAR FROM TAPE 
IS IT DELIMITING CHARACTER 

YE~, STOP TAPE MOTION 

STH CHECK,8UFFERCINDEX> STORE& GET NEXT CH 

BXLE INDEX,SENSE 

-~TOP ....... _(l._C ____ ... DEV, D_ONE 

BR RETURN 
TROBLE LPSW HALT 

HALT DC X'8000',ACINPUT> 
····- .. ·- ....• 

* DEV EQU 1 
STATUS EQU 2 
CHECK EQU 3 
INDEX EQU 4 
RETURN. EQU 7 
Bl ~D-V .... EQU . .. - )('-78 •. 

BUFFER OS 4096 
DONE DC x •2020. 

END 

1 

READ TAPE UNTIL OEL.IMITOR 

OUTPUT COMMAND X'20' 

GO BACK TO MAIN PROGRAM 
TROUBLE CORRECTED; RETURN 

TO INPUT ROUTINE 

DEVICE NUMBER x•13• 
HOLDS STATUS BI TS 
REG USED TO CHECK FOR DELI 
INDEX VALUE 

OUTPUT COMMAND IS X '~:fs·· 
BUFFER SIZE 
STOP COMMAND 





APPENDIX 4 
SAMPLE PROGRAM 

PUNCH 

OPT PASS2,NOPNCH,PRINT,STOP 
* 
* SAMPLE PROGRAM FOR THE HIGH SPEED PAPER TAPE PUNCH 
* 

OOOOR 0722 XHR CO ONT, COUNT ZERO LOW LIMITS 
0002R D300 OUTPUT LB DEV,BOUTDV SELECT DEVI CE NUMBER 

007A 
0006R DEDO OC DEV ,BOUTDV+l ISSUE OUTPUT COMMAND 

007B 
OOOAR 9D01 SENSE SSR DEV ,STATUS CHECK STATUS 
OOOCR 4210 BTC 1, TR08LE DU=l; STOP 

0026R 
OOlOR 4280 BTC 8,SENSE BSY=l; WAIT 

OOOAR 
0014R DA02 WD DEV,BUFFER(COUNT) OUTPUT CHARACTER 

002ER 
0018R C120 BXLE COUNT,SENSE DO UNTIL DONE 

OOOAR 
OOlCR 9D01 WAIT SSR DEV ,STATUS WAIT FOR LAST 
OOlER 4280 BTC 8,WAIT CHAR TO BE OUTPUT 

OOlCR 
0022R DEDO OC DEV,OFF TURN PUNCH MOTOR OFF 

102ER 
0026R C200 TROUBLE LPSW STOP TROUBLE CORRECTED; RETURN 

002AR 
002AR 8000 STOP DC X'8000' ,A(OUTPUT) TO OUTPUT ROUTINE 

0002R 
002ER BUFFER DS 4096 

* 
0000 DEV EQU 0 DEV. NUM. X' 13' 
0001 STATUS EQU 1 HOLDS STATUS OF THE PUNCH 
0002 COUNT EQU 2 HOLDS LOW LIMIT OF BUFFER 
0005 RETURN EQU 5 RETURN TO MAIN PROG. 
007A BOUTDV EQU X'7A' OUT. COMO. X1 92 1 

102ER 2020 OFF DC X'2020' 
1030R END 

BOUTDV 007A 
BUFFER 002ER 
COUNT 0002 
DEV 0000 
OFF 102ER 
OUTPUT 0002R 
RETURN 0005 
SENSE OOOAR 
STATUS 0001 
STOP 002AR 
TROBLE 0026R 
WAIT OOlCR 

1 





GE 29-00BROZ 

CARD READER OPERATION AND PROGRAMMING MANUAL 

1. GENERAL DESCRIPTION 

The 7-510 Card Reader employs a photoelec
tric read station and a vacuum throat feed 
assembly. A special "wide strobe" read 
technique is used t9 preclude loss of data, 
even on cards which have been mispunched 
by as much as plus or minus one-half column. 

The card read rate is in excess of 200 cards 
per minute with a 500 card capacity for both 
the input hopper and the output stacker. 
Throughout the read operation light current 
checks, dark current checks, and card mo
tion checks are continuously performed to 
verify the performance of the Card Reader. 

2. OPERATOR CONTROLS 

2.1 POWER 

The lighted POWER pushbutton applies AC 
power to all circuits. The pushbutton is lit 
when. the power is on. 

2. 2 MOTOR Start 

The lighted MOTOR pushbutton starts the 
drive motor if no error indicator lights are 
lit. The pushbutton is lit when the drive 
motor is running. 

2. 3 Read START 

The lighted START pushbutton clears all 
error indicators and advances the Card 
Reader to the "ready" state to begin a read 

"· cycle upon receipt of the proper signal. The 
,, pushbutton is lit when the swit.ch is depressed 

and no errors have been detected. 

2. 4 Read STOP 

The lighted STOP pushbutton inhibits further 
read cycles until Read START is again de
pressed. Read STOP action is delayed until 
the current read cycle is completed. The 
pushbutton is lit when the swit.ch is depressed, 
or if the Card Reader is stopped due to an 
error detection. 

3. STATUS INDICATOR LIGHTS 

3.1 Power On 

The indicator on the POWER Swit.ch is illum
inated when power is applied to the Card 
Reader. 

3.2 Motor On 

The MOTOR Swit.ch indicator is illuminated 
when the motor is running. 

3. 3 Read start 

The ST ART Swit.ch is illuminated when the 
swit.ch is depressed and no malfunctions 
have been detected. 

3. 4 Read stop 

The STOP Swit.ch is illuminated when the 
swit.ch is depressed or the Card Reader has 
stopped due to a trouble detection, as de
scribed in the following paragraphs. 

3. 5 PICK FAIL 

If a card fails to be picked upon command, 
the PICK FAIL indicator is illuminated. 

1 



BIT 
NUMBER 

STATUS 
BYTE 

COMMAND 
BYTE 

EOV 

TBL/DU 

HE 

NMTN 

BSY 

EX 

EOM 

DISABLE 

:ENABLE 

FEED 

2 

0 

A-147 

TABLE 1 
CARD READER STATUS AND COMMAND BYTE DATA 

(HEX ADDRESS 04) 

1 2 3 4 5 6 I 

EOV TBL HE NMTN BSY EX EOM DU 

DISABLE ENABLE FEED 

The EOV bit is set when the data is not taken from the Device Controller 
buffer before the next column of data arrives from the read station. This 
bit is reset by a FEED Command. 

These bits are set when the Card Reader fails to pick a card upon command, 
or when an error condition occurs in the Card Reader. The error conditions 
are: 

1. Card Motion Error 
2. Light Current Error 
3. Dark Current Error 

These error conditions prevent the reading of any more cards until manually 
reset by the operator. 

The HE bit is set when the last card in the input hopper has been read. When 
HE sets, NMTN is set. The HE bit must be manually reset by the operator. 

The NMTN is set except for the time between a FEED command and the time 
it takes for a card to pass through the read station. 

The BSY bit is set while the Device Controller is awaiting data from the Card 
Reader. It resets when the data is available to be transferred. 

The EX bit sets when any one of the upper four (4) bits of the Status byte is 
set. 

The EOM bit is set whenever NMTN is set, and when the input hopper becomes 
empty. 

This command disables the Card Reader Device Interrupt. 

This command enables the Card Reader Device Interrupt. 
.. 

This pommand initiates a new card feed cycle; however, no action occurs if 
TBL, DU, or HE is set. 
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3. 6 CARD MOTION Error 

If the interval between the time the selected 
card enters the read station and the time the 
card leaves, does not correspond to 85 :I: 1/3 
columns (the total card width), the CARD 
MOTION indicator illuminates. 

3. 7 LIGHT CURRENT Error 

When all photo-read-cells do not conduct 
whenever a card is not in the read station, 
the LIGHT CURRENT indicator illuminates. 

3. 8 DARK CURRENT Error 

The DARK CURRENT indicator illuminates 
if all photo-read-cells do not go dark for 
some instant between the beginning of the 
card and column 1, or between column 80 
and the end of the card. 

4. STATUS AND COMMAND BYTES 

Table 1 illustrates the status and command 
byte coding for the Card Reader. 

5. DATA FORMAT 

A card Feed command causes the card to 
move over the photo-read-cells column by 
column, starting with column 1. Every 
column read (blank columns are read as 
all bits zero) generates a data strobe for 
that column and initiates a data tr an sf er 
cycle. The first Read Data instruction 

ROW NUMBER 12 

BIT NUMBER 0 1 2 

ROW NUMBER 4 

11 

3 

5 

NOTE: Bit numbers O and 1 should always be zero. 

reads the top six rows of the column; the 
second Read Data instruction reads the 
bottom six rows of that column. Figure 
1 is an example of the data byte format. 

6. INTERRUPTS 

When enabled (Bit 1 of the COMMAND byte 
set), the Card Reader Device Controller 
generates an external device interrupt for 
each column read. The interrupt indicates 
to the Processor that data is available for 
transfer. 

7. INITIALIZATION 

When the INITIALIZE pushbutton on the 
Processor is depressed, the following 
occurs: 

1. The NMTN and EOM bits are set. 
2. The EOV bit is reset. 
3. The BSY and EX bits are set. 

8. OPERATOR PROCEDURES 

After applying power to the Card Reader, 
allow it a few minutes to warm up. Cards 
should be placed face down in the hopper 
with the 12-edge toward the operator. Ad
ditional cards may be added to the hopper 
without interferring with the operation. 

0 1 2 3 First Data 
B_.rte 

4 5 6 7 

6 7 8 9 Second Data 
Byte 

Figure 1. Data Byte Format 
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9. PROGRAMMING 

A sample card :Input rout:lne is shown in 
Appendix 1. In the sample program, note 
that the HE bit (hopper empty) is checked 
before other bits.. This bj~ does not become 
set until the last card is read. If 80 columns 
are not read from each card, there is· a 
Card Reader malfunction, as· all blank col
umns should be read as zeros. 

4 

Code conversion is required when reading 
conventional Hollerith cards. A GE-PAC 
30 subroutine (HTASCV, Program Num
ber 07-019) is available for this purpose. 
The subroutine converts the 12 bits of binary 
data from one column to the corresponding 
7-bit ASCII code. 

Appendix 2 provides a table of the Hollerith 
punched-card codes for the ASCII character 
set. 
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APPENDIX 1 
SAMPLE PROGRAM 

·· ···--~0?1 PASS2 ,PRTNT ,PUNCH,STO? 

* * NON-INTERRUPT CARD READER ROUTINE 

* 
~?01 DEVNUM EQU 1 
0002 STATUS EQU 2 ···-·· ·0·0~3·--· · · ·------- ---- r~nlrx-·--r-Q u-·· · · 3 
e"'~4 l~CR EQU 4 
C 0 0 5 LI ~I T EQ U 5 
~eei F' RETURN -EQU 15 

* ~P!et"'R '-11733 READ XHR INDEX,INDEX 
ei;002--q·-·c840 · -- ·· ··· ··· ·un 1 NCR ,2_ ·· ·· 

001'!2 
00'116R C85e 

P!09 E 
"'"'"'AR D3 H'I 

007C 

LHI Ll~IT,158 

LB DEVNUM,SI NDV 

ZERO INDEX VALUE 
... SET UP "!'(;REMENT. 

SET UP LIMIT 

SET DEVICE NUMBER 

ei·~:~.fER·-91>12--·- -- WA-I r-·--···s-srr ·····oEv~rnM,STATUS ,_ 
~010R 432~ BF'C 2,WAIT 

0"'0 ER 
0014R C420 

0020 
NHI 

0018R 4230 BNZ E~PTY ··----·- --·--····--003 sR·--·-··-········ ----------·--·-----~-·-··--·- -- ---·-· 

* F'EED OC DE\JNUM,SI NDV+I 

SENSE SSR DEVNIJ~,STATUS 
BTC 7 ERROR '--'-=-------------------··- ··-···'· .. ... . . 

B TC 8, SENSE 

IF EOM ~OT SET-HANG 

HOPPER EMPTY CHECK 

BITS SHOULD NOT 9E SET 

BUSY BIT SET-µA"IG 

RD DEVNUr.1,B UrF'ER (INDEX> f'IRST CHAR. C~OWS 

B XI,. E I ND EX, SE NS E 80 COLUMNS READ 

* * DO JfOLLERITH TO ASCII CONVERSION ROUT! NE . 

* r,e3 6·---R-03-0-cF'--:--- ··--·----BR ________ R_EtT.iR N-------------··· .. ······- --·-·····-----·-·--·-··-······- ·-······-···· .. ··------

* 0C'J 7C SI~lDV EQU X'7C' 50 SEQUENCE 

* EMPTY EQ U * I NPUt HOPPER E!'t1P TY 

* ---?-03-BR ________ ERROR--EQU--;-· -- ·····---·-----------ERROR ROUT! NE:--·--·--------·------- --

"'03~~ 
0~ 1)9,R 

* B UF'F'ER OS 1 60 
END 
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B UrF'ER 003SR 
···n~VNOM 0()!esr 
EMPTY "''-"38R 
ERROR 0038R 
FEED 001CR 
I NCR 0004 
I r.JDEX 0003 · ·-·--cTMTT----~-0~r5·----··---··-·; _______ ·····---·-·· ·· ·-·· · -·· ·· -·····- -···· ····· ··-----·---------···········-·- ---·- ···· -·- ---···---··---·-·---···- -·----·----·--

READ 00Q!Q!q 
RETURN 0tiH11 r 
SENSE 0020R 
SI ~DV 007C . 
ST~ TIJS 0002 · 11,srr -···--ITT'·~rrn·- -- ----· ··----·- - · ·-·-· ·-----· --··· ·· 

... . ... ·---- ·-·--···-·-·- ·---- ---·---·-·--------------
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APPENDIX 2 
ASCII TO CARD CODE CONVERSION 

8-BIT 7-BIT 8-BIT 7-BIT 
ASCII ASCII CARD ASCII ASCII CARD 

GRAPHIC CODE CODE CODE GRAPHIC CODE CODE CODE 

SPACE AO 20 0-8-2 @ co 40 8-4 
Al 21 12-8-7 A Cl 41 12-1 

" A2 22 B-7 B C2 42 12-2 
# A3 23 B-3 c C3 4.3 12-3 
$ A4 24 11-B-3 D C4 44 12-4 
(H 
/r· A5 25 0-8-4 E C5 4!i 12-:) 
& A6 26 12 F C6 46 12-f:i 

A7 27 8-5 G C7 47 12-7 
( A8 28 12-8-5 H CB 48 12-~ 

) A9 29 11-8-5 I C9 49 12-!) 

* AA 2A 11-8-4 J CA 4A 11-1 
+ AB 2B 12-B-6 K CB 4B 11-2 

AC 2C 0-8-3 L cc 4C 11-3 
AD 2D 11 M CD 4D 11-4 
AE 2E 12-8-3 N CE 4E 11-5 

I AF 2F 0-1 0 CF 4F 11-6 
0 BO 30 0 p DO 50 11-7 

1 Bl 31 1 Q Dl 51 11-:-'.-

2 B2 32 2 R D2 52 11-B 
3 B3 33 3 s D3 53 0-2 
4 B4 34 4 T D4 54 0-3 
5 B5 35 5 u D5 55 0-4 
6 B6 36 6 v 06 56 0-5 
7 B7 37 7 w D7 57 0-6 
8 BB 38 B x D8 58 0-7 
9 B9 39 9 y D9 59 0-8 

BA 3A 8-2 z DA 5A 0-9 
BB 3B 11-8-6 [ DB 5B 12-8-2 

< BC 3C 12-8-4 ' DC 5C 11-8-1 
= BD 3D 8-6 ] DD 5D 11-8-2 
> BE 3E 0-8-6 t . DE 5E 11-8-7 
? BF 3F 0-8-7 ...___ DF 5F 0-8-5 

\ 

1 





GE 07-019A12 

HOLLERITH TO ASCII CONVERSION 
PROGRAM DESCRIPTION 

1. INTRODUCTION 

The Hollerith to ASCII Conversion (HTASCV) 
subroutine is used to convert 12-bits of 
binary data read from one column of a 
punched card to the corresponding 7-bit 
ASCII code. 

2. PROGRAM TAPE 

The tape for HTASCV (07-019M08) is 
relocatable, and can be loaded with 
the General Loader (06-025M10). The 
subroutine requires X'CE' bytes of 
memory. 

3. CALLING SEQUENCE 

The calling sequence required to use this 
routine is as follows: 

EXTRN HTASCV 

LH 10, DATA USE RlO FOR 
ARG 

LOC BAL 15,HTASCV USE Rl5 FOR 
RETURN 

B ERROR RETURN HERE 
ON ERROR 

STB 10, RESULT RETURN HERE 
IF OK 

Control returns to LOC + 4 if the binary 
data presented in register 10 does not cor
respond to a proper card code. On the er-

ror return, register 10 holds X'20', the 
ASCII code for a space character. On a 
normal return, register 10 holds the ASCII 
code for the proper character. 

4. OPERATION 

The HTASCV routine uses registers 10 -15. 
These registers are not restored to their 
initial state on return to the calling program. 
The card code specified in register 10 is 
converted with a table look-up procedure. 
The table used is shown on Table 1. 

Card codes for unspecified entries in the 
table (e.g. 1-8) are converted to ASCII 
spaces. These table entries could be de
fined with other codes if needed for special 
applications. 

Refer to Table 2 for a definition of the card 
code for all ASCII characters. 

5. TIMING 

The code conversion requires the execution 
of 19 -43 instructions. Assuming a uniform 
distribution of card codes, the average code 
conversion requires approximately 30 in
struction times. 

TABLE 1. CONVERSION TABLE 

Rows 12, 11, 0, 8 

Rows 1-7..1.9 blank 0 8 0-8 11 12 11-8 12-8 
blank )S 0 8 y - & ~Q H 
1 1 I J A ' 2 2 s • )S K B ] [ • 
3 3 T # 

' 
L c & . 

4 4 u @ %_ M D * < 
5 5 v ' +- N E ) J 
6 6 w = > 0 F 

' 
+ 

7 7 x " ? p G + ! 
9 9 y R I 

~ - ASCII space character (X'20') 

1 



TABLE 2 
ASCII TO CARD CODE CONVERSION 

8-BIT 7-BIT 8-BIT 7-BIT 
ASCII ASCII CARD ASCII ASCII CARD 

GRAPHIC CODE CODE CODE GRAPHIC CODE CODE CODE 

SPACE AO 20 0-8-2 @ Co. 40 8-4 . 
! Al 21 12-8-7 A Cl 41 12-1 

" A2 22 8-7 B C2 42 12-2 
~ A3 23 8-3 c C3 4.3 12-3 
$ A4 24 11-8-3 D C4 44 12-4 
3 A5 25 0-8-4 E C5 45 12-5 
&, A6 26 12 F C6 46 12-6 

' A7 27 8-5 G C7 47 12-7 
( AS 28 12-8-5 H cs 48 12-8 
) A9 29 11-8-5 I C9 '49 12-9 

* AA 2A 11-8-4 J CA \ ,·, 4.A 11-1 
+ AB 2B 12.:.8-6 K CB 4B 11-2 
, AC 2C 0-8-3 L cc 4C 11-3 

- AD 2D 11 M CD 4D 11-4 
. AE 2E 12-S-3 N CE 4E 11-5 

I AF 2F 0-1 0 CF 4F 11-6 
0 BO 30 0 p DO 50 11-7 
l Bl 31 1 Q Dl 51 11-8 
2 B2 32 2 R D2 52 11-9 
3 B3 · 33 3 s D3 53 0-2 
4 13'1 34 4 T D4 54 0-3 

I 5 B5. 35 5 u D5 55 0-4 
6 BG 36 6 v D6 56 0-5 
7 B7 37 7 w D7 57 0-6 
8 BS 38 s x DS 5S 0-7 
9 B9 39 9 y D9 59 0-8 

I 
: BA 3A 8-2 z DA SA 0-9 
; BB 3B 11-8-6 [ DB 5B 12-8-2 I 

j 
< BC 3C 12-8-4 ' DC 5C 11-8-1 I 1 

BD 3D ] 11-8-2 ::::: 8-6 DD SD I 

> BE 3E 0-8-6 t DE SE 11-8-7 
I 
l 

') BF 3F 0-8-7 +- DF SF 0-8-5 i 

I .. 

I 

I I 

l J ~------~ _ _;,_ -· --

2 



GE 29-0S& 

SELECTOR CHANNEL PROGRAMMING MANUAL 

1. INTRODUCTION 

The Selector Channel controls the transfer 
of data between I/O devices and core mem
ory at rates of up to 500K bytes per second. 
Up to 25 I/O devices can be connected to the 
Selector Channel, but only one device can 
transfer data at a time. The advantage 
gained in using the Selector Channel is that 
other program processing can occur simul
taneously with the transfer of data between 
the I/O device and core. This is accom
plished by allowing the Selector Channel and 
the Processor to access memory on a cycle
stealing basis. Jn some instances, the exe
cution times of the program in process will 
be affected, while in others, the effect will 
be negligible. This depends upon which 
model GE-PAC 30 Processor is in use and 
the rate at which the Selector Channel and 
Processor both compete for access to mem
ory. A GE-PAC 30 sales engineer can 
supply exact details upon request. 

This description applies to Selector Channel 
Controller Boards, Part Numbers 32-030 
and 32-031. Figure 1 is a blockdiagram 
which shows the incorporation of the Selec
tor Channel into the GE-PAC 30 peripheral 
system. 

2. PROGRAMMING CONSIDERATIONS 

Programming a device on the Selector Chan
nel consists of setting up the device , setting 
up the Selector Channel, and sending a GO 
command to the Selector Channel. When 
all devices on the Selector· Channel are idle, 

'\ the Selector Bus becomes a part of the 
/ Multiplexor Bus. This provides the path 

to set up the device and the Selector Chan-

nel. The last device addressed prior to sen
ding the GO command is the device the Selec
tor Channel controls, assuming that the 
device is connected to the Selector Channel .. 
The program must, therefore, address the 
de sired Selector Channel device , set up the 
Selector Channel, and then send the Go com-. 
mand before addressing any other devices. 

DEVICE 

CORE 
II EMORY 

DEVICE 
CONTROLLER 

DEVICE 

DEVICE 
CONTROLLER 

DEVICE 

Figure 1 Systems Interface, 
Block Diagram 

During the data transfer, the Selector Chan
nel provides a direct data path between the 
device and core memory. Until the trans
fer is completed, no I/O instructions can 
be issued to any device on the Selector Chan
nel, including the device transferring data. 

1 
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If devices on the Selector Channels are ref
erenced while the Channel is busy, the False 
Sync (V condition code) bit will be set. The 
setting up or the initialization of the device 
is accomplished by executing an Output 
Command (OC or OCR) instruction. Refer 
to the Programming Manual for the device 
to be controlled for the bit configuration of 
the Output Command. Note that the Selec-
tor Channel has a unique device number just 
like all other I/O devices. Output Commands, 
as with all input/ output instructions, affect 
only the device addressed. 

The Selector Channel has a 16-bit · incre
menting address register and a 16-bit final 
address register .. The user program loads 
the starting core address into the incre
menting register and the final core address 
into the final address register. Transfer 
is completed when the incrementing address 
register matches the final address register. 
The address limits are expressed inclusive
ly; transfers begin and end on the addresses 
placed in the starting and final address 
registers. 

Core memories in most GE-PAC 30 Proces
sors are addressed on halfword boundaries; 
that is, each time memory is accessed two 
bytes or a halfword are obtained. A sixteen 
bit address registeris used, with the least 
significant bit, bit 15, being used to deter
mine the byte desired. See Figure 2. 

CORE UEMO~Y 
0 718 115 .... HALF~ORO 

EVEN BYTE I ODD BYTE 

BYTE 8YTE 

BYTE IYTE 

81T0 llS • 0 BITllS•I 

0 

MEMORY ADORE$$ REGISTER 

BIT 15 SPECIFIES ·ODO Oil EVEN BYTE 

Figure 2. Memory Addressing 

Each time the Selector Channel accesses 
core memory, two bytes (a halfword) are 
transmitted. It is mandatory that data 
transfers begin on a halfword boundary 
and end on either halfword or byte boun
daries. This is accomplished by setting 
bit 15 to zero in the starting register and 
bit 15 to a one in the final address regis
ter for halfword boundaries and zero for 
byte boundaries. The following will re
sult if data transfers are ended on byte 
boundaries: 

1. Write Mode (Core to Device) -
End on byte boundary (bit 15 = 0) 
- no effect 

2. Read Mode (Device to Core) -· 
End on byte boundary (bit 15 = 0) 
- The previous contents of the 
last odd byte in core is written 
into the current Odd byte in core. 
See Figure 3. 

NEXT TO LAflT 
HALF WCRO 

EVEN BYTE 

BYTE 

IOTH BYTES HAVE 
SAME VALUE 

., 8 

BYTE 

LAST BYTE IPECl,.EO 
LAST HALF WORD 

Figure 3. Core Memory Configuration, 
End on Byte Boundary 

The user program spec1fies the mode, eithe1 
Read or Write, and gives the GO command. 
The following sections provide details for 
programming tne Selector Channel. 

NOTE 

When executing programs that 
involve the use of the Selector 
Channel, the Processor may 
not be run in the Variable Mode. 



3. SPECIFICS 

3.1 Transmission of Starting and 
Final Addresses 

Four successive bytes are required to spec
ify the starting and final addresses. Either· 
the Write Data (WD or WDR), or Write 
Block (WB or WBR) instructions may be 
used to send the starting and final addresses 
to the Selector Channel Controller. Figure 
4 illustrates the meaning of four bytes used 
for addressing. 

STARTIN& ADDRESS 

---HIGIH--• .. 1' 84 .. i.---lOW--••15 

I 

I .. 
Fl>IAL ADDRESS 

1. Starting Address High (bits 0-7) 
2. Starting Address Low (bits 8-15) 
3. Final Address High (bits 0-7) 
4. Final Address Low (bits 8-15) 

Figure 4. Meaning of the Data Bytes 
When Setting Start and Final 
Address 

. 3. 2 Status and Commands 

Table 1 illustrates the Selector Channel 
Status and Command byte coding. A Sense 
Status instruction (SS or SSR) is used to 
transfer the status byte from the Selector 
Channel Device Controller to the Processor. 
The least significant four bits (4-7) of the 
status byte are copied into the condition 
code during the Sense Status operation .. 
Branch instructit:»ns .can test these four bits 
directly. 

The Output Command instruction (9C or OCR) 
\ is used for transmitting the command byte 

to the Selector Channel Controller. Table 1 
also describes the command byte. 

3. 3 Termination 

Data transmission between the Selector 
Channel and the Device presently connected 
to it will be halted if any of the following 
conditions occur: 

1. The starting address matches the 
final address. This would be con
sidered a normal termination. 

2. The starting (incrementing) address 
goes from all ones to zero (maxi
mum count). Jn this case, no 
match occurred and this would be 
considered an abnormal termina
tion. 

3. Any of the DU, E OM, or EX status 
bits of the device presently connec
ted to the Selector Channel changes 
to a ONE. This is also an abnor
mal termination. 

4. A STOP command is sent to the 
Selector Channel Controller via a 
user program. 

The termination condition is determined one 
of two ways: by a status scan, or by the in
terrupt method. The methods are described 
in the following paragraphs. 

1. Status Scan. The status of the 
Selector Channel Controller may 
be examined by issuing a Sense 
Status (SS or SSR) instruction. 
The Busy Bit is a 1 while trans
mission is in process, and zero 
when no transmission is in effect. 
One method of testing for termina
tion would be to continually or per
iooically test the Busy Bit of the 
Selector Channel Controller. The 
change from one· to zero would 
then indicate the termination of a 
data transfer. When the Selector 
Channel is busy, only the busy bit 
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BSY 

READ 

GO 

STOP 

4 

TABLE 1 
SELECTOR CHANNEL STATUS AND COMMAND BYTE DATA 

BIT NUMBER 0 1 2 3 4 5 6 7 

STATUS BYTE BSY 

COMMAND BYTE READ GO STOP 

This bit is set when the Selector Channel is in the process of transferring data. 

This command changes the mode of the Selector Channel from WRITE to 
READ. In the READ mode, data is transmitted from the active device on 
the Selector Channel and written into core memory~ Whenever a data 
transmission has been completed, the Selector Channel is placed in the 
WRITE mode. Each time a READ operation is required, a READ Com
mand must be issued. 

This command initiates a data transmission. This command can be issued 
at the same time the READ/WRITE mode is established. 

This command halts any data transmission in process and initializes the 
Selector Channel for starting a new operation. 



/ 

(bit 4) is present in the status byte 
and all other bits are zero. At 
termination, the status of the de
vice is presented in the status byte, 
except for the Busy Bit which is zero. 

2. Interrupt Method. When data trans
mission is initiated on the Selector 
Channel, the interrupt is effectively 
enabled. If external device inter
rupts are permitted (bit 1 of the 
PSW set) to enter the Processor, 
at termination, the Processor will 
be interrupted. The acknowledge 
interrupt (AI, AIB.) instruction will 
cause the device number of the Se
lector Channel (normally X'FO') 
and status of the peripheral device 
to be brought into the Processor, 
and also clear the interrupt for the 
Processor. The Busy Bit is trea
ted in the manner described pre
viously for Status Scan. 

3.4 Reading the Final Address 

The last Processor core location either 
written into or read from amy be obtained 
by executing a pair of Read Data (RD or 
RDR) instructions or a Read Block (RB or 
RBR) instruction. This information will 
per~it a user program to verify a success
ful data transmission or determine at what 
address termination occurred. 

Figure 5 illustrates the meaning of the order 
. in which the data is read into the Processor. 

INAL ADDRESS 

4. DEVICE NUMBER 

The Selector Channel is normally assigned 
device number X'FO', but may easily be 
changed by a minor wiring modification on 
the Selector Channel device controller board. 
Refer to the Maintenance Manual for specific 
details. 

5. INITIALIZATION 

Whenever the INITIALIZE pushbutton on the 
Processor is depressed, the following ac
tions occur: 

1. Any data transmission in process 
is halted and the stop mode is 
effected. 

2. The Selector Channel is placed in 
the Write Mode. 

3. The Selector Channel is made idle. 

4. The Selector Channel interrupt is 
reset. 

6. SAMPLE PROGRAM 

Appendix 1 presents a sample program 
for a magnetic tape unit connected to the Se
lector Channel. The purpose of this sample 
program is to show the program instruction 
used to control the Selector Channel and the 
order in which they may be executed • 

•7 a---LOW--• .. 1!1 

1. Flrilal Address High (bits 0~7) 
2. Final Address Low (bits 8-15) 

Figure 5. Order in Which Read Data 
Instructions are Executed 
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APPENDIX 
.......................................... 9 

OPT PASS2, PH INT, PUNCH, STOP,LAB=MTSMP3 ...... * .. SAMPLE PRO GRAM FOR MAGNETIC 'fAFE 
* EOFFWRITE/BACKSPACE/HEAD/COMPARE- 9 THACK @ 800 BPI ..... ··································· * ....... USES SELECTOR CHA.NN'E:L ................................. . 

* 
* '8'E:'N'ERA'rEs''A:N END:=ffj:~:·F~iI"E;"''ri;A}~}G ·····~:hit'Es''i;'EE:""" ....... - .......... .. 

* 

6 

01 

II 

ll 

£1 

CONTENTS OF CORE 0,'500' TO X'FFF') ON THE TAPE, * ............... BACksfi.ACEs T REGO.RD; Rt:RE:Abs .fHE:fiECOHD AND. ·· ········· ·· ··· ·· ti 
~I * COMPAHES IT WITH l.diAT wAS THEhE· ...... ............. * . IF THE RECORD TS CdRR'Ec1'; A.NotHER····· .. ........................................................ 91 

LL 
END-OF-FILE MARK IS WRITTEN. .......................... ~.-......... _ .. ____________ , __ ~·····-· .. -·-------.. -·-·------.. --.-· .. -·-----· .. --·-··-.. ·---·· ............................ - ... -- .... --..... --.... - .... ~----·-www·- ............... _ Bl * 
ASSUMES TAPE \dLL NOT ENCOUNTER BOT OR EOT 61 

............................................................................................................................................................................................................................ . ................................................................................................................. Ol * 
0000 MT EQU 0 
oooT ... sc EQU ······ r···· 
0003 STAT EQU 3 ········· Ooo2i"" __ .. _____ ,,_,, __ ,, ___ IN DE x-"-'""-fi:.ll:f"""'""'L!"""""'""'"""""""''""''""'"' 
0005 INCR EQU 5 
0006 .. i:IM'Ir··· EQU ...... 6 
0007 TEMP EQU 7 
otrnB .......................... . . .... RETURN EQtf' ''8'"" -

* ""'"'""""'-""""-'"'""""'""""~"""'""""'""'-""""'~----~*-~---~-.. -~~R"i-T'E""'"'Co "RE·~·~o·N"'"""fAPE"'"" ""'""""""'""""'"" 
OOOOR C800 DUMP LHI MT,X '85' MAG TAPE: DEV NO 

0004R C810 LHI SC.r :X 'FO' SEL CHNL DEV NO 

0008R 41FO BAL 15.,YJAIT WAIT FOR NMTN=l 
"""""""""·-"'"-~"·--·--~""""6_6_D4"R'""""~ .. -,,."_ ........ - ................. "-""""·--~---·----,,·--"-·""'"" ......... ~ .... -..... " ........... ,,., ....................... ,, ....... " ............................ "_ ..... ........ " ... "_,_ ......... · 

OOOCR DEOO OC MT1WRTEOF EO F' COMMAND 

OOlOR 9Dl3 BSY SSR SC1STAT WAIT FOR SEL CHNL NOT BUSY 
.... 66T2R. 4286 ............ l3Tc . 13;135y 

................. , _____ ., __ ~ ............ _Q_QJ_Q_~------·-· ··-···---· .... --001 6R DE 1 0 '"6c"-----·5c;·;··s"r()"p-· ......................... __ ~_SET"5"EI"''"C'Hi\fC"AIYDRE'55ES""''''" 
0105R ooT.AR. 0A1 o · ··· ······························· ········ tiiS ·········· sc;tJLIMs 
OOF8R 

OOlER DAlO 
OOF9R ··-·----o o ~ffiRn.AT6·-·---·--·-----·-·--·-·-----· ....... ~Tl5 ......... -....... sc-.. -~i.-fi~is+2--·_ .... ___ ... ___________ ~ ... --.. ----· 
OOF'AR ····· · ·ao26R-ni\rcr··- ······························· ············· ······ · ~1rr ··········· · :sc·;·wr::rIVIs+3 
OOFBR 

602Ah ''4ff"(j"''" ......... -........ - ........ BA[''"'"" r·~r;~Al't"""""'"" - "' ........ ,, t\;A'I'f''FOJ'{""N'M'TN=T····-·-............. , .. _, 

OOD4R --··a-o2E:Ff' ·n£cfo ..... _____________ ...... oc 
OlOOR 

············oo32R bE:To ................................... oe:······ · · sc;·c;o~,H1· ·········sf.L''''GfiNI. TO -.GO'''••··· 

0108R 
0036R '9DT3 WATfT' SSR sc;stAT 
003BR 4880 BTC 81~AITl ................................... , .................................... .. 
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003CR 9D03 'WA1T2 SSR tviT1STA.T 
003EH 4320··· ······················- ......... """BF-c··- ·-21w1rrr-2 

003CR 
·· · · ·· ···· · ···o·ozrnFr·czf3u···········-·-··············-·· ····························NHr····· .. ·---·ST:A:T·::.-·x•cr""'··--···-·-----·-····Elm1-m"F1D0-1VltrST-=-o·-·----··-·-·--··-······~----·· 

OOCl 
···-···--004 6R -42·30-.. -----·---B~SOBR l 

OOEOR 
····ocr4Arr···o8T·cr-······· · 

0108R 
_ ........ -......... -(j'()'2i"ER ........ D.'.Eff"C)'........... . .. -........................... -

0l.09 R 
0052R 4870 

0108R 
LH TEMP1HIADRS 

··················aos·6R ···4·5··10·················································-·--··-·---cLn·---···-TEMJ';-wr:Tt•rs+··2················ 
OOFAR 

·······--··oos"A1:r··-1r23cr········--····--·---·--·---~---mr---·-sUER2··-··--·---·· .. -···-···············-.,..-·-H1Am"<s··B1m·------------·-··--··-·~·-····---············· 
OOE4R 

~-·----·---- * BACKSPACE 1 RECORD 
OOSER 41FO BAL 15 .. wAIT wAIT FOR NMTN=l 
··················-·················cnrn211t"··-· ·····················-··-····-··-·························-·-······-·-·······--··············-·····-····-·····--·-··-······-·-······-·-··--··········-···-·-···-·-····-·--·~·-·-··-····--··-·-·-·· ·-------·-·-·-·------·-·--·-····---·-·--

0o62 R DEOO OC MT1BKSP 
........................ OT"O"ZfR .... ---·--···-·-·-·--~-----·-·· ..... -.............. -·-····-·-··· .. ---···-·-···-·-·-·-··· .. -... ·-·-···--·--····-··· .. ····--·-···~·-·····----·-·-·--.. --. 

* R£AD THE RECORD JOST wRlTTEN 
-·-··--·-· .. ·o·cr66ir···15E:··1·a····

o 1 o s H 
·-·-- ·············rro6A~·-··01f1··0 

0 c SC .. s TO p -----·-·-·-·-····-mrrr·-·sEI:· c HNC 

OOF'CR 
······acf6rt'R·· ·oAro···· ················· .. ··-·-·-·-···-·-··-·~-·wrr····- ···sc;·Hr:·rMs+1···· 

OOFDR 
0072R DAlO 

OOFER 
WD sc .. RLIMS+2 

·•······sE'I' ···up········sEL ····cmr:··-··:A:DDRESSE'S __ _ 

~-....;..........·-----

·······················55·7·6'fr DATO ................................... ······-······-······-··-~!) ·················-s·c··;·Rr;··rMS+3 ······- ...................................................................................................... . 

OOFF'R 
···············00··1AJ{"2ff"F"O"""" ·····--·····-···--·-······---··-·-sAr:··············-·T!r;··y;ATT .............................. ······················v.:ATT'""FO""Fr····NMTN'cl"············ 

OOD4R 
---............. cYcf7ER-D'ifi)''=o____, ______ o_· =c--M-1 ....... T-.. R-E.A~. =o=-----M~A G"-'fAPET(fREAD 

0101R 
................. oo··e2·R ·····o:E·1··0······ ·········································-···-·-···'····uc··--·-······-·s-c·;··a'.l"Rtr·· .. ······-····-·····-·······-····-s·E1:·-···cHNt:···rn-·······-.00 1 ·······-········· .. ······-·-·························· 

0103R 
20 ········o·otrn'l~- 9o I 3 ·· ··· · ······ liJATT!r-· .. ··-···· .. s·srr· .... ··--·-··s-c;-srAT-· .. -·-···--·········---.. ·····-·····'WArr·-··Fol't · sEr: ··cFNr··-r;m1···Busy· 
19 0088R 4280 BTC 81WAIT3 
18 

oo s61r-.. ·-- .. --------· -
17 008CR 9D03 WA 1T4 SSR MT"' STAT WA IT F"OR EOM= 1 
16 .. ··········· ""0"013'ER"-'Zf320""'""'"--··-·-·--·-'·"···-........ -._ ... _EFC---g-:;··w1rrT4' __ _._, ___ ...... ---·-·--·-··--.. ·---.. ·-·····-· .. ··-······-·-······-··-······-·· .. ··· .. ·-.. ·-·········-·······-"'"'-·-···-··-·-··-···· .. ············ 

15 008CR 
14 ······ cn:r9~rn: C43o 
13 

12 

OOCl 
··········· Q'()"i~6'fi 4 2 3 0 

OOE8R 

. -·-----NH I STAT .. x 'Cl ' 

SUBR3· 

10 oo 9AR "t5B"fa··-----···· .. -·---- - .. ····Rn .. ····-............. '"S-C"llITA:DRS 
9 0108R 

ERR1EOF1DU MOST=O 

·--···-·- ···· .. o·o 9F .. 1·~ ····o·a .. ·ro_ .. __ ...................... -......... ---· ........................ H.o ............. _ ....... --g-~-~---··--------.... ---···--·--~---.. -~---···--·-·-···-··-· .. -· ................... - .... -..... ~-·-·····-.. -····-······-···-.. 
I 

0109R ·--------------.. -·····-·-······· 

2 ........................... ._ .................................................................................................................................. .. 
n••••••••H••••••••••••••••••••'"""""""""••••••••••••••••n••••••-n••••••••••••••••••n-on .. n•-·-••••••--••••••••·-••-••H•n••••••••H•••--•••••••nn••-•no••••-••••••••••••••••••••••••••••-•••••••o•••o••m•••••·-



'"(50A"(:'f;"'4"570"''"'"'"''"'""'''"''"'''"'"''''cI'~j'"''' '1F::r;;;p;'f{I'T~is+ 2 "''"'"'"'""'""""----------------·----·-----· 

OOFE:R 
4236 .... ENE: ElAt>ES . BAo···· 
OOECR 

..•. 01 

II 

'""""'""""""''"'"""""""''"'"-------------------·-·---·- 81 

61 
1000 

·-· ····aocoR 4230 ·-···-·-··-·······--··--·····-·---- 13N£: -·----- sUBRs ··-··---······ ----···· · ····---··· ooEs Not MArc1:r ----··--·--···-·······---·-···-······-·······--··-······· 00 

OOFOR 
............ bbC4E CT4o .. , ... , .............. , ... , .... ,,,, '" ' BXLE'. 'TNbE};;CofoFAR .,,,. LODF''''' ' 

OOB8R 
-------"------~-------·-,.-----"-~-*--~·----·-"·-----~TR-f-;f'if:·-----Er~rr5::crJ~::·::-F·1"LE~---,~iAFfH"m ...... " ........ " -·-·------~---·--··-.. --------··-----·--""··- ... 

OOC8R 41FO BAL 15,wAIT 

OOCCE DEOO QC MT, Y,RTEO F 

OODOR 4300 B DUMP 

* ,, .. , .. , .......... 66i54R 91563 .. , ,,,, .... ,, ~ATT ,,,,,,,,, ssff Mt;stAt 

--------Q.QJ2_§_B ____ ~_'!~Q ___ , ________ ----------- NH I ?}: £!!_~?,<:-~ !_Q_~--- _ 
0010 

OODAR 4330 BZ Y,AIT 

OODER 030F Bh 15 
......... ········-············-··············-·-··---·---··--····---···-·---·····-··············-····* ENthiE.S Fbfi EBR6R LbGTC 

OOEOR 0000 SUBRl DC o,o 
---------~----oi5cfo-----------------·--·------------------------------------

o o E4 R 0000 SUBR2 DC o,o 

OOE8R 0000 SUBR3 DC ········· ··········-·············· - oTioo ·---·····-···· ··- · - ··· 
. OOECR 0000 SUBR4 DC 

wAIT FOh Ntv.'IN=l 

END-0 F-F ILE: COMIX1AND 

RESTART PRO liHAM 

WAIT FOR NMTN=l 

RETURN 

wR !TE ERROR 

SC wRT ADRS BAD 

READ ERROR 

SC HEAD ADRS BAD --------------· o ocio--------------------------·--··- ·-----·----·----·--------- ---·----·--------------------------· --------------------------------------------------------------

0 o Fo R ooob SUBR5 DC COMPAEE ERROR 

DEVICE UNAVAILABLE 

* CONSTANTS, TEMPORARY STORAGE o OF BR O 5 o o -\.JL IM S'~'"'""'~~Dc----,--~---~-~B'lfF~-F·--,m---·--------·-,--,--.. -- ---,--------~~-------~---------.. -~------------~""""""-------"·""·----.. ---··~---"--
00 FAR OFFF DC WBUFF+J;: 'AFF I 

"'"'6blf'CR"'Tobcf ""'""'ITL"TMS "''f5C .......... HBUFF '"' '''"' '"'"'' ---···---------·------ ... . 
OOFER lAFF DC RBUFF+X'AFF' bsoo'"''''"" .......... ---~iBTi'Fft"'' 'E'.GiU ..... );T$(j(f1 ''""'"''''"'"'" . .... ........ ' '" "''"''"'"""''······ 

_______ J_9 0 o ___________ __BBU FF --~-g u _______ ,,?:,~_LQ_Q_Q_~------------- "' " 
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20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

7 

6 

-nTtrcrrr--A"'2"tn wR 1 t E · ---IYC .. _ .. _ · x •A2A 1 • o rs# F vm # wR 
OlOlft READ EQU * .. l DlS.;FwD1RD 
0 ··1··0 2 R''' ···1·030 ''''''''"'"UCJ"wRT''''' . ··········nc······ .......... x····ro·3·0· .. , ........ _, .. _,_, ............. _,,_ .. ,_ ....... w"1rt"T£''"Stt"'CHNL"'' ,_ .............................. . 

0103R GORD EQU *•l READ SEL CHNL 
...... OTU4ff"'"9Iff8 ''"""'BKSP .. nc·····-··-x•-9ro-g..--·--~-·--·------·13A'CKS'P'A-C'E'"'"C'O'M~TAN'O-""'"'""""'"'" --·-·-·-·-··-·-

010 SR STOP EQU *-1 INIT SEL CHNL 
.......... --0106R 3031J_ .. _"""""Vli'FEO_F .... __ l)'C""' X'3030' END-OF·FILE COMMAND 

0108R HIADRS EQU * ----·-·-·crro'9Jr"'' . . .. I:OADTIS '''E'QU'""''"'-'HlA'DJrs+1"'·-·----·---·-·----·--·--·--····-· ....... .... .......... .. ........ .. 

0108R END 

B:KSP 0104R 
--135 Y a·o i o Jr--.. -·--.. ·-·-·---

co MPAR OOB~h ··-·····-··-·-·ou·flif P .......................... o·o o·o·n .................................. ·--·------·------·---·----·---·--·---.... ·-·--·---·-·--·---·-...................... _ ............ -...... .. ..................................................................................................................................................................... ·· 
CDRD 0103R ........ GO \;.iHl . . O l 0 ."' ..... , ............... _ ......... -·-·----.. ·-·--.. --.--.. ·------·-··---·--·--.. --·--·---·-·----·-.. -------·-.. -·--·----.. -···--....... -............ _ ...................................... -......................... _ ............... -...... -.............. -.................................... . 

l1IADnS 0108R 
TNtii ooos·--------------------------
rNnE:x. 0004 L IM I T o· 0 o··'(;: .......................................... _ ................................................ _,_ ........ - ......... - ......... _,_ ......... -.... ·-·-·-............ , ___ ,_ ....... ,_ ... _, __ .. _ .. _,_,_ .. _ .. ___ .... _ ............ -......................... -.............................................. ___ ................. _,_, ....... . 

LOADhS 0109h 
1vrt ..................................... cro-c:Hr-·-· .. -· ............. ------.............................................. ----·--·---· .. -.... -.. ---·-·-·-.. -·---·-·-·-------· .. -· .. -.... ·-----.. ·-----·--.. -·-·---·---·---.. ·--·-·-----·----·--·-.. -·-·---
RB U FF 1000 

·-·;---READ_____ 0 1 0 1 R 

HETURN 0008 ··············· ··Rr:·1tvrs·------·no·F·c-rr ·· ················· ........................... -----·-·· ... -.................................................. · ·········· ........................... _ ....... . 
SC 0001 ········· stAr-·--···········oc:rn··3 ···· ................................................. ---·---·-·----············-·-- .................................................. -. 
STOP 0105R 

----SUBRT ____ "cfErE:'oR"--·-·-------
SUBR2 OOE4h 

·· · ······ ·stJBH3 · mrn:srr· 
SUBR4 OOECR s U8R5 . OO'F'OR .......... . ............................................ . 

SUBR6 OOF4R 
TEf.'ff> ........................... 0001 

\t.AIT OOD4R 
··--wAI'tr············oo36h .............................. . 

wAIT2 003CR 
···x;:p;.·rr~r··--···ooE·6·R··· · 

wAIT4 008CR 
·--"''"''""''~""'"'"""""'"""m-• 

WBUFF 0500 
wLIMS OOF8H 
~BTtE ... "cYnY01{ - -
wRTEOF 0106R 

.. _, __ ............................ ___ ------,-..----------

........ - ... ___ , ................. --..................... -·--·--............ --------------· 
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GE 06·025A 12 

LOADER DESCRIPTIONS 

1. INTRODUCTION 

Two loaders are available for loading standard 
format binary object tapes as generated by the 
Assembler or Hex Debut Program (CLUB). The 
three loaders are: 

Loader Program Part No. 

The Relocating (REL) 
Loader 

The General Loader 

06-024 

06-025 

These loaders are compatible, but vary in size 
and the number of features provided. The Gen -
eral Loader is the most comprehensive, with 
facility for ENTRY and EXTRN handling, forward 
reference definitions, label processing, relocation, 
etc. The REL Loader handles program relocation, 
but all data must be defined; i.e. no ENTRY• s, 
EXTRN• s, or object tapes from 1-pass assemblies 
are handled. Tapes with undefined data can be 
loaded since the REL Loader will skip the appro
priate items. Standard binary object tapes 
supplied by GE-PAC 30 have an MOB part designa
tion for relative tapes, and an M09 part designa
tion for absolute tapes. 

Appendix 1 provides a summary of the important 
loader features. 

2. FEATURES IN COMMON 

The following features are common to both loaders. 

1. All loaders are provided in relocatable 
bootstrap form (MlO part designation). 
These tapes are loaded with the 50 loader. 

NOTE 

The 30-2 instruction set includes the 
Autoload instruction which allows the use 
of the 68 Loader (a shorter form of the 
50 Loader which allows leading blank 
tape to be bypassed). Appendix 2 con
tains listings of both loaders. 

Each loader tape contains a relocating 
bootstrap sequence followed by the actual 
loader in normal relocatable object for
mat. The relocating bootstrap sequence 
causes the REL or General Loader to be 
loaded into the top of available core mem -
ory. 

2. The input device for loading is definced by 
the Binary Input Device in the Device 
Definition Table in low core. Specifically, 
the halfword at X•78• is interpreted as 
follows: 

3. 

78 I o 7 18 15 I 
:=D=e=v==N=o====:=c:o=m==m==a=n=d=~ 

This halfword for various devices is 
shown below: 

Teletypewriter 0294 
High Speed Paper Tape 
Reader 0399 

When reading binary data from tape, 
blank tape and illegal characters are 
skipped. The set of legal tape charac
ters is defined in Section 3. 

4. Checksums and sequence numbers are 
checked after each binary record is read. 
Appropriate error halts are used when 
errors are detected. 

5. The first location (ORG) of each loader 
is the starting location. Starting proce
dures are discussed further in Section 4. 

6. While a tape is being read, the loaders 
output the data bytes to the console lights 
for confirmation of loader operations. 

7. The console lights are used to identify 
the meaning of loader halts. The light 
patterns used are: 

XXOO for normal end 
XXOF for checksum or 

sequence number 
error 

XXFn for improper loader 
control item where 
n is the 4-bit item 

Refer to Appendix 1 for a summary of 
improper control items 

8. The loaders transfer to the program 
loaded, if specified on the object tape. 

3. OBJECT TAPE FORMAT 

Standard format binary object tapes are divided 
into records: records are separated by 12 blank 
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characters. Each record contains 108 bytes of 
information. The first four bytes are organized 
as follows: 

The remainder of the record is a sequence of 
items; an item is 4-bits or a half-byte. There are 
two types of items: control items and data items. 
There are 16 different control items, each of 
which is followed by a certain number (which 
might be zero) of data items. Byte 1 and 2 

Byte 3 and 4 

( 0 15 f 
Sequence Number . 

f' Checgsum ') The control items, and their meaning are listed 
on Table l, 

The sequence numbers are negative integers -1, 
-2, -3, etc. represented in two• s complement 
form. The first record in a program must have 
sequence number -1. Subsequent records must 
be in proper order to be loaded. 

Each character punched on pa.per tape represents 
one item of information. The least significant 
four bits of the row are used for data, the most 
significant four bits control the ASR 33 zones. The 
zones have been selected to produce a non-print
ing set of ASCII characters and to avoid the charac -
ters XON, XOFFt TON, TOFF and WRU. Since 
each record consists of 108 bytes of memory and 
control data, there are 216 rows punched in the 
tape for each record. The rows punched and their 
hexadecimal equivalent are as listed on Table 2. 

The checksum is an odd parity Exclusive OR sum 
of all words in the record, except itself, plus a 
word of all ONE• s. When a checksum error is 
detected during input, the loaders halt with XXOF. 
indicated on the console lights. 

TABLE 1. CONTROL ITEM DEFINITIONS 

Control Item Meaning 

0 Read next record 

1 End of program 

2 Define chain 

3 Toggle abs/rel mode 

4 Load transfer address 

5 Load program address 

6 Load reference address 

7 Load definition address 

8 Data, 2 bytes absolute 

9 Data, 2 bytes relative 

A Data, 4 bytes absolute 

B Data, 4 bytes relative 

c Symbol, reference 

D Symbol, definition 

E Unused 

F Program Label 

2 

number of data 
items following 

0 

0 

0 

0 

4 

4 

4 

4 

4 

4 

8 

8 

12 

12 

0 
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TABLE 2. TAPE CODES 

ZONE DATA HEX DATA 

1001 0000 0 

1000 0001 1 

1000 0010. 2 

1000 0011 3 

1000 0100 4 

1001 0101 5 

1001 0110 6 

1001 0111 7 

1001 1000 8 

1001 1001 9 

1001 1010 A 

1001 1011 B 

1001 1100 c 

1001 1101 D 

1001 1110 E 

1001 1111 F 

J 
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The tape therefore appears as shown on 
Figure 1. 

• • • 
0 
0 
0 

8 
0 

8 
0 

8 
8 
0 

I L 
, 9 
R I 

OOoOOO 
000000 
OO•OOO oo:ogo 

8oi8gg 
• 00 

0 •O 0 
0 • 

• 0 
0 • 
0 • 

. 'f HQUINCI NUlllP or rlRIT • r RICORD• -I OR X rrrrF' WHICH 
• , II TWO IYTll OR rou• ROft . , 
: : CHICKSUll ffOR EACH RICORD 
• 7 Ul!ll!S rouR ROWI 

-.. 
•I fflRIT CONTROL (All/REL SWITCH) 
: ~II HCOND CONTROL (LOAD ADDRl!ll) 

• I ADDRESS TO II! LOADt:D II X'olOO' 
•O . 
• 

RICORD 11 CONTINUED TO 
IOI IYTl!I OR Ill ROWI 

FIGURE 1. TAPE FORMAT 

4. PROGRAM RELOCATION 

The binary tapes generated by the Assembler 
can be absolute or relocatable, which 
can be loaded by either the 
REL Loader or the General Loader. With 
these loaders, a pointer called the BIAS 
identifies the first location (lowest address) 
to he used for a relocatable program. 

When the REL or General Loader is execu
ted at its starting address (ORG), the BIAS 
value is set to X'80'. This BIAS value is 
used during program loading to adjust any 
relocatable data values. Note that absolute 
data is stored at the absolute location speci-

, fied for the data; absolute programs have no 
effect on BIAS. Relocatable programs are 
stored from the location indicated by BIAS· 
upward into memory. After a program has 
been loaded, the BIAS value is adjusted to 
point to the next available location. To in
dicate that the load is complete, the loader 
halts with the Wait light illuminated, and 
with XXOO contained in the display register. 
At this time, the adjusted BIAS value is held 
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in Register o. This register can be exam
ined by rotating the MODE CONTROL switch 
to HALT, rotating the REGISTER DISPLAY 
switch to RO/Rl, and depressing EXECUTE. 

If more programs are to be loaded, place 
the next tape in the reader, put the MODE 
CONTROL switch in RUN, and depress 
EXECUTE. This procedure starts the 
loader executing at ORG + lA, which is the 
Continue Location. The continue operation 
uses the current value of BIAS, and does . 
not reset it to X'80'. Multiple relocatable 
tapes are thus loaded one after another into 
adjacent areas of core memory . 

If it is desired to load a relocatable program 
at an arbitrary point in core memory, it is 
necessary to redefine the BIAS value. To 
adjust the BIAS pointer, use the following 
procedure. 

1. Change the halfword at ORG + A 
in the loader to the desired BIAS 
value. 

2. Start the loader executing at 
ORG + 8, rather than the nor
mal start or continue location. 

Note that the value at ORG + A remains un
til changed to a new value. The loader can 
always be restarted at ORG + 8 which resets 
the BIAS to the value contained in ORG + A. 

5. GENERAL LOADER FEATURES 

In addition to the capabilities already dis
cussed, the General Loader provides variom 
features not available with the REL 
Loader. 



5. 1 BIAS Printout 

At the start of every load operation, the 
General Loader types on the teletype
writer the current value of the BIAS 
pointer. This printout occurs prior 
to reading the first record of a new 
program, and the message is of the 
form 

BIAS. = XX.XX 

where the XXXX represents the current 
BIAS value in hexadecimal form. 

5. 2 Messages 

Other m(_)ssages which are typed on the 
teletypewriter are as indicated in 
Table 3. 

5. 3 ENTRY/EXTRN Handling 

Programs generated by the assembler can 
use ENTRY's or EXTRN's to achieve cross
referencing and linkage with external pro• 
grams. In this case, the object tape for 
these programs contains the symbolic names 
declared as ENTRY's or EXTRN's. The 
General Loader uses a symbol table to re
member these names when a program is 
loaded. This symbol table builds downward 
in core memory from the origin (ORG) of 
the loader. Each entry in the loader symbol 
table requires 8 bytes of memory. 

Since the loader symbol table is building 
downward into memory, and the programs 
being loaded are building upward into mem
ory, the loader checks to see that the loading 
program does not ove·r-write the symbol 
table. If the loading program requires data 
stored above the current bottom of the sym
bol table, a memory full message is gener
ated, and the loader halts. 

When the General Loader is initially entered 
into memory, the symbol table contains 3 

entries which are global symbols relevant to 
the General Loader itself. These global 
symbols and their meanings are: 

LOAD This symbol represents the 
origin of the General Loader. 
Given this symbol, an ex
ternal program can deter
mine the start, continue, 
and bias-redefinition loca
tions. 

BIAS This symbol represents the 
halfword in the loader which 
contains the current BIAS 
value. 

CRNT This symbol represents the 
halfword in the loader which 
contains a pointer to the cur
rent bottom of the symbol 
table. Given this pointer, 
an external program can test 
and/or alter the size of the 
loader symbol table. To 
clear the table, a program 

. should load the halfword 
CRNT with the value LOAD 
-8. To clear the table of 
all symbols except the 3 
global symbols, a program 
should load the halfword 
CRNT with the value LOAD 
-X'20'. 

Note that no program can define an ENTRY 
point with the name LOAD, BIAS, or CRNT, 
because such a definition would conflict with 
the global symbols in the General Loader. 

When the General Loader is executed at its 
start location (ORG) .or its bias - redefini
tion location (ORG + 8), the symbol table is 
cleared of all names except the 3 global sym
bols, Executing the General Loader at its 
continue location (ORG + lA) does not change 
the state of the symbol table. 
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TABLE 3. ERROR MESSAGES 

Message Meaning 

CKSM ERR A checksum error was detected after reading 
the previous record. Reposition the tape to the 
beginning of the record and push EXECUTE to 
reread the record. 

SEQ NUM ERR A sequence number error was detected after 
reading the previous error. Reposition the tape 
to the proper record and push EXECUTE to try 
again. This error usually occurs when the tape. 
is improperly positioned following a checksum 
error. 

MEMORY FULL 

NORMAL END 

This message is caused by a conflict between 
the General Loader and the loading program. 
The program being loaded has not been loaded 
to conclusion. The alternatives are: 

A. Load ~ewer programs 
B. Make absolute tapes of .the programs to be 

loaded and then use REL Loader which 
requires much less memory. 

C. Eliminate some EXTRNS and ENTRYS 
to reduce size of symbol table. 

D. Purchase more memory. 

Note that the General Loader cannot load programs 
above itself in memory. 

This case occurs when a program has success
fully loaded and no END transfer address has 
been specified or if undefined external references 
remain. All undefined external references will be 
listed on the printer preceded by a U prior to 
printing the NORMAL END message. If a transfer 
address is specified and no undefined symbols re
main, the Loader transfers directly to the address 
specified, and no NORMAL END message occurs. 



TABLE 3. ERROR MESSAGES 

(Continued) 

Message Meaning 

LOAD ERR This message results i.f a control item E is de-
tected during load. Push EXECUTE to ignore 
the control item and proceed with the load. Note 
that this control item should not occur in general. 
This message, therefore, may be indicative that 
something is wrong. In this case, it is recommen-
ded that the loading procedure be restarted. 

At the end of each program load, the symbol 
table is scanned for undefined symbols. Any 
undefined symbols are typed in the form 

u xxxxxx 

where XXXXXX is the symbol name. All 
such undefined names are printed preceding 
the normal end message. An undefined sym
bol results from the fact that the symbol was 
dee la red as an EXT RN in some program, 
and no program yet loaded has declared that 
same symbol as an ENTRY. As soon as 
some 19ading program declares that symbol 
as an ENTRY, the symbol becomes defined. 
If more than one program declares a symbol 
an ENTRY, the message 

M XXXXXX 

where XXXXXX is the symbol name, is 
typed at the time the multiple definition oc
curs. In this case, the first value defined 
remains in the symbol table, and the second 
definition value is ignored. 

At the end of each program load, the loader 
transfers immediately to the program 
loaded, only if a transfer address is speci
fied on the tape, and if the symbol table 

contains no undefined symbols. If any sym
bols in the table are undefined at the end of 
a load, those symbols are listed, NORMAL 
END is printed, and the loader halts, wait
ing to load the next program. 

5. 4 Forward Reference Definitions 

Program object tapes generated by 1-pass 
assemblies involve forward references to 
symbols which are defined later in the pro
gram. The General Loader uses a chaining 
procedure for satisfying any forward refer
ences at the time the symbol definition is 
encountered. Therefore, 1-pass assemblies 
are possible, provided the General Loader 
is used to load the object tape. Note that 
the REL Loader cannot perform 
this forward reference definition function. 

An example of a forward reference in a pro
gram is: 

OPT PASSl, PUNCH 
LH 3,SAM 
BR 5 

SAM DC 3 
END 
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In this case, the reference to SAM occurs 
before SAM is defined. There are several 
restrictions on the use of fonvard references 
during 1-pass assemblies, and on the use of 
symbols which are ENTRY's or EXTRN's 
for the program to· be loaded properly. The 
restrictions are: 

1. Such symbols must not be com
bined in arithmetic expressions 
such as 

LH 3,SAM+2 

2. Such symbols must not be used 
in the Rl or R2 field for an in
struction such as 

3. 

5.5 

LH 3,2(SAM) 

Sue h symbols must not be used 
with assembler pseudo-ops such 
as IX1, EQU, END, etc; for ex
ample 

00 SAM 

Label Handling 

Programs generated by the assembler can 
be labelled through the use of the OPT Com
mand such as: 

OPT PASS2, PUNCH, LAB=ABCDEF · 

The program label can be up to 6 characters. 
The first character must be a letter; sub
sequent characters can be letters or digits. 
The object tape, in this case, contains the 
program label in symbolic form. When the 
General Loader detects a program label, 
the label is typed in the form 

LABEL = ABCDEF 

If object tapes which contain labels are 
loaded by the REL Loader, 
an error halt occurs with :XXFF on the Dis
play Panel. In this case, push EXECUTE 
to proceed with the load. 
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6. LOADER TAPE FORMAT 

The loaders are provided in a relo~ating 
bootstrap form. The format of thE tapes is 
illustrated in Figure 2. The tapes consist 
of two segments: the boot portion :n 8-bit 
format, and the actual loader in stindard 
binary object tape format. When t1e tape 
is loaded using the 8-bit loader at K:'50', 
the following sequence of events ta·<es place. 



1. The 8-bit loader at X'50' reads 
another loader into X d(1' to X'CF' 
and transfers to X'80'. 

2. The program at X'80' reads the 
balance of the 8-bit data into 
X' 00' to X'34F', which includes 
a REL Loader. 

3. An arithmetic checksum on the 
information from X'DO' to X'34F' 
is then tested. If the checksum 
is correct, the process continues. 
If the checksum is not correct, 
the tape is stopped and the pro
gram halts. 

4. The top-of-memory is then 
determined with a search tech
nique, and the REL Loader 
BIAS is set a fixed distance 
from the top-of-core. The 
REL Loader is 
placed X'300' from the top
of-core. The General Loader 
is placed X'600' from the top. 

5. The REL Loader then reads 
the loader program, which is 
in relocatable form, and re
locates it into the top portion 
of core memory. 

6. The REL Loader computes 
checksums on each record, 
and halts whenever a checksum 
error is detected. In this case, 
reposition the tape to the pre
vious record gap and push EXE
C UTE to re-read the record. 

7. When the entire tape has been 
loaded, the Processor halts 
with the Wait light illuminated. 
Press EXECUTE to transfer 
control to the loader just loaded. 

This sequence requires that the proper 50 
Sequence is used, including the Binary Input 
Device Definition in X'78'. The 50 Sequence 

is shown in Appendix 2. Listings for the 
relocating boot sequence, including the REL 
Loader, arc shown in Appendix :L 

Since the loader portion of each tape is a 
relocatable object tape, it is possible to put 
the loaders anywhere in memory. This can 
be done by using a bootstrap load to get the 
REL or General Loader into the top of mem
ory. The I3IAS can then be adjusted and any 
loader can then lie~ relocated to any arbitrary 
point in memon Once relocated, CLUB 
can be used V; '.ii! nip an absolute tape of the 
loader in that :_o,'.ation. 

CAUTION 

Note that when loading the 
bootstrap loader tapes, mem
ory from X 180' to X'3BF' is 
used. Any programs in this 
area of memory will be over
written. 

7. OPEHAT!Ol\ 

The steps required to load and operate the 
loaders are summarized below. 

1. Manually enter the 50 sequence 
into memory if it is not already 
there. Specify the device to be 
used for loading X'78', the Bi
nary Input Device definition. 

See Appendix 2 for a listing of 
the 50 sequence. 

2. Place the loader tape in the tape 
reader, with the first data char
acter over the read fingers, or 
photo diodes. If program linkage 
is required, or one-pass ohjcct 
tapes are to be loaded, the Gen
eral Loader must be used. 
Otherwise, the REL Loader can 
be used. 
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3. Enter X•0050' into the console 
switches, select ADRS Mode and de
press EXECUTE. 

4. Depress INITIALIZE. Select 
RUN Mode, and depress EXE
CUTE. 

5. If an ASR 33 Teletypewriter is 
being used as the input device, 
it is necessary to toggle the 
reader switch to START, which 
starts the tape moving. If an 
ASR 35 Teletypewriter is in 
use, the mode switch should 
be in the T position, and the 
reader switch should be put 
in RUN to start the tape. If a 
high speed paper tape reader 
is in use, the tape will start 
by itself. 

6. If no input errors occur, the 
entire tape will be read to 
the end, at which time the 
Processor will halt with 
XXOO in the console lights. 

7. If checksum errors are detected 
during tape input, the tape will 
stop and the Processor will halt 
with XXOF contained in .the con
sole lights. When this occurs , 
reposition the tape to the previous 
record gap, and push EXECUTE 
to re-read the record. If the 
error halt occurs after the first 
record on the tape, restart the 
entire load procedure. 

8. Put the tape to be loaded into the 
tape reader. If the tape to be 
loaded is relocatable, and a spec
ific BIAS value is required, enter 
the BIAS value into ORG + A, and 
set the starting address to ORG + 

10 

8. If the tape to be loaded is ab
solute, or if the current BIAS value 

is satisfactory, set the starting 
address to ORG. Depress INITIA
LIZE. Select RUN Mode and depress 
EXECUTE. 

9. If improper controlitems are 
detected during the load, the 
tape will stop, and the Proces-
sor will halt with XXFn contained 
in the console lights where n is 
the bad control item. When this 
occurs, it must be determined if 
the right loader is being used. 
That is, if the object tape involves 
ENTRY• s or EXTRN• s or for
ward references, the General 
Loader must be used. If the 
loader is appropriate, and the tape 
is proper, push EXECUTE to 
skip the improper data and pro
ceed with the load. 

10. If checksum errors are detected 
during the load, the tape will stop 
and the Processor will halt with 
the Wait light illuminated and 
XXOF contained in the console 
lights. Reposition the tape to 
the previous EXEC UTE to re
read the record. 

11. When the load is complete, the 
tape will stop. If no transfer ad
dress is specified on the tape, 
the Processor will halt with the 
XXOO contained in the display reg
ister. If a transfer address is 
specified, the REL Loader will 
transfer directly to the location 
specified. The General Loader 
transfers only if the symbol table 
contains no undefined symbols. 

12. If more tapes are to be loaded, 
return to step 8 and repeat the 
process. This loading process 
is summarized in Figure 3. 
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BOOTSTRAP PROGRAMS AND PROCEDURES 

1. INTRODUCTION 

Certain absolute programs, such as 
FORTRAN and the Assembler are 
provided in absolute bootstrap form 
(MlO designation). This tape format 
provid~s the following features. 

1. The tapes are self-loading, 
requiring only the 50 or 
68 Sequence to load the 
tape into memory. 

2. The loading time is minimized. 

3. The tape is organized in blocks. 
This format enables error checks 
to be made while the tape loads. 

4. At the completion of the load, 
control is transferred to the 
loaded program. 

This tape format is appropriate for absolute 
programs only. Relocatable programs, such 
as the standard loaders, are provided in 
other formats which permit relocatability. 
This document discusses programs and pro
cedures associated with absolute bootstrap 

·tapes. 

2. GENERAL DESCRIPTION 

Absolute bootstrap tapes consist of two major 
segments: 

1. The bootstrap portion, in 8-bit 
format, which contains a front
end intermediate loader, and a 
Fast Format Loader. 

2. The actual program to be 
loaded, represented in fast 
format. 

The two major segments of the tape are 
separated by several inches of blank tape. 
See Figure 1. 

When an absolute bootstrap tape is loaded, 
the following sequence of events takes place. 

1. The 8-bit loader at X•50 1 or X•68• 
reads the front-end intermediate 
loader into locations from X'80' 
to X'CF', and then transfers to 
X'80'. 

2. The front-end intermediate 
loader at X'80' reads the 
Fast Format Loader, which 
is the balance of the 8-bit 
data, into locations from 
X'lDOO' to X'lEOl ', and 
computes an arithmetic 
checksum in the process. 

3. The arithmetic checksum 
on the information from 
X'lDOO' to X'lEOl' is then 
tested. If the checksum is 
not correct, the tape is · 
stopped and the program 
halts. If the checksum is 
correct, the process con
tinues, and control is trans
ferred to X'lDOO', the 
starting location of the 
Fast Format Loader. 
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This operation requires that the proper 50 
Sequence is used, including the Binary De
vice Definition at X•78'. Listing of 
both sequences are shown in Appendix 
1. A listing for the front -end routine 
is in Appendix 2. Fast Format Loader 
and Puncher listings are in Appendices 
3 and 4. 
3. FAST FORMAT 

Fast format tapes are organized into 260 
character records, separated by 8 blank 
characters. Each character on the tape 
contains 8-bits, or 1 byte of information . 
The first two characters in each record 
define a sequence number. Sequence num
bers are negative integers -1, ~2, -3, -4, 
etc, represented in two's complement bi ... 
nary form. The third and fourth characters 
in each record define an arithmetic check
sum. This checksum is generated when the 
tape is punched, and checked when the tape 
is loaded . 

The first record of a fast format tape con
tains 3 addresses immediately following the 
checksum characters. Each address takes 
2 characters. The addresses, in the order 
in which they appear on the tape, are as 
follows: 

1. Starting (lowest) address for 
the program. 

2. Final (highest) address for the 

Figure 1. Absolute Bootstrap Format program. 

4. The Fast Format Loader 
then reads the program. At 
the completion of the load, 
the Fast Format Loader 
transfers to the loaded 
program. 

3. Transfer address at the end
of-load. 

The remainder of the first record, and the 
entire contents of all subsequent records, are~ 
absolute 8-bit data bytes for the program. 



The Fast Format Loader checks the check
sum during loading. If an error is detected, 
the tape is stopped, and the Processor halts. 
with XXOF displayed on the console 
lights. In this case, reposition the 
tape to the previous record gap and 
depress EXECUTE to reread the pre
vious record. 

A listing for the Fast Format Loader is 
provided in Appendix 3. 

4. TAPE PREPARATION 

Bootstrap tapes are produced in two steps: 
the first step generates the bootstrap por
tion, which includes the Fast Format 
Loader; the second step reduces the de
sired program to fast format. 

The first step is accomplished as follows: 

1. Load the Absolute Boot Front 
End from X'BO' to X'CF'. 

2. Load the Fast Format Loader 
in the appropriate location. 

3. Compute the arithmetic check
sum of the Fast Format Loader 
and enter the computed check
sum into the location at X' A2'. 

4. Adjust the PLOW, PHGM, and 
PSTRT values in the Front-End 
routine. 

5. Punch the Front-End routine 
and the Fast Format Loader 
in 8-bit format in one conse
cutive block on tape, using the 
CLUB Q directive. 

The second step includes the following: 

1. Load the object program into 
memory. 

2. Load the Fast Format Puncher. 

3. Set up the necessary parameters 
for the Fast Format Puncher 
program. (See Appendix 4.) 

4. Punch the program in fast 
format. 
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APPENDIX 1 
SUMMARY 

The following Console indications are common to all loaders. 

Console Lights 

xxoo 

XXOF 

XXFn 

Starting address 
after boot load* 

Restart address 
in general 

Bias define 
address 

Condition 

Normal End 

Input Error 

Load Error 

Comment 

Load complete 

A checksum or sequence 
number error was detected 
after reading the last record. 
Reposition tape and push 
EXECUTE to reread. 

Improper control item detected where 
n is the bad item. Push EXECUTE to 
ignore the data and continue. Refer 
to Section 3 for a definition of loader 
control items. 

REL Loader General Loader 

nDOO nAOO 

ORG ORG 

ORG + 8 ORG + 8 

Bias definition value ORG+A ORG+A 

Continue address 

Loader size 

Illegal control 
items 

Ignored control 
items 

ORG + lA ORG + lA 

X 12B6' 

2,6,7,C,D,E,F E 

*n = 0, 1, 2, 3, ... for memory sizes 4K, BK, 12K, 16K, etc. 
General Loader Restart - sets BIAS to X'80' 

clears symbol table of all but LOAD, BIAS, CRNT 
- clears any transfer address 

Al-1 





* .................... .... ......... * .. . 

APPENDIX2 
50, 68 SEQUENCE 

* 50 SEQUENCE LOADER ······ ···· ········· · ····· ··············· .............. * ···········FOR··· Att GE=PAC 30 PROCESSORS 

* ···············005()···-·-···---··············· ........................ . 

0050 C820 LOAD 

0054 C830 
················ 0001 .. 
0058 C840 

................................................... ·-·eeeF----··--··--······-·---··-·----··--· 

OR6 
LHI 

LHI 

LHI 

X"-5{)' 
2,X'80' 

3, I 

LOADS TAPE FROM X' 80' 

THRU X'CF' 

005C D3AO 
.. ··········· ... 0078 

0060 DEAO 
........... 0079 . 

LB 10,BINDV 

oc 10,BINDV+J 

0064 9DAE SENSE SSR 1O,14 

NOTE THAT LOCATION X'5A' 

MUST -BE CHANGED FOR ALL 

Ml4 TEST PROGRAM TAPES 
············00'66-·····08EE---·----·-·····-·-·--·····--- ···············-·-L;HR· ······ t49t4-- ................ . 

0068 4230 BTC 3;SENSE 

006C DBA2 
0000· 

0070 CI 20 

0074 4300 
0080 

RD 1O,0 C 2 > 

BXLE 2,SENSE 

B 

0078 0294 BINDV DC X'0294' 
· ·········oO?A 0298· · ······· BOUTDY ·· DC · X'0298' ·· 

007C 0294 SINDV DC X'0294' 

OEV!CE DEFINITIONS ARE 
·FOR TTY 

·· ·····o<t1E '·--{}z-9-8·- ----- StHJT!}V · DC · · ··Ji'{l298'· -· ----·--·-·----·-·--·---··-·- - ·· ----·----··-·--------·--·---·-·-·--··---·--·-·----------···· ....... . 

* ·······························- ........ ·····························*········· 

* 68 SEQUENCE LOADER · ················································································ ··· * FOR 30-2 PROCESSORS ONLY ·········· ··· ························ .................. ... 

* -----·-·-··00-68-·-·---·----·--·---·-·---------------·-·---····-·-·--·--·- ···--·-·-trf?-&········-··-··-·X·"'-68··,.................................... ---·····-----·--·--------·------·------·-----·-·-·------·····---- · 
0068 C830 LHI 3, 1 LOADS TAPE FROM X'80' THRU 

006C D3AO LB 10,BINDV X'CF'. Ll>CATION X'72' 
20 

19 .007 0 0500 AL O, X'CF' MUST BE CHANGED fOR ALL 
18 ................. - ...... - .... --·-ooe-F---·------·--•••.,_..; .................................................... _ ---•···•-··-·-----•··-·---··'""'""""-'"""-·""'"'""··"--·---·-•·••·-·--·•·-•·----·-·-··-:·-·-·------
17 0074 4300· B X'80' Ml4 TEST PROGRAM TAPES 
16 ................ oo·ao·--·----·--------··---········,···-·---·------··---·-·-··--··--·-··---··---------·--·------··--------- .... ... ..................................................... ··· · ······ .............................. ............................................. ····---·----··-·-·-·-----

1 s * DEVICE DEFINITIONS ARE SAME AS FOR 50 SEQUENCE 
14 

13 * 12 . ---r -
11 * HIGH SPEED PAPER TAPE READER= NN99 C BINDV~"SINDV> 
10 ---------·-·----·--·-------- * HIGH SPEED PAPER· TAPE Pt1NCJill:;NN9A--·-rsmntJVl-·--·-· .. ·· 

.9 * CARD READER= "NN20 CSI'NDV> 
--··-·- ............... ····--·····---·-······-*-·--·-··: ... ·-wm:H·E····NN=·--ocV1-cc:---·mM BER. -.. - - - . . . ........ ··--·---·-···--· 

* 6 

5' 

A2-1 

6 

6 

0 





APPENDIX 3 

LISTING OF THE RELOCATING BOOTSTRAP 

This Appendix consists of two listings: 

1. The Bootstrap Front End at X'80'. 

2. The REL Loader at X'108'. 
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OPT. PASS2, PRINT, PUNCH, STOP 

* 
* BOOTSTRAP FRONT END 

* CONSISTS OF 8-BIT LOADER AND CHECKSUM LOOP. 

* APPEARS IN 8-BIT FORMAT. 

* ASSUMES THAT-REG 3= 1 

* ASSUMES THAT-REG 10 =DEV NUMBER 

* ASSUMES THAT-TAPE IS MOVING 
* ASSUMES THAT-ALL CHARS ON TAPE ARE LEGAL 

* IF CHECKSUM ERROR DETECTED, LOADER STOPS 

* THE TAPE AND HALTS. AFTER PROCESSOR HALTS. 
* RESTART BOOTSTRAP LOAD, OR PUSH EXECUTE TO 
* IGNORE CHECKSUM ERROR AND CONTINUE EXECUTION. 

* 
* 

0080 ORG X 180' 

* 
* 

fi{fi{Dfi{ PLOW EQU X'D0' 
fJ34F PHGH EQU X 134F' 
fi{ fi{Dfi{ PSTRT EQU x·'D0' 
C493 CKSUM EQU X'C493' 

* 
* 

0080 C820 START LHI 2, PLOW SET PROGRAM LIMITS 
00D0 

0084 C840 LHI 4, PHGH R3 MUST HOLD 1 
034F 

0088 0755 XHR 5, 5 CLEAR RS FOR CHECKSUM 
'/J08A 9DAE SENSE SSR 10,14 SENSE STATUS 
\1l08C 08EE LHR 14,14 TAPE SHOULD BE MOVING 
l'J08E 4230 BNZ SENSE 

008A 
0092 9BAB RDR 10,11 READ ONE CHAR 
0094 0A5B AHR 5, 11 BUMP CHECKSUM 
01'!96 9A3B WDR 3, 11 DISPLAY CHAR 
0~HlB D2B2 STB 11, 0 (2) STORE CHAR 

0000 
Ml9C C120 BXLE 2, SENSE 

008A 

* 
* 

00A0 C550 CLHI 5, CKSUM CHECK THE CHECKSUM 
C493 

00A4 4330 BE PSTRT GO TO PROGRAM IF OK 
00D0 

00A8 DEA0 oc 10, STOP STOP TAPE IF NOT OK 
00CB 

00AC C5A0 CLHI 10,2 
0002 

1/J0B0 4230 BNE HALT 
0'/JC2 

11J0B4 OOCH oc 1 '/J. TWRT IF DEV NO= 2 
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\ll\l>B8 9DAE SSR 1\ll,14 PUT TTY IN WRITE MODE 
\ll\llBA 429\ll ETC 9, *-2 AND ISSUE XOFF 

\ll\llB8 
\ll\llBE DAA\ll WD 1\ll,XOFF 

\ll\llCD 
\ll\llC2 C2\ll\ll HALT LPSW *+4 HALT 

\ll\llC6 
11>\llC6 8\ll\ll\ll DC X 18\ll\ll\ll', PSTRT GO TO PROGRAM ON EXECUTE 

\ll\ll\llD\ll 
* 
* 

\ll\llCA 98A9 TWRT DC X 198A9 1 WRITE, STOP COMMANDS 
\lll1JCB STOP EQU *-1 
\ll0CC 9193 XON DC X 19193 1 XON, XOFF CHARACTERS 
\ll\llCD XOFF EQU *-1 
\ll\llCE 0\ll0\ll DC \ll FILLER 

,~ 

* 
* TOP-OF-CORE SEARCH 

* REQUIRES LENGTH PARAMETER 
* FOR REL LOADER SET-UP 

* 
\ll\llD0 C81\ll SRCH LHI 1,X 14\ll\ll' SET PNTR TO 1 K 

\ll4\ll\ll 
\ll\l>D4 C82\ll LHI . 2,X 1FFFF' TEST DATA 

FFFF 
\ll\llD8 4831 SCAN LH 3,\ll(l) SA VE CURRENT DATA 

\ll\ll\ll\ll 
\ll\llDC 4\ll21 STH ~. \ll (1) WRITE TEST DA TA 

\ll\ll\ll\ll 
\ll\llE\ll 4841 LH 4, \ll ( 1) READ TEST DATA 

\ll\ll\ll\ll 
\ll\llE4 433\ll BZ FOUND IF ZERO, TOP IS FOUND 

\ll\llFC 
\ll\llE8 4\ll31 STH 3, \ll (1) RESTORE CURRENT DATA 

\ll\ll\ll\ll 
\ll\l>EC CAl\ll AHI 1,X'4\ll\ll' BUMP PNTR BY 1 K 

\ll4\ll0 
\ll\llF\ll 423\ll ENZ SCAN 

\ll\llD8 
\ll\llF4 C2\ll\ll LPSW LOST PNTR ZERO = TROUBLE 

\ll\llF8 
\ll\l>F8 8\ll\ll\ll LOST DC X 18\ll'/J'/J ',A(SRCH) 

'/J'/JD'/J 
\ll\l>FC CBl'/J FOUND SHI 1, LENGTH ADJUST FOR PROG LENGTH 

'/J3'/J\ll 
01'/J\ll 4\lll\ll STH 1, RELORG+l'/J SET UP REL LOADER 

\ll112 
!1>1'/J4 43\ll!!> B RELORG+8 JMP TO REL LOADER 

811!1> 

* 
* 

.. \ll3'/J'/J LENGTH EQU X 13'/J\ll' 
'/Jl'/J8 RELORG EQU * 
'/Jl'/J8 END 
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CKSUM C493 
FOUND 00FC 
HALT 00C2 
LENGTH 0300 
LOST 00F8 
PHGH 034F 
PLOW 00D0 
PSTRT 00D0 
RELORG 0108 
SCAN 00D8 
SENSE 008A 
SRCH 00D0 
START ~~80 
STOP 0~CB 
TWRT 0~CA 
XOFF ~~CD 
XON ~~cc 
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OPT PASS2,PRINT,PUNCH,STOP 

* * BASIC REL LOADER 
* 06-024 

* ----0000-- -- - ---- R0-- -~ff ---~f 
0001 Rl EQ U l 
0002 R2 EQU 2 
0003 R3 EQ U 3 
0004 BYTE EQU 4 
'31005 PI CK EQ U 5 

- -00~6___ - - -- -~:fE(HflJM EQU 6 
0007 ONE EQU 7 
000 8 TVIO EQU 8 
0009 F'OUR EQU 9 
000A A EQU 10 
0008 B EQU 11 

- -000'(:- . - - . ---· --c-·--- EQU -f2 
0000 D EQU 13 
000E E EQU 14 
000F' ABSF' EQU 15 
0078 BINDV EQU X'78' 

* ..... - ··-· ·-.--· 

* 0000R C8A0 START 
0080 

0004R 4300 
000CR 

_ 1Jfil'_B_R ___ C.6_A0 _ _ _ 8_EJ;>E_f _ 
0080 

000CR 401\0 
0242R 

00 l 0R 4_0A0 
0246R 

- ___ i!01_AB_.~6AA. _______________ _ 
0016R 40A0 
_ -~24~R 
00lAR 0866 CONT 

. 001 CR 08 FF' 
001 ER C870 
- --- ~- .. ---~0.JJ 
0022R C880 

0002 
0026R C890 

0004 
0tt2AR 08 67 NEXT 

. _ .00 2..CR __ 412-0 _ .. . ... . _ ___ __ 
01A4R 

~"30R C8C0 
F'F'FF 

0034R 47C0 
024SR 

~038R C8A0 

LHI A, X '80' 

B *+8 

. l,.HI A X'80' ·- .•....... -·· 

STH A, LOC 

STH A,BIAS 

_S .HR .. __ .A ... .A _ -·· ____ _ 
STH A ,LOCX 

SHR SEQNUM, SEQ NUM 
SHR ABSF ,ABSF 
LHI ONE, I 

LHI TW0,2 

LHI FOUR ,4 

SHR SEQNUM,ONE 
B.A.L R2tl NP.UT 

LHI C X'FFFF' • • 

XH C,BUFF' 

--~" .. 1..Hl A,.102 

INITIALIZE LOC,BIAS 

BIAS REDEFINIJION 

QLEAR_ EXECUTE ADRS 

CLEAR SEQNUM 
SET REL 1'1lDE 
SET CONSTANTS 1 ;2,4 

. OECR SEQ COUNT 
INPUT ONE.RECORD 
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I_/ .. \ J 

.'• r tk 

.. .. . .. --~ .,,. ···--- ___ ,,_ -
0066 

003 CR 47CA 
024CR 

00 40R 0BA.8 
0042R 4380 

CKIT Xii. 

SHR _ 
BNL 

c,a UFF+4 CA) 

A,TWO 
"CKIT 

COMPUTE CHECKSUM 

""46R·-·:fc~B ... ··-·· -·--·--- - Ci~H. -··c:·,afflf'F"+2 COMPARE CHECKSUM 
_ . 024AR 

004AR 4230 
0(tJ98.R 

004ER 4560 

BNE ERROR 

CLH · .. SEQNUM,B UFF . COMPARE TO SEQ . NUM 

... ---0052R---~~2:R __ -- . ·--- ·-·- - . -··-ai[-. --·ERROR · 
0098R 

0056R C850 
024CR 

005AR C840 

.. ---------~~~c __ --------- ...... . 
* 00~ER C,50 ~OQP 

02B4R 
0062R 4380 

. 002-AR 

l..Hl. .. PICK,B UFF+4 ADJUST PICK,BYTE 

LHI BYTE, 12 

CLHI PICK 1BUFF+ll~ TEST IF RECORD DONE 

BNL NEXT 

0066R 48A 5 .l..H ....... A.~iPJC!<.> . -- ·····-·--~X..1:.RACT N_;XT CQ_~~A.ND . - --------- -· c_;;-00 0 --.. ··-- -- ---- -- .. . .. 
006AR 4110 

018ER 
"06;.R 0 8 EA 
00 79R 0AAA 

..... _.0~_12.!L.~. 61:11L ..... -~---- ---·-·· 
0078R . 

.. 0~76R 0308 I 
·-·· I * 

fJ078R 002AR ' JUf1P . .. 00A6R 
00DAR ··-· ·· - ·0·0-E8-rf -- -- ·· 

"080R 0100R 
010CR 

. 00 D6R 
Q!0D6R 

.... -~-"'.68R ~J l 8R_ __ .... _ 
·01208. 
013AR 
0150R 

0090R 00CER 
00CER 
ii 0J)A R.. ·- __ 
00CER I 

• 

BAl. R 11 EXTR 

LHR E,A . 
AHR A,A 

SAVE CONTROL iYTE 

~~ . . 8-.1 ~HH~_f> ~ A> GO TO COMMA ND ROUT! NE 

BR B 

DC NEX'l', END, ERR0, F'LI P 

DC LDX.LDL,ERRl,ERRl 

DC ERR3 ,ERR3, ER.R0, ERR3 

~2'98R C8A0 
000 F 

009CR 9A7A 
009 ER C200 

ERROR LHI A,x•eGIJflF' DISPLAY X'0F'' TO 

SHOW INPUT ERROR WDR ONE,A 
lPSW *+4 · 
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00A2R. 
00A2R 8000 

012l2CR 

* 00A6R 48A0 END 
0242R 

-0·0 A-AT~ 0 {~ F'F 
00ACR 433121 

00B4R 
0080R 48A0 

0?.44R 
___ --~~-e~B 40A0 F'IX~ · 0246R.. -

0088R 48A0 
0240R 

00BCR 423A 
012100 

00C0R 9A7A 
··--·-00c2R4-800 --

'-"246R 
0e C6R C200 

00CAR 
00CAR 8000 

__________ J~0 l_~R __________ ..... . 

00CER 4120 
0176R 

00~R 4120 
0176R 

_____ .0_0_[)~J1. Al 2~---·· .. 
0176R 

00 DAR C 6.E0 
00 F'0 

i!~J,lER 9A 7E 
00E0R C200 

* ERR3 

ERR2 

E:RJll. 

ERR0 

. ___________ :_ 00_~4R ________ ... 
00 E4R 8000 

00~ER 

IU'I E8R C7F:0 
FF FF 

* Fl.IP 

- ---~-eu:..cR._ABML, ... -- - -~ 
0242R 

0_0 F'0 R 4 88_0 
0244R 

Cll0 F4R 40A0 
0244R 

0e FB R 4.0..fil' 
0242R 

00 F'CR 4300 
005ER 

* 0100R 4131 LOX 
0166R _ __ _ 

DC X'8000',ACNEXT+2> 

LH 

[HR 
BZ 

LH 

STH 

LH 

BNZ 

WOR 
l..H 

A,LOC 

ABSF,ABSF 
F'IXB 

A, LOC+2 

A,BIAS 

A, LOCX 

0CA) 

END OJi PROGRAM 

UPDATE BIAS WITH 
THE REL LOC COUNTER 

JUMP TO PROGRAM 

IF' LOCX IS NOT ZERO 

DIAPLAY 00 TO 
SHOW NORMAL !Nb 

LEA VE BI AS I N R0 LPS\tl 

DC X'8000',ACCONT) HALT 

BAL R2,WORD 

BAL R2,WORD 

BAJ.. . R2, WOBD 

OHI E, X 'F'0' 

WDR ONE,E 
LPSW *+4 

DC --x··a·0rf11f··-~ LOOP 

XHI APSF',X'FFF'F' 

. J .. H _ ... A.1.o_G 

LH _ e_, LOC+2 

STH. _ A1 L0C+2 

. .S.TH. .. .B.LOC 

B LOOP 

BAL R! ,GETT 

SKIP OVER A NY 

REF,DEF,CHAIN,ETC 

HALT AND DISPLAY 

BAD CONTROL BYTE 

FLIP THE ABS FLAG 

Fl..I_p J.,.OC C_OUNTERS 

SET EXEC UT ION ADRS 
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··-~· ... --.. ··-· -. . .. •' ................. -·······~ 

010.-R 41!1DI 
02-4.0R 

0108R 4311. 
015-ER 

* 

.. 

B LOOP 

.... -.ID.l.Clt.Al..9-.... _ .. JJ~L ..... -.BAL.. _____ .M ,_Gt1 .. I . 
0166R 

0U.~.R 40.0'-I. ... STH D,~QC 
0242R 

0ll4R 4~00... B LOOP 
005ER 

* .. -- 01TsR·-·-4T2i" .. --···· fJ~fAif . BAL'' """R2··;·woRD 
.. ... 0.l 71SR ............ . 

011CR 4300 B UNRX 
~128R ....... _ 

0120R 4120 UNRL BAL R2,WORD 
.. ---- ______ ---· .el.L.7.ISB ___ .. ___ .. _______ ..................... _. ___ .. ____ ........ .. 

0124R 4AD0 AH D,BIAS 
024_6R .... 

012BR 48C0 
0242R 

012CR 40DC 
0000 

UNRX LH C,LOC 

_ STH 

S~T .LOAD LOCAJH>N . 

LOAD 2 BYTES REL 

· --··013 0 ,r-0 ifcs ____ -
0l 32R 40C0 

0242R 
0136R 4300 

005ER 

---·- ..... AHff""·-··c;t"wa·-- ................ '8HMP. LOAD LOCAf"tON 
STH C,LOC 

* ... --0T3"1\Ff :r120 ·- ··-·o·OAB. 
01_76R 

013 ER 48C0 
0242R· 

Al 42R 40DC 
--- ·--------~0-~~ . -·--- . -

0146R 0AC8 
01 48R 40C0 

"242R 
0 l 4CR 4300 

0118R 
* .. -··~T50if-'4T20·····---- "ouRL 

0176R 
0154R 48C0 

0242R 
0158R 40DC 

00E!.0 ...... . 
015CR 0AC8 
?! I SER 40C0 

0242R 
eJt 62 R 43 00 

0120R 
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* 

B LOOP 

. 8"AI"" .. '"R2;woRb 

LH C,LOC 

STH ..... b,0 CC> 

..... A"HR ·---c·; fwo-- -· ..... 
STH C,LOC 

B UNAB 

BAL .......... R2. ;·w OR ti 

LH C,LOC 

STH D,r?JCC> 

AHR C,T"10 
STH C,LOC 

B UNRL 



\ 

/ 

----~TK6Ff-"ff 20 - - - ·tf1ftt 
0176R 

01 6AR 08FF 
016CR 4233 

"'" 0eJ -
01 70R 4A 00 ------- -------0246R --
0l74R 0303 

* 

BAL - -R2- ,WORD 

LHR _ABSF ,ABSF 
BNZ 0CR3) 

AH _ . .r~ 1 BIAS 

BR R3 

01 76R 08C9 WORD LHR C, F9UR 
01 7 8 R 4 8 A 5 - wo·R D 1 l. H A ' 0 ( p I c K ) 

0000 -- -- --0 f 7-C-R 4Tf0 -----· --- -- BAL . R 1 , EX 'tR 
018ER 

0180R CDD0 SLHL D,4 
0004 

0184R 060A OHR D,A 
0 I 86R 0BC7 SHR ___ Q_,_p!';_ 

---0rs~R····4230·---------- .. -lHJZ WORDI 
0178R 

018CR 0302 BR R2 

* -0fi\"~R D.foo .. -INPUT 

SRHL A,0CBYTE> 

"NHI" - -A·~-;r·r··--·· - ... --

SHR BYTE,FOUR 
BNM 0CRJ) 

_ 1..Jf.l ___ ~YlE,J 2 ___ __ 

~Hi:?. _P_ICK,TWO 
BR Rl 

LB tf,B!ND\I 
·----------~-~J~--- --- --- --- -01 A8R 0508 CLHFf -·-·o;twcf ______ . 

01_AA~ ___ A~_3"_ B NE _I~ ... 
eJIBCR 

01A_~R PEPRJ OC D,TWRT. 
0202R 

01 B2R 9 DOE I NI $.S_R . __ J>_._f; __ .... __ - ---0f84R--~-290·--·· ---------------·· -- B TC 9, I NI 

riJ1a2~ 
01 BSR DA 00 WD D,XON 

_ 0~_~4R _________ _ 
01 BCR DED0 I N'2 OC D,B I NDv+ 1 

G~T 2 BYTES OF bATA 

AND ADD BIAS TO IT 
IF' IN REL 11)0E 

ASSEMBLE 1 WORD OR 
TWO SYTES OF DATA 

INTO REG D. 

EXTRACT ONE FOUR BIT 

BYTE FROM THE DATA 

IN REG A. 

_JJ_PDAT_E PIC~. ~-N.D_ BYTE 

PI CK UP DEV NU~ER 

IF TTY,SET· WRITE f'DDE 
i 

-~;NO OUTPVI XQ~---; --

- - -- START DEVICE-
.... --- ---- ________ 9012 .. -------- --- -en C0R C8A0 LHI A ,BUFF ----- ----- ··se:r ·aufif"J:>olNttR -

02.48R 
01C4R 4110 IN3 

020~R 
01 C8R CDB0 

-- - ···- -__ 00J~_4 --

BAL RI, CHAR 

SLHL B,4 

GET 2 CHARS AND 

ASSEMBLE 8"".$ i T BYTE 
: ~r ......... · .. 
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... 

01CCR 08CB 
01CER 41UJ 

0206R 
01 OOR C480 

00 21 F' 

LHR 
BAL 

~I 

'C ,B 
Rl, CHAR 

_____ ll.I26ft __ 0._6.CB _______ ..... --· .... __ ... OKR .. ___ c..:a.. 
01 DSR ~CA STB C,0CA> 

0000 
01DCR 0AA7 
01 DER C5AIZI 

02B4R 

AHR 
CLHI 

A,ONE 
A,BUFF+l08 

__ fl..E2..R._4.280 ---· _ .. _____ .. _____ J3L._ ....... IN~ 
01C4R 

01 E6R 0508 
01 EBR 4330 

01 F'2R 
01 ECR DEOO 

GJ.,.HR 
BE 

oc 
. - -------·. - ... J'-2-~.~ll. -- ·- - ·- .... -------· 

01 F'0R 0302 
01 P2 R DEOO 

rll202R 
IN4 

01 F6R 9 ODE .. I N5 
01 FSR 4290 

01 F6R 
---- 0T"FCR oi\00··-

0205R 
0200R 0302 

* 0202R 98A9 TWRT 
0203R STOP 

-. . -·020·4 R -91·9·3 XON 
020 5"R XOFF 
0206R 9DDE CHAR 
0208R 08EE 
020AR 4230 

0206R 
--02ef E:R 9 B DB -

0210R 9A7B 
. 02l 2R C480 

007F 
0216R 4330 

0206R 
.. ---··02CAR ·c-580-

0020 
021 ER 4380 

0206R 
0222R C5B0 

00J 5 
et226R "381 
0228R C5B0 

0011 
e22CR 4380 
• -2 0206R 
0~~R!R C580 
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BR 
oc 
SSR 
BTC 

WO 

BR 

DC 
EQU oc 
EQU 
SSR 
LHR 
BNZ 

RDR 
WDR 
NHI 

BZ 

. CLHI 

BNL 

CLHI 

BFCR 
CLHI 

B~L 

Cl.HI 

D,TWO 
I N4 

D,STOP 

R2 
D, TWRT 

D,E 
9, I N5 

D 'X ()F' F 

R2 

X '98A9' 
TWRT+I 

.. - )(''9193. 
XON+l 
D,E 
E;E 
CHAR 

D,B 
ONE,B 
B,X'7F' 

CHAR 

. 8~-x '28' 

CHAR 

B X '15' ' 
8,Rl 
B,X'll' 

CHAR 

a,x•10• 

STORE BYTE. 

READ 108 BYTES 

TEST IF TTY 

STOP DEVICE 

SET WRITE !WOO£ AND 

ISSUE XOF'F 

READ ONE CHAR 

ACCEPT CHAR IF HEX 

1•4,10,15-IF 
DISPLAY DATA 

SKIP ALL OTHER CHARS 



~010 
0234R 0331 BF'CR 3,Rl 
0236R C5B0 CLHI B,X'05' 

0005 
023AR 4380 BNL CHAR 

0206R 
-- ·-·02-3 EFf 030f BR Rt 

0240R 0000 LOCX DC 0 
0242R 0080 LOC DC X'80' 
0244R 0000 DC 0 
0246R 0080 BIAS DC X'80' 
0248R BUFF' OS 11218 
"~rn-.fR .... OS. ·2· 
0296R END 

A 000A 
ABSF' 000 F' 
B 0008 ·---·-afA_s_·-·- .. '1i2.ti61f- - ..... 
BINDV 0078 
BUFF 0248R 
BYTE 0004 
C 000C 

_ __ ._CJi~ ft__ _ _ .~2-~_§_ R ___ .. 
CKIT 003CR 
CONT eJ01AR 
D 0000 
DUA.B 013_AR 
DURL 0150R 

. ____ L_._. __ . ~00._E_ 
END 00A6R 
ERRfJ 00 DAR 
ERR! 00D6R 
ERR2 00~ R 
ERR3, 00CER 

___ _EB.RQ_fl _____ j!_0_21IB_ .... -- ··-·· . 
EXTR 018ER 
FlXB. .00B4R 
F'LI P 00 El'R 
~OUR 0009 

·GETT 0166R 
... __ lllL___ _. ftl~2_R_ .... 

I N2 01 BCR 
1N3 et CAR 
I N4 01 F2 R 
I N5 01 F6R 
INPUT 01 A4R 

. ·- _ _J_UMP __ .. __ f!1'.7.8R_ _____ .. 
U>L 010CR 
LOX 0100R 
LOC 0242R 
LOCX 0240R 
LOOP 005ER 

..... ~EXT. 002 AR ....... _ . 
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·-~·-·--:---- -·-- ··-··-··-· .... ---"~--····-···.__,._ .. ___ • • ·- -· .... -. _ ........... '"?' .... _. ___ "f - ••..••• 

ONE 0fHJ7 
PICK 0005 
R0 0000 . 
R l f!0fH 
R2 0082 

·--· liJ_ __ -·········· _fl,l.l.IJ ____ . . . .......... ·-·-·· ···-------""""7·- ... : ...•...... ····· •... 
REDEF 2100SR 
SEQ NUM 0006 
START 0000R 
.STOP 020~ R .. 
r110 000a 

_ .-1.\tll .. . ... 02i'Z R .. 
U~AB 011 BR 

_ U.NR L. 012elR 
UNRX 0128R 
W08D 0176R 
WORD! 01 7BR 

___ J{Q_EE_ ... -~~-~'R·--··'-··-·. ··'·····-···- ... _ .... _ ... 
XON 0204R 

-·----·-------·---·----·--·~·----·--···--·-····· -· ··--------·------·--·-.. --· .. -~-· .. ·-···-··-- :-·.o:·-··--···· •... 
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'' 
APPENDIX 4 

Am BOOT FRONT END LISTING 

____ ______________ .. _QP J ____ PAS.~_, PR I "!T_J_ F' lJ~GH.t.? 'f ()_~ 

Am BOOTSTRAP '. 
FRONT END 
5_L_EU_68 

* * BOOJSTRAP FRONT END 
* CONSISTS OF 8-8IT LOADER AND CHECKSUM LOOP. 
* APPEARS IN 8-BIT FOHMAT. 
* A SSUrYlES THAT-REG 3 = 1 
* ASSUrv!ES THAT-REG 10= DEV NUMBER 

--------- ------------- ---;- AssuMEs-fHA T.:.fA?t Is "MovfNG- -- · -----
* ASSUMES THAT-~LL CHARS OM JAPE ARE LEGAL 
* IF CHECKSUM ERROR DETECTED, LOADER STOPS 
* THE TAPE AND HALTS. AFTER PROCESSOR HALTS. 
*-RES TA-ffT 3'36 TS TH AP LOA n, OR PUS-H EX EC UTE TO 

_______________ _ ----~---.l~NQRE. CJ-lE_(;_K$ 'll1 __ ~RB_OR ~NP _.QQNTI NJJ!!: EX~C UT I _ON. 

* 
* 
* . -- - -- ~ .. 

* 

ORG x' 80' 

1')0l' PLOW EQU X'ID00' 
---1 E01 ____ --- -------"--PHGH -----°EQ u·---~~·T£0r·· 

1 TY 0 PS TR T €g U X ' 1 Dr 0 ' 
G9!91 l CKS(i"1 Er:' U X' 6-001 ' 

---- -·-·- ----- ·-·- -·---·----

* 
20~C C~20 START - -------·100 ~ ----- _LH_I ____ ? .1f_l,._Q_11 _________ _ 

('! 084 C840 LHI _!I, PHGH 
I E21 

SET PROGRAM LIMITS ... -- .. 

R3 ~UST HOLD I 

'.?-0?,Q 0 75 5 _ _ ___ XHR 5, 5 CLEAR R5 FOR CHECKS UM 
0Cl3A 9DAE SE~SE SSR rn,14 sE:~rs·EstATOs· 
"'C 8C __ -~8 l;.:_f; __ ~----------------=L~HR-'-------1~~13. ___ --------------··--I_~f_§; ____ ~HQ_l)L!? B_~ _!'1q_\.'J. ~J-~ 
009 ':!'. 4?30 B NZ SENSE 

{'W! 9A 
- ··- --- -- -- . 

~09? 9BAA RDR te,tt READ ONE CH~R 
r"f?\94 0A5B AHR _ 5,U_ BUM? CHECKSUM 
0r!96 9A3B - - WDR 3, 11 DISPLAY CHAR 

--··. J 

•• 
I 

" 

-- - --~0~?~---- Il2 22 ------------------- ST]3 ____ 1L.t..~_(_g_L ______________ 2IQB.E. .ctt~R .. ·-- ·- -- -- -- --- . ---- - -
0000 

0rqc C1?0 - BXLE ?,S~NSE 
008A 

* 
* 00A0 C550 CLHI 5 O<SUM CHECK THE CHECKSUM --------------------------· ... - -------------·---- ------· -·--·-- --- - ________ ,_ --- ---------- -- ------------·--------···----- -· --·--·--- ··-·- ----· ... -- - .. -

6001 
00A4 4330 _ _ 13E f>STRJ GQ TO_ PROGRAM IF' OK 

1 ncri 
0~A8 DE:M! OC 10,$TOP STOP TAPE Ir NOT OK 

00CB 
______ J.'-0-8.C. __ .C.5.AZ ___________________ . ___ C_l..HL ____ tC1 ._2_ ____ __ _ --------------------- ______ ... 

Ol0(?12 
~?!P0 423?, B~E HALT 

00C2 
CHE34 DEA0 OC 10, TWRT I I' DEV 1'10 = 2 

0(1!CA 
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-- ~~ ~-~--- _9_p~ __ [ _____________ . .. ~~~-·· -----~ 0,{~~-- - ... ·········--·--i~-oT ··f-s!_~TfiEI ~-x··"·ol!~} ~~-. MOQ_~_ --------. -~v'F3A 4290 u, r 

0088 
0 0 R E DAM~ WD i C' , X 0 F' F' 

0'11CD 
'.710C2 C?00 HALT LPSW *+4 HALT 

?10 C6 
··---·-00c6----q;i0·0·------- ··--·--r;-c-·· -·-5crs0·0~-r;·-F>s!R·r-··-·1:rcr·10 ·pr-foGRA.M · oN Exrcarr-----

1 Drl0 

* 
* ~0CA 98A9 HIRT. DC . X'98A9' . -WRllE,S'tOP COMMANDS 

00CB STOP EQU *•1 ----- ·00 c·c··-··9r9 3·. ------·xcf~-----Dc-··---x·~ff93'" ·-· ---- ·-----";((HT;Xo"FY" CFfARA.CTE"RS. 
e'l~CD XOFF' EQU *-1 
00CE ~A~0 nc "' FILLER 
00)0 END 

f;_K?IJ~1_ 
Hr.LT 
PHGH 
PLOW 
PSTRT . 

1500 1 ··-00-c2----------------------------·· 
1 EPl I 
1 D00 
I ooq, 

SENSE 00qA 
STA.RT 0080 ···--5 ror·------r;, 0 c"Ff-- -------------------------------·· --------------------· .. ·-- .... -................ -
T'4R T 0"1CA 
X0FF ?lCCD 
X 0 1~ 00CC 
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APPENDIX 5 

FAST FORMAT LOADER LISTING 

OPT PASS2,PRIMT,PU~CH,STOP . 
. } 

(1~'?1?1 

~'!'!!' 1 
0~112 
0003 
0004 
~?'('5 

?~~5 
~0!~7 
0008 
0~09 

~~?!A 
C"r~B 

30'."C 
~ C'!(" !) 

CH"!? !:": 
('!!~~ ~ 

?>r 7P-
~f?i4 

C:;iJ0?R 0R77 
00?2R CS2P0 

00~1 

* FAST FORMAT LOADER 

* Rlil EQU 0 
RI EQU l 
R2 EQU 2 
R3 EQU 3 
LOC EQU 4 
LA!iT EQU 5 
GOTO EQlJ 6 
S Er.l N UIYJ EQU 7 
ONE EQU g 
TWO EQU 9 
A EQU 10 

· rr EQU 'Tl ··-

c EQU 12 
j EQIJ 

.. 

13 
E EQU 14 
r EQU 15 
8 I-NDV EQU X'78' 
I!"~GTH"···EQ'1J. '2 60 ..... 

* 
* CO~T SHR 

LHI 
SEQ NUM, SEQ NUM 
ONE, 1 

· e~e6R c~s0 ·· ·· ----- -·------·~111r···rwo~·2 -- - -- · 
0002 

000AR e978 
00!11CR D3 00 

!"07f( 
e~t~R 05D9 

··00 i 2R ·42:n~--- . 
00?4R 

?!0 l 6R 9ED~ 
03 F'ER 

~F:XT SHR 
INPUT . LB 

oc 

SEQNUM,O~E 
D,BINDV 

D, HIRT 

CLEAR SEQNUM 
SET CONSTfl NTS l ,? 

NEXT BLOCK 
PI CK UP DEV NO 

Ir TTY, SET WR! TE ~ODE 

0 ~ I AR 9 b DE J ~ 1 SS R D, E A ND 0 UT PUT X 0 N 
001CR 4290 BTC 9 1 1 Nl · . ··············· ... 0·0i .AR····-.. . ... -··--·······-······---· ····-- ---·--·- .... -·-···:-·-······-·-·····-··--..,..-··-·"--------···---------·· ---·------·-.. ··---------------··--

2 i 2 :?' ~ Dfl D0 
21100R 

CJ!024R DEOO 
~019 

I N2 

WD _. D,XON __ 

oc D, 9 I N~V+ l START DEVICE 

_ --~~.??~-- Qf3_~-~----· ·····- _________ L_fi_I_~18-J!f .. !'.: ... _ ..... ________ _§_;_J~.!J.!.'.f ... f.>.9.1~_!.;B. _______________ ····--
(I! 102R 

002CR 4110 
00ECR 

~2130R 43312! 
002CR 

I N3 BAL 

BZ 

Rl,_9H~R 

I N3 

0e~AR ... l!.?~~------ J __ N3-l _____ ~T_l3- ___ Jh_0 .. (A)"·· 
0000 

e038R 0AA~ 
203AR C5APl 

AHR A, ONE 
CLHI A,BUF'F'+LENGTH 

SKIP LEADER 

READ 260 CHARS 
S1ARTING AT ,IRST 

-----~ ---· .. -..-:-..~~- ..... ~.· ---~---··---~-
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0206R 
r?!e!3 ~~ 43P(i! 

004AR 
~P'42R 4110 

?te!ECR 
004nR 4300 

0034R 
e~4AR !!15 ~9 
004CR 4330! 

?lrt5P,~ 

00.50~ DED2! 
?0 FFR 

0054R 43Cel 
:tt066R 

00 5Pf1 DED0 
- ~0 F'Eff 

e05CR 9DiJE 
~r'5ER 4~q2! 

?!~5C~ 
~:.'~?1 T)AD"1 

0101R 

I N32 

PJ4 

INS 

B NL I N32 .. NON·9LA NK 

BAL- RT ,'C~HA~ -.... --· ... ~--~ -·--· ......... ---~---- -- ....... . 

8 I N.31 

CU-rR D t !140 
BE IN4 

OC D,STOP 

8 CSUM 

OC D TWRT 
.. . .. ....... .... ---- -- .. -• --·--- . 

SSR D,E 
-· 8 tc . 9 , I "'5 . 

D,XOrF 

STOP DEVICE 

tF TTY SET ~~ITE ~ODE ......... _,_ _________________ .. _____ ,_.Lt___~_--·--------·---- ......... 

AND OUTPUT 'XOFF' 

··-··------·-··--------*---------· --- ----·-· ------- .... --.- ...... ___ ............ ~--------·-~------- -- ----------~---------····----

i066R 93C0 CSUM LB C,8UF'F' _ COMPUTE CHECKSUM 
·r·. • .. 

Pl 102R 
~ 0 6 -~ i1 D3 B0 

0103 R 
C06ER ~ACR 

.. - ec7~R C~A~ 
1-11 !i116R 

r'P!74R D3BA 
0000 

e!Q! 7~R 0ACB 
~07AR 0AA8 
-r,'l!t'f7C~r C?-A "--··· 

0206R 
r'~~()'R 428'1J 

0~;7:4R 
e'0~4R 45C0 

?llfll4R 
423ei-- . 
'.'lt:'IDER 
4S7~ 
0102R 
42321 
00 DER 

CKIT 

* 

LB _B,BUF'F'+! 

-- t~~ ... j :~·m:r+4 .. -- ... ~,_, __________ -............. -·-- ---·- - -

LA B,0CA) "CH~CKSUM IS A~llHMETIC 

AHR C,! SUM or ALL SYTES EXCEPT 
AHR A ONE THE CHECKSUM AT BUF'F'+2 --- ClHr·;r! euw+·u.:"N-GTlr '···- ---·-··----·~--- ··· ·· · -- -

. CK IT 

CLH Ct B UF'F'+2 . 
-- lHJE: ··· ··ERirorc-··--·-- -·-------:--- ----~- · -----· · · ------~-----------· -- · · 

CLH SEQNUM,B UFF 

B NE ERROR 

0094R C<3A0 STORE LHI A,S_UF'F'+4 ST-ORE DATA 
01C6R 

~09~R CS 70 CLHI SEQ NUM, ·I 
F'FF' F' .. 

??9C'i 42~~ 
?108~1 

r'f.".0?.R 4R4"1 
~l!'.l\6R 

A5-2 

B~E LOOP 
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00A4R 4850 
P.!1 ~~R 

C"C'IA~R 4860 
010AR 

2!0ACR C8A0 
010CR 

002:'1R 48BA LOOP 
00el0 

0?JB4R 4084 
eeieiei 

~088R 0AA9 
00BAR 0545 
009CR 4380 

?10CER 
'!:0 Ct? R 0A49 

LH 

LH 

LHI 

LH 

STH 

AHR 
cum 
BNL 

LAST ,B UF'F'+6 

GOTO,B UFF+8 

A;BUFF'+l0 

B,0.CA) 

· B, 0 C LOC) 

A,TWO 
LOC, LAST 
END 

·SET BEG, END, A ND 

TRANSFER ADDRESS 

STORE HALFWORD 

STOP WHEN LAST 
HALF't/JORD FILLED 

0~C2R c SA?! 
AHR L OC , T liJQ . 

·-·-·-· .. -cu:tr·A,t:HJFF+LE"NGTR" -·- ·rrEA·o··-wEXT BLOCK 

~C"C6R 

C'!li'CAR 

'.'1?-CEq 
1' ~ !)0R 
~:} '.J2 R 
~0 D4R 
0~ D6R 

0206R 
42~e' 

0.099!R 
4300 

e~66 
0236. 
~7CC 

9A?C 
C202! 
r.i0·0A"·q ... 

* END 

HALT 
. ·---·-·---~· 

BL LOOP 

B ~EXT 

LHR GOTO,GOTO 
B TCR 3 ,ho To . 
XHR c,9 
WDR OME,C 
L?SW *+4 

WHEN B UF'F' EMPTY 

DISPLAY X'00' 
F'OR ~ORM.~L END 

~000 

00~0R 
DC X'8000',ACCONT> 

?13 ~R 
?'?'S4R 

cgc0 
0 el({l F' 
9.~Rc .. 

* ·ERROR LHI C,X'F'' 

1.iiDR ()r.jE, C 
LPS~~ *+4 

. DISPLAY X'~F' TO 

.... - -· -·· SlfOW -T NP UT .. "EllR OR 
C20~ 
Cl'~ EJl~ 
?C"liH'! 
ef('IP'CR 

- DC X' 8000 ',A Cl NPUT> 

* ······~r-tt-~--9-lJDE--···-·- c·i-nnr-- ·ss"R·---n-~-t ---- -·-· ---·-·-·--·----··11rA1r··cnrr·--c-HAR-· 
0r,EER 0'3~E LHR E1 E AND DISPLAY IT 
~~F'rm 4230 Br.JZ CHAR 

20 EC~ 
~rn F'4R 9B9B RDR D,B. 
02' F'6R 9A.8B WDR ONE B ·-·,r0 FF-R '"c'.:48Cii . ----···-- -- ------- ... -· ~Rr -·-9-~x·l·F-F'-.-

00EF 
BR RI 

* 00 FER c:)8A9 . T-WRT DC x•98A9 • . 
0·?! FFR STOP EQU TWRT+I · 0·1 ~·e·q· ·() i 93· · ·------x·O"t\f ·· ·- · - · ·- n c· · - x • 9 t 93 • 
~101~ XOFF EQU XON+l 

* 

-·- . ---... . ·1 
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~l C'!2R 
0206R 
0.~~~R 

A 

BI~DV 
BUFF 
c 
CHAR 
CK! T 
C0'\1T 
CSUM 
D 
\;" 

E~rn 
ERR 011 

GOT:J 
HA LT 
I "l I 
PJ? 
I ~,J3 
I ~J3 1 
I •13? 
I~,~ 4 
I ~15 
I ~.1 PUT 
LAST 
L~ 'JG TH 
LOC 
LO:JP 
~JEX T 

. ·aMt: 
q0 
Rt 
R? 
'i 3 
SE:~ 'JU~ 

sT')P 
sroq?.: 
T'.i/f"J 
T',fRT 
XOFF 
X9\l 

A5-4 

000A 
0009 
0078 
0102 
02l0C 

BUFF DS LENGTH 
DS 2 
i!:ND 

... -e ~- .. ·Ee ... ----··-~·-·- .. --~- ·- ---- ---· .. ·-- -··--- ---- ---·-·- ... 
0074 
0000 
0066 
0t2H? D 
000E 
~ect 
;"WDE 
C'!00 F 
7100 5 
00D5 
001A 

--00·24 
002C 
~034 
('!('l4A 
(""('15a 

0~5C 

~?~C 
0?:?.5 
~104 
0'1'214 
0090 
?1~0A 
~'710P 
9'000 
0001 
0CW2 
~003 
(';00 7 
00FF 
('1('19 4 
·~029 

0::" FE 
01~1 

01 ei"' 



0001 
0002 
0003 
0rtJ04 
rtJrtJ0A 
9'fbflJB 
0rtJfbC 
flJflJrtJD 
rtJ0flJE 
flJflJflJF 
flJflJ7A 
flJlflJ4 
flJflJ08 

flJflJflJ0R rtJflJ00 
0flJflJ2R 0flJflJflJ 
flJflJflJ4R flJflJflJflJ 
flJflJflJ6R flJflJflJflJ 
0flJflJ8R C2flJ0 ' 

flJflJflJCR 
flJflJflJCR 80flJflJ 

flJflJlflJR 
flJflJlflJR 4129) . 

flJflJA8R 
flJflJl4R flJB44 
ft'flJl6R 483flJ 

flJfl'flJ4R 
rtJfl'lAR 4flJ3rtJ 

flJflJD6R 
flJflHER 4839' 

flJflJflJ2R 
flJflJ22R 49)39) 

flJflJD4R 
flJflJ26R 4830 

\ flJflJflJflJR 

APPENDIX 6 

FAST FORMAT PUNCHER LISTING 

OPT PASS2,PRINT,PUNCH,STOP 
* * FAST FORMAT PUNCHER 
* * THIS PROGRAM PUNCHES A BLOCK OF CORE 
* IN FAST FORMAT. BLANK LEADER AND 
* TRAILER IS PUNCHED. THE PROGRAM HALTS 
* PRIOR TO AND AFTER PUNCHING TO ALLOW 
* THE PUNCH TO BE· TURNED ON AND OFF. 
* * ORG 
* ORG+2 
* ORG+4 
* ORG+6 
* ORG+8 
* 

= LOW LIMIT 
= HIGH LIMIT (LAST HALFWORD IN BLOCK) 
= TRANSFER ADRS (MAKE flJ FOR NO TRANSFER) 
= UNUSED 
= STARTING LOCATION 

* THE DEVICE NUMBER IS TAKEN FROM 7A 
* THE OUTPUT COMMAND IS TAKEN FROM 7B 
* 
Rl 
RI 
LOC 
SEQNUM 
A 
B 
c 
CHAR 
DEV 
STAT 
BOUTDV 
LENGTH 
GAP 
* 
LOWA DR 
HGHADR 
XFRADR 

STRT 

WAIT 

GOGO 

EQU 1 
EQU 2 
EQU 3 
EQU 4 
EQU lflJ 
EQU 11 
EQU 12 
EQU 13 
EQU 14 
EQU 15 
EQU X1 7A 1 

EQU 269' 
EQU 8 

DC 0 
DC 0 
DC flJ 
DC 0 
LPSW WAIT 

HC x I 8000 I ,A (GOGO) 

BAL R2,LEADER 

SHR SEQNUM,SEQNUM 
LH LOC,XFRADR 

STH LOC ,BUFF+8 

LH LOC,HGHADR 

STH LOC, BUFF+6 

LH LOC, LOWADR 

PUNCH LEADER 

CLEAR SEQNUM 

SET XFER ADRS 

SET HIGH LIMIT 
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fi.02AR 4.039' STH LOC,BUFF+4 S.EJ UJW• LIMIT 
tl.0D2R 

,0.02ER C8A,0 LHI A,BUFF+lO 
,0,008R 

SEQN<UM,1 M:CR SE~UM f)f)32R C84f) BLOK SHI 
f)f)JH 

f)f)36R 4.04.0 STH SEQNUM,8UFF 
.0.0CER 

B,9):{LOC) .0.03AR 4883 MOVE LH MOAll ~JA LNTOJ 
.0.0.0f) 

B,0'.(A) .0f)3ER 4.08A STH stlfFFEJl: UrtT It. TllfE 
.0f).0.0 

f).042R CA3f) AHI LOC,.2 ~IS FUl:.L 
.0.0.02 

f)f)46R CAA.0 AHI A,2 
.0.0.02 

.0.04AR C5A.0 CLHI A,BUFF+L.EN-GJH 
.01D2R 

.0.04ER 428.0 BL MOVE 
.0.03AR 

* 
~.052R D3C.0 CSUM LB C,BUFF COMPUTE 

.0.0CER 
f).056R 038.0 LB· B,BUFF+l ARITHMETIC 

.0.0CFR 
~.05AR C8A~ LHI A,8UFH'+4 CH£CKSUM 

~~D2R 
~~5ER .0AC8 AHR C,.B 
f)f)6f)R D38A CKIT LB B,,D{A)-

.0.0.0.0 
.0.064R f)AC8 AHR C,.B 
f)f)66R CAA.0 AHI A, 1 

.0.0.01 
~.06AR C5A.0 CLHI ·A ,BUFF+LENG:TH. 

f)102R 
~.06ER 428.0 BL:... C:K'.IT 

0060R 
0072R 40C0 STH C,,$t:JFF+2 PU'.F CSt;JM'. uno- BUFF+2 

00D0R 
* 0076R C8A0 LHI A,B:UFF 

00CER 
007AR D3DA GETS 

0000 
LS: CHAR, W~A'~)~ PUNtlllc B.UFFE.R: 

007ER 4110 BA\L R:,1,PUrtm IN;; 81 l!FlT 6'WTIE$ 
008CR 

0082R CANA 
0001 

AHI A,1-

0086R C5A~ CLHI A,BUFF+tENG]Mit-GAP' 
01DAR 

008AR 4280 BL GETS 
007AR 

a08ER 48A0 LH A,HGHADR 
0002R 
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t'JIJ92R IJ5A3 CLHR A, LOG TERMINATE WHEN 
IJIJ94R 428,ll BL TERM ALL DATA PUNCHED 

IJIJMR 
IJIJ98R C8Af) LHI A,BUFF+4 

,llf)D2R 
IJIJ9CR 43f)f) B BLOK 

,0,ll32R 
* 

f)f)Af) R 41 2,ll TERM BAL R2,LEADER 
fJfJA8R 

fJ,f)A4R 43fJfJ B STRT 
fJf)fJ8R 

* 
flfJA8R ,ll7DD LEADER XHR CHAR,CHAR PUNCH LEADER 
fJ'IJAAR CSA'/) LHI • A, lfJJ'J 

J'JfJ64 
fJfJAER 411fJ BAL Rl,PUNCH 

fJfJBCR 
fJfJB2R CBAf) SHI A, 1 

fJfJfJ 1 
fJfJB6R 423fJ BNZ *-8 

fJ,flAER 
,fl,flBAR ,fl3fJ2 BR R2 
,0,llB CR D3E,ll PUNCH LB DEV,BOUTDV PUNCH CHAR 

,ll,fl 7 A . 
,flfJ C,ll R DE EfJ oc DEV, BOUTDV+l 

fJfJ7B 
,f)fJC4R 9DEF SSR DEV,STAT 
,flfJC6 R 429!.J BTC 9 ,*-2 

fJPC4R 
,flfJCAR 9AED WDR DEV,CHAR 
fJYJCCR fJ3fJ 1 BR Rl 
fJfJCER BUFF DS LENGTH 
,fl1D2R DO GAP 
fJ 102 R ,fl,flfJfJ DC f) 
fJl D4R fJfJfJfJ 
fJlD6R fJfJfJfJ 
,01D8R fJfJfJfJ 
fJ 1 DAR fJfJfJfJ 
,lHDCR fJfJfJfJ 
tl lDE R fJfJfJfJ 
.01EOR IJIJfJfJ 
IJ1E2R END 

A fJfJfJA 
B fJfJIJB 
BLOK fJ/)32 
BOUTbVf)f)7A 
BUFF f)IJCE 
c 0f)f)C 
CHAR 000D 
CKIT 0060 
CSUM f)052 
DEV 000E 
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GAP ~f'~8 
GETS ~~7A 
GOGO f'~lf' 
HGHADR f'f'f'2 
LEADER fi'fi'A8 
LENGTH f'lf'4 
LDC f'f'f'3 
LOWADR f'f'f'f' 
f.'DVE f'fJ3A 
PUNCH f'f'BC 
Rl f'f'f'l 
R2 f'fJf'2 
SEQNUM fJfJfJ4 
STAT fJfJfJF 
STRT fJfjfJB 
TERM fJfJAfJ 
WAIT fJfJfJC 
XFRADR fJfJfJ4 
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GE 03-001R03A12 

ASSEMBLER PROGRAM MANUAL 

1. INTRODUCTION 

GE-PAC 30 Digital Systems involve Proces
sors which can be programmed to solve a 
wide range of problems. The program to be 
executed by a Processor consists of binary 
coded instructions and data which are stored 
in a core memory. The instructions, and 
their binary code , which are recognized by 
the GE-PAC 30 Processors, are defined in 
the GE-PAC 30 Reference Manual, Pub
lication Number 29-004. 

To assist the process of defining and gener
ating a program, the user can write his pro
gram in a symbolic way, using what is called 
assembly language. In the assembly language, 
programs are represented using symbols and 
mnemonic abbreviations for the instructions 
and data in the program. The statements in 
the assembly language which represent the 
program constitute the source form of the 
program .. Table 1 is an example of an as-

sembly language program that searches an 
area of core memory for the first occurrence 
of the number 15. 

The translation from the symbolic source 
program to the binary object program is 
done by the assembler. The assembler 
reads the source program, statement by 
statement, from punched paper tape or cards. 
As the statements are read, a symbol table 
is accummulated. This table contains every 
symbol and the value of the location counter 
where the symbol was encountered. For 
the previous example , the symbol table 
after reading the source program once, 
would be as shown in Table 2. 

The assembler generates both an object 
tape and a listing. The object tape con
tains the binary information to be loaded 
into memory. The listing is a printed 
record which shows each source statement 
and the binary information generated for 
that statement. The binary information on 
a listing is always represented in hexadeci
mal form. 

TABLE 1. TYPICAL SOURCE PROGRAM 

Name O_Q_eration O_Rerand Comment 

ORG X'lOO' SET THE LOCATION COUNTER 
BEGIN Lill 2,TOP TOP OF DATA TABLE 

LHI 3,2 HALFWORD INCREMENT 
LHI 4, BOTTOM BOTTOM OF DAT A TABLE 
LHI 10,15 SEARCH VALUE OF 15 

LOOK CLH 10, 0(2) COMPARE 
BE FINI BRANCH ON EQUAL TO FINI 
BXLE 2, LOOK NOT FOUND GO LOOK FUllTJIEH 

FINI LPSW WAIT STOP THE PROGRAM 
WAIT DC X'8000', A(BEGIN) 
TOP DS 1000 
BOTTOM DS 2 

END BEGIN 
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TABLE 2. TYPICAL SYMBOL TABLE 

Symbol 

BEGIN 
LOOK 
FINI 
WAIT 
TOP 
BOTTOM 

It is important to note that this assembler 
processes assembly language statements 
for user programs which are to reside in 
core memory. Assemblers which process 
micro-programs for a Read-Only Memory, 
which are related to the internal structure 
of the GE-PAC 30 Processor, ·are dis
cussed in other publications, such as the 
GE-PAC 30-1 Micro-Programming Manual, 
Publication Number 29-021. 

There are a number of versions of the As
sembler Program available, each tailored 
to specific n1:ichi1w configurations. Certain 
versions of t lw assembler read source state
ments from a card reader, and other ver
sions read source statements from tape de
vices such as r~i per tape or magnetic tape. 
Only certain vc·rsions of the assembler pro
vide means for generating floating-point 
instructions and data. For a description of 
th<> \·:11·io11s vc•rsions, and the differences 
hetwc•pn tlwm, 1·dcr to the Assembler Oper
ating Procedures, Publication Number 03-
001 A Hi. 

2. J\SSEM BLY PllOCEDlJH.ES 

The assembler takes one, two, or three 
passes across the source tape to complete 

. the as~wmhly. The number of passes is 
controlled hy rui option control statement 
in the• sou n~c· program. Rcfor to the OPT 
pseudo op<· ration for details. When so di
rected, tlw :tHsembler makes an assembly -
- complett> with listing and object tape -- in 
one pass. Ill this case the assembly time is 
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Value _lin hexadecima)J_ 

0100 
0110 
OllC 
0120 
0124 
050C 

minimized, but the resulting object tape must 
be loaded with the General Loader (part num
ber 06-025). 

With two pass-assemblies, the first pass is 
devoted to development of a symbol tal?le. 
On the second pass, the listing is printed 
and the object tape is punched. Assemblies 
are normally performed using two passes. 
The two-pass procedure is appropriate ex
cept where the input-output device configura
tion prohibits punching and printing on the 
same pass. In this case, the three-pass 
assembly can be used. With a three-pass 
assembly, ·the symbol table is built on pass 
one, the listing is printed on pass 2, and 
the object tape is punched on pass 3. 

The assembly listing is produced as part of 
the assembly process. The listing contains 
the source statements and the data genera
ted from each statement. Table 3 indicates 
the assembly listing for the previous exam
ple. 

The first four hexadecimal digits represent 
the value of the location counter or values 
of symbols resulting from EQU assembler 
statements. The next four hexadecimal 
digits represent the data generated by the 
assembler from the source statement . 

Error flags may precede the location coun
ter values. These flags indicate that an 
error was encountered in interpreting the 
statement. The meaning of each flag is as 
fo.llows: 



Location 

0100 
0100 

0104 

0108 

OlOC 

0110 

011·1 

0118 

OllC 

0120 

0124 
050C 
050E 

BEGIN 
BOTTOM 
FINI 
LOO~ 
TOP 
WAIT 

F 
M 
0 
T 

H 

If 

TABLE 3. SAMPLE ASSEMBLY LISTING 

Data Name O_Qeration 

ORG 
C820 BEGIN LHI 
0124 
C830 LHI 
0002 
C840 Llll 

-OGOC 
CSAO LHI 
OOOF 
45A3 LOOK CLH 
0000 
4:!30 BE 
OllC 
C120 BXLE 
0110 
C200 FINI LPSW 
0120 
8000 WAIT DC 
0100 

TOP DS 
BOTTOM ns 

END 

0100 
050C 
OllC 
0110 
0124 
0120 

Format error 
· Multiple defined symbol 

Operation mnemonic invalid 
Truncation error, a constant 

or expression has over
flowed the specified limits 

Ilelocation error, a meaning
less combination of reloca
table symbols in an expres
sion 

Symhol table overflow 
I fndefined symbol 

•. 

O_Qer'and Comments 

X'lOO' SET THE LOCATION COUNTER 
2,TOP TOP OF DATA TABLE 

3,2 HALFWORD INCREMENT 

4,BOTTOM BOTTOM OF DATA TABLE 

10, 15 SEARCH VALUE OF 15 

10, 0(2) COMPARE 

FINI BRANCH ON EQUAL TO FINI 

2, LOOK NOT FOUND GO LOOK FURTHER 

WAIT STOP THE PROGRAM 

X'8000', A(BEGIN) 

1000 
2 
BEGIN 

Whenever an invalid op error (0) occurs, 
the assembler always advances the location 
counter by four bytes so that the program 
can be patched easily for debugging. 

A flag immediately following the data gen
er:ated by the assembler indicates whether 
the da'ta is relocatable, absolute, or a for
ward reference. The flags arc: 

BLANK 
R 
F 

Absolute data 
Relocatable data 
Forward reference data 
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The symbol table that was accummulated 
durinµ; PASSl i:-:; printed following the END 
asscm hly pseudo-op. Any statements con
taining symbols preceded by an error flag 
of U (Undefined symbol) can be corrected 
at this time and repeat PASSl of the assem
bly process. 

The symbol table is again printed following 
the END assembly pseudo-op after PASS2. 
The symbols arc listed alphabetically with 
their values. U the symbol is defined; the 
value is followed by an R if that value is re
locatabk~. If the symbol is undefined, the 
last vnluc of the location counter for a state
ment referencing the undefined symbol is 
printed. 

Pr·cccding c:ich symbol is a fi.eld for error 
flags. Tiles<· flags arc as follows: 

* Externally defined symbol 
U Undefined symbol 

3. THE ASSEMBLER LANGUAGE 

:i. 1 Sou rec Statements 

There arc two basic kinds of source state
ments, instruction statements and comment 
statements. Instruction statements are used 
for machine instructions and assembler in
structions. The instruction statements may 
have the following information fields: 

- Name 
- Operation 
- Operand 

Comments 

Comment statements, which begin with *, 
shnulrl not be confused with the comment 
fi<~ld of the instruction statement. Com
nwnt. statements can occupy the entire state
rnent line. 

:i. 1. 1 Instruction Statements. 
The comnwnt and instruction statements 
are wrill<m by the programm<'r on a coding 
form that hai-; the various fields clearly 
marked. S<'<' Figure 1. This form, when 
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filled out, is used to generate the source 
paper tape or source cards that are read 
by the assembler during the assembly pro
cess. As shown on Figure 1, the Name 
begins in column 1, the Operation begins in 
column 10, the Operand begins in column 
16, and Comments are usually in 35-60. 
The fixed field positions are a convenience 
for the programmer only, and are not re
quired by the assembler. The assembler 
simply requires that fields be separated by 
one or more spaces. The fields are de
scribed in the following paragraphs. 

Name 

A name is from one to six characters in 
length. The name must be written with the 
first character in column 1, and it must 
not contain any blanks. Names are used hy 
the programmer to identify data and instruc

. tions in the program. The first character 
must be a letter; the remaining five can be 
letters or numbers. Typical names are: 

Name 

START 
ARGl 
LOOP2 
GO 

Operation 

Operation 

The operation field specifies a machine in
struction mnemonic that is translated by the 
assembler to machine code, or it specifies 
an assembler instruction mnemonic to con
trol the assembly process. An operation is 
always required in an instruction statement, 
and should be written on the coding form 
beginning in column 10. No blanks may be 
used within the operation. Typical opera
tions are: 

Name Operation 

ORG 
LIU 
AHR 
DC 

Operand 
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Figure 1. 

Operand 

Operands identify the data to be used by the 
instruction. The type of operand and the 
number of operands required depend on the 
particular instruction appearing as the opera
tion. No blanks may appear within, or be
tween, operands. Typical operands are: 

Name Operation Operand 

AH H.6, TEMP 
BL OUT 
STH R6, TABLE(R5) 
B JN 

Coding Form 

'· 

Comment 

Comments arc descriptive text. Comments 
are printed on the assembly listing, along 
with the name, operation, and operand of 
the source statement. Comments are writ
ten beginning after the first blank in the 
operand, and can contain 26 characters. In 
general, columns ~}G-61 arc used. Typical 
comments are: 

Operand 

RCJ, TEMP 
A(START) 

STOP 

Comment 

FETCH FIHST VALUE 
TABLE AH.EA 
ERROR STOP 



:~. 1. i Comment Statements. 
Comment statements are descriptive text 
that ctm occupy the entire source statement 
line. Comment statements are written with· 
an asterisk (*) in column 1, followed by any 
dcscrirtivc text the probrrammer desires 
and can contain 55 characters in addition to 
the *. Any number of comment statements 
may L>o used at any place in a program. 
Comment statements cio not produce binary 
object information and are used only as doc.
umenting aids. Several comment statements 
are: 

*THIS IS A COMMENT STATEMENT, 
*IT CAN BE USED ANYWHERE IN A 
* PHOGHAM AS A PROGRAMMER 
*AND DOCUMENTATION AID 

* 
* X < Oil c: Y /Z? IF SO, GO ON 

3. 1. 3 Character Set. All source 
statements are written using the following 
characters: 

Alphabetic:-; 
Numerics 
Special characters 

A through Z 
0 through 9 
+ - , = * I ( ) blank 
and all charac
ters printable on 
a teletypewriter 

:3. 2 Assembler Language Structure 

The source in:-;truction statement consists 
of: 

A name 
An operation 
An operand 
A comment 

Each entry i11 a source' statement may be 
compo:wd of one or more Hems depending 
on tlw kind of :-;ource statcnwnl being written. 
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- A name, when present, must be a 
symbol 

An operand may be composed of 
one or more expressions, which 
in turn are composed of symbols, 
constants and arithmetic combina
tions of symbols and constants 

An operation, always present, must 
be a machine instruction Mnemon
ic or an assembler instruction 
Mnemonic 

3. 2.1 Symbols. A symbol is 
used as a name or as an operand. In either 
case, symbols consist of from one to six 
characters. The first character must be 
alphabetic. The characters that can he 
used for a symbol are: 

Alphabetics 
Numerics 

A through Z 

0 through 9 

The following symbols are valid and could 
be used as a name or as an operand. 

T2 
LOOP25 
N 
STOP 

The following symbols are invalid for the 
reasons given: 

2TOP First character is not 
alphabetic 

COMMAND 
A to D 
X4.2 

More than 6 characters 
Contains a blank 
Contains a special char-

acter, a period 

3. 2. 2 Instruction Constants. 
Instruction constants appear as an operand 
for both machine instructions and assem
bler instructions. An instruction constant 
can be one of three types: 

Decimal 
Hexadecimal 
Character 



In general, instruction constants define 16-
bit:s or a halfword of information. The type 
of const<mt is identified by a prefix code. 

Code 

None 
H 
x 
c 

Constant Type 

Decimal 
Halfword Decimal 
Hexadecimal 
Character 

Decimal constants can be from one to five 
decimal digits, not to exceed 32, 767 maxi
mum or -:52, 7G8 minimum, and are written 
[ls: 

125 
3276G 
-15 
etc. 

Hexadecimal constants can be from one to 
four digits. The hexadecimal digits are: 

0, 1, 2, 3, 4, 5, G, 7, 8, 9, A, B, 
C, D, E, F 

The hexadecimal constant must be enclosed 
in single quotation marks and be preceded 
by the letter X. Leading zeros are not 
necessary. The hexadecimal constants are 
right justified to form 16-bit halfwords. 
E?<amplcs are: 

X'F' 
X'D4E' 
X'030' 

or 
or 
or 

X'OOOF' 
X'OD4E' 
X'0030' 

Character constants used in the operand 
field of an instruction statement can be 
from one to two characters .. The permis
sable characters arc: 

Alphabetics 
Numc•rics 
Special characters 

A through Z 
0 through ~J 

+, -, ::: * ( ) blank 
and all ASCII coded 
characters print-
able on the teletype
writer except the 
single quote ( '). 

The character constant must he enclosed in 
single quotation marks and he' preceded by 
the letter C. A single charade!' within the 
quotes is right justified to form a Hi-bit 
halfword. Each character is translated 
into a byte of seven bit ASCII code. 

C' *' generates X'002A' 
C'12' generates X'3132' 
C'XY' generates X'5859' 

3. 2. ;3 Expressions. An expres
sion is a symbol, a constant, or a series of 
such items separated b.v the arithmetic op- . 
erations + (addition), and - (subtraction). 
Examples of valid ('xprcssions arc: 

SAM 

LOOP+4 
TABLE+X'l2A' 
STOP-G0+2 
C'A'+l 
-FHOC 

:L :;,_ 4 Ile locatable and Absolute 
Expressions_. An expression is absolute if 
its value is absolute. Similarly, an abso
lute expression does not change as a function 
of the physical location of the program in the 
machine. The value of a relocatable ex
pression does change when the location of 
the program changes. The relocatable 
value will change by the diff ercnce in byte 
locations between the originally assigned 
area of storage and the newly assigned area 
of storage. 

An expression, when evaluated, produces a 
value which is considered absolute or relo
catable according to the rules outlined in 
Table 4. 

3. 2. 5 Location Counter. The 
value of the location counter can be ref er
enced by using an *, which means "current 
value of location counter". AddrC>ssing 
re la ti ve to the location counter is on a byte 
basis. To specify an address that is one-· 
RX instruction forward, the correct expres
sion would he *+4. 
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TABLE 4. ABSOLUTE AND RELOCATABLE EXPRESSION RULES 

A is absolute, B is absolute 
A is absolute, B is relocatable 
A is relocatable, Bis absolute 
A is relocatable, Bis relocatable 

In both examples below, the Branch instruc
tion transfers to the instruction labelled 
LOOP2!'i. 

R *+8 

LHI !Hi, 0 

LOOP~:i LB R5, TABLE (lUi) 

H *+6 
SHH RG, RG 

u )()J>2;) LB R:i, TABLE(R<i) 

The proper alig·nrncnt of the location counter 
to halfword memory boundaries is provided 
by the asscmblct'. If a character data con
stant spccifi<'a1 ion is followect by an instruc
tion 01' lwlfwn1«I dat:1, halfword alignment is 
forc<~d. Thl' value' of thC' location counter is 
absolute or relocatable depending on the op
erand entry of the assembler ORG instruction. 
If the expression appC'aring as the operand is 
1·clocat;1lile. !lw location counter value (*) is 
relocatable: if the expression is absolute, the 
location counter value is absolute. If no ORG 
is spc('ified in a program, the location counter 
starts at l'el1iC'atahle zero. 

4. MACHINE INSTRUCTIONS FORMAT 

The asscrnhlcr rrovides the facility for 
representing all the mn<'hine instruction 
opc>ration codes with m1wn10nics. The bi
nary instruction is gcn('r:1ted l1y the asscm
bh'r lro111 1.he opc1·ation nnw111onic and the 
01wrand. Tal>le !l sumnwril".('S tlw formats 
used. 

The llllH'n1011i1· in the operation field speci
fics tl1<· d<'Si r1·d function, i. c., Add. Each 
instrudion h:1s a unique mn('monic that is 

used as the opC'ration. Thesc> mn<'mnnics 
' and their nw:mings arc listed in Appendix 1. 

Some insiruC'I ion (~xamples a1·e: 
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A+B A-B 
Absolute Absolute 
Relocatable Invalid 
Relocatable Relocatable 
Invalid Absolute 

RR - Format Instructions 

Name Operation Operand 

GO LHR 1 ') 
,~ 

BALH R15, H12 
LOOP12 AHH. 3,3 

DHR DEND, ISOR 

HX -· Format Instructions 

Name Operation Operand 

TES Tl STH R7, TEMP 
MH 13, TABLE (3) 

LH TWELV, O(X7) 
AH X'B', TOP+4(5) 

RS Format Instructions 

Name Operation Operand 

LHI O,X'9DAE' 
FINI AIU R7, 1 

BXLE R4,LAST1 
SLHL Rl2, 8 

5. ASSEMBLER INSTRUCTIONS 
(PSEUDO-OPS) 

Assembler instructions are used to control 
the assembly process, define symbols, and 
generate data. Assembler instruction state
ments do not always generate data as the 
machine instruction statements do. The 
following paragraphs describe the assembler 
instructions. 



TABLE 5. INSTRUCTION FORMAT SUMMARY . 

Applicable 
Machine Format Assembly Format Instructions 

Bit.:-; 8 4 ,, rn OPERATION OPE HAND 

OP H.1 R2 
OP Ml R2 
OP R2 

OP Rl X2 A 

OP Ml X2 A 
OP X2 A 

OP Rl X2 A 

OP X2 A 

5. 1 Symbol Definition Instructions 

5.1.1 EQU - Equate Symbol 

Name Operation 

A symbol EQU 
required 

Operand 

an expression 

The .EQU assembler instruction is used to 
equate a symbol to the value of an expres
sion. Symbols used in the expression must 
be previously defined. The value of the 
symbol is relocatable or absolute as deter-

. mined by the expression. 

Th<' EQll as8cmbkr instruction is used to 
equate symbolic General Register names to 
their appropriate value. 

Name 

IW 

H.7 

Operation 

EQU 
EQU 

• 
• 
• 
LHR 

Operand 

6 
7 

R6,R7 

OP 
OP 
OP 

OP 

OP 
OP 

OP 

OP 

Rl,R2 All RR except branches 
Ml,R2 BTCR or BFCR 
R2 BR or NOPR 

Rl, A(X2) All RX except brandes 

Ml, A(X2) BTC or BFC 
A(X2) B or NOP or Extended 

Branch Mnemonics 

Rl,A(X2) All RS except LPSW 

A(X2) LPSW 

5. 1. 2 ENTRY - Identify Entry
Point Symbol 

Name Operation 

Not used ENTRY 

Operand 

One or more 
symbols separ
ated by commas 

The utility of symbolic register designations 
is in the ease with which registers can be 
reassigned without extensive recoding. To 

. change from General Register 6 to General 
Register 1 requires changing only the R6 
EQU 6 assembler statement. 

Other examples are: 

Name Operation Operand 

LOOP EQU LOO Pl 
TOP EQU END-64 
DELTA EQU BOTTOM-TOP 
HERE EQU * 
START EQU X'OlFE' 
BLANKS EQU C' 
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The ENTRY assembler instruction identifies 
s.vm ho ls that an• defined In this program 
and may Ii(• mH•d h.v som(i. oth<•r program. 
'i'hil'> pl't'mits programs that arc assembled 
separately to communicate with each other. 
Qnly those symbols identified as entry sym
bols are available to other separately as
sembled programs. All ENTRY statements 
must precede any symbol definitions in the 
program. 

An example is: 

Narnc Operation Operand 

ENTRY SIN. COSIN 

• 
• 

SJN LHI R7, TEMP2 

• 
• 

COSIN LHI R8, TEMP3 

• 
• 
ENI> 

5. 1. 3 EXTRN Identify Ex-
ternal Symbol 

N:t nw Operation 

Not wwd EXTHN 

Operand 

Om.~ or more 
symbols separ
ated by commas 

Tlw EXTH.N a:::isemhlcr instruction identifies. 
s.vmhol8 that arc defined in another program 
that will h<' r<'fercnced by this program. 
This J)(•rmits programs that arc assembled 
St'paralc•l.v to ('Ommunicatc with each other. 
Only thos<· H.nnhols identified as ENTHY 

HymholH in :111other p·rogram should he iden
tified as c•xl<•rnally defined in this program. 
All EXTilN statements must precede any 
symbol definil ions in the program. 
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An example is: 

Nam~ Operation Opernnd 

EXTRN SIN,COSIN 

• 
• 
BAL Rl5,SIN 

• 
• 
BAL Rl5,COSIN 

• 
• 
END 

Any symbols declared as EXTRN's must be 
used with the following restrictions: 

1. EX'l'RN symbols must not be 
combined in arithmetic expres
sions; i.e . 

LH 3,SIN+2 

2. EXTRN symbols must not be 
used in the Rl or R2 field of 
an instruction; i. e. 

3. 

LH 3, 2(SIN) 

EXTRN symbols must not be 
used with assembler pseudo
ops such as 00, EQU, END, 
etc. 

'rhc utility of the ENTRY, EXTRN assem
bler instructions is realized when subrou
tines are written. Rather than having to 
assemble the main program and its sub
routines at the same time in order to 
establish correct communication, the ENTRY 
EXTRN permits the main program to be as
sembled and then loaded with the previously 
assembled subroutines. The symbols iden
tified by ENTRY and EXTRN statements are 
then linked at load time by the General 
Loader. The ability to assemble and debug 
the subroutines and main programs in a 
modular fashion is very convenient. 



Consider tlw following two hypothetical 
progranlS: 

Na nw 

* 
* 
* 

STAHT 

* 

S'l'ART 

DABB 
HIPLE 

Opt> ration ()p<.~rand 

MAIN PROGRAM 

EXTRN RIPLE,DABB 
LHI R7, 7 
LHI R15, X'FOFO' 

• 
• 
STH rn, DABB 
BAL !{7, IUPLE 
B START 
END 
SUBROUTINE RIPLE 

ENTRY IUPLE,DABB 
LH H2, DABB 
AHI H.2, C' *-' 
BR H.7 
DS 2 
EQlJ STAHT 
END 

The symbols HIPLE and DABB are used by 
th<' main program, but their values are not 
known at assembly time. Since they are 
defined as EXTHN's, the symbols RIPLE 
and DABB and the location at which they 
arc n'ferenced in the main program, are 
punched on the object tape or cards along 
with the rest of the assembled main pro
gram. In a similar fashion, when the sub
routin<' is asscmhlcd, the syrnhols RIPLE 
and DABB and their values are punched 
along with the subroutine. 

As th<' main program and subroutines are 
Joaded, the loader accumulates a table of 
references to syrn bols and their values. 
This information is used by the loader to 
Jink tlw main program and subroutine by 
replacing ev<~r.v reference to llIPLE and 
DABB by the values passed on from the 
subroutine by the ENTRY assembler instruc
tion. Note that the General Loader must be 
ufwd to load the object tape for any program 
involving ENTRY's or EXTHN's. 

5. 2 Data Definition Instructions 

There are two data definition instructions, 
the DC and the DS. These assembler in
structions provide a convenient means to 
define and reserve data storage. 

5. 2.1 DC Define Constant 

Name Operation Operand 

A symbol 
optional 

DC One or more 
operands separ
ated by commas 

The DC assembler instruction is used to de
fine constants and generate actual data. 
These constants may be hexadecimal, deci
mal, character, address, or floating-point 
constants. The type of constant is indicated 
by a prefix code. 

Code Constant Type Machine Format 

C Character 8-bit character code 
X Hexadecimal 1 G-bit hi nary 
H 
A 
E 

Decimal 
Address 
Floating- Point 

Hi-bit binary 
1 fi-bit binary 
32-bit binary 

5.2.1.1 c Character Constant 

The character constant can be any length. 
It must be enclosed in single quotation marks 
and preceded by a C. 

Name 

MESGl 

Operation Operand 

DC 
DC 

C'LOAD THE TAPE' 
C 'EXECUTE AT l 9FE' 

Each character is translated into one 8-bit 
byte of storage. If an odd number of char
acters is specified, a blank ehar-acter is 
automatically appended. This maintains 
halfword boundary alignment for any following 
machine instructions. If only one eharacter 
appears between the quote marks, the 8-bit 
byte is left justified in the halfword, with the 
code for blank X'20' in the right half. In. 
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general, all ch:1ractcrs arc translated into 
7-bit J\SC II cod<'. with the rnoHt significant 
bit Zt'ro. J\s an example of this alignment, 
process, th<~ following two data definition 
inRtructions arc equivalent. Each instruc
tion g-enerates 14 bytes of data. 

Name Operation Operand 

DC C 'AN ODD NUMBER' 

DC C'AN EVEN NUMBEH' 

5.2.1.2 x Hexadecimal Constant 

A h<'x:tckc i 111:tl constant can IJc from one to 

four digits. The hexadecimal digits are: 

0, I, :>., :l, 4, 5, G, 7, 8, 9; A, B, 
c: /), 1.;. 1" 

The hexadecimal constants must be enclosed 
in single quotation marks and preceded by an 
X. Examples are: 

Na me ~~~!J_cl_n ___ O_._p_e_r_a_n_d 

l)J\'J'.'\l f)(' 

DC 

X'lFE' 
X'C800' 

The hcxad<'cimal constant is converted to a 
properly aligned Hi-bit halfword. If fewer 
than four digits are specified, the digits are 
right justified and leading zeros generated. 
For example, the following data constants 
arc equivalent and result in a 16-bit data 
constant. 

Name Operation Operand 

DC 

DC 
DC 

!i. 2. 1. :1 TI 

X'lC' 
X'OlC' 
X'OOlC' 

Halfword Decimal 
Constants 

A decimal constant can be from one to five 
digits plus sign. They cannot exceed 
+32, 767 maximum or -:32, 768 minimum. 
The decimal dig-its arc enclosed in single 
quotation murks and preceded by the letter 
fL 

l~ 

DC H'-792', H'-30000' 

The decimal constant is converted to a prop
erly aligned, right justified 16-bit integer. 

5.2.1.4 A Address Constant 

An address constant is a storage address 
that is translated into a constant. It is a 
relocatable or absolute constant as deter
mined by the combination of symbols and 
constants in the expression. Unlike other 
constants, the address constant is enclosed 
in parentheses and preceded by the letter A. 

oc 
DC 
DC 

A(LOOP+2) 
A(TABLE) 
A (TOP- BOTTOM) 

The constant stored is relocatable or abso
lute as determined by the rules given in 
Table 4. 

The following examples show how a single 
DC instruction can be used to define differ
ent types of data. Each operand is separ
ated from the next with a comma, 

Name Operation Operand 

DATUMl DC X'OFOO',C'ABCD' 
MSG2 DC C'A MESSAGE', H'132' 

DC A(ARGAl), ~(HEX-lG), X'39 1 

Decimal constants and address constants can 
be created without the H' ' and A( ) nota
tion if desired. For example: 

DC 

DC 
DC 

12:3, H'123' 
SAM,A(SAM) 
TOP+;39, X-Y 

G. 2.1. G E Floating Point 
Constant 

The floating-point constant consists of a 
decimal number, as formatted below, en
closed in single quotes and preceded by an 
E. The format of the decimal number is as 
follows: 



" I. An optional leading plus sign or 
a minus sif:,rn. 

2. One or more decimal digits that 
may include a decimal point. 

:L An optional E character followed 
by an optional leading plus sign 
or a minus sign and one or two 
dee imal digits, denoting a power 
of ten. 

JI', how<'V<~r·, mo1·c· than :->ix digits a re speci

fied, (for example E'12~H567E3'), the proper 
order of ma~itude will result, but only six 
digits of precision are maintained. That is, 
nurnbcrs in the range from approximately 
5.4 x 10-79 to 7.2 x 1075 can be repre
sented in the above format with six digits 
of precision. 

Each floating-point OC data constant entry 
is translated by the assembler into a float
ing-point number in a specified binary 
representation requiring two halfwords. 
Refer to the GE-PAC 30 Reference Manual, 
Publication Number 29-004 for a detailed 
explanation of the floating-point binary 
representation generated. 

There cannot be any blanks within or be
tween E constants, and they must be separ
ated from each other with a comma as in 
the last example below. 

Examples: DC E'7. 2E+75' approximate 
maximum 

oc E'5. 4E-79' approximate 
minimum 

DC. E'7, 1E+75' 
DC E'5. 5E-79' 
DC E'+l27. 47E-45' 
DC E'-4. 007EO' 
Jx; E'12:M56' 
IX~ E'. 12:H5(iEG' 
1x: E'lE-74', E'lE-75' 

The assembler will produce an error flag 
when an~· of the following occur: 

Error Flag Error 

F 

F 

T 

Multiple decimal points occur 
before the number is termin
ated, or an E is encountered. 

Any decimal point occurs af
ter the E is encountered. 

The specified power of ten is 
not in the range -!)9 to 9!l. 

Illegal Examples: Error Flag 

~DC E'lO. 03. 49' F (Format 
Error) 

DC E'lO. 03E4. 0' F 
DC E'2DA8E-30' F 
DC E'lO, 000' F 
DC E'lE-100' T (Truncation 

Error) 
CD E''178E+-100' T 

Numbers whose magnitude exceeds the 
largest possible number are converted to 
the largest floating-point number which is 
X'7FFF', X'FFFF' for positive values, 
and X'FFFF', X'FFFF' for negative values. 
Numbers whose magnitude is less than the 
smallest possible number are converted to 
true floating-point zero, which is X'OOOO', 
X'OOOO'. 

Examples: DC E'7. 3E+75' 
oc E'5. 3E-79' 
oc E'lE-99' 
oc E'lE+99'. 
oc E'73E+76' 
oc E'123456E83' 

5.2.2 DS Define Storage 

NamP Operation Operand 

A symhol DS An expression 

optional 
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The DS aHS(•mblcr instruction is used to 
reserve storage areas. The value of the 
expression in the operand entry determines 
the number of bytes reserved. If a symbol 
appears as a name, the value of the symbol 
is the location of the first byte reserved. 
No data is generated and the storage area 
reserved is not set to zero. 

Example: 

Name Operation Operand 

!NAB.EA 
OUT Pl TT 

DS 
DS 

80 
TABLE1-TABLE2 

r. ') 
.) ... Ass<'mhJcr Contl·ol Instructions 

Assembler control instructions are used to 
control the location counter, the number of 
passes, between pass stops, printing and 
punching, conditional assembly, and assem
bly termination. None of these assembler 
instructions 14c•nprat<· machine code instruc
tions or constants in the object program. 

5. :1. I OPT Specify Options 

Name Operation Operand 

l\ot 11 sccl OPT One or more 
operands separ
ated by commas 

The 0 PT statement must be the first state
nH'nt in the• program. The OPT assembler 
instruction is used to specify the following 
assc·mhly options. 

Number of Passes: PASSl, PASS2, 
PASSa 

Printing: PRINT, NOPRNT 
P111whing: PUNCH. NO PNC H 
ll1·lw1·1·11 Pass Stop: STOP, GO 
f>l'<l1'. r:1 rn Label: LA B: 0A BC DEF 

The options <':111 appear in any order in the 
0 PT statPnwnt. 

14 

If no OPT statement or specification of a 
particular option appears, the assumed op
tions are as follows: 

- PASS! 

- PRINT 
- NOPNCH 
- STOP 

Typical OPT statements might be: 

Name Operation Operand 

OPT 
OPT 
OPT 
OPT 

PASS2, PUNCH, GO 
PUNCH, NOPRNT, PASSl 
STOP, PRINT, PASS3, PUNCH 
PUNCH, LAB=PROq3 

-PASSI, One-Pass assembly option. 

Specifying the PASS! option, causes the 
source tape or cards to be read by the as
sembler once. The printed a·ssembly listings 
and punched object tape are produced in ac
cordance with the punching and printing 
options that have been specified. 

For example: 

Name Operation Operand 

OPT PUNCH, PRINT, PASSI 

will produce an assembly listing, punch the 
object code, and halt after one pass over the 
source statements. Object tapes from one
pass assemblies must be loaded by the Gen
eral Loader. Therefore, PASS! assemblies 
should only be specified when it is feasible 
to use the General Loader at load time. 

-PASS2, Two-Pass assembly option. 

Specifying the PASS2 option causes the 
source tape or cards to be read by the as
sembler twice. The printed assembly list.;;. 
ing and punched object are produced during 
the second pass. As with the PASS! option, 

. they are produced in accordance with the 
punching and printing options that have been 
specified. 



PASS:l. Thrc('- Pass assembly 
option. 

Sp('cil'ying the PASSJ option causes the 
sm1 rec tape or cards to be read by the as
sern l>lcr thrco times. The principle use of 
the PASS:i option is to produce two pass 
as~wmhl ies of :i program using the teletype
writ(·t·. The 1hrcc pass assembly is identi
cal to the two pass except that the assembly 
listing is produced during the second pass 
and the object punched during the third pass. 

J>IUNT. Print a:c;semhl_v listing 

opt j Oil 

Speei fying the PRINT option will cause the 
;1ss<•rnhl_v listing to be printed during: 

- the first pass of a one-pass 
assembly 

- the second pass of a two-pass 
assembly 

- the second pass of a three-pass 
assembly 

- NOPRNT, No printing option 

Specifying the NOPRNT option suppresses 
any printing of the assembly listing. 

PUNCH. Punch object option. 

Specifying the PUNCH option causes the 
object program to be punched during: 

- tho first pass of a one-pass 
assembly 

- the second pass of a two-pass 
assembly 

- the third pass of a three-pass 
assembly 

NOPNCH, No punching option 

Specifying the NO PNC JI option suppresses 
punching· of the object program. 

STOP, Stop after e;lch pass option. 

Specifying the STOP option causes the as
sembler to stop after each pass of the 
assembly. 

GO, Go to the next pass option. 

Specifying the GO option causes the assem
bler to go immediately to the next pass of 
the assembly without operator intervention. 
This is useful when hatching assemblies. 

LAB" nnnnnn 

A program label can be 1 to 6 characters: 
the first character must be a letter, sub
sequent characters can be letters or digits. 
The program label is punched on the object 
tape in symbolic form. When using the 
General Loader,. program labels are typed 
at load time. Note that program labels arc 
appropriate only when the General Loader 
is used. 

5.3.2 OHG Set Location Counter 

Name Operation Operand 

Not used ORG A relocatable or 
absolute expres
sion 

The ORG assembler instruction is used to 
control the location counter. The ORG 
causes the location counter to be set to the 
value of the expression in the operand entry. 
The value is relocatable or absolute as deter
mined by the expression. 

The location counter is initialized to zero 
before each assembly. If no OHG assembler 
instruction appears at the beginning of the 
program, the location counter will lwgin at 

r0 locatable zero. 

Symbols appearing in the operand of the 
OllG must he previously defined. 
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The OH<i :rnH<•mhler instruction assures 
propc• r haHword alignment for any following
mac hi nc instructions by always forcing the 
value or the location counter to be even. 
For example, the following two ORG state
nwnts produce a location counter value of 
X'OH>C'. 

Name Operation 

ORG 
ORG 

Operand 

X'Ol9D' 
X'Ol9C' 

To obtain a relocatable program, no ORG 
statcnwnt iR necessary. A program can be 
mack ah:-::olute at any time by using an ORG 
with an absolute operand, like ORG X'lOO'. 
Once a program is absolute, it can be made 
rclocatab]{' again by referring to a previously 
ddined rdocatahk symbol. For example: 

OPT 
START EQlJ + 

ORG X'lOOO' 
ORG START+lOO 
END 

REL PORTION 
ABS PORTION 
REL PORTION 

Conditional Assembly 

Name 

A s:vmbol 
option 

Operation 

DO 

Operand 

A single expres
sion 

The IX> assembler jnstruction causes the 
statcnwnt immediately following the DO 

statement. to be processed as many times 
as specified hy the value of the expression 
in the 01wrand entry. If the value is zero, 
the next :-::t.at{'ment is skipped. The condi
tional asi-wmhly of instructions and genera
tion or data i:.; ortPn used to courigurc: 
standard prog1·ams at. asHemhly time. 

For example: 

• 
• 
DO CNFGRl 
BAL Rl5, SUBRl 
DO 1-CNFGRl 
BAL Rl, SU BR3 

• 
• 

If CNFGRl has a value of 1, the branch to 
SUBRl will be generated. If the value of 
CNFGRl is 0, the branch to SUBR3 will be 
generated. 

5.3.4 END End Assem}?ly 

Name 

A symbol 
optional 

Operation 

END 

Operand 

An absolute or 
relocatable ex-

. pression (optional) 

The END assembler instruction terminates 
the assembly of the program. The value of 
the expression, if present, designates the 
place in the program where control is trans
ferred after the program has been loaded. 
If an expression is not present, no automatic 
transfer of control takes place after loading. 

An example follows: 

Name Operation 

ORG 
PLACE! LHI 

• 
• 
• 
• 

LAST END 

Operand 

100 
R3,DATA2 

PLACE! 

The optional symbol, LAST, points to the 
next sequential halfword address beyond 
the object program. After loading this ex
ample program, Processor control is auto
matic ally transferred to location X'OlOO' 
(PLACEl). 





APPENDIX 1 

(Continued) OPERAND 
INSTHUCTION TYPE MNEMONIC FORMAT OP CODE 

Branch on Low* RX BL A(X2) 428 
Branch on Not Low* RX BNL A(X2) 438 

Branch on Minus* RX BM A(X2) 421 
Branch on Not Minus* RX BNM A(X2) 431 

Branch on Carry* RX BC A(X2) 428 

Compare Logical Halfword RR CLHR Rl,R2 05 
Compare Logical Halfword RX CLH Rl, A(X2) 45 
Compare Logical Halfword Immediate RS CLID Rl,A(X2) C5 

Divide Halfword RR DHR Rl,R2 OD 
Divide Halfword RX DH Rl,A(X2) 4D 

Exclusive on Halfword RR XHR Rl,R2 07 
1Exclusive on Halfword RX XH Rl, A(X2) 47 
ExclusiV<~ OH Hn lfword Tmmcdiate RS xm Rl, A(X2) . C7 

Floating- Point Add·-+"* RR AER Rl,R2 2A 
Floating-Point Add** RX AE Rl,A(X2) 6A 

Floating-Point Compare** RR CER Rl,R2 29 
Floating-Point Compare** RX CE Rl,A(X2) 69 

Floating-Point Divide** RR DER Rl,R2 2D 
Floating-Point Divide** RX DE Rl,A(X2) 6D 

Floating-Point Load** RR LER Rl,R2 28 
Floating-Point Load** RX LE Rl, A(X2) 6s··· 

Floating-Point Multiply** RR MER Rl,R2 2C 
Floating-Point Multiply** RX ME Rl, A(X2) 6C 

Floating-Point Store** RX STE Rl, A(X2) 60 

Floating-Point Subtract** RR SER Rl,R2 2B 
Floating- Point Subtract** RX SE Rl,A(X2) 6B 

Load Uyte RR LBR Rl,R2 93 
Load Byt.e RX LB Rl,A(X2) D3 

*Extended Branch Mnemonics 
**GE-PAC 30-2 Instruction Only 
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APPENDIX 1 
( Continued) 

OPERMD 
INSTRUCTION TYPE MNEMONIC FORMAT OP CODE 

Load Halfword RR LHR Rl,R2 08 
Load Halfword RX LH Rl,A(X2) 48 
Load Halfword Immediate RS LHI Rl,A(X2) C8 

Load Multiple** RX LM Rl,A(X2) Dl 

Load Program Status Word RX LPSW A(X2) C2 

Multiply Halfword RR MHR Rl,R2 oc 
Multiply Halfword RX MH Rl, A(X2) 4C 

No Operation* RR NOPR R2 020 
No Operation* RX NOP A(X2) 420 

OR Halfword RR OHR Rl,R2 06 
OR Halfword RX OH Rl, A(X2) 46 
OR Halfword Immediate RS OHi Rl, A(X2) C6 

Output Command RR OCR Rl,R2 9E 
Output Command RX oc Rl, A(X2) DE 

Read Block RR RBR Rl,R2 97 
Read Block RX RB Rl, A(X2) D7 

Read Data RR RDR Rl,R2 9B 
Read Data RX RD Rl,A(X2) DB 

Sense Status RR SSR Rl,R2 9D 
Sense Status RX SS Rl, A(X2) DD 

ShiJt Left Arithmetic RS SLHA Rl,A(X2) CF 

Shift Left Logical RS SLHL Rl,A(X2) CD 

Shift Right Arithmetic RS SRHA Rl,A(X2) CE 

Shift Right Logical RS SRHL Rl, A(X2) cc 

Store Byte RR STBR Rl,R2 92 
Store Byte RX STB Rl, A(X2) D2 

*Extended Branch Mnemonics 
**GE-PAC 30-2 Instruction only 
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APPENDIX 1 
(Continued) 

OPERAND 
INS'rRUCTION TYPE MNEMONIC FORMAT OP CODE 

Store Halfword RX STH Rl, A(X2) 40 

Store Multiple** RX STM Rl,A(X2) DO 

Subtract Halfword RR SHR Rl,R2 OB 
Subtract Halfword RX SH Rl, A(X2) 4B 
Subtract Halfword Immediate RS SHI Rl,A(X2) CB 

Subtract with Carry Halfword RR SCHR Rl,R2 OF 
Subtract with Carry Halfword RX SCH Rl, A(X2) 4F 

Unchain** RR UNCH Rl,R2 90 

Write Block RH WBR Rl,R2 96 
Write Block RX WB Rl, A(X2) D6 

Write Data RR WDR Rl,R2 9A 
Write Data RX WD Rl, A(X2) DA 

**GE-PAC 30-2 Instruction Only 
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APPENDIX 2 
SUMMARY OF ASSEMBLER INSTRUCTIONS 

EQU 
ENTRY 
EXTRN 

DC 

DS 

OPT 

ORG 
DO 
END 

Symbol Definition Instructions 

Equate Symbol 
Identify Entry-Point Symbol 
Identify External Symbol 

Data Definition Instructions 

-C 
-X 
-A 
-H 
-E 

Define Constant, used to specify the 
following data types 

Character Constant 
Hexadecimal Constant 
Address Constant 
Halfword Decimal Constant 
Floating-Point Constant 

Define Storage 

Assembler Control Instructions 

Specify Options 

- PASSl 
- PASS2 
- PASS3 

One Pass Assembly 
Two Pass Assembly 
Three Pass Assembly 

- PUNCH Punch Object Tape 
- NOPNCH No Punching of Object Tape 

- PRINT Print Assembly Listing 
- NOPRNT No Printing of Assembly Listing 

- STOP Stop After Each Pass 
- GO Go, After Each Pass, to the next Pass 

Set Location Counter 
Conditional Assemhly 
End Assemhly 

A2-1 
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GE 03-001R01A16 

ASSEMBLER OPERATING INSTRUCTIONS 

1. GENERAL DESCRIPTION 

The Assembler accepts source statements as 
described in the Assembler Manual, Publica
tion Number 03-001R03A12. Refer to the 
Assembler Manul for an explanation of the 
source language. This document describes 
the operation procedures for the Tape Assem
bler, which accepts source statements from 
either a teletypewriter or a high speed tape 
reader. The operation of the Card Assem
bler is the same, except that source state
ments must be entered through a card reader. 

2. CONFIGURATION 

Both the Tape and Card Assemblers run on 
any GE- PAC 30 Processor with BK or more 
of core memory. The Tape Assembler oper
ates with either teletypewriters or high speed 
paper tape equipment for input-output. The 
Card Assembler requires a card reader for 
source inputs. The High Speed Arithmetic 
instruction repertoire is not required. 

3. TAPE FORMAT 

The Assemblers are provided as bootstrap 
tapes, as indicated by the MlO designation 
in the object tape part number. These tapes 
are loaded using the 8-bit loader at X 150 1• 
Refer to the Bootstrap Programs and Proce
dures, Publication Number 06-030A12, for 
an explanation of the tape organization and 
loading sequence. 

4. ASSEMBLER TAPES 

There are four variations of the Assembler 
as follows: 

Name Tape Number 

Tape Assembler/ 30-1 03-001R03M10 

Card Assembler/30-1 03-004R03Ml 0 

Tape Assembler/30-2 03- 008R03Ml 0 

Card Assembler/30-2 03-009R03M10 

The Tape Assemblers read source input from 
a tape device: teletypewriter or high- speed 
paper tape reader. The Card Assemblers 
read source input from a card reader and 
are appropriate only with a Soroban Column
strobing card reader. 

The 30-1 suffix implies that only 30-1 mnemon
ic op-codes, as defined in the Assembler Man
ual, Publication Number 03-001R03A12, are 
recognized. However, both 30-1 Assemblers 
can run on a 30-2 Processor. 

The 30-2 suffix implies that in addition to rec
ognizing the 30-1 mnemonic op-codes, the 
30-2 Assemblers also recognize 30-2 mnemon
ic op-codes. See Appendix 1 for a summary 
of mnemonic op-codes that are pertinent only 
for 30-2. The 30-2 Assemblers also recognize 
the Assembler pseudo op Floating- Point Data 
Constant (DC); for example, DC E 1789. 163E-
561. Because of the memory required to ex
pand the 30-2 J\sscrnbler's capability, the 30-2 
Assembler Syrnbol Table is proportionately 
smaller than lhosc of the :rn- t Assemblers. 
Refer to Table 2 under Section 9. Both 30-2 
Assemblers run on a 30-1 Processor. 

NOTE 

Both 30-1 Assemblers and both 30-.2 Assem
blers run on any standard GE-PAC 30 Pro
cessor with BK or more memory. The High 
Speed option is not required. 

5. LOADING PROCEDURES 

The Assembler bootstrap tapes should be 
loaded with the 8-bit loader at X 150 1. The 50 
Sequence, which includes this loader, is dis
cussed in the first part of the Programming 
Manual, Publication Number 29-013. Prior 
to loading, the 50 Sequence must be entered 
into memory. Also the Binary Input Device 
Definition at X 178 1 must be set to select the 
desired loading device. Given the 50 Sequence 
in memory, the steps required to load lhc 
Assemblers arc: 

1. Place the bootstrap tape in 
the tape reader with the first 
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character over the read 
fingers or just preceding 
the photo diodes. 

2. Set Data/Address Switches 
to xr50 1, set MODE CON
TROL to ADRS, and depress 
EXECUTE. 

3. Depress INITIALIZE. 

4. Set the MODE CONTROL 
to RUN, and depress EX
ECUTE. 

5. If a teletypewriter is be
ing used as the load device, 
manually start the tape 
motion by moving the read
er switch to Start or Run. 
When approximately a foot 
of tape has been read, the 
lower half of Display Reg
ister 2 flashes to indicate 
that the tape is actually 
loading. If lhis does not 
oc<·u r, check to see that 
the loading procedures were 
followed correctly. 

6. If the reader stops and the 
Processor halts before the 
end of the tape is reached, 
an error has been detected. 
In this case, reposition the 
tape for the previous record 
gap and push EXECUTE to 
reread the previous record. 

7. When all of the program has 
been loaded, the tape will 
stop, and Processor control 
is trans.ferred directly to the 
Assembler at X 180 1• The As
sembler then :1alts, with the 
Wait light illuminated. 

Note that during the bootstrap loading pro
cess, memory locations from X 11D00 1 to 
X'1F07' are used. 
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6. DEVICE SELECTION 

The Assemblers use three halfwords in the 
Device Definition Table as follows: 

Name Location Used For 

BOUTDV X 17A' selection of the punch 
device 

SINDV x 17C' selection of the 
source input device 

LISTDV X 17E 1 selection of the list 
device 

These halfwords must be set up prior to start
. ing the assembler. These halfwords should 

contain information in the. form: 

0 7 8 15 
Device No. Output Command I 

The appropriate halfwords for various de
vices are shown below. 

Teletypewriter Input 0294 

Teletypewriter Output 0298 

High Speed Paper Tape Input 0399 

High Speed Paper Tape Output 039A 

Card Input 04A 0 

Line Printer 07 80 

Various configurations are as follows: 

X 17A 1 0298 

X 17C' 0294 

Teletypewriter punch de
vice 

Teletypewriter source 
input device 



X'7E 1 0298 Teletypewriter list de-
vice 

X 17A 1 039A High Speed tape punch 
device 

X'7C' 0399 High Speed tape input 
device 

X'7E' 0780 Line Printer 

X'7A 1 039A High Speed tape punch 
device 

X 17C 1 04AO Card reader source 
input device 

X 17E' 0298 Teletypewriter list de 
vice 

In the third configuration above, one of the 
Card Assemblers is required to handle source 
inputs from a card reader. 

7. SOURCE TAPE FORMAT 

Source statements can be any number of char
acters followed by a carriage return character. 
The characters should be represented in 
ASCII code, as defined in the Reference Man
ual, Publication Number 29-004. The most 
significant bit of each character is ignored by 
the assembler; therefore, either the 7-bit or 
8-bit form of ASCII is acceptable. 

The carriage return character terminates each 
statement. Line feed characters, and any non
printing characters are ignored by the assem:
bler. Statements longer than 60 characters 
are truncated on input. That is, all characters 
between the sixieth character and the terminat
ing carriage return are ignored. However, 
due to the listing format, no more than 56 char
acters per source statement are printed. 

Statements should be separated on the source 
tape by at least 5 or 6 non-printing characters. 
This statement separation is required due to 
the start/stop characteristics of a teletype
writer tape reader. Source tapes typically 
used 10-12 rubout characters between records. 

Actually, any non-printing character other 
than carriage return will suffice. 

The first statement in a program should be 
an option control (OPT) statement. This 
statement defines options from the following 
list: 

PASS1,PASS2, PASS3 
PRINT, NOPRNT 
PUNCH, NOPNCH 
STOP, GO 
LAB XXXXXX 

If no OPT statement is provided, the Assem-· 
bler assumes PASSl, PRINT, NOPNCH, 
STOP, and provides no program label. 

The last statement in a program must be an 
END statement. When operating, the Assem
bler reads the source tape until an END 
statement is encountered. 

8. OPERA TING PROCEDURES 

Followin~~ the load of a bootstrap Assembler 
tape, co11tn>l is transferr('d directly to the 
Assembler. The Assembler in this ease 
performs some initialization and halts; pm;h 
EXECUTE on the Display Panel to proceed 
with the assembly. 

If the Assembler needs to be restarted, use 
the following procedure: 

1. 

2. 

3. 

4. 

5. 

6. 

Set the Data/Address switches to 
X 180'. 

Set the MODE CONTROL to ADRS. 

Depress EXECUTE. 

Set the MODE CONTR'OL to RUN. 

Depress EXECUTE. The Assem
bler will halt. 

Depress EXECUTE again. 

3 



When started, the Assembler prints the 
message 

PASSl 

on the list device, advances the paper sev
eral lines, and halts. Push EXECUTE to 
proceed with the assembly. Once the as
sembly is started, the procedures vary 
according to the number of passes specified 
in the OPT statement. Theses procedures 
are summarized in Figures 1, 2, and 3. 

Prior to each pass, the Assembler types a 
message to identify .which pass is next; also 
the message PREPARE PUNCH occurs pre
ceding the punch pass. After printing these 
messages, the Assembler advances the 
paper several lines and halts.. At this point, 
the operator should place the source tape in 
the reader, adjust the list device to top-of
form if printing is going to occur, prepare 
the punch if punching is going to occur, and 
depress EXECUTE on the Display Panel. 
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Operator 

Start al X'HO' 

D1.•prcss l<:XECUTE 

Bring papp1· lo 

top-of-form. prc
pan• punch device, 
put source tape in 
reader, and depress 
EXI<:CllTE 

Assembler 

Halts-------. 

Clears symbol 
tahle. types 
PASS land 
halts 

Reads source 
tape and does 
I-pass opera-
tion until END 
statement, prints 
out symbol table 
then ------' 

I·' i · ~u r1 • I . Opera tin~ Pro(' ('cl u re -~ 

1 Pass Asseml>lv 

NOTE 

All punch devices are actually 
turned on under program con
trol of the Assembler. The 
messagePREPARE PUNCHim
plies only that the punch device 
be prepared. That is,, the punch 
device must have tape inserted, 
and ample leader must be punch
ed, etc. 

The Assembler then reads the source tape 
and performs the operations appropriate to 
the current pass, as shown on Table 1. 

Each pass proceeds until an END statement 
is encountered. When this occurs, the cur
rent pass is completed. When the END 

·statement is read during PASSl, the Assem
bler prints out the Symbol Table. All unde
fined symbols are preceded by an error flag 
of U. The source program can be corrected 
at this time and a PASSl restarted. 

If an excess number of symbols is read by 
the Assembler, Symbol Table overflow is 
shown by listing the source statement that 
caused the overflow. These source state
ments are flagged with an S error flag. The 
printout on overflow occurs during PASSl 
and also the print pass, when the PRINT 
option has been specified in the OPT state
ment. 

If the current pass was not the final pass of 
an assembly, the next pass is identified with 
a message, and the assembler halts. The 
above procedures are repeated for each pass. 
If the completed pass was the final pass, the 
Assembler halts. In this case, if EXECUTE 
is depressed, the symbol table is cleared, 
the Assembler prepares itself for another 
assembly, prints PASS 1 and halts. Rather 
than proceed with another program, however, 
the Assembler can be restarted on PASS 2 
or PASS 3 if desired. The restart addresses 
are as follows: 

PASS 1 
PASS 2 of 2 
PASS 2 of 3 
PASS: 3 of 3 

X 180'· 
X 1A6 1 

X 1AE 1 

X'C6 1 



TABLE 1. ASSEMBLER OPEHA'l'I01'<S 

PAii NUM--aii PAIS I 

Operator 

Start at X'80' 

Depress EXECUTE 

Put source tape 
in reader, and 

2 

Assembler 

R!AD SOURCE 
"llNT LISTINe 
PUNCH TAPI 

Halts .. _......, ___ _ 

Clears symbol 
table, types 
PASS 1, and 
halts 

depress EXECUTE Reads source 

tape until END, 
prints out sym -
bol table,_ types 
PASS 2, types 
PREPARE 
PUNCH, and 
halts. 

Bring paper to 
top-of-form, pre
pare punch device, 
put source tape in 
reader, and depress 
EXECUTE 

Reads source 
tape, does 2nd 
pass operations 
until END state
ment, then----' 

Figure 2. Operating Procedure 
2 Pass Assembly 

ASHMBL.Y TYPE 
PASS 2 PASS 5 

RHO SOURCE READ SOURCE 

READ SOURCE 
PRINT LISTING 
PUNCH OBJECT 

READ SOURCE 
PRINT L.ISTIN8 

Operator 

Start at X180 1 · 

Depress EXECUTE 

Put source tape 
in reader, and 
depress EXECUTE 

Bring paper to 
top-of-form, 
put source tape 
in reader and 
depress EXECUTE 

Prepare punch 
device, put 
source tape in 
reader, and de
press EXECUTE 

Assembler 

Halts .------. 

Clears symbol 
table, types 
::? ASS 1, and 
halts 

Reads source 
tape until END, 
prints out sym
bol table, types 
PASS 2, and 
halts. 

Reads source 
tape, does 2nd 
pass operations 
until END, types 
PASS 3, PRE
PARE PUNCH, 
and halts 

Reads source 
tape, does 3rd 
pass operations 
until END state
ment, then----

Figure 3. Operating Procedure -
3 Pass Assembly 

5 



n.(•st:11·t ing :1 p:1ss may be appropriat<• if the 

tape· breaks du ring punching, tlw pap<•r jams 

durini.~ pr· inf ing, <•te. 

9. SYMHOL TABLE SIZE 

The symbol table limits are defined as 
follows: 

X'82' 

X'8A' 

contains a pointer to the 
top of the symbol table, 
normally X'lFFF' 

contains a pointer to the 
bottom of the symbol table 

With all versions of the Assembler, the top 
of the symbol table is defined to he X'lFFF', 
which is the maximum address in an SK mem
ory. The bottom of the symbol table varies 
with each version of the Assembler as indi
cated in Table 2. 

To change the symbol table limits, load the 
halfwords at X'82' and X'HA' with th(~ desired 
l i Ill its and n•start tlw As~wmhlc·r at X' 80'. 
The bottom limit of the table should not be 
lowered, since the Assemblers require from 
X'80' to the bottom limit shown in Tahle 2. 

The maximum number of symbols that can 
be defined depends on the length of the sym
bols. One or two character symbols require 
6 bytes of table space, three or four char
acter symbols require 8 bytes, and five or 
six character symbols require 10 bytes. 

10, ASSEMBLED OBJECT TAPE FORMAT 

The assembled object tape is in standard 
loader format. Refer to Loader Descriptions 
Publication Number 06-025Al2, under OBJEC 
TAPE FORMAT for a detailed description of 
standard loader format. The tape is absolute 
when an ORG statement is present with an ab
solute argument; otherwise the tape is 
relocatable. 

TABLE 2 

Approximate 

Version 
Symbol Table Number of 4 
Bottom Limit character sym-

bols permissable 

Tape Assembler I 30-1 X'lSOO' (256)10 
o:{-001 no:~ 

Card Asscmb1cr/30-I X'l940' (216)10 
o:s-004HO:{ 

Tape Assembler I 30-2 X'lAlO' (190)10 
o:~-008RO:~ 

Card Assembler/ 30-2 X'1B40' (152)10 
o::-009HO:~ 



APPENDIX 1 
INSTRUCTIONS RECOGNIZED ONLY BY 3P-2 ASSEMBLE&5 

Instruction ~ Mnemonic Op-Code 

Auto load RX AL D5 

Floating-Point Add RR AER 2A 
Floating-Point Add RX AE 6A 

Floating-Point Compare RR CER 29 
Floating-Point Compare RX CE 69 

Floating-Point Divide RR DER 2D 
Floating-Point Divide RX DE 6D 

Floating-Point Load RR LER 28 
Floating-Point Load RX LE 68 

Floating-Point Multiply RR MER 2C 
Floating-Point Multiply RX ME 6C 

Floating-Point Store RX STE 60 

Floating-Point Subtract RR SER 2B 
Floating-Point Subtract RX SE 6B 

Load Multiple RX LM Dl 

Store Multiple RX STM DO 

Al-1 





APPENDIX 2 
PROCEDURES FOR USER-DEFINED MNEMONICS 

A feature has been added to the assembler that permits the user to define his own mnemonics 
for machine op-codes. This feature is especially useful for those users who have generated 
the micro-programming necessary for developing new machine instructions for the GE-PAC 
30 Processors. This feature also permits the user to assign different mnemonics to al
ready existing machine op-codes. 

The method used to define new mnemonics to the assembler is the EQU statement. The for-
mat of the statement is as follows: -

Name Operation Operand 

New Mnemonic EQU A Constant 

The name field of the EQU statement contains the user's desired new mnemonic. The new 
mnemonic may then be used in the operation field of any succeeding instruction statements. 
The user's new mnemonic may consist of from one to five characters, the first of which must 
be a letter and the others must be either letters or numbers. It cannot contain any special 
characters or blanks between characters. 

The ·operand field of the EQU statement contains a constant, which when interpreted by the 
assembler, must have a 16-bit halfword value of the form (in hexadecimal): 

nnxy 

where nn = hexl.decimal digits of an op-code. 

and 
or 

or 

x = 0, y = 8 
x = 0, y = 2 

y=C 

for one word (RR) instruction 
for two word (RX or RS) instruction, 

for one word extended (RR) instruction 
in which x is the condition code, 

or y=3 for two word extended (RX or RS) instruction 
in which x is the condition code. 

NOTE 

It is suggested that the choice of nn == FO be restricted 
to allow compatibility with the HEX-DEBUG programs' 
use of FOOO for breakpoints. 

A2-l 



Legal Examples 

Name Operation 

LOO Pl EQU 
LOO Pl 

MOVE EQU 
MOVE 

OP EQU 
OP 

LINK EQU 
LINK 

UNCH EQU 
UNCH 

Illegal Examples 

SAM EQU 
SAM 

FROG EQU 
FROG 

OP EQU 
OP 

CALL EQU 
CALL 

A~-i 

APPENDIX 2 (Continued) 

Operand Generates in 
Object Program 

X'2208' 
5,6 X'2256' 

X'3302' 
4, 3(7) X'3347',X'0003' 

X'89AC' 
4 X'89A4' 

X'41F3' 
2 X'41FO', X'0002' 

X'900C' 
0 X'9000' 

NOTE 

The UNCH instruction associated with the High 
Speed Interrupt Option in the 30-2 is not in
cluded in the Assembler Op-Code Table. In 
order to use the UNCH mnemonic, it must be 
defined by the user in an EQU statement as in 
the l~st example above. 

Because 

X'1238' Third hex digit not O. 
5,6 

X'555!'i' Fourth hex digit not legal. 
4, :l(7) 

X'89AC' Too many arguments. 
4, !j 

X'41F:~' Index value greater than 15. 
SAM (100) 
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CHAPTER 1 

GENERAL DESCRIPTION 

1. 1 INTRODUCTION 

This manual describes the interactive FOR
TRAN system which operates on GE-PAC 30 
digital systems. The system provides a 
direct mode for on-line evaluation of arith
metic expressions, and an editing mode for 
the creation and manipulation of stored 
programs. The system combines the con
venience of a desk calculator with the 
programming power of FORTRAN. 

.In many FORTRAN systems designed for 
small computers, the programming is 
simple, but the mechanics of program 
preparation are complex. This is especial
ly true of paper tape oriented ma.chines for 
which it is necessary to go through the 
phases of compHing, object tape loading, 
and system subroutine loading. The hand
ling of the paper tapes becomes laborious, 
when the whole procedure needs repeating 
for every program correction. In contrast, 
the GE-PAC 30 system needs no program 
preparation other than the entry of the 
source information; corrections can be 
made while the programs remain in core 
memory. 

1. 2 FEATURES 

The system provides a set of FORTRAN 
operations and a set of system commands 
for editing, debugging, and control. The 
FORTRAN set is chosen to provide the 
greatest computational power for the least 
core space required for its implementation. 
The system is designed expressly for on
line use. The user communicates with the 

system through a teletypewriter. Fea
tures which assist the interaction be
tween man and machine are: 

1. Single character indications 
which request input and re
flect the mode of the system 
are as follows: 

-* 
= 

dire9t-mode input request 
edit-mode input request. 
data input request 

2. All inputs are terminated by 
a carriage return. Until the 
terminating carriage return 
is received, no processing 
takes place, and the input 
line can be corrected or 
changed at will. 

3. Command directives and 
FORTRAN operations can be 
abbreviated during input to 
minimize typing. 

4. Commands are provided for 
listing all defined variables 
and for listing the names of 
all defined programs. 

5. Commands for program crea
tion, editing, and execution 
can be freely intermixed. 

6. Error messages indicate the 
point in a program at which 
an error occurred during exe
cution. 

1-1 
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7. A performance improvement 
feature called FREEZE is 
provided. This operation al
ters the stored programs so 
that they become "more com
piled", and results in a sub
stantial decrease in execution 
time. 

The system is designed to op
erate in systems with 8K bytes 
or more of core memory, suf
ficient working space is available 
for the user to create and execute 
a FORTRAN program with 50-100 
statements and 10-50 variables. 
Any available memory above 8K 
is used to expand the user's work
ing space for more programs and 
data. 

1. ;3 SCOPE OF MANUAL 

This manual describes the GE-PAC 30 
Interactive FORTRAN system for program
mers who are familiar with FORTRAN. 
(For a tutorial discussion of FORTRAN in 
general, refer to one of the references 
listed in Appendix 3 of this manual. ) For 
general information on programming 
GE-PAC 30 Digital Systems, refer to the 
Reference Manual (Publication Number 
29-004) and the Programming Manual (Pub
lication Number 29-013R01). Chapter 2 of 
this manual describes the various elements 
of this FORTRAN system. Chapter 3 ex
plains the FORTRAN operations available. 
Chapter 4 describes the use of the system. 
Appendices provide a summary of instruc
tions and some typical programs. 



CHAPTER 2 

ELEMENTS OF THE SYSTEM 

2. 1 INTRODUCTION 

This Chapter describes the basic elements 
provided in the GE-PAC 30 Interactive 
FORTRAN System. A thorough knowledge 
of these elements is required in order to 
appreciate the Chapters which follow on 
FORTRAN Operations and Use of the System. 

2. 2 NUMBERS 

The principal advantage of a FORTRAN 
system is its ability to manipulate numbers. 
The FORTRAN system described here uses 
real numbers only. There is no distinction 
made between integer, real, or complex
type numbers, and no special type-declara
tions are required. 

Real numbers appear in various forms in 
this FOR THAN system. First there is the 
internal form that the computer uses. This 
affects speed and accuracy, but does not 
directly concern the programmer. Secondly, 
there is the external form used for input. 
This is the form that the programmer must 
use whenever he explicitly enters numbers. 
Finally, there is the external form used 
for output. This is the form that the system 
uses whenever it generates a number for the 

outside world. The external form for out
put is a subset of the external form for input. 
The forms of number representation are· de
scribed in the following paragraphs. 

2. 2. 1 External Number Representation 
For Input 

Externally, numbers are represented in 
decimal in FORTRAN 'E format'. A deci
mal input number consists of an optional 
sign, up to six decimal digits that may in
clude a decimal point, and an optional 
character 'E' followed by one or two deci
mal digits denoting a positive power of ten, 
or a minus sign and one or two dc~cirnal 
digits denoting a negative power of ten. A 
number field is terminated hy any charac
ter than cannot legitimately occur in that 
field. 

With this representation, the programmer 
has great freedom in specifying numbers. 
Typical numbers for input are: 

-27 

3.426 

. 00097 

45 

78.0 

36. 29E04 meaning 36. 29*104 
-. 005flE-8 meaning-. 0056*10-8 

2-1 



2. 2. 2 External Number ~epresentation 
For Output 

On output, numbers are also represented 
in decimal using 'E format'. However, 
for each internal number, there is one 
single output representation, and the rules 
for forming it are as follows: 

1. A minus sign is written for a 
negative number. Nothing is 
written to denote the sign of a 
positive number. 

2. If the number is in the range 
. 1 through 106 , the number 
is represented without an 'E '. 

:i. The number so represented 
is written using six or fewer 
digits, with a decimal point 
between the appropriate digits. 

4. Trailing zeros are suppressed, 
as is a trailing decimal point. 

!J. For numbers outside the range 
. 1 th rouµ;h l ofi, an 'E' is used. 
The number is expressed in 
the range . 1 through 1, with a 
multiplying power Of ten. In 
this case the part other than 
the power of ten is represented 
as indicated in Hule 3. 

Some examples arc: 

15 

-27. :~2 

219000 

. i2:rn:w 

Decimal point and trailing 
zeros suppressed. 

Two trailing zeros sup
pressed. 

Decimal point Ruppressed. 

.127E-21 

. 231427El 7 

Three zeros suppressed and 
'E' used. 

'E' used. 

2. 2. 3 Internal Number Representation 

All numbers are represented internally in 
floating hexadecimal form. This form uses 
a sign-and-magnitude representation, with 
a 24 bit fraction and a seven bit exponent. 
This number representation gives between 
six and seven decimal digits of precision. 

The range of numbers stored internally is 
approximately 10±76. Whenever the result 
of a computation exceeds the largest pos
sible number, that result is forced to 
±. 723704xlo+76, which is the largest 
possible number. Whenever the result 
becomes less than the smallest possible 
number, that result is set to zero. 

2. 3 VARIABLES 

The term variable is used in FORTRAN to 
denote a quantity that is referred to by 
name rather than be the appearance of a 
specific number. The value of a variable 
can be changed and is not restricted to one 
value. All variables -- like all numbers 
used in this system -- are real, and there 
is no distinction between real variables, in
teger variables, complex variables, etc. 

The names of variables can be chosen by 
the programmer, but the following rules 
must be obeyed. 

1. Variable names can be 1 or 
2 characters in length. 

2. The first character must be 
a letter . 

3. The second character can 
-40<i. !Jlil he a letter or a digit. 
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4. A variable name should not 
duplicate an array name. 
Arrays pertain to subscripted 
variables and are discussed 
later. 

Examples of proper variable names are: 

x 
Al 
FF 
R9 

Variables are given a specific value with 
an assignment statement. For example: 

k~l. 5 
B=-3E6 

Assignment statements are discussed in 
Chapter 3. Once a variable has been as
signed a value, that variable can be used 
to represent that value whenever it is 
needed. For example, if the variable A 
were assigned a value as above, the assign
ment 

C=A 

. makes the variable C have the same value. 

Note that the two character restriction on 
variable names is to conserve memory 
space. If a name longer than two charac
ters is used, that name is truncated on in
put and only the first two characters are 
used. Names longer than two characters 
may be used therefore, providing no two 
names have the same first pair of characters. 

2. 4 EXPRESSIONS 

The five basic arithmetic operations are 
represented wHh the symbols: 

addition + 
subtraction 
multiplication * 
division I 
exponentiation ** 

These operation symbols can be used in 
combination with numbers, variable8, and 
parentheses to form expressions. Ex
amples of expressions are: 

A+5.1 
37*(X-3) 
N**-3 
(-X*4)**(4/ (A±B)) 

Parentheses can be used to denote group
ings and to define the order of operations 
to be performed. The meaning of the 
parentheses conforms to ordinary mathe
matical usage. For example, 2-3+4 = 3 
and 2-(3+4) = -5. 

Note that the minus sign can be used with
out a preceding operand or immediately 
following another operation symbol. This 
use of the minus is called unary minus 
since it operates on only one operand. The 
unary minus has the same effect as a mul
tiplication of the operand by a negative one. 
For example: 

:3*-'1 -12 
-H/-2 ·l 

4**-1 -· . 25 

When the order of operations is not com
pletely defined by parentheses, unary 
minus operations occur first, followed by 
exponentiations, then all multiplications 
and divisions, and lastly additions and 
subtractions. Within a sequence of conse
cutive multiplications and divisions, or 
additions and subtractions, in which the 
order is not fully defined by parentheses, 
the operations are performed from left to 
right. For example: 

2**3*4 = 32 
2**(3*4) == 4096 
3-4/2+2 = 3 
3-4/(2+2) 2 
3-(4/2+2) == -1 
(3-4)/2+2 == 1. 5 
(3-4)/(2+2) = -.25 



Some special cases are as follows: 

1. Dividing any number by zero 
will result in+. 723704E76, 
the largest possible number. 

2. Raising zero to any power 
will result in zero. 

3. Raising a negative value to 
a power 

-V**Pwhere V > 0 

results in V**P if P is with
in . 5 of an even integer, and 
-(V**P) if Pis within . 5 of 
an odd integer. Note that 
this is an approximation, 
since a negative number 
raised to a non-integer pow
er mathematically can yield 
a complex result. 

2. 5 ARRAYS 

Arrays arc' used in FOB.TH.AN to manipu
latl• Vl'ctors and matriC'es. An array has a 
name by which it is referenced, and a set 
of values called clements of the array. 
Each element is identified by a number 
called a subscript. For this reason, ar
rays arc often called subscripted variables. 
Arrays with this FORTRAN can use 1 or 2 
subscript.H; that is they can have one or two 
dimensions. 

A typical reference to an array element is: 

X(l, 2) 

where X is the name of the array. The 
numbers 1 and 2 are subscripts, and the 
presence of two subscripts indicates that 
X is a two dinwnsional array. Note that 
no spae<~ <'ha l'acter or operator symbol ap
pears hetwt'en X and the following left 
parenth<·sis. The juxtaposition of the name 
and thl' Id! pa rcnthesis is significant, anct 
cannot be ovc·l'looked. For example X*(2) 

is an expression while X(2) is a reference 
to the 2nd element of the one dimensional 
array named X. 

The rules for naming arrays are similar to 
the rules for variable names. They are: 

1. Array names can be 1 or 2 
characters in length. 

2. The first character must be 
a letter. 

3. The second character can 
be a letter or a digit. 

4. Array names should not 
duplicate variable names 
or function names. Func
tions are discussed later. 

All arrays in this FORTRAN are real, and 
there is no distinction between floating
point, integer, or complex-type arrays. 
Array elements are given a specific value 
with an assignment statement. For ex
ample: 

X(l,2) = 45.3 

The purpose of array elements is so that a 
single program or process can be repeated 
for many data values by putting the program 
inside a loop. Using arrays, different data 
values can be referenced simply by changing 
the value of the subscripts. 

Note that subscript values can be specified 
with any expression. Typical references 
to array elements are 

C5(N) 
PQ(I-1. J+2) 
Z(A*Bt-C, 4) 

As these examples suggest, it is the ability 
to identify subscripts with symbolic refer
ences or general expressions that makes 
arrays useful and convenient. 



Array subscripts are, in general, integers. 
If the valu(' specified is not an integer, how
('Vcr, the 8.Y8U'm rounds it to the nearest 
integer before it i8 used. Each resulting 
integer must be in the range of 1 to N, where 
N is the upper limit for that subscript de
fined with a DIMENSION statement. No 
array element can be defined or referenced 
until the size of the array has been specified. 
A typical DIMENSION statement is 

DIMENSION A(2, 4), B(50) 

in which the array A is defined as two-di
mentional, with 8 elements, and subscript 
limits 2 and 4; the array Bis defined as 
one-dimensional with 50 elements and sub
scripts in the range of 1 to 50. Note that 
the first subscript value is always 1, and 
the DIMENSION statement defines only the 
upper limit. DIMENSION statements are 
discussed further in Chapter 3. 

2. G FUNCTIONS 

FORTRAN includes some built-in routines 
for the evaluation of certain mathematical 
functions. The functions can be utilized by 
referring to the name of a specific function 
and specifying an argument enclosed in 
parentheses. For example 

COS(. 5) 

refers to the Cosine function and specifies 
the value . 5 as the argument of the function. 
Note that the name must correspond exactly 
to the FORTRAN name for the given func
tion; also, no spaces or operation symbols 
can appear between the name and the left 
parenthesis. The argument, however, can 
be specified by a single number, a symbolic 
variable, or any expression. The expres
sions in fact, can contain other references 
to functions. In other words, it is possible 
to nest function references. For example 

COS(-. 5) 
COS(3*A+B) 
COS(2*PI-COS(. 3)) 

The functions provided in this FORTRAN 
are as follows: 

FOHTHAN Name Function 

Note that: 

SIN Sine, Aq~umcnt 
in Hadians 

COS Cosine, Argu
ment in Radians 

ATN 

LOG 

EXP 

Arctangent, Re
sult in Hadians 

Natural Logarithm 

Exponential to 
Base c 

SIN(X) and COS(X) should be avoided for 
x > 1000. 

LOG(X) is illegal for negatiw X, and will 
result in an Prror messagC'. 

EXP(X) is evaluatc'd as . 7E7G, the largest 
positive number, for all X greater than 
174. 

Note that no explicit square root function is 
provided. The square root of a number N 
can be computed by N**. 5, or by using the 
expression 

EXP(LOG(N)/2) 

In general, the Rth root of N can be com
puted by 

EXP(LOG(N)/R) 

2. 7 STATEMENTS 

In FORTRAN, the unit of expression is the 
statement. There are two basic types of 
statements: system command and FOB.
THAN operations. The system commands 



are directives associated with program 
editing, debugging, and general use of the 
system. These statements are discussed 
in Chapter 4. FORTRAN operation state
ments are concerned with numbers, vari
ables, arrays and expressions as discussed 
in this Chapter. The specific FORTRAN 
operations are discussed in the next 
Chapter. 

Both types of statements have certain 
properties in common as follows: 

2-() 

1. Statements consist of a string 
of characters; the character 

set is that found on a teletype
writer keyboard. 

~. Statements arc of variable 
length, the end of the state
ment being indicated by a 
carriage return character 
(RETURN key on the key
board). 

:1. Tlw 111:1:ximurn length of a 
:-;t:ttl'nwnt is 50 characters 
including the terminating 
carriage return, but ex
cluding leading spaces; no 
means for statement con
tinuation is provided. 

I. Any statement beginning with 
th(' letter C followed by a 
blank character (space bar on 

the teletypewriter) is treated 
as a comment and is not pro
cessed in any way. The com
ment statement allows the 
programmer to write help
ful remarks. Comments are 
of value in those cases where 
programs are prepared off
line. The system ignores 
comments, and comment 
statements are neither stored 
internally, nor subsequently 
listed. 

5. The use of blank characters 
(spaces) is significant in the 
system, and attention must 
be paid to their use. Note 
that a string of consecutive 
blanks is always treated the 
same as a single blank. In 
general, leading blanks and 
trailing blanks are permitted, 
and have no affect on the pro
cessing of a statement. Blanks 
must be used following FORTRAN 
operation names, statement num
bers, and within certain opera
tion statements. In general, 
blanks should only be used where 
called for by the format of a speci
fic command or operation. Refer 
to Chapter 3 and 4 for details. 

A FORTRAN operation statement can in
clude a statement number, which serves as 
a label so that other statements can refer 
to it. The cross-reference between state
ments is important for the transfer of con
trol within a FOHTHAN program. Programs 
are discussed in the next section. Note that 
the statement number is optional. When 
used, statement numbers must have the fol
lowing properties: 

1. Statement numbers can have 
one or two characters. Both 
characters should be decimal 
digits. The number 00 should 
not be used. 

2. The statement number must 
appear first in the statement 
and be followed by one or 
more blanks. Blanks also can 
precede the statement number. 

3. No two statements in a pro
gram should have the same 
number. Note that ON is 
equivalent to N. Also, 
there is no sequencing 
implied by the statement 
number. 



Some examples of statements with statement 
numbers are: 

31 
7 

99 
9 

X=5+N 
DIMENSION 
A(3)=2 
N=N+l 

A(5) 

System Command statements never use 
statement numbers. 

2. 8 PROGRAMS 

A program is a set or series of FORTRAN 
operation statements. In this system, 
statements can be arranged and stored in 
groups called subroutines; the terms 
program and subroutine are equivalent. 
Each subroutine in the system has a name. 
Subroutines are identified by the SUBROU
TINE system command. For example: 

SUBROUTINE AB 

The argument of the SUBROUTINE com
mand, in this case AB, is the program 
name. Program names must adhere to the 
following rules: 

1. Program names· can be 1 or 
2 characters in length. 

2. The first character must be 
a letter. 

:1. The second character can 
he a letter or a digit. 

4. No two programs should 
have the same name. 

A program can be of any length; that is a 
program can contain any number of FOR
TRAN operation statements. The end of a 
program is identified by the system com
mand END. Details of a program creation 
and system commands are discussed in 
Chapter 4. A basic assumption in program 
organization is that statements are executed 
sequentially unless the flow of control is 
specifically changed. 

Figure 2-1 shows a sample program which 
provides the general solution to two simul
taneous linear equations as follows: 

AX + BY -- C 
DX + EY F 

where X and Y are the unlmowns. In the 
program, if there is no solution for the 
values given (if AE - BD = 0), the pro
gram will input a new set of values. The 
meaning of each FORTRAN operation is 
discussed in the following chapter. 

SUBROUTINE Ql 
3 ACCEPT A, B, C 

ACCEPT D, E, F 
N=A*E-B*D 
IF (N) 5, 67, 5 

67 TYPE 'NO SOLUTION, TRY AGAIN' 
GO TO 3 

5 X=(C*E-B*F)/N 
Y=(A *F-C *D) /N 
TYPE 'X= 1, x, I Y= 1, y 
END 

FIGURE 2-1. SAMPLE FORTRAN PH.OGRAM 
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CHAPTER 3 

FORTRAN OPERATIONS 

3. l INTRODUCTION 

This chapter describes the FORTRAN oper
ations provided with this system. There . 
are four types of operations : control, 
declarations, assignments, and input-output 
transfers. Table 3-1 summarizes the 
operation names in each class. 

These operations are discussed in detail in 
the sections that follow. Arguments for 
these operations might be expressions, 
variable names, array names, program 
names, or statement numbers. It is im-

portant to. note for each operation what 
type of arguments are appropriate. 

This system provides two distinct modes 
of operation. In the direct mode, state
ments are immediately evaluated and the 
specified operation takes place. All 
system commands and some FORTRAN 
operations can be performed in the direct 
mode. In the edit mode, FORTRAN state
ments are not executed, but rather are 
stored for later execution. The edit mode 
is explained more fully in Section 4. 2. 
The description of each operation states 
whether that operation can be executed in 
the di.rect mode. 

TABLE 3-1. FORTRAN OPERATIONS 

Type FORTRAN Name Purpose 

Control CALL Execute a Program 
RETURN Exit From a Program 
GOTO Transfer To a Statement 
IF Compare an Expression to Zero 
DO Define a Set of Statements to Execute 

Repeatedly in a Loop 
CONTINUE Define End of a "DO Loop" 

Declaration DIMENSION Define Name and Size of Arra)'.s 
Assignment Name= Value Assign a Value to Named Variable or 

Array Element 
Input-Output TYPE Print Values or Character Strings on 

the Teletypewriter Printer 

ACCEPT Input Numbers From Teletypewriter 
Keyboard and Assign to Variables or 
Array Elements. 

WRITE Transfer to assembly language output routine 
READ Transfer to assembly language input routine 
FUNCTION Transfer to assembly language function 

routine 
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3. 2 CONTROL OPERATIONS 

3. 2.1 CALL P 

This causes the subroutine named P to be 
executed. The word CALL must be followed 
by a blank. The argument P must be the 
name of a defined subroutine. If the sub
routine named is not defined, the CALL 
operation will not be executed. If the 
ca,lled program executes a RETURN opera
tion, control returns to the statement 
immediately following the CALL statement. 

The CALL operation may be used in direct 
mode, and is the means for starting pro
gram execution. A RETURN in the program 
cal1ed from direct mode causes control to 
return to the user at the keyboard. The 
system will then type • to indicate it is 
ready for new direct mode commands. 

The CALL operation <"an refer to subroutines 
which themselves call Hubroutines. This 
techuiquc is known as nesting. Subroutines 
can be nested to a level of 5, which means 
5 successive CALL operations can be exe
cuted before a RETURN is required. An 
example of nesting is shown in Figure 3-1. 

3. 2. 2 RETURN 

This operation, as suggested previously, 
terminates the execution of the current 
subroutine, and causes control to return 
to the point from which the subroutine was 
called. The RETURN operation requires 
no arguments. There is an implicit RE
TURN statement following the last statement 
of every stored program. A RETURN state
ment is necessary, therefore, only when it 
is desired to exit from a subroutine at some 
place other than the last statement. RETURJ\ 
should never be used in direct mode. 

3. 2. 3 GO TON 

This causes control to transfer to statement 
N in the present program. The words GO 
and TO must be followed by a blank. The 
argument N must be a proper statement 
number, .and that statement number must 
appear in the program If the statement 
number referenced does not appear in the 
program, the system will not execute the 
program. Specific error messages are 
discussed in Chapter 4. If the referenced 
statement number appears more than once 
in a program, the first one in the program 
will be utilized. The GO TO operation should 
never be used in direct mode. A typical GO 
TO statement is: 

GO TO 37 

-- CALL A-------- SUBROUTINE A 
X=X+l 
CALL B - SUBROUTINE 
Z=Y-1 .. ---------.. ~Y=Z*X-1 
RETURN - RETURN 

FIGURE 3-1. NESTING EXAMPLE 

3-2 



3. 2. 4 GO TO (Nl, N2, ... ) , X 

This statement, known as a computed GO 
TO, causes control to transfer to the state
ment indicated by Nl if the rounded value 
of the expression X has the value of 1. 
The words GO and TO must be followed by 
blanks. The arguments Nl, N2, etc. must 
be proper and defined statement nm:nbers. 
The argument X can be any arithmetic ex
pression. If the rounded value of X is less 
than 1, or larger than the number of state
ment labels provided, the operation is not 
performed and an error message results. 
The computed GO TO statement should 
never be used in direct mode. A sample 
program using the GO TO operation is 
shown below. 

N=N+l 
GO TO (3, 4, 5), N 

3 R=N 
GO TO 9 

4 R=3*N-1 
GOTO 9 

5 R=5*N**2-4*N+3 
9 T=R/2 

3. 2. 5 IF (X) Nl,N2,N3 

This operation compares the value of the 
expression X to zero. If the value is less 
than zero, the statement indicated by Nl is 
exc:cuted next; if the value is equal to zero, 
statement N2 is executed next; if the value 
is greater than zero, statement N3 is exe
cuted next. The word IF and the expres
sion in parentheses must be followed by 
blanks. The argument X can be any ex
pression. The arguments Nl, N2, and N3 
must be proper and defined statement 
numbers. If the statement numbers refer
enced do not appear in the program, the 

system will not execute the program. If 
the referenced statement numbers appear 
n:iore than once in the program, the first 
one in the program will be utilized. The 
IF statement should never be used in di
rect mode. A program using IF is as 
follows: 

92 N=N+l 
IF (N-6) 92, 92, 3 

3 K=N**2 

3.2.G 00 N V=Ll, L2 

This statement defines a set of statements, 
from the one immediately following this 
statement down to and including the state
ment indicated by N, to be executed repeat
edly in a loop. The statement numbered N 
must be a CONTINUE statement. The 
number of times to repeat the loop is de
fined by assigning to the index variable V 
a lower limit Ll and an upper limit L2~ 
For the first execution of the statements, 
V has the value Ll; for each succeeding 
iteration of the loop, Vis incremented by 
1. The loop continues until the statements 
have been executed, with V having the lar
gest value satisfying the expression: 

V5 L2+.5. 

where V and L2 are rounded to the nearest 
integer for purposes of the comparison. 

The word DO and the statement numhPr N 
must he followed hy blanks. The argumc•nt 
N must be a proper and defined statement 
number. The argument V can be any pro
per variable name or array clement. The 
arguments Ll and L2 can be any expression. 
The argument L2 must be less than 65, 536. 

An example using the DO operation is shown 
below. 

DO 3 I=l, 5 
A(I)=I**2 

3 CONTINUE 

In the example, the loop is repeated for 
I=l, 2, .... , 5. Observe that the index 
variable (in this case I) can be rdercnced 
within the loop. It is this featur<' that 
makes the DO statement very powerful. 
Another example is: 

DO 81 B=l. 3, H. fi 

X=X+B 
81 CONTINUE 



In this example, the loop is repeated for 
B=l. 3, 2. 3, ..... , 10. 3. As this example 
shows, while tho increment value is always 
the integer 1, the lower and upper limits do 
not need to be integer values. Another ex
ample is: 

N=3 
DO 17 P= -2,N+l 
X=X*P 
N=~N+l 

17 CONTINUE 

As seen above, the limit values can be posi
tive or negative. In this case, the loop is 
repeated for P= -2, -1, 0, .... , 4. Note that 
the limit values are calculated and fixed 
when the DO statement is first encountered. 
Even though the variable N changes its value 
in the loop, the upper limit remains at 4. 
Also, if the termination condition is im
mediately satisfied when the DO statement 
is first encountered, the statements follow
ing it are executed once. 

DO i-;tatcmcnts may he ncxtcd to a maximum 
of four lcvc~l s. A nf'sted IX) is one that lies 
wholly within the range of another DO loop. 
This, configuration is very common when 
programming matrix operations. It is illegal, 
however, to have an inner DO whose termina
ting CONTINUE statement lies beyond the 
corresponding statement of the outer DO. 
It is also illegal to transfer control into 
range of a DO from outside, unless control 
got outside in the first place by means of a 
transfer from within the range of the DO. A 
single CONTINUE statement can terminate 
a set of nested DO loops. An example is: 

3-4 

DO :1 I=l, 4 
DO :l .J =l, 4 
N°-~4*(1-l)+J 

DO 6 K=l, 3 
A(I, J)=A(I, .J)+B(K) 

G CONTINUE 
C(N) 'A(l.J) 

3 CONTINUE 

I Loop 
J Loop 

K Loop 

I 

3. 2. 7 CONTINUE 

This operation, as shown above, defines 
the end of a DO loop. No arguments are 
required with this statement. CONTINUE 
can be used any place in a program, inde
pendent of DO loops. When not associated 
with any DO loops, the statement is treated 
as a null operator,, and it has no effect on 
the program. A CONTINUE statement can 
be identified with a statement number just 
like any other statement. Neither CON
TINUE nor DO should be used in direct 
mode. 

3. 3 DECLARATIONS 

3. 3.1 DIMENSION A(L), B(M, N), ... 

This operation defines the names of arrays, 
their dimensions, and the number of ele
ments per dimension for each named array. 
The word DIMENSION must be followed by 
a blank, and no other blanks shou Id be used 
with this statement. The names A, B, etc. 
must be proper array names; the arguments 
L, M, N, etc. can be any expression. The 
system will round the value of the expres
sions to the nearest integer when the state
ment is executed. Tho rounded values must 
be equal to or greater than one. Arrays can 
be either one or two dimensional. 

Some examples are: 

DIMENSION R(35) 
DIMENSION AR(3, N+6), BR(X*N) 

When the DIMENSION statement is executed, 
the system checks to see whether the arrays 
referenced are already defined. If the ref
erenced array is not defined, the system 
determines if enough space is available in 
memory to store all the elements of that 
array. If insufficient memory is available, 
the necessary memory space is allocated 
for the array and the system then repeats 
the process for the next array named. 



If the named array is already defined when 
DIMENSION is executed, the current mem
ory allocation is not changed. If more ele-
ments are indicated than the system has . 
space for, an error message results. If 
the specified number of elements fit into the 
allocated space, memory is unchanged and 
no message occurs. 

To change the size of a defined array, first 
ERASE the entire array, and then DIMEN
SION it to the new size. The ERASE opera
tion is discussed in Section 4. 3. The 
DIMENSION statement can be used in direct 
mode. 

3. 3. 2 Other Declarations 

No other declarations are required in this 
FORTRAN system. The declarations 

REAL---
INTEGEH ---
COMMON---
FORMAT----

wMch are required in some FORTRAN 
systems arc ignored if they occur, and 
have no effect on the system. This means 
that a FORTRAN program written for a 
more comprehcnsjve system could be exe
cuted on this system as well, providing no 
conflicts exist with variable names. 

:L 4 ASSIGNMENTS 

Assignment statements have the form 

V=X 

where V is the name of a variable or array 
clement, and X is any arithmetic expres
sion. This statement tells the system to 
replace the value of the variable named on 
the left with the value of the expression on 
the right. No blanks should be used in the 
arithmetic statement. A blank character 
following the name V or the equals sign 
wi11 cause the assignment to be improper. 
Typical assignment statements are: 

X3=2*3.14/N 
A(3)=H+SIN(X) 
Q(I, J-l)=I*J-:~ 

An array should be defined with a DIMEN.:.. 
SION statement prior to assigning a value 
to any clements of the array. If an array 
was previously defined, the system checks 
the subscript to see if it is within the de-
fined size of the array. If it is not, no 
assignment is made and the user is informed 
with an error message. If the named array 
was not defined prior to the assignment opera
tion, the system will then define an array 
with the name and size indicated. Note that 
after an array A is defined, referring to A 
without subscripts implies the first element 
of that array. That is: 

A=A(l)=A(l, l) 

Assignments can be made any time in direct 
mode or in stored progTams. When an as
signment statement is used in a stored 
program, however, the specified assignment 
is not made until the program is executed; 
the assignment does not occur when the statc
meilt is first entered into the program. 

An alternate way of assigning values to vari
ables or array elements is with the ACCEPT 
statement which reads numbers from the 

teletypewriter keyboard. This operation 
is discussed in the next section. 

3. 5 INPUT AND OUTPUT 

Input and output for the teletypewriter is 
performed using the statements ACCEPT 
and TYPE. For all other devices, the 
statements READ, WRITE, or FUNCTION 
can be used for linking to assembly lan
guage routines which drive the devices. 



lnput and output is performed without the 
use of FOHMAT statement$. ·.Input formats 
are free, and output formats are implied. 
For compatibility, FORMAT statements 
which rna,v occur because a program has 
be('ll run on another system are skipped 
over, and ignored. 

The FORTRAN system is constructed so 
that as peripheral units are attached to the 
computer, they can be operated with READ, 
WRITE, or FUNCTION statements. These 
units may be conventional peripheral devices 
such as magnetic tape units, or they may be 
A-to-D converters, multiplexors, etc. The 
basic FORTRAN, however, does not contain 
any of the required I/O driver subroutines. 

Note that there are several versions of FOR
TRAN available, each tailored to certain 
machine configurations. The capability for 
linkage to user-supplied assembly language 
routines via READ, WRITE, or FUNCTION 
statements is not available in all versions 
of FOHTRAN. This capability is provided 
by a supplement called the RWF Expansion. 
For a definition of the various versions of 
FOHTH.AN, r<'f<'r to the Operating Instruc
tions for Interactive FORTRAN, Publica
tion Number 03-005Al6. For a discussion 
of th~ details of the assembly language 
linkage, refer to Operation Procedures for 
FOR TRAN W /RWF Expansion, Publication 
Number 0:3-011Al6. 

All input-output operations can be performed 
in direct mode except where noted. 

:L 5. 1 TYPE A, B, ... 

This operation causes one line of informa
tion to be printed on the teletypewriter. 
Each line is followed by a carriage re
turn and line feed. The word TYPE 
should be followed by a blank. The ar
guments A, B, etc. can be expressions 
or character strings enclosed in quote 
( ') marks. For example: 

TYPI·: X, :~*N, 'FT PEH SEC' 

For each cxpn·ssion, the system types out 
the value of llw c•xpression. Fo1· each char-

::-(; 

acter string, the system types the characters 
exactly as they appear between the quotes. 

Each value to be printed is allocated a 
field of 18 spaces on the teletypewriter 
printer. Each value appears in decimal 
output format as defined in Section 2. 1. 2, 
the decimal format requires from 1 to 
12 spaces depending on the value. For 
example, an integer printout 

1 

requires only once space, while the number 

-.12345E-12 

requires 12 spaces. After the value is typed, 
and if another value is to be typed immediat
ely following, the system spaces over to 
satisfy the 18 space field width. If the, next 
argument of the TYPE statement is a char
acter string, however, no spaces follow the 
value and the character string begins im
mediately. 

For example, the statement 

TYPE 2*2 1/3 4-6 
' ' 

yields the output 

4 . 33333~3 -2 

with 1 7 spaces between the first two values 
and 11 spaces between the last two values. 
The statement 

TYPE 2*2, 'ABC', 1/3, 4-6 

yields 

4ABC. 333333 -2 

with no spaces after the 4, no spaces after 
the C, and 11 spaces after the last 3. 

A typical type statement, where X=5, is: 

TYPE 'X=',X,' UNITS' 

which results in the print out: 

X= 5 UNITS 



Some restrictions on the TYPE statement 
are: 

1. TYPE with character string 
arguments cannot be used in 
direct mode. 

2. If only expression arguments 
are used, no more than four. 
arguments can appear with 
one TYPE statement since the 
teletypewriter printer is 72 
characters wide. 

3. If expression and character 
string arguments are mixed, 
no more than seven arguments 
can be used with one TYPE 
statement. 

4. A TYPE statement with no 
arguments should be avoided. 
Use TYPE ' ' to achieve a 
blank line print out. 

~3. 5. 2 ACCEPT A, B, ... 

This operation causes the system to read 
one line of data from the teletypewriter. 
The numbers specified by the data are as
signed to the variables A, B, etc. The 
word ACCEPT must be followed by a blank. 
The arguments A, B, etc. can be variable 
or array element names. When the AC
CEPT statement is executed, the system 
types an equal sign(=) at the left margin 
of the teletypewriter to indicate that one 
line of data is needed. The data can con
tain one or more numbers; numbers must · 
be separated by a blank or a comma. In 
general, the data entered from the key
board should correspond to the number 
of arguments in the ACCEPT statement. 
That is, if the ACCEPT statement spe
cifies 4 arguments, the data line should 
include 4 numbers. Up to seven argu
ments can be used with each ACCEPT 
statement. As an example, when the 

' statement 

ACCEPT X, P(l) 

is executed, the teletypewriter entry 

54. 5, -. 2E6 

followed by a carriage return results 
in setting the variable X to 54 .5 and 
the array element P(l) to-. 2E6. 

A TYPE statement can be used pre
ceding an ACCEPT statement to iden
tify the variable name. For example, 
the statements 

TYPE 'DEFINE N' 
ACCEPT N 

would appear on the teletypewriter as 

DEFINE N 
= 

after which the value for N could be typed. 

An array should be defined with a DIMEN
SION statement p:rior to referencing any 
array elements with an ACCEPT statement. 
No provision is made for reading all the 
elements of an array with one statement. 
A DO loop must be used for this purpose. 
For example, the program 

DIMENSION P(lO) 
DO 3 I=l, 10 
TYPE 'P(', I,')' 
ACCEPT P(I) 

3 CONTINUE 

reads 10 values and assigns them to the 
elements of the array P. 

3. 5..._3 WRITE X, A, B 

The WRITE statement is similar to the TYPE 
statement, except the output is performed by 
an assembly language driver routine supplied 
by the user. The argument X is used as a 
switch or device number that the user's pro
gram decodes. A buffer of ASCII characters 
is generated for the values of the arguments 
A, B, . . . • The argument X must be an 
expression with a numeric value. The argu
ments A, B, .•. can be symbol names, num
eric literals, expressions, or character 
strings. 
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When the WRITE statement is executed, 
FOR TH.AN generates a buffer of characters 
for the arguments A, B, etc. The data 
format conforms exactly to that of the 
TYPE statement. The value of the argu
ment Xis evaluated and integerized to 
facilitate testing by the user. FORTRAN 
then gives control to an assembly language 
routine whose address is contained in ORG 
+ X'E', where ORG is the first location of 
FOR TRAN. The user supplies this program 
and sets this address. 

When the user-supplied program is entered, 
all the parameters of interest are supplied 
in the machine registers. Refer to Publica
tion Number 03-011A16 for details. 

3.5.4 READ X,A,B 

The READ statement is similar to the AC
CEPT statement, except the input is per
formed by an assembly language routine 
supplied by the user. The argument X is 
used as a switch or device number that 
the mwr decodes. The data read is stored 
as value::; of thP arguments A, B, et.c. The 
arguments X, A, B, etc. must all be vari
able· names or references to array elements; 
they cannot be literals, expressions, or 
character strings. 

When the READ statement is executed, the 
value of X is integerized to facilitate test
ing by the user. FORTRAN then gives con
trol to the assembly language routine whose 
address is contained in ORG + X'C', where 
ORG is the first location of FORTRAN. 
The user supplies this program and sets 
this address. The user-written routine 
should read a record of information into 
a buffer. This data will be processed ex
actly thC" same as with an ACCEPT state-

a-s 

ment. When the user program is entered, 
all parameters of interest are supplied in 
machine registers. Refer to Publication 
Number 03-01J.Al6 for details. 

3. 5. 5 FUNCTION (X,A, B, •.. ), C, D, ... 

The FUNCTION statement is for use in link
ing to any general purpose machine language 
routine. The first group of arguments (X, A, 
B, .•• ) must be variable names or references 
to array elements. The second group of argu 
ments C, D, ••• can be any expression - vari 
able names, numeric literals, character 
strings, et.c. If the first group contains only 
one argument, no parentheses are required. 

Examples of proper FUNCTION statements 
are: 

FUNCTION (X, BF), 3. 5, SIN(2) 
FUNCTION (X, Vl, V2), 4*N 
FUNCTION X, 3. 5, 'HELP' 

When a FUNCTION statement is executed, 
all arguments are processed, and an argu
ment list is generated accordi.ng to the 
arguments provided. Each argument from 
the first group is converted to an address 
which locates the specified variable or ar
ray element in memory. Each argument 
from the second group is evaluated and con
verted to a value. FORTRAN then gives 
control to the assembly language routine 
whose address is in ORG + X'lO', where 
ORG is the first location of FOR TRAN. 
The user supplies this program and sets 
this address. When the user program is 
entered, all parameters of interest are 
supplied in machine registers. Refer to 
Publication Number 03-0l1Al6 for details. 
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CHAPTER 4 

USE OF THE SYSTEM 

4. 1 INTRODUCTION 
This interactive FORTRAN is operated · 
and controlled from the teletypewriter 
keyboard. The system presents two 
distinct modes to the user. The direct 
mode, which is characterized by the ar
row character (-) in the left margin, 
permits on-line assignment of variables, 
evaluation of expressions, etc. The edit 
mode, which is characterized by an as
terisk (*) in the left margin, allows the 
creation and modification of stored pro
grams. When the system is started, the 
user is given control at the keyboard in 
direct mode. 

The user converses with the system in 
statements - either FORTRAN operation 
statements or system commands. Until 
the RETURN key, which terminates a state
ment, is depressed, no processing takes 
place, and the input line can be corrected 
or changed at will. The left arrow ( .- ) 

· key can be used anytime to erase the last 
character in the line. The RUB OUT key 
can be used anytime to erase the current 
line. When RUB OUT is depressed, the 
sys~em types a hash mark (#) to confirm 
the erasure, and advances one line so that 
the current statement can be retyped. 
This chapter discusses the details of pro
gram editing, system command, error 
messages, etc. 

4. 2 PROGRAM EDITING 

The commands used for program editing 
arc: 

SUBROUTINE 

OPEN 

Define a new subroutine or 
refer to existing subrou
tine. 

Refer to a specific state
ment of referenced sub
routine. 

LIST 

DELETE 

List either entire subrou
tine or one statement of a 
subroutine 

Delete either entire subroutine 
or one statement of a subrou
tine 

END Terminate editing sequence 

These commands, except for SUBROUTINE, 
can be abbreviated to the first two characters 
to minimize typing. The SUBROUTINE com
mand can be abbreviated to the first four 
characters (SUBR). 

The basic procedure for creating a new pro
gram of name AB is to enter the command: 

SUBHOUTINE AB 

This command defines a new program with 
name AB, and puts a single RETURN state
ment in the program. The RETURN state
ment is then established as the open 
statement, which places the system in the 
edit mode. The system then types *to in

dicate the edit mode. Note that the edit 
mode implies that some statement in a stored 
program is open. 

In the edit mode, the insertion of statements 
is impJicit. That is, whenever a FORTRAN 
operation statement is entered during edit 
mode, that statement is inserted immediately 
before the open one. Further, the same 
statcrnc~nt remains the open one, allowing a 
set of statements to be inserted at the chosen 
place. The END command returns the sys
tem to direct mode. 
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A typical editing sequence is 

.., SUBROUTINE AB 
* 5 ACCEPT N 
* X'-"3+EXP(N) 
* TYPE X 
* END ... 

The final + typed by the system im
plies direct mode which means no 
statement is open. To list the sub
routine, the command 

SUBROUTINE AB 

should be used to identify the program 
of interest. This time, since a program 
of name AB already exists, a new defini
tion is not necessary, and no statement 
is opened. Rather, the subroutine as a 
whole is considered open. The command 
LIST then lists the entire program. 

._ SUBHOUTINE AB 
+- LIST 

SUBROUTINE AB 
5 ACCEPT N 

X==3+EXP(N) 
TYPE X 
END 

Observe that the last RETURN statement 
is listed as END. After the LIST opera
tion, the entire program is still considered 
open. A specific statement can be opened 
with the command 

OPEN 5 

which opens .statement 5. The following 
sequence .shows how to insert a new state
ment after th(• TYPE statement. 
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+-OPEN 5,3 
END 

* GO TO 5 
* END 

In this sequence, the OPEN statement speci
fies the 3rd statement after statement 5 . 
The system listed this statement accordingly, 
and left the statement open, placing the sys
tem in edit mode. The GO TO statement is 
then inserted, and the END command brings 
the system back to direct mode. 

To ~hange a statement, it must be opened 
and then deleted. The 1;1ew statement can 
then be inserted in its place. For example 

+-SUBROUTINE AB 
+-OPEN 5,1 

X=3+EXP(N) 
* DELETE 

TYPE X 
* X=EXP(N+3) 
* END 

Again, the OPEN statement specifies the 
first statement after statement 5. This 
statement is listed by the system and it 
remains open. The DELETE command 
then deletes the open statement, after 
which the system opens the next statement 
and lists it. The new assignment state
ment is inserted and the END command re
stores the direct mode. The resulting 
subroutine is listed as follows: 

+-- SUBROUTINE AB 
+- LIST 

SUBR AB 
5 ACCE N 

X=EXP(N+3) 
TYPE X 
GOTO 5 
END 

DELETE 



After the LIST operation, the whole sub
routine is open. In this case, the DELETE 
command, as shown, deletes the whole 
program from memory. 

Table 4-1 shows a sequence of editing 
operations. Each of the editing commands 
is described in later paragraphs. 

4. 2.1 SUBROUTINE A 

The word SUBROUTINE must be followed 
by a blank. The argument A must be a 
proper name. The rules governing pro
gram names are discussed in Section 2. 8. 
The effect of this command depends on 
whether program A already exists. 

TABLE 4-1. SAMPLE EDITING SEQUENCE 

Editing Sequence Explanations 

+- C SAMPLE PROGRAM Comments are Ignored. 
+- SUBROUTINE A Define Program A. 

* END Return to Direct Mode. 
+- SUBROUTINE A List Program A. 
+- LIST 

SUBR A 
END 

+- OPEN 0 Open First Statement. 
END 

* X=X+l Insert 2 Statements. 

* TYPE X 

* OPEN 0 Open First Statement. 
X=X+l 

* DELETE Delete It. 
TYPE x 

* X=O Insert 2 More. 

* 3 X=X+l 

* LIST List Statement After the Open Statement. 
END 

* IF (X-10) 3, 3, 4 Insert 2 More. 

* 4 TYPE 'OK' 

* END Return to Direct Mode. 
4-- SUBROUTINE A 
4-- LIST List Complete Program. 

SUBR A 
X=O 

3 X=X+l 
TYPE x 
IF (X-10) 3, 3, 4 

4 TYPE 'OK' 
END 

4--
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If no such program exists, a program with 
name A is defined. In the new program, a 
single HETURN statement is established. 
This RETURN statement is always shown 
as END when the program is listed. The 
HETUHN statement is made the open state
ment, and the system types * to reflect 
the edit mode. 

If a program named A already exists, 
the system remains in the direct mode, 
but the whole program is opened. This 
particular state of the system, when an 
entire program is open rather than any 
particular stored statement, can be 
thought of as a special case of the di
rect mode. In this state: 

LIST 

OPEN 

DELETE 

END 

lists the entire program 
and leaves the state of the 
system unchanged. 

opens a particular state
ment within the open pro
gram and puts the system 
into the edit mode. 

deletes the entire program 
and leaves the system in 
direct mode with no pro
gram open. 

c l~ses the open program 
and leaves the system in 
direct mode with no pro
gram open. 

4. 2. 2 OPEN N 

This statement opens the statement la
beled N in the open program. The 
opened statement is listed on the tele
typewriter and the system is left in the 
edit mode. The OPEN command can be 
used in the edit mode, or in the direct 
mode if a whole program has been 
opened with a SUBROUTINE statement. 
The word OPEN should be followed by 
a blank. The argument N should be a 
proper statement number. The state
ment OPEN 0 
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will open the first U.nlabeled statement in the 
open program following the SUBROUTINE 
statement. An alternate form of the state
ment is 

OPEN N,X 

in which X can be any expression. The 
value of X, which is rounded by the system 
to the nearest integer, must be positive or 
zero. This command opens the xth state
ment past that which has the statement 
number N. 

For example, 

OPEN 67,2 

opens the second statement past the one with 
label 67. 

When a statement is open, the system is 
in the edit mode, as shown by the * char
acter printed on the teletypewriter. Any 
FORTRAN operation statements typed in 
this mode are inserted into the stored 
program immediately before the open 
statement. 

4. 2. 3 LIST 

The effect of this command depends on the 
state of the system. If a whole program 
has been opened with a SUBROUTINE 
statement, that program is listed in its 
en:tirety. , The s'tate of the system is mi
changed after the LIST o-peration. If the 
system is in the edit mode with a partic
ular statement open,. the next statement 
is opened and listed on the teletypewriter. 
In the edit mode, therefore, a succession 
of LIST commands causes successive 
statements of the program to be listed. 

When statements are listed, they are moved 
over several spaces and lined up for read
ability. The listed version of a statement 
may differ from its input form in the follow
ing ways: 



1. All variable names, array 
names, and statement num
bers are truncated to two 
characters. 

2. All numbers are expressed 
in the output format. (see 
Section 2. 2. 2) which, in 
some cases, differs from 
the input format. For ex
ample, the entered number 
5. 6E7 will be listed as . 56E8. 

3. The FORTRAN operation 
names may be abbreviated 
to save time and space. 

The form in which statements are listed is 
suitable for input. When an entire program 
is listed, the first line is a SUBROUTINE 
statement, and the last line is an END 
statement. The system also accepts the 

abbreviated form of FORTRAN operation 
names. Listing a program with the tele
typewriter punch turned on will produce a 
paper-tape copy of the program. The 
paper-tape can be used later to reload the 
program into memory. Refer to Section 
4. 4. 4 for details. 

4. 2. 4 DELETE 

- .The effect of this command also depends on 
the state of the system. If a whole program 
has been opened with a SUBROUTINE state
ment, the entire program is deleted. The 
system is left in direct mode with no pro
gram open. If the system is in edit mode 
with a particular statement open, the open 
statement is deleted. The next statement 
is then opened and listed. In the edit mode, 

, therefore, a succession of DELETE com
/ mands causes successive statements of the 

program to be deleted. 

4. 2. 5 END 

This command terminates an editing se
quence. Any open programs or statements 
are closed, and the system returns to di
rect mode. If there is ever any doubt as 
to the current state of the system, the END 
command can be used to unconditionally re
store the direct mode. 

4. 3 SYSTEM COMMANDS 

The previous section discusses those sys
tem commands associated with program 
editing. Other system commands are: 

CLEAR 

PROGRAMS 

VARIABLES 

ERASE 

FREEZE 

UNFREEZE 

Delete all stored programs, 
arrays, variables, etc. 

List the names of all pro
grams currently in memory. 

List the names and values 
of all defined variables 
and arrays. 

Delete a specific variable 
or array from memory. 

Specify "Freeze" mode for 
faster program execution. 

Specify normal "unfrozen" 
mode for program debug
ging convenience. 

These commands are recognized in either 
direct or edit mode. The names of these 
system commands can be abbreviated to 
the first two characters to minimize typing. 

4.3.l CLEAR 

This command deletes all program:,;, vari
ables, and arrays from memory, and re
turns the system to an initialized state in 
direct mode. 
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4. 3. 2 PROGRAMS 

TMs command lists the names of all pro
grams currently in memory. The names 
are listed in alphabetical order. If no pro
grams are defined, nothing is printed. This 
operation docs not change the state of the 
system. That is, if this command is used 
in edit mode, the names are listed, and the 
system remains in the edit mode. For ex
ample 

... PROGRAMS 
AB 
K9 
x 
--

4. 3. 3 VARIABLES 

This comm:111d lists the names and values of 
al I defined variables in alphabetical order, 
one per line. For arrays, the array name 
is repeated for each clement of the array. 
The names and values are spaced over on 
the page for readability. For example: 

_. VAIUABLES 

• +-

A:A!i.6 
1n-2 
HTcc. 345E6 

If no variables are defined, nothing is 
printed. This operation does not change 
th<' iii.ate of the system. If the command is 
used in <'dit mode, the names and values 
arc liHted and the system remains in the 
edit mode. 

4. ~L 4 ERASE A 

This command deletes the variable or ar
ray named A from memory. The word 
ERASE should be followed by a blank. The 
argument A should be a proper variable or 
array n::lm('. lf the referenced variable or 
array iH nol dd'ined when this command is 
used, tht' nwmory is unchanged. Only one 
argument can be specified with each ERASE 
command. Tlw system always r<'lurns to 
direct mock :tiler an EHASE op<'ration. 
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Note than when A is an array name, the en
tire array is deleted, not just one element 
of the array. This operation is useful if it 
is necessary to change the size of a defined 
array. In this case, the array first must 
be deleted with an ERASE command, and 
then redefined with a DIMENSION statement. 
This command ali;;o is useful for regaining 
memory space used by variables and arrays 
that are no longer needed. 

4. 3. 5 FREEZE/UNFREEZE 

A special mode known as the Freeze mode, 
in which program execution is speeded up, 
is provided. Since programs are stored in 
symbolic form, all names and statement 
numbers have to be repeatedly looked up in 
memory during program execution in the 
normal "unfrozen" mode. 

When programs are executed with the Freeze 
mode in effect, however, they are scanned 
and all symbolic references are replaced 
with address references. The resulting 
program can be executed at a much faster 
rate. When the execution terminates, the 
symbolic references are automatically re
established. To the user, the program 
always appears in symbolic form . 

When the system is initialized, or when 
the CLEAR command is used, the mode is 
set to normal. The FREEZE command 
puts the system into the Freeze mode. The 
UNFREEZE command restores the normal 
mode. Note that the FREEZE command 
simply defines the mode. The program is 
not actually altered (frozen) until execution 
begins. Thus, programs can be edited 
freely even though the Freeze mode prevails. 

To execute a program in Freeze mode, all 
variables and arrays must be defined prior 
to the CALL operation which starts the exe
cution. For arrays, the DIMENSION state
ment must be executed, but all the elements 
need not be defined. If all variables and 
arrays arc not defined, an error message 



will result from the CALL statement, and 
the program will not be executed. Refer 
to Section 4. 5 for details on error messages. 
One way to define all variables and arrays 
used within a program is to execute the 
program. Another way would be to use 
DIMENSION and assignment statements in 
direct mode before executing the program. 
In general, the best strategy is to create 
and debug programs in the normal mode. 
Once a program is operational, use 
FREEZE for faster execution. 

4. 4 CONSOLE PROCEDURES 

This FORTRAN is designed especially for 
on-line use. The primary advantage of an 
interactive system is the ability to inter
mix the creation, debugging, and execution 
phases of a programming task. 

With the features provided, the user can 
converse freely without fear of making 
mistakes. When a typing error is made, 
the user can correct it easily. When pro
gramming errors occur, the user is in
formed with an error message. In no case 
can a programmer cause loss of control or 
interfere with the integrity of the system. 
Details of the user-machine interaction are 
discussed in this section. 

4. 4. 1 Teletypewriter Features 

Single character indicators are used to re
quest input and reflect the mode of the sys
tem. They are: 

* 
= 

direct mode input 
edit mode input 
data input 

Statements, which can be variable iength, 
are terminated with a carriage return. 
Until the RETURN key is depressed, no 
processing takes place and any typing errors 
can be corrected. 

"· The left arrow ( ~ ) key can be used any 
time to erase the last character. The 
RUB OUT key can be used any time to 

erase the current .line. The system will 
type# in response to RUB OUT to confirm 
that the line was erased. 

The LINE FEED character is always ignored 
on input. The LINE FEED can be used any
time for page formatting without ill effect. 
Similarly, a null statement (single RETURN 
only) is ignored by the system. 

Should an illegal character (such as $ or @ 
be used by accident, the system will detect 
this when the line is processed and inform 
the user by typing a question mark ( ?). 

Many commands can be abbreviated to mini
mize typing. Acceptable abbreviations are: 

DIME 
CONT 
RETU 
GO 
ACCE 
WRIT 
FUNC 

SUBR 
OP 
LI 
DE 
EN 
CL 
VA 
PR 
ER 
FR 
UN 

for 

for 

DIMENSION 
CONTINUE 
RETURN 
GOTO 
ACCEPT 
WHITE 
FUNCTION 

SUBROUTINE 
OPEN 
LIST 
DELETE 
END 
CLEAR 
VAHIABLES 
PROGRAMS 
ERASE 
FREEZE 
UNFREEZE 

4. 4. 2 Direct Mode Operations 

Certain of the FORTRAN operations can be 
used in direct mode as well as in stored 
programs. This feature effectively pro
vides a desk calculator with the arithmetic 
power of the FORTRAN language. The 
FORTRAN operations that can he used in 
direct mode are: 
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CALL 
DIMENSION 
Name"" Value 

TYPE 
ACTEPT 

WRJTE 

READ 

FUNCTION 

execute a program 
define arrays 
variable or array as-

signment 
output values 
input ~umbers 
exe~ute assembly language 
output routine 
execute assembly language 
input routine 
execute assembly language 
function routine 

Note that character string arguments are 
not appropriate with TYPE operations in 
direct mode. Examples of direct mode 
operations are: 

- X=2.4 - TYPE X*X-2*X+3 
3.96 - CALL p - TYPE N 
'1!i:L 2 -All variables and arrays in this system are 

global; that is, the variables or arrays 
c rcatcd in one program or in direct mode 
can be referenced by any other program. 
This fact means that variables used within 
a program can be set to initial values in 
dire et mode prior to execution. Similarly, 
after program execution, the status of the 
program variables can be interrogated with 
TYPE or VARIABLES operations in direct 
mode. The global nature of variables can 
be very helpful during program debugging. 

4. 4. 3 Program Execution 

Before creating any stored programs, the 
CLEAR operation should be used to erase 

. the previous user's programs from mem
ory. After a program has been entered 
into memory, it can be executed with a 
CALL statc~mcnt. When the CALL occurs 
in direct mode, the system scans the pro
grams in memory for certain logical errors. 
The specific errors it looks for are: 
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1. A stored CALL statement 
which refers to an undefined 
program. 

. 2. A stored GO TO, IF or DO 
statement which refers to 
an undefined statement. 

If any errors of this sort are found, the 
system responds with an error message 
and will not execute the program specified. 
Details of the error message are discussed 
in Section 4. 5. Note that the system scans 
all programs in memory for these errors, 
not just the one called for execution. 

When a program is executing, the user can 
interrupt at any time to regain control at 
the keyboard. The procedure for interrup
ting a program execution is to depress 
Switch 15 on the Processor Display Panel. 
The system tests for this switch at certain 
points in the execution cycle. When the 
system senses that Switch 15 is set, exe
cution terminates, an error message is 
typed, and control returns to direct mode. 
After regaining control, Switch 15 should 
be released. 

4. 4. 4 Paper Tape Operations 

Some teletypewriter terminals have a, 
paper tape reader and punch. With 
this type of terminal, programs can 
be saved on paper tape, and later re
loaded from the tape. The procedure 
for making a tape is: 

1. Identify the program with a 
SUBROUTINE statement. 

2. Type LIST and before de
pressing the RETURN key, 
turn on the tape punch. 

3. Depress RETURN. The 
program will then be listed 
and punched. 

4. When the operation is com
plete, tear off the tape, and 
turn off the punch. 



Tape input is possible because whenever 
the system seeks input, it attempts to start 
the reader. Therefore, whenever a tape is . 
put in the teletypewriter reader. it will be 
read as soon as the system seeks input. 
The program loading procedures are: 

1. Make sure no program of 
the same name is currently 
defined. 

2. When the system is in direct 
mode, and after the + has 
been typed, put the program 
tape in the reader. 

3. Momentarily put the reader 
switch into the start position, 
which starts the tape moving. 

4. After the program has been 
read, remove the tape from 
the reader. 

Data inputs can also be entered from tape 
using a similar procedure. 

4. 5 EH.ROH MESSAGES 

Error messages can occur at the following 
times during system use: after direct or 
edit mode entries, at CALL time, or during 
program execution. · 

Direct mode errors are indicated by a ques
tion mark (?). The statement causing the 
error is not processed, and the system re
mains in direct mode. For example: 

+- TYPE LOG(-1) 
? .... 

, ln this case the error resulted because the 
LOG function is undefined for negative argu
ments. 

Errors within a stored program ::ire indica
ted by a question mark ( ?) followed by the 
name of the program. On the next line, 
the specific offending statenwnt is listed. 
The system then returns to direct mode 
with the indicated program open. In this 
state, the LIST operation can be used to 
examine the program, or OPEN can be used 
to examing a single statement within the 
program. For example: 

.... CALL p 

? p 

DIMENSION (A(-3) .... LIST 
SUBROUTINE p 

DIMENSION A(-3) 

END .. 
In this case the error occurred because the 
array definition involved a negative value. 
The LIST operation caused all of P to be 
printed. 

Inserting a statement into a stored program, 
assigning a value to a variable, or defining 
an array, requires a sufficient amount of 
core memory. Whenever these operations 
are called for, if enough memory is not 
available, the system types an exclamation 
point (!). If the operation was within a 
stored program, the program name .and 
statement are also listed. For example: 

+- CALL Q 
Q 

N=3 

In this case, since the assignment statement 
was the culprit, there was not c•nough mem
ory available to store away th<' name and 
value of the variable N. 
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Some special cases are: 
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1. When CALL is used in d~rect 
mode to start execution, all 
programs in memory are scan
ned for improper program 
name and statement number 
references. If any reference 
is made to an undefined name, 
the system types an error 
message and lists the offending 
statement. For example: 

.- CALL P 
? Q 

DO 3 I=l, 5 

This message implies that state
ment 3 is undefined in program Q. 

If the FREEZE mode is in effect, 
the system also checks for de
fined variables. 

2. The DIMENSION operation checks 
that sufficient memory space is 
availahfo for the array. For ex
ample: 

DIMENSION A(lOO) 

This message says that not enough 
memory is available. When this 
happens, however, a variable 
named A may get defined. In this 
case, the variable should be erased 
before another DIMENSION opera
tion is attempted for the a.r:ray A. 

:L When program execution is inter
rupted by the user depressing 
Switch 15, the system types an 
error message indicating the 
statement at which the break oc
curred. In this case, there is no 
adual error as the message 
might suggest. 

Some sources of error messagp,s are sum
marized below: 

1. Illegal characters used, such 
as@, $, etc. 

2. Input statement too long. Limit 
is 54 characters. 

3. Undefined variable or array 
referenced. 

4. Expressions improper or too 
complex due to nested paren
theses, etc. Limit is 14 
nested explicit or implicit 
parentheses. 

5. DO loops nested too deeply. 
Limit is 4. 

6. Subroutines nested too deeply. 
Limit is 5. 

7. Improper number of argu
ments used, such as DO 
5 I=l, 2, 3. 

8. LOG used with a negative 
argument. 

9. SIN or COS used with argument 
greater than 1000. 

10. TYPE 'CHARACTERS' used in 
direct mode. 

11. Edit commands such as OPEN, 
LIST, or DELETE used when 
no program is open. 

12. OPEN N used and the open pro
gram contains no statement with 
label N. 

13. CALL P used with P not a pro
per or defined name. 



H. The statements 00, IF. GO 
use improper statement num
ber arguments. 

15. A computed GO TO executed 
with the index value out of 
range. 

16. READ, WRITE operations 
attempted with no driver 
routines available. 

4. 6 SYSTEM CAPACITY 

This system operates in 8K bytes or more 
of core memory. The FORTRAN processor 
itself occupies approximately 6. 5K bytes of 
memory. In an SK memory, this leaves a 
1. 5K working space for user's stored pro
grams and data. Any available memory 
above SK can be used to expand the working 
spacP. 

Working space in memorv iH used as follows: 

1. Stored statements requin' :.?O 
bytes per average statement. 

2. Defined variables require G 
bytes each. 

3. Defined arrays require 6+4N 
bytes where N is the number 
of elements in the array. 

Each 1000 bytes of working space an hold 50 
average statements, over 150 variables, or 
a 15 X 15 two dimensional array. 
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'APPENDIX 1 
INTERACTIVE FORTRAN SUMMARY 

+- direct mode input 
* edit mode input 
= data input 
? error 

memory full 

Numbers - real only, E format 
- precision 6-7 digits 
- range ±76 

Variables - 2 char. names, letter first 
- global, real only 

Arrays - 2 char. names, letter first 
1 or 2 dimensions 

- global, real only 
- subscripts 1, 2, •... , N 

Expressions - use ( ) + - * I ** ' ' ' ' ., ' 

Functions - SIN, COS, EXP, LOG, ATN 

Statements - 2 digit statement numbers 
- terminate with RETURN char. 
- 54 char. max, no continuations 

Programs - 2 char. names, letter first 
- nesting to level of 5 
- implicit RETURN at end 

Operations - CALL P 
- RETURN 
- GO TO N 
- GO TO (Nl, N2, •.• ),X 
- IF (X) Nl, N2, N3 
- 00 N V=Ll, L2 
- CONTINUE 
- DIMENSION A(L), .•. 
- V=X 
- TYPE A, B, .•. 

ACCEPT A, B, .. . 
- WRITE X, A, B, .. . 
- READ X, A, B, ..• 
- FUNCTION (X,A,B, •.• ),C,D, ..• 

Erase previous character with +

Erase line with RUB OUT 
Interrupt execution with Switch 15 

Editing Commands 
SUBR or SUBROUTINE A 
OP OPEN N,X 
LI. LIST 
DE DELETE 
EN END 

System Commands 
CL or CLEAR 
PR 
VA 
ER 
FR 

PROGRAMS 
VARIABLES 
ERASE A 
FREEZE 

UN UNFREEZE 

Direct Mode Operations 
CALL P 
DIMENSION A(L), ... 
V=X 
TYPE A, B, ... 
ACCE fYJ' A, B, ... 
WRITE X, A, B, .. . 
READ X,A, B, .. . 
FUNCTION (X, A, B, ... ), C, D, ... 

Ignored 
C COMMENTS 
REAL 
INTEGER 
COMMON 
FORMAT 

Memory Usage 
20 bytes per statement 
r> bytes per variable 
(i l '1 N bytes per array 

Features 
2 character names 
Free format input/output. 
2 dinwnsional arrays 
AIJ values real and global 
FREEZE mode for speed-up 
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APPENDIX 2 
, SAMPLE INTERACTIVE FORTRAN PROGRAM 

C PROGRAM TO SHOW AHHA YS AND DO 

SUBROUTINE Tl 

DIMENSION A(5, 7), m (10, 7) 

L=7 

DO 20 l :l, S 

DO 20 ,J "1, L 

GO TO 9 

20 CONTINUE 

DO 35 I- L-G, 2 *L-4 

fX) 36 .J=l, 7 

TY PE B(L .J) 

3fi CONTINUE 

;~;, CONTINl'E 

C EXAMPLE OF EXPRESSION AS SUB ... '\CRIPT 

B(l, 1) :~)99 

TYPE 'ELEMENT VALUE IS', B(A(2, 3)-4, A(2, 3)*A(2, 3)/()-:~) 

RETllRN 

C EXAMPLE OF JUMP OUT OF DO 

9 B(2*T-1,.J)-:A(J,,J) 

B(2*1. ,J) 0 :J O*(A(I, .J)*A(l, ,J))/ A(L ,J) 

CO TO 20 

END 
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A_PPENDIX 3 
FORTRAN REFERENCES 

Refer to the following publications for a description of FORTRAN in general: 

1. Farina, Mario V., FORTRAN IV Self Taught, Prentice-Hall Inc., 
Englewood Cliffs, New Jersey, 1966. 

2. Golden, James T., FORTHAN IV Programming, Prentice Hall 
Inc., EnpJ('Wood Cliffs, New Jersey, 1965. 

3. Jamison, Robert V., FORTRAN Programming, McGraw-Hill Book 
Company, New York, 1966. 

4. McCracken, Daniel D., A Guide to FORTRAN Programming, John 
Wiley & Sons, New York, 1966. 
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GE 03-005R03A 16 

OPERATING INSTRUCTIONS 
FOR INTERACTIVE FORTRAN 

1. GENERAL DESCRIPTION 

The FOHTHAN system is discussed in detail 
in the User's Manual For Interactive FOR
TRAN, Publication Number 29-014. There 
arc several versions of FORTRAN, each 
tailored to specific machine configurations. 
One of the versions involves a READ-WRITE
FUNCTION Expansion for linking assembly 
language routines to FORTRAN. Details of 
this Expansion are discussed in Operating 
Procedures For FORTRAN With The RWF 
Expansion, Publication Number 03-011A16. 
This document describes the procedure for 
loading, starting, and using the various 
FORTRAN tapes. 

2. VAHIATIONS 

There are four variations of FORTRAN as 
follows: 

Number Name 

03-005R02M10 FORTRAN 

03-006R02Ml0. FORTRAN 
W/TRAP 

requires 
high speed 
option 
provides no 
RWF Expan
sion 

- no high speed 
option re
quired 

- no RWF 
Expansion 

Number 

03-007Ml0 

03-0llMlO 

Name 

FORTRAN/ -
30-2 

FORTRAN 
W/RWF 

requires high 
speed option 
requires 
floating-point . 
option 
provides 
HWF Expan
sion 

requires high 
speed opti0-:1 
provicle1' HWF 
Expansion 

All variations require at least 8K bytes 
of core memory. All variations assume 
a teletypewriter is interfaced to the Pro
cessor as Device Number 2o The high 
speed option, mentioned above, is the 
High Speed Arithmetic Instruction Rep
ertoire. The floating-point option is the 
High Speed Arithmetic Instruction Rep
ertoire, which is available on the 30-02 
only. Note that the amount of working 
space available for user programs and 
data varies with each of the above. Refer 
to Figure 1 for details. The FORTRAN 
W /TRAP includes the multiply and divide 
TRAP subroutine for machines without 
the high speed option. Since the TRAP 
arithmetic operations require more exe
cution time than hardware instructions, 
this version of FORTRAN runs slower 
than the others. Also, due to the size 
of the TRAP routine, the working space 
is considerably reduced, and this version 
requires more than 8K of memory to be 
generally useful. 



2 

PROGRAM 

GENERAL REG18TERS,8 BIT 
LOAOER,ETC. 

SEE BELOW 

FORTRAN PROIRAM 

WORKING SPACE 

UNUSED 

NUMBER BOTTOM VALUE 
03 -OO!IR02 X118701 

TOP VALUE 
X11FFE1 

X1 IFFE 1 

X'IFFE' 
X'IFFE' 

03-ooeR02 x'1oao' 
03-007 X 019A0 1 

o:s-011 x'1coo' 

a.o 

84 

88 

8A 

ec 
8E 

90 

92 

94 

98 

98 

9A 

8 

START 

8 

RESTART 

BOTTOM 

TOP 

START LOCATION 

. RESTART POSITION 

POINTERS WHICH DEFINE 
WORKING SPACE. 

POINTERS ASSOCIATED 
WITH RWF EXPANSION. 

TABLE OF POINTERS 
ASSOCIATED WITH 
RWF EXPANSION. 

l•'igun~ I. Memory Allocation 

3. TAPE FORMAT 

The FORTRAN tapes are bootstrap tapes. 
Refer to Bootstrap Programs and Proce
dures, Publication Number 06-030A12, for 
an explanation of the tape organization. The 
bootstrap tape is loaded by using the eight
bit loader at X'50'. Note that memory loca
tions from X'lDOO' fo X'lFFF' are used 
during the bootstrap loading process. 

New features in the above versions of FOR
TRAN are as follows: 

1. A problem concerning referencing 
of undefined subroutines is cor
rected. 

2. The left arrow character ( ,,._ ) 
is recognized during keyboard in
puts for purposes of deleting the 
last character in the line. 

The starting location is X' 80'. A 
restart location is provided at 
X'84'. Refer to Section 5. 

4. The Illegal instruction interrupt 
pointer is set when FORTRAN is 
started. See Section 5. 

4. LOADING PROCEDURES 

FORTRAN tapes are loaded using the eight
bit loader at X'50'. The 50 Sequence, which 
includes the eight-bit loader, is described in 
the first section of the Programming Manual, 
Publication Number 29-013. Assuming that 
the 50 Sequence has been entered into mem
ory, FORTRAN is loaded as follows: 

1. Put the tape into the tape reader. 
Be sure the first data character is 
over the read fingers or photo 
diodes. 

2. Set the Data/ Address Switches to 
X'50', set the MODE CONTROL to 
ADH.S, and depress EXECUTE. 

~L Depress lNJTIALIZE. 



1. Set the MODE CONTROL to RUN, 
and depress EXECUTE. 

r>. If a teletypewriter is in use as 
the input device, manually start 
the tape by moving the reader 
switch to Start or Run. 

G. The tape should be read until the 
end. If errors are detected on in
put, the tape will stop, and the 
Processor will halt with the Wait 
light lit. In this case, reposition 
the tape to the previous record gap 
and depress EXECUTE to reread 
the record. 

7. When the tape has been entirely 
loaded, control is automatically 
transferred to FOR TRAN. FOR
THAN indicates it is ready for use 
by printing +- on the teletypewriter. 

5. STARTING PROCEDURES 

Set the display switches to X'0080'. Select 
Arms mode and depress EXECUTE. Select 
RUN mode and depress EXECUTE. The 
system will type an arrow ( -.. ) to indicate 
it is ready for commands from the keyboard. 

When execution is started at X'0080', the 
system is initialized as follows: 

1. The Illegal instruction PSW in 
locations X'34' - X'37' is set. 

2. The limits of the working space 
are established, .and the working 
space is cleared which erases any 
stored programs and variables. 

:L The system is set to unfrozen 
state in Direct mode. 

To restart the FOHTHAN program without 
'clearing the working space, start execution 
·at X'0081P.. Refer to Figure 2. 

6. MEMORY ALLOCATION 

Figure 1 shows a memory map of the sys
tem. The limits of the working space, as 
shown, are established whenever the pro
gram is started at X'0080', or the CLEAR 
operation is used. After the FORTRAN tape 
has been loaded, the limits of memory avail
able for working space can be changed as 
follows: 

1. The halfword at X'0088' contains 
the lower limit. This limit is the 
address of the first halfword with
in the working space. This limit 
can be changed with memory write 
(MEMW) operations on the display 
panel to any cfosi r<.•d value. 

-------- ---·--- - -·-··· 

2. The halfword at X'008A' contains 
the upper limit. This limit, which 
is the address of the last halfword 
within the working space, is de
fined as X'lFFE' when the tape is 
loaded. This limit can be changed 
with memory write (MEMW) opera
tions on the display pan<'I to any 
desired value. 

3. After changing the upper or lower 
limits, start execution at X'0080' 
as described previously in Section 5. 

Redefinition of the working space limits may 
be desirable if more than SK of memory is 
available or if it is necessary to keep other 
programs in memory with FORTRAN. 

7. PAPER TAPE PROCEDURES 

Whenever FORTRAN seeks input from the 
teletypewriter, a single character is typed 
to reflect the type of input needed. The 
characters are: 

... for direct mode input 

* for edit mode inrut 

for data input 



CLEAR 
OPERATION 

START 

x'so' 

SET ILLEGAL INSTRUCTION 
INTERRUPT POINTER 

SET UP WORKING SPACE LIMITS 
AND CLEAR THE WORKING SPACE 

SET DIRECT MODE 

SEEK INPUT 
FROM KEYBOARD 

RESTART 

)( 084' 

NO 

ff NOTEI 

YES 

ILLE8AL 
INSTRUCTION 
INTERRUPT 

IN FORTRAN W/TRAP, NO. 03-008R02MIO, 
THE ILLEGAL INSTRUCTION INTERRUPT IS 
LINKED TO THE TRAP ROUTINE, 

UNFREEZE 
PROGRAMS 

Figure 2. Starting Procedures 

Following the character, the program issues 
an XON character, which starts the tape 
reader if it contains a tape. This means that 
whenever a tape is in the Reader, and the 
program seeks input, the tape will advance 
and be read. 

All inputs to the system are terminated by a 
carri:lgc rctum (HETURN key). Whenever 
the system detects a RETUHN character, it 
issues an XOFF character, which stops the 
tape reader. Note that a tape may move 1 
or 2 characters after XOFF is issued. Simi
J:11·ly, ;1 t:1p<~ m:iy move 1 or 2 characters 
after X< IN is issued before proper synchroni
zation is obtained. For this reason, a num
ber of blank or space characters must separ
ate mwh line on the paper tape. 

-1 

When no tape is in the Reader, and inputs 
are given through the keyboard, the extran
eous XON and XOFF characters will make 
a slight click, but have no other effect. 

To punch a tape, the tape punch on the tele
typewriter must be turned on manually. 
While the tape punch is turned on, all char
acters typed are also punched. By doing a 
LIST operation with the punch turned on, 
therefore, the program listed will also be 
punched. Recall that statements are indente1 
several spaces when listed by the system. 
These leading spaces serve to separate pro~ 
erly the lines on paper tape. 



The p1·occdurc for reading a program tape 
is as follows: 

1. Make sure the system contains no 
programs with the same name as 
those to be loaded. 

2. After the system types ..... to re
quest another direct mode input, 
put the tape in the reader. The 
leading spaces prior to the first 
statement should be placed over 
the read fingers. 

a. Momentarily push the reader 
switch to the Start position. The 
tape will be read, stopping and 
starting again after each line. 

4. When all of the program has been 
read, remove the tape from the 
reader. 

To read a tape with a Model. ASR-35 
Teletypewriter, it is necessary to use 
the KT Teletypewriter mode. 
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GE03-011A16 

OPERATING PROCEDURES FOR FORTRAN 
WITH HWF EXPANSION 

Publication Number 03-011A16 

1. GENERAL DESCRIPTION 

FORTHAN with RWF Expansion, Program 
Number 03-011, is equivalent to FORTRAN, 
03-005R02, supplemented with a READ
WRITE-FUNCTION interface. This version 
of FORTRAN runs on any GE-PAC 30 
Processor with SK bytes or more of core 
memory and the high-speed arithmetic 
instruction repertoire. FORTRAN, with 
the READ-WRITE-FUNCTION Expansion, 
allows users to expand the FORTRAN pro
gram with their own routines for input, out
put, and arithmetic functions. The program 

· interface provided is sufficiently general 
that, with the proper precautions, any assem
bly language routine can be successfully 
linked with FOR TRAN. 

It should be noted that FORTRAN with RWF 
Expansion takes more core memory than 
other versions of FOR TRAN. While the pro
gram runs in SK, therefore, very little space 
remains for user's programs. More memory 
is required, therefore, for this program to 
be used effectively. 

2. TAPE DESCRIPTION 

FOR TRAN with RWF Expansion is available 
in two tape formats. 

1. Tape 03-0llMlO is a bootstrap tape, 
and is loaded using the eight-bit 
loader at X'50'. Refer to Publication 
Number 06-030Al2 for details. 

2. Relocatable tapes for FORTRAN 
with RWF are available. Several 
tapes are required, and they must 
be loaded and linked together by 
the General Loader (06-025). Be
cause of the loaders required. it 
is essential to have more than SK 
of memory to use these tapes. 

3. FEATURES 

This program involves several pointers at 
the beginning of the program as follows: 

ORG + 0 B START Start here and 
clear memory 

+ 4 B REST ART Start here and 
preserve memory 

+ s A(BOTTOM) Pointer to bottom 
of working space 

+ A A(TOP) Pointer to top of 
working space 

+ c A(READ) Pointer to READ 
routine 

+ E A(WRITE) Pointer to WRITE 
routine 

+ 10 A(FUNC) Pointer to FUNC-
TION routine 

The working space pointers arc initially set 
to: 

A(BOTTOM) 
A(TOP) 

= 

= 

X'lCOO' 
.X'lFFE' 

l 



'I'he READ, WRITE, FUNC pointers initially 
point to the error routine in the FORTRAN 
program. User-written routines are linked 
to FORTRAN by adjusting these pointers 
accordingly. 

Another feature in this version of FORTRAN 
is the use of the left arrow character ( - ) 
during user inputs for single character de
letes. That is, the user typing 

followed by a carriage return causes the 
system to delete the minus character (-) and 
perform X=-=2. 

The FORTRAN statements relevant to the 
READ, WHITE, and FUNC operations are 
descri hcd he low. Note that this description, 
while not always in agreement with the FOR
THAN User's Manual, Publication Number 
o:J-005A12, tells it Jike it really is with this 
particular version of FORTRAN. 

4. HEAD STATEMENT 

HEAD X, A, R, C, .•• 

The READ statement provides all the 
facilities of the ACCEPT statement 
but, in addition, it permits use of de
vices other than the Teletypewriter. 
Data is read into FORTRAN by user
written device driver routines. 

The data read is stored as the values of A, 
B, C, etc. X is used as a switch or a de
vice number that the user's program decodes. 
This allows READ to operate with several 
input devices that the user interfaces. 

X, A, B. C, ... are all elements. This 
means that they can be symbol names or 
references to array elements; they cannot 
be literals or expressions. This should be 
noted particularly with respect to X. 

When the HEAD statement is executed, the 
FORTHAN gives control to that program 
whose addr~ss is in ORG + X'C', where 

2 

ORG is the first location of FORTRAN. The 
user supplies this program and sets this 
address. 

The program must be written to read a 
record of information into the FORTRAN 
buffer. This record will subsequently be 
processed exactly as a teletypewriter line 
is processed following an ACCEPT state
ment. 

When the program is called, 'all the para
meters of interest are supplied in the mach
ine registers. This allows the user to write 
the program without knowledge of the FOR
TRAN system. 

The execution of READ causes numbers that 
have been read into the FORTRAN buffer by 
the user's program to be stored as values of 
the symbols A, B, C, . . . etc. 

X, which must be given as an "element" in 
the ~EAD statement, is fetched from the sym
bol table, integerized, and placed in 'a con 
venient register. The user's input program 
may use this integer to determine which of 
several possible input routines should be 
used. This allows the READ statement to 
seek input from one of several devices that 
the user has interfaced. 

The user supplies characters to the buffer 
in eight-bit ASCII code (high-order bit set), 
and terminates the record by placing a car
riage return character at the end of the data. 
The rules concerning what characters are 
used to represent numbers and their separ
ators, are exactly the rules that apply to 
the ACCEPT statement. The user must 
not enter more than 70 characters. 

When control is given to the user-written 
program, the registers contain their values 
and addresses that are indicated in Table 1. 



G. 

Register 
Number 

0 

1 
2 
3 

4 

5 

6 

7 

8 
9 
A 

B 

c 

D 

E 
F 

TABLE 1 

REGJSTER ALLOCATION 
ON TRANSVER TO USER PROGRAM 

Mnemonic 
Name 

SIX 
FOUR 
TWO 
ONE 

LOC 

OP 

AHI 

ALO 

BHI 
BLO 
SIZE 

CUR 

Zl 

Z2 

BACK 
ERROR 

Contents 

6 

4 
2 
1 

Address of first entry in list containing high-order part of 
arguments. 
Address of first entry in list containing low-order part of 
arguments. 
Pointer to character position in buffer where first charac
ter is stored. Subsequent characters are stored in 
succeeding locations. 
Undefined. 

Rounded integerized value of X, expressed as an integer. 
Undefined. 
Address of a table containing addresses of useful subrou
tines. 
(a) Count of characters for output in WRITE program 

(N characters mean count is set at N+2). 
(b) Count of arguments for FUNC program 

(N arguments mean count is set at 2*N). 

Rounded integerized value of X, expressed in floating
point; high-order half. 
Rounded integerized value of X, expressed in floating
point; low-order half. 
Return address for returning to FORTRAN system. 
Address of universal error routine in FORTRAN system. 

WRITE STATEMENT ment allows output of data from the FOR
TRAN system to devices that the user 
interfaces for himself. WRITE X, A, B, C, ... 

The WRITE statement is for use by a user 
who wishes to exercise the facilities of the 
TYPE statement, but who wishes to have 

The data wriUPn are the values of the vari
ablc8 A, B, C, ... etc. Xisusedasa 
::>witch 01· cl<•vicc number that the user's 
program decodes. This allows WRITE to 
operate with several output devices that the 
user int<~rfaccs. 

the output performed on a device whose driv
er program he wishes to write. This state-

3 



X, A, II, C, ... a1·<· :ill "valuc~s". This 
means I h<·.v c:111 he symhoJ names, numeric 
Jitcral:-i, expr·ci;sions, or character strings. 
Note that X should not be a character string. 

When the WRITE program is executed, the 
FORTRAN first generates a buffer full of 
characters. It then gives control to that pro
gram whose address is in ORG + X'E', where 
ORG is the first location of FORTRAN. The 
user supplies this program and sets this 
address. 

The function of the program must be to write 
out a record of information for the FORTRAN 
buffer to the user's device. The record that 
is written, is exactly the same as the record 
that is written to the teletypewriter by the 
TYPE statement, and printed as a line. 
The information in the buffer does not in
clude any carriage return or line feed 
characters. 

When the program is entered, aJI the para
meters of interest are supplied in the mach
ine rq~istcrs. This allowl" the user to write 
progTams without knowlcdg<' of the FORTRAN 
system. 

X is given as a "value". The WRITE state
ment causes it to be integerized and placed 
in a convenient register. The user's output 
program may use this integer to determine 
which of several rossible output routines 
should be used. 

The characters in the buffer are in eight-bit 
ASCII code (high-order bit set). The format 
of th<~ numbers and characters in the buffer 
is exactly the same as for the TYPE statement. 

When control is given to the user-written 
prog ra rn, the registers contain those values 
that ar<' indicated in Table 1. The number 
of charact<'rs to be output (the exact number 
plus two) is t'ontained in register CUR. The 
exact number will never exceed 72. 

(i. FUNC 8TATI•:M ENT 

FUNC (X, Y, ... ),A, B, ... 

The FUNC statement is for use by a user 
who wishes to write his own machine-lang
uage function program, and insert it into the 
FORTRAN system. 

The arguments are a group of ''elements" · 
and a group of "values". The "elements" 
are passed to the user-written program as 
addresses, and the "values" are passed as 
hexadecimal numbers. The ''elements", 
the first arguments in the statement, are 
indicated by being surrounded by parantheses 
There must be at least one "element". If 
there is exactly one "element", no paren
theses are required. Examples of proper 
FUNC statements are: 

FUNC X, 3. 5, SIN(2) 
FUNC (X, BF), 4*N 
FUNC (X, Y, Z), 1, EXP(P), 'HELP' 

The user provides a program whose address 
must be put in location ORG + X'lO', where 
ORG is the first location of FORTRAN. When 
FUNC is executed, control is passed to the 
user's program. All the information the 
user needs is passed in the registers as is 
shown in Table 1. The arguments are 
passed in two tables; the first holds the high
order parts, and the second the low-order 
parts. The starting locations of this table 
are held in registers LOC and OP. The 
number of arguments (the exact number 
multiplied by two) is held in register CUR. 

'rhe rounded and integerized value of X is 
held in register BHI. It may be used by the 
user to steer the function program to a num
ber of other subprograms. X however, is 
also held in the argument tables as the first 
argument. 



7. REGISTER ALLOCATION 

The constants 1, 2, 4, ()arc supplied in four 
rq~istcrs for the user'H convenience, and 
they may be used freely. However, these 
registers must be properly restored by the 
user if he alters them. 

The address in register ERROR is the ad
dress of a FORTRAN routine for handling 
errors. It the user's program is written 
to test for errors, their occurrence should 
cause control to go to that place. This reg
ister must also be saved and restored if it 
is used by the user program. 

Arguments that were specified with the 
FUNC statement, occur as four byte items. 
The high-order two bytes occur in a table 
whose first address is held in LOC: the low
order two bytes occur in a table whose first 
address is held in OP. Successive arguments 
are in successive halfwords. 

If an argument is a "value", the four bytes 
that represent it are its floating hexadeci
mal value, providing the argument is 
numeric. 

The value may, however, be a character 
string. In this case, the first two bytes 
consist of X'FOOO' and the second two bytes 
are the address of the first character of the 
character string in core. The character 
string is preceded by a halfword containing 
the character count plus four, followed by 
the ASCII characters of the string. See 
Figure 1. 

U an argument is an "element", the two high
ordcr bytes that represent it, form the ad
dress of the location in core where the value 
of the argument is stored. This value is 

numeric and consists of four bytes. The 
address that is pointed to, is the one that 
contains thC' low-order half of the value. 
Sec Figun· 2. 

(In the event that an array name is used as 
an argument, the address obtained is the 
address of the location where the first ele
ment of the array is stored.) 

If an argument is merely a name, the two 
low-order bytes that represent it, contain 
auxiliary information. The name may be 
the name of a variable or of an array. The 
low-order part contains the address of the 
first byte in the symbol table that represents 
the variable or array. (A knowledge of the 
symbol table structure shows that the ad
dress in the high and low part differ by ten 
for arrays and by four for variables. See 
Figure 3. 

If, however, the argument is an element of 
an array, the two low-order bytes that rep
resent it contain zero. 

8. OPERATION 

It is the responsibility of the user to gener
ate each assembly language routine appro
priate to his needs. Each routine must be 
loaded into memory in some locations that 
do not conflict with FORTRAN itself. If 
need be, the BOTTOM AND TOP pointers 
which define the working space, should be 
adjusted. 

When FOR TRAN transfers control to a user
provided routine, care should be taken to 
restore the appropriate registers prior to 
returning control to FORTRAN. 

For a discussion of the Floating- Point data 
format used within FORTRAN, refer to 
Publication Number 07-020A12. 

Good luck! 
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Hl-0 .. DH 
AH LIST 

L0-0 .. 0U 
A"Q LIST 

x• ,ooo' 

A (CHU) 

CHA" X1A7' 

C2 

C4 

CN-2 

N+4 

c, 

Cs 

. . . 

X1AT 1 

The halfword preceding CHAR contains the value N+4, where N = the number of charac
ters in the character string including the apostrophe (') characters. Note the X'A.7' is the 
character code for apostrophe ('). 

Figure 1. Character String Argument 



Hl-OltDllt 
ARI LIST 

LO-ORDER 
AH LllT p 

z 

PQlll 

PQlo 

zz Ill 

Zito 

IYMIOL TAILI 

Q 

TYPICAL IMTltY 
POlt VAltlA8Ll 
ttAllllD PQ, 

z 
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Figure 2. Variable Arguments 
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EDITOR (TIDE) PROGRAM MANUAL 

. Publication Number 29-082 

1. INTRODUCTION 

TIDE, Program Number 06-014, is an 
interactive text editor program. It is 
designed to create and modify char-
acter-oriented text material which is 
stored on paper tape, or input through 
the teletypewriter keyboard. The text 
may be an assembly language program, 
a FORTRAN program, or any text in 
the literal sense. 

TIDE is directed by an operator through 
the keyboard of a teletypewriter terminal. 
Upon receiving a keyboard input directive, 
the editor will read text from a specified 
input device into a designated area of core 
memory. The editor allows the user to 
examine, change, delete, and/or modify 
the text while it remains in core memory. 
When the editor receives a keyboard out
put directive, the revised text can then be 
output to the specified output device. 

2. PROGRAM STRUCTURE 

2. 1 Operating Modes 

TIDE has two modes of operation: Com
mand and Edit. The program indicates 
the current mode by printing, in column 
one on the teletypewriter. a left (-) for 
the Command Mode or an asterisk (*) 
for the Edit Mode. In the Command Mode, 
the program accepts keyboard commands 
which specify an editing procedure, or 
which specify a text input or output oper
ation. Frorn an edit command, TIDE en
ters the Edit Mode. Edit Mode allows 
the user to insert, append, or modify 
the text, after which control returns to 
the Command Mode. 

2. 2 Basic Unit 

The basfo ullit of the stored text is a varia
ble length line from 1 to 67 ASCII code char
acters long including the line terminating 
carriage return (CR). Each line of input is 
stored in a line buffer until thj: CR termin
ates the input. The line buff er contents are 
then moved to the text buff er. If the text 
buffer contains a symbolic source program, 
each source statement is one line of text. 
The statements, or lines, have unique d~ci
mal addresses which are sequenced in as
cendin~ order; the first statement in the 
buffer has address number one (1). This 
allows editing of any statement by line ad
dress rather than core location address. 

2. 3 Line Addressing 

A specific line can be referenced by its 
decimal number address n. To examine 
line n, type the decimal number followed 
by a carriage return. The teleprinter will 
list: 

n ZZZ ••• Z 

where n is the line number, and Z the text 
contained in linen. This becomes the line 
currently available for examination or modi
fication and is called the open line. All 
forms of line examinations are exclusive 
to the Command Mode ( .... ) and will never 
cause transfer to the Edit Mode (*). How
ever, any attempt to examine a line not 
contained in the buffer, or to reference a 
nonexistent line, will result in an error. 
message (see Section 2. 7). 

1 



The ex~·culion of some TIDE commands will 
chan1-w the position of a line in the text buf
fer, and consequently chan:gc the Jine num
ber. Thjs line number change does not af
fect the contents of the line. (See Section 
2. (), Command Examples.) 

To facilitate, line addressing and determine 
the number of bytes used in the text buffer, 
the symbols in Table 1 have been implement
ed. A CH delimiter following the symbol is 
used as described for decimal number ad
dressing. Editing convention, however, 
eliminates the CH after a Line Feed (LF) 
or CR itself. All of the symbols with the 
exc~ption--of the arrow ( • ) cause the listed 
.ling to become the open line. 

2. 4 Command Formats 

Commands are entered through the keyboard 
in one of the following general formats: 

FOHMAT 

x 

Xn 

X a,b 

TERMINATING 
CHARACTEH DESCRIPTION 

CR Editor performs 
Command X. 

CR 

CR 

Editor performs 
CommandX on 
n lines. 

Editor performs 
Command X on 
lines .. a through 
b inclusive. Both 
a and b must be 
positive with b 
not less than a. 

where n, a, and bare decimal numbers 
hereafter called arguments, and Command 
X directs the editor to perform the specific 
operations described later in the manual in 
Table 3. All command formats are termin
ated by a CR. If there is an error in the 
command format (Section 2. 7), no action is 
taken and program control returns to the 
Command Mode ( - ). One or more spaces 
should separate the arguments from the 
command. 

TABLE 1. LINE ADDRESSING 

TERMINATING 
SYMBOL CHARACTER FUNCTION 

n CR Opens and lists line number n (a deci-
mal number). 

Carriage Return None Opens and lists the line preceding the 
current open line. 

Line Feed None Opens and lists the line following the 
current open line. 

* (asterisk key) CR Lists the current open line. 

. (period key) CR Lists the last line in the text buffer. 

• (upper arrow key) CR Lists the byte count of the contents 
of the text buff er. The count is 
shown in decimal. 

2 



Linc addressing (Section 2. 3) and command 
arguments can .involve arithmetic using ad
dition and subtraction. Some sample for
mats are shown in Table 2. When using line 
arithmetic with two ar~~ment commands 
(general format X a, b), the rules for a and 
b still apply. 

2. 5 Commands 

The. three main functions of the editor are 
input, modification, and output. The input 
commands are used to enter text into the 
buffer. The modify commands direct var
ious manipulations of the text stored in the 
text buffer. The output commands produce 
a hard copy of the text on the command-
s pecified output device. Table 3 contains 
the definitions for the command repertoire. 
The Tabulate (T) command causes print and 
list operations to use a format similar to the 
Assembler. The command-specified output 
devices will be explained in Section 3. 2. 
Following all of the output commands except 
List (L), the computer stops to allow time 
to prepare output device; to continue depress 

TABLE 2. 

SAMPLE TERMINATING 
FORMAT CHARACTER 

2+7 CR 

. -8 CR 

. -* CR 

x *+3 CR 

x *+3,.-6 CR 

2 (@ Refers to a non-printing keyboard 
input. 

the EXECUTE Switch. Commands which 
are terminated by the break key (BK) may 
also be halted by setting the Display Panel 
Data/ Address Switch 15. 

2. 6 Command Examples 

See Table 3 for command definitions. 

a. Append 

* 
* 
* 

A@2 

APPEND LINES TO @ 
THE TEXT BUFFER @ 
(B~) 

b. Print Print lines one through 
five without tabs. 

.. p 1,5@ 

LINE ONE STILL LINE NUMBER ONE 
LINE TWO DELETED IN EXAMPLE C 
LINE 3 NUMBER WILL CHANGE 
LINE 4 NUMBER WILL CHANGE 
LINE 5 NUMBER WILL CHANGE 

LINE ARITHMETIC 

DESCRIPTION 

Lists line number 9. 

Lists the eighth line before the last 
line in the text buffer. 

Lists the line indicated by subtracting 
the decimal number address of the cur-
rent open line from the decimal number 
address of the last line in the text buffer. 

Editor performs command X on the 
third line following the current open 
line. 

Editor performs command X on lines 
(*+3) through (. -6), inclusive. 

3 



jFUNCTION KEYBOARD 
INPUT 

COMMAND 

Input A 

J 

Input An 

Input I 

Input In 

I 
I: 

4 

TABLE 3 
COMMAND REPERTOIRE 

RESPONSE DEFINITION DESCRIPTION 

* Append The editor enters the Edit Mode (*) and 
accepts input from the keyboard. The 
typed text line is appended following the 
last line of text (if any) in the buff er. 
Each line of input is terminated with a 
CR. After an * response, the Append 
operation is terminated by depressing 
BK. After termination, the last line in-
put, now the open line, and its decimal 
number address are printed. TIDE re-
turns to the Command Mode ( ,.. ). 

none Append TIDE enters the Edit Mode after which n 
n lines lines are read from the Source Input De-

vice, specified in location X 17C rl. This 
read operation may be halted when an end 
of line is reached by depressing BK. Af-
ter either manual or normal termination, 
this command continues as the A command. 

* Insert The editor enters the Edit Mode (*) and 
accepts text lines from the keyboard to 
be inserted preceding the open line. In-
sertions are made in the order in which ·· 
lines are input. Each line is terminated 
by depressing CR and the operation is 
terminated by depressing BK. Upon 
termination, the open line with its cor-
rected decimal address will be printed 
and control goes to the Command Mode 
( ... ). 

none Insert Control transfers to the Edit Mode after 
n lines which n lines of text are read from the 

Source Input Device specified in location 
X'7C'l, and are inserted into the text buf-
fer as described for the I command. The 
insertion may be terminated when the end 
of a line is reached by depressing BK. 
Upon either manual or normal termination, 
the open line with its corrected line num-
ber will be printed and control goes to the 
Command Mode ( - ) . 

~ 



TABLE 8 (Continued) 

!FUNCTION KEYBOARD RESPONSE DEFINITION DESCRIPTION 
INPUT 

COMMAND 

Modify D 

Modify D a,b 

Modify c 

Modify C a,b 

Output p 

none 

none 

* 

* 

Processor 
Halt 

Delete 

Delete 
lines a 
through b 

Change 

The editor deletes the current open line. 
The line following the deleted line is now 
the open line and will be printed along 

'with its corrected line number. Control 
returns to the Command Mode ( ... ). If 
the last line in the buff er is the open line 
and it is deleted, the new last line is now 
the open line and it is listed. 

Lines a through b inclusive are deleted. 
Line b+ 1 becomes the open line and is 
printed along with its corrected decimal 
address. TIDE remains in· the Command 
Mode ( +- ). If line b + 1 is non-existent, 
the last line is opened and listed. 

The open line is deleted. Control then 
goes to the Edit Mode (*) through which 
insertions can be made as in the I Com
mand. After insertions are made, the 
command is terminated by depressing 
BK. The line following the deleted line 
becomes the open line and is printed along 
with its corrected decimal number address. 
Control transfers to the Command Mode 
( ... ). If the last line in the buffer is the 
open line and it is changed without inser
tion, the new last line is now the open line 
and it is li•ted. 

Change lines This command deletes lines a through b 
a through b inclusive then continues as the C com

mand. 

Print This command must be preceded by the T 
or N command. 3 The P command prints 
the contents of the text buffer in T or N 
unnumbered line format on the device 
specified in location X'7E 1l. Printing 
may be terminated when the end of a line 
is reached by depressing BK. Upon man
ual termination, the open line and its 
decimal address are printed. The editor 
remains in the Command Mode ( .- ). 
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TABLE a (Continued) 

!FUNCTION KEYBOARD RESPONsE 
INPUT 

_QQ_MMAND 

Output P a,b 

Output 0 

Output 0 a,b 

Output L 

Output L a,b 

Setup T 

Setup N 

Setup K 

6 

Processor 
Halt 

Processor 
Halt 

Processor 
Halt 

none 

none 

... 

.... 

TIDE 
..... 

DEFINITION DESCRIPTION 

Prints lines 
a through b 

Output 
punched 
tape 

Output lines 
a through b 
on punched 
tape 

List 

List lines 
a through b 

Tabulate 
output 

Untabulated 
output 

Kill text 
buffer 

Lines a through b inclusive are printed 
as in the P Command. 

The entire text buffer is punched in the 
standard source tape format 2 on the de
vice specified in location X'7Ail. Out
put may be halted at the end of a line 
by depressing BK. Upon manual ter.:. 
mination, TIDE prints the open line and 
its decimal address. TIDE remains in 
the Command Mode ( +- ). 

This command punches lines a through 
b inclusive and continues as the O 
Command. 

The contents of the text buff er are 
printed in T or N numbered line for
mat on the teleprinter. Printing may 
be terminated by depressing BK after 
which the open line and its decimal ad
dress are printed. The editor remains 
in the Command Mode <- ). 

Lines a through b inclusive are printed 
and terminated as in the L Command. 

Sets the tabulate flag for format control. 
Output will be similar to the Assembler 
format. 

Resets the tabulate flag for no format 
control. Output spacing will be as in 
the text buffer. This flag state is N 
when TIDE is started at the origin. 

This command starts TIDE at the ORG 
as described in Section 3.3, Starting 
Location. 



TABLE 3 (Continued) 

FUNCTION KEYBOAHD HESPONSE DEFINITION DESCRIPTION 
INPUT 

COMMAND, 

Other R 

Other Rn 

Other s 

·Other Sn 

Processor 
Halt 

Processor 
Halt 

none 

none 

Reproduce 
a punched 
tape 

Duplicate 
n lines of 
punched 
tape. 

Skip 

Skip n 
lines 

This command duplicates a punched paper 
tape. The input device is specified in lo
cation X17c 1l and the output device in lo
cation X'7A 11 . No information from the 
tape will enter the text buffer. Duplica
tion may be terminated when the end of a 
line is reached by depressing BK. After 
manual halt, the open line and its line 
number will be printed. After the entire 
tape is reproduced, the last line reproduced 
is printed. TIDE remains in the Command 
Mode ( - ). ASCII codes X'OO' through 
X'lF' are not duplicated. 

The number of lines specified in the argu
ment are duplicated on punched paper tape. 
The I/O devices and break key (BK) ter
mination are as stated for the R command. 
No information from the tape enters the 
text buffer. If n lines are reproduced, 
the last line punched is printed. TIDE 
remains in the Command Mode ( +- ). 

The device specified in location X'7C'l 
will advance until halted, when the end 
of a line is reached, by depressing BK. 
After manual halt, the open line and its 
number are printed. The editor remains 
in the Command Mode ( +- ) • 

The number of lines specified in the argu
ment are skipped as in the S Command. If 
n lines are skipped, the last line skipped is 
printed. If the operation is terminated with 
a BK, the open line and its number are listed. 

1. See Section 3. 2,I/O Device Selection 
2. See Section 3. 4, Tape Format 

· 3. See Table 3 T, N 

where: 
n a decimal number 
a first argument, a decimal number 
b second argument, not less than a, a decimal number. 
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('. Chan~<· From example h the 
open line iH number 
two. Insert two lines. 
Open line number four 
is printed. 

-c@ 
* INSERT A LINE@ 
* INSERT ANOTHER LINE@) 

*@ 
4 LINE 3 NUMBER WILL CHANGE 

d. List List lines one through five 
for example c after C 
Command execution. 
Note the change in line 
numbers. 

-L 1,5@.D 
1 LINE ONE STILL LINE NUMBER ONE 
2 INSERT A LINE 
S INSEHT ANOTHER LINE 
4 LINE 3 NUMBER WILL CHANGE 
5 LINE 4 NUMBER WILL CHANGE 

2. 7 Errors 

The error message for an improper TIDE 
command entry or for a line of text (from 
any input device) which exceeds the charac
ter limH, is the question mark ( ?). If a 
command entry error is made, no action 
is taken upon the information in the text 
buff er, TIDE responds with an error mes
sage ( ?), and remains in the Command 
Mode ( +- ). If the text line exceeds 67 
characters, the error message ( ?) will be 
printed and program control is transferred 
to the Command Mode ( +- ). None of the 
characters in the line will be entered into 
the text buffer. If the error occurs in either 
the command or text entry, and is discovered 
before depressing the CR, the mistake may 
be corrected. Corrections are made by typ
ing a left arrow ( +- ) which deletes the last 

8 

character in t.he line, or by typing a Huhout 
(HO) which deletes the entire line. The edi
tor responds to the RO with a # symbol and 
control remains in the current mode of 
operation. 

Another TIDE error flag is the exclamation 
point (!)which means the text buffer has 
overflowed. When this happens, the line 
which caused overflow is not entered into 
the text buffer and the text buff er is un
changed. TIDE returns to the Command 
Mode ( .. ). To enter more information, 
it is necessary to delete one or more lines 
from the buffer. To reread the line which 
caused overflow, it is necessary to back-
s pace the input tape one line, and adjust the 
buff er contents to make more· room. 

Section 3. 4, Tape Formats, explains errors 
caused by incorrect input tape formats. 

3. OPERATING PROCEDURES 

3.1 Loading 

TIDE, Program Number 06-014M08, is a 
relocatable program which requires X'OE56' 
bytes of memory including a text buffer of 
1000 bytes. To load TIDE, use the Reloca
table Loader, Program Number 06-024, or 
the General Loader, Program Number 06-
025. Refer to Loader Descriptions, Publica
tion Number 06-025Al2 for use of these 
loaders. 

3. 2 I/O Device Selection 

Prior to TIDE execution, the appropriate 
halfwords in the 50 Sequence device defini
tion table should be set in the following 
format: 

r Device Number 
7

1
8 

Output Command 
15

1 
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The device definition halfwords are: 3. 4 Tape Format 

Teletypewriter inputs no 
printing 

Teletypewriter inputs with 
printing 

Teletypewriter outputs 

High Speed Paper Tape input 

High Speed Paper Tape output 

Line Printer 

X '0 2 94' Punched tapes produced by the Output (0) 

command of TIDE are always in the standard 
x ,02A4 , source tape format. Each line <Jf text is 

punched followed by a CR, LF, and eight 
rubouts (RO). The format for each charac

X'0298' ter is seven bit ASCII code except for the RO 
X'0399' which is eight bit ASCII code. 

X'0392' Input tapes for TIDE should be in the stand-

X'0780 1 

Device selection locations in the 50 Sequence 
device definition table appropropriate to · 
TIDE are: 

Use With TIDE 
Location Symbol Operationsl 

X'7A' BOUTDV Reproduce, 
Output 

X'7C' SINDV Append, Insert, 
Reproduce, Skip 

X'7E' LISTDV Print 

3. 3 Starting Location 

If the execution of TIDE is started at the 
origin (ORG), the text and line buffer point
ers are set to the first locations of the buf
fers. Registers and appropriate locations 
are initialized, and the message TIDE along 
with the Command Mode ( _. ) are printed. 

If TIDE is started at location ORG + 4, no 
initialization occurs, the current state of the 
buffers and pointers is unchanged, and the 
Command Mode ( +- ) is printed. 

1. Refer to Table 3 

ard source tape format; however, the mini
mum tape format requirements are that each 
line must be terminated by a carriage return. 
and contain no more than 67 characters in
cluding the carriage return. In addition, 
successive statements must be separated 
by at least five or six non-printing charac
ters. If a line length error ( ?) (Section 2. 7) 
occurs, the tape must be manually adjusted 
to the next line. If the text buffer capacity 
is exceeded (error ! ), manually backspflce 
the tape one line. In the latter case, editing 
can be done on the text already in the text 
buffer. 

3. 5 Text Buffer Size 

When loaded, TIDE provides a tt>xt buffer 
for 1000 characters. The user may adjust 
the size of the text buffer by inserting the 
beginning and ending absolute addresses into 
locations X'OOOB 'R and X'OOOA 'R respectively. 
The text buffer may be located anywhere in 
core providing it does not overwrite TIDE or 
the I/O device selection addresses. When 
started at ORG, TIDE tests the text buffer 
limits and if they overwrite TIDE, forces 
them to the locations originally specified in 
the editor. The first text buffer location in 
the editor is X'OA6E'R and the last location 
is X'OE54 'H. 





SYMBOL 

* 
? 
# 

A-277 

APPENDIX 1 
TIDE RESPONSES 

DEFINITION 

Command Mode 
Edit Mode 
Error Message 
Rubout Acknowledgement 
Text Buffer Overflow 

--------------------------------------------------------------------------------

* 

t 
LF 

CR 

RO 

-BK 

TELETYPE TIDE CONTROL 

DEFINITION/ ACTION 

Lists the open line. 
Lists the last line in the test buffer. 
Lists the byte count of the current contents of the 

text buffer. 
Opens and lists the line following the current 

open line. 
Opens and lists the line preceding the current 

open line. 
Erase the line just typed from tnc keyboard, 

cancels an incorrect command. 
Deletes the last character typed. 
Halts I/O. See Table 4. 

1. Section 2. 3 describes these symbols as used in line addressing. 

HEXADECIMAL 
LOCATION 

0000 + Bias 

0004 + Bias 

0008 + Bias 

SPECIAL TIDE ADDRESSES 

DEFINITION 

Starting location. Program will initialize 
and reset buffer pointers. 

Restart location. Program will not initia
lize and buffer pointers are not reset. 

Location which defines the first address of 
the text buffer. This address must not over
write the TIDE program. 

Al-1 

jl 



Al-2 

HEXADECIMAL 
LOCATION 

OOOA + Bias 

X'OA6E' + Bias 

X'OE54' + Bias 

A-278 

APPEN:Dlx 1 (Continued) 

DEFINITION 

Location which defines the last address of 
the text buffer. This address must be with
in core limits and greater than the starting 
address of the text buffer. 

TIDE defined first address of text buffer. 

TIDE defined last address of text buffer. 
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GE 29-007ROI 

MA TH ROUTINE LIBRARY ABSTRACTS AND DESCRIPTIONS 

1. INTRODUCTION 

This publication provides programming information on the GE~PAC 30 
Math Routine Library. An abstract and a brief program description are 
provided for each subroutine. To aid in locating data on a particular 
subroutine, the following index is provided. 

INDEX 

Subroutine 

Binary to BCD (Integer) - Single Precision 3 

Binary to BCD (Fractional) - Single Precision 5 

BCD to Binary (Integer) - Single Precision 7 

BCD to Binary (Fractional) - Single Precision 9 

Multiply - Single Precision 11 

Divide - Single Precision 13 

Square Root - Single Precision 17 

Log Base 2,, E, 10 - Single Precision 19 

Sine/Cosine - Single Precision 23 

Arctangent - Single Precision, Restricted 25 

Angle Conversion - Single Precision . 27 

Arctangent - Single Precision, Unrestricted 29 
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2. 7-001 B.INARY TO BCD (INTEGER) - SINGLE PRECISION 

2. 1 Abstract 

This subroutine converts a halfword binary integer number, in two's 
complement form, to its BCD equivalent (ASCII) sign plus five digit 
form. 

The argument is divided by 10, and the quotient forms one of the decimal 
digits. The remainder is again divided by 10 to form another decimal 
digit. This process is continued until five decimal digits have been formed. 

The conversion introduces no errors in the result. 

The average execution time of this subroutine is 3. 3 milliseconds. 

The subroutine occupies X 1C8 1 bytes of memory. 

2. 2 Description 

2. 2. 1 Calling Sequence. 

BAL 15, SIBTOD 
DC A(ARG) 
DC A(RESULT) 

A(ARG) is the address that contains the halfword argument to be converted. 
A negative number must be represented in two's complement form. The 
argument is assumed to be an integer number. 

A(RESU LT) is the starting address in which the resultant binary coded 
decimal numl.>er is stored. Six bytes must be reserved for storage of the 
result. The first byte contains the sign, the next byte contains the most 
significant decimal digit, etc. Five BCD digits plus sign are developed. 
All resultant digits and sign are in Teletypewriter ASCII code. 

Upon completion of the subroutine, control is returned to the first in .. 
struction following the calling sequence. 
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2. 2. 2 Register And Processor Status. The General Registers 
are not affected. The condition code of the PSW is modified. 

2. 2. 3 Algorithm. The algorithm consists of continued division 
of the argument by ion . The quotient formed after each division is equal 
to the binary coded decimal digit. The decimal position of the digit is de
noted by the exponent of 10 used in the division. The exponent of 10 is 
decremented by one, and divided into the remainder to form the next BCD 
digit. This is repeated until five BCD digits have been formed. If the 
argument is negative, the two's complement of the number is formed be
fore conversion is attempted. A negative sign is then affixed to the 
resultant BCD number. Positive arguments result in a plus sign being . 
affixed to the resultant BCD number. 

2. 2. 4 Accuracy. The conversion introduces no error. Five 
decimal digits plus sign are developed. 

2. 2. 5 Timing. The conversion requires 3. 2 milliseconds for 
a positive argument, and 3. 4 milliseconds for a negative argument. 

Z. 2. 6 Size. This subroutine requires X'C8 1 bytes of memory. 
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3. 7-002 BINARY TO BCD (FRACTIONAL) - SINGLE PRECISION 

3. l Abstract 

This subroutine converts a halfword binary fractional number, in two's 
complement form, to its BCD equivalent (ASCII) sign plus five digit 
form. 

The argument is multiplied by 10 and the integer portion of the product 
(formed in the most significant halfword) forms one of the decimal digits. 
The least significant half of the product is again multipled by 10 to form 
another decimal digit. This process is continued until five decimal digits 
are formed. 

The result of the conversion is accurate to five decimal digits plus or 
minus one (:±-1) in the least significant digit. This is because the decimal 
equivalent of a rational binary number may be irrational. Truncation is 
performed, rather than rounding. 

The average execution time of this subroutine is 2. 8 milliseconds. 

The subroutine occupies X'CO' bytes of memory. 

3. 2 Description 

3. 2. l Calling Sequence. 

BAL 15, SFBTOD 
DC A(ARG) 
DC A(RESULT) 

A (ARG) is the address that contains the halfword argument to be converted. 
A negative number must be represented in two's completment form. The 
argument is assumed to be a fractional number. 

A (RESULT) is the starting address in which the resultant binary coded 
decimal number is stored. Seven bytes must be reserved for storage of 
the r~sult. The first byte contains the sign, the next byte contains a deci
mal point followed by the most significant decimal digit, etc. Five BCD 
digits plus sign and decimal point are developed. All characters are in 
Teletypewriter ASCII code. 

Upon completion of the subroutine, control is returned to the first instruction 
following the calling sequence. 
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3. 2. 2 Register And Processor Status. The General Registers 
are not affected. The condition code of the PSW is modified. 

3. 2. 3 Algorithm. The algorithm consists of continued multi
plication of the argument by 10 n . When the argument is multiplied by 10, 
the most significant half of the product forms the most significant decimal 
digit. The least significant half of the product is again multiplied by 10 to 
form the next decimal digit. This process is continued until five decimal 
digits have been formed. If the argument is negative, the two's comple
ment of the number is formed before conversion is attempted. A negative 
sign is then affixed to the resultant BCD number. Positive arguments 
result in a plus sign being affixed to the resultant BCD number. In any . 
case, a decimal point follows the sign. 

3. 2. 4 Accuracy. The results of the conversion are accurate 
to five decimal digits plus or minus one (±1 )'in the least significant digit. 
This error occurs when the argument to be converted is irrational in the 
base 10 system. 

3. 2. 5 Timing. Conversion requires 2. 62 milliseconds for a 
positive argument and 2. 85 milliseconds for a negative argument. 

3, 2. 6 Size. The subroutine occupies X'CO' bytes of memory. 
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4. 7-003 BCD TO BINARY (INTEGER) - SINGLE PRECISION 

4. 1 Abstract 

This subroutine cor..verts a BCD integer number, in sign magnitude form, 
to its binary equivalent in two's complement form. The absolute magnitude 
of the BCD number may not exceed +32, 767 or -32, 768, since these are the 
largest numbers which can be expressed in 16 bits. 

The algorithm used in the conversion is successive multiplication and ad
dition. Let ABCDE be five decimal digits, and Y be equal to the binary 
equivalent. Then: 

The conversion introduces no errors in the result. The average execution 
time of this program is 3. 2 milliseconds. 

The subroutine occupies X'E4' bytes of memory. 

4. 2 Description 

4. 2. 1 Calling Sequence. 

BAL 15, SIDTOB 
DC A(ARG) 
DC A(RESU LT) 

A(ARG) is the starting address of a sign plus five binary coded decimal 
(BCD) integer digit argument. Leading zeros, if any, must appear. The 
argument occupies six consecutive bytes. Negative numbers are repre
sented in sign magnitude form. The Teletypewriter (ASCII) minus char
acter is used to denote negative arguments. The argument appears as 
+NNNN. 

A(RESULT} is the address that contains the result of the conversion. The 
result is one halfword (2 bytes) long. Negative results are expressed in 
two's complement form. 

4. 2, 2 Register And Processor Status. The General Registers 
are not affected. The condition code of the PSW is modified. 

7 



4. 2. 3 Algorithm. The algorithm consists of successive 
multiplication and addition. The most significant digit of the argument 
is multiplied by 104, the next most significant digit by 103, etc. The 
products are then added to form the equivalent binary number. If the 
argument was negative, the two's complement of the result is formed. 
Since the result must be represented by a maximum of 16 bits, an at
tempt to convert a BCD number outside the range -32, 768 to +32, 767 
results in a register overflow and the operation is not performed. This 
is determined, in the algorithm, by testing the result for negative 
values (before complementing). If the value is negative, an overflow 
has occurred and the subroutine exits without modifying the cells at 
/(RESULT). 

4. 2. 4 Accuracy. The conversion algorithm introduces no 
errors. If the range of the argument is -32, 768 to +32, 767, 5 decimal 
digits are converted to 16 binary bits with no error. If the number is 
outside this range, no equivalent binary number is generated. 

4. 2. 5 Timing. This subroutine requires 3. 1 milliseconds for 
a positive argument, and 3. 25 milliseconds for a negative argument. 

4. 2. 6 Size. This subroutine requires X'E4' bytes of memory. 
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5. 7-004 BCD TO BINARY (FRACTIONAL) - SINGLE PRECISION 

5. l Abstract 

This subroutine converts a BCD fractional number, in sign magnitude 
form, to its binary equivalent in two's completment form. 

The algorithm used in the conversion is successive division and ad
dition. Let Y(lO)=. ABC DE. Then: 

Y(2) = A + 
(i(j) 10 

B 
(10) 2 

10 

+ c + 
(10) 3 

10 

D 
(10) 4 

10 

+ 1/8E 
(10) 4 

10 

The error introduced by this approximation is no more than +1 in the 
least significant digit. A cancelling error of 1 in the least significant 
digit may occur in trunction error when the last remainder ls ignored. 
The total error generated by this conversion ls no more than ±1 in the 
least significant bit. 

The average execution time of this program is 3. 8 milliseconds. 

The subroutine occupies X'FC' bytes of memory. 

5. 2 Description 

5. 2. l Calling Sequence. 

BAL 15, SFDTOB 
DC A(ARG) 
DC A( RESULT) 

A(ARG) is the starting address of a sign plus five binary coded decimal 
(BCD) fractional digit argument. Leading zeros, if any, must appear. The 
argument occupies six consecutive bytes. Negative numbers are represented 
in sign magnitude form. The Teletypewriter (ASCII) minus character is used 
to denote negative arguments. The argument appears as ±NNNNN. 

A(RESULT) is the address that contains the result of the conversion. The 
result is one halfword (2bytes) long. Negative results are expressed in 
two's complement form. 

Upon completion of the subroutine, control is returned to the first instruction 
following the calling sequence. 

9 



5. 2. 2 Re&ister And Processor Statl,ls. The General Registers 
are not affected. The condition code of the PSW is modified. 

5. 2. 3 Algorithm. The algorithm consists of successive division 
and addition. The BCD digits are aligned before division so that the first 
digit of the result, be it zero or one, will occur in the 214 binary position, 
The most significant BCD digit is then divided by 10 and the quotient is stored. 
The next BCD digit is fetched, the remainder from the previous division is 
added to the new digit, and the result is properly aligned. The shifted result· 
is then divided by 10 2 etc. The last digit should be divided by 105, however, 
this can not be represented in 16 bits. The last digit is effectively shifted 
right 3 places which divides it by 8 so that it will be divided by 80, 000, rather 
than 100, 000 in converting the last digit. This results in an answer that is 
larger than it should be (but will differ only by the least significant bit). The 
error is partially cancelled by truncation of the last remainder, which 
tends to make the result smaller than it should be. When all five digits have 
been divided, the resulting quotients are added and the result is a 16 bit 
binary representation of the BCD fractional number. If this BCD number 
was negative, the two's complement of the result is taken. 

5, 2. 4 Accuracy. The total error is no more than ±1 in the 
least significant bit. 

5. 2. 5 Timing. This subroutine requires 3. 74 milliseconds for 
a positive argument, and 3. 92 milliseconds for a negative argument. 

5. 2. 6 Size. This subroutine requires X'FC' bytes of memory. 
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l. 7-005 MULTIPLY - SINGLE PRECISION 

6. 1 Abstract 

This subroutine performs a binary multiplication of two halfword (2 byte) 
operands and yields a fullword (4 byte) result. 

Negative operands must be in two's complement form. Negative results 
are in two's complement form. 

The multiplier (OPl) is shifted right. If the bit shifted out is a one, the 
multiplicand is added to the partial product and the result is shifted right 
once. If the bit shifted out is a zero, the partial product is right shifted 
once without adding. This is repeated until all bits of the multiplier have 
beeT: scanned. Upon completion of the scan, the result is in the registers 
which have been accumulating the partial product. 

The two's complement of negative operands is taken. If the result is to 
be negative, the two's complement of the result is taken. 

The subroutine introduces no errors in the result. 

The average execution time of the subroutine is 4. 4 milliseconds. 

The subroutine occupies X 1 l06 1 bytes of memory. 

6. 2 Description 

6. 2. 1 Calling Sequence. 

BAL 
DC 
DC 
DC 

15, SMULT 
A{OPl) 
A(OP2) 
A(RESULT) 

A(OPl) is the address of the first operand (multiplier). 

A(OP2) is the address of the second operand (multiplicand). The operands 
are halfword (2 byte) arguments which, when negative, are represented in 
two's complement form. 

A(RESULT) is the address in which the result will be stored. The result 
is a fullword (4 bytes). Negative results are represented in two's comple
ment form. 
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6. 2. 2 Register And Processor Status. The General Registers 
are not affected. The condition code of the PSW is modified. 

6. 2, 3 Algorithm. Multiplication is performed by successive 
addition and shifting according to the basic definition of multiplication. 
The multiplier (OPl) is shifted right once. If the bit shifted out is a one, 
the multiplicand is added to the partial product and the result is shifted 
right once. If the bit shifted out is a zero, the partial product is right 
shifted once without adding. This process is repeated 16 times. At this 
point all bits of the multiplier have been scanned. Operands which are 
negative are complemented. If the result is to be negative, the two's 
( omplement of the result is taken. 

The algorithm introduces no error. A 32 bit (fullword) product is 
developed. 

6. 2. 4 Timing. The average execution time of the subroutine is 
4. 4 milliseconds. The worst case execution time is 5, 60 milliseconds. The 
best case time is 3. 8 milliseconds. 

6. 2. 5 Size. The subroutine occupies X'l06' bytes of memory, 
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7. 7-006 DIVIDE - SINGLE PRECISION 

7. 1 Abstract 

This subroutine performs a binary division of a full word dividend (OPl) 
by a halfword divisor (OP2) and yields a halfword quotient and a halfword 
remainder. 

Negative operands must be in two's complement form. Negative result.s 
are in two's complement form. 

The divisor is subtracted from the dividend. If the subtraction can be made 
without generating an overflow (sign of the re·sult changes) a one is placed in 
the quotient register and the difference and quotient registers are left shifted 
once. If the subtraction results in an overflow the dividend is restored, a 
zero is placed in the quotient register and both are shifted left once. This 
process is repeated 16 times. Upon completion, the 32 bit dividend has been 
replaced by a 16 bit quotient and a 16 bit remainder. 

The two's complement of negative operands is taken. If the result is negative, 
the two's complement of the quotient is taken. If the dividend was negative, 
the two's complement of the remainder is taken. 

If the arguments are such that the quotient will exceed register limits, eg: 
Q > z 15" -1 or Q ~· _ z 15, an error return i• made. 

The subroutine introduces no errors in the result. 

The average execution time of the subroutine is 7. 0 milliseconds. 

The subroutine occupies X 1164 1 bytes of memory. 

7. 2 Description 

7. 2. 1 Calling Sequence. 

BAL 
DC 
DC 
DC 

ERRRTN DS 

15, SDIV 
A(OPl) 
A(OPZ) 
A(RESULT) 
4 
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A(OPl) is the address. of the first operand (dividend). The dividend is 
a fullword (4 byte) argument. 

A(OP2) is the address of the second operand (divisor). The divisor is 
a halfword (2 byte) argument. Both arguments,. if negative, must be in 
two's complement form. 

A(RESULT) is the address in which the quotient and remainder are stored. 
Since both the quotient and remainder are two bytes long, four bytes (a 
fullword) must be reserved. The remainder is stored first, followed by 
the quotient. In the event of a divide overflow, no result is stored. 

ERRR TN is the address which the subroutine returns to if the quotient 
can not be represented in 16 bits (divide overflow). Generally, the 
programmer uses these 4 bytes to store a branch or BAL so that some 
correction to the operands may be made. 

7. 2. 2 Register And Processor Status. The General Registers 
are not affected. The condition code of the PSW is modified. 

7. 2. 3 Algorithm. Division is performed by successive subtraction 
and shifting according to the basic definition of division. The divisor is· 
subtracted from the dividend. If the subtraction can be made without generating 
an overflow (sign of the result changes) a one is placed in the quotient register 
and both are shifted left once. This process is repeated 16 times. Upon 
completion, the 32 bit dividend has been replaced by a 16 bit quotient and a 16 
bit remainder. 

Operands which are negative are two's complemented. If the result is to be 
negative, the two's complement of the quotient is taken. If the dividend was 
negative, the two's complement of the remainder is taken. 

If the arguments are such that the quotient will exceed the register limits; 
eg: Q. > 215_ 1 or Q < -215, to an error· retu:ru is. made. 

The algorithm is the. implementation of the basic definition of divide. 

7. 2. 4 
the range -215 
developed. 
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7. 2. 5 Timing. The average execution time of this subroutine is 
7. 0 milliseconds. The worst case execution time is 7. 81 milliseconds. 
The best case execution time is 6. 5 milliseconds. 

7. 2. 6 Size. The subroutine occupies X'164' bytes of memory. 
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8. 7-007 SQUARE ROOT - SINGLE PRECISION 

8. 1 Abstract 

This subroutine extracts the square root of a halfword argument. Negative 
arguments are complemented before root extraction. 

The algorithm used in this conversion is the Newton-Raphson approximation. 
The argument is prescaled so that it lies in the range l> x> 1 /4. Upon com
pletion, the resultant root is postscaled to its correct value. 

The maximum error generated by this subroutine is two places in the last 
decimal digit. The maximum relative error is • 00003. 

The average execution time of this subroutine is 3. 1 milliseconds. 

The subroutine occupies X'FO' bytes of memory. 

8. 2 Description 

8. 2, 1 Calling Sequence. 

BAL 15, SSQRT 
DC A(ARG) 
DC A(RESULT) 

A(ARG) is the address of the halfword argument. The argument is considered 
to be a fractional halfword (16 bit) binary number. Negative numbers, in two's 
complement form, are treated as positive quantities and a positive real root is 
extracted. 

A(RESULT) is the address where the resultant root will be stored. The root is 
one halfword in length. 

8. 2. 2 Register And Processor Status. The General Registers 
are not aff~cted. The condition code of the PSW is modified. 
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8. 2. 3 Algorithm. The argument is prescaled by the subroutine 
so that it lies in the range l> X~ 1 /4. The argument is scaled within this 
range so that the scale factor is even. If X=A2s thenrx = fAzs /2 (where 
s is the scale factor). If the argument is negative, its two's complement 
is taken before root extraction is attempted. 

Three successive Newton-Raphson approximations are used to determine 
the root. A trial root is first developed using the equation: Zo = 1 /2 + 1 /2X 
where Xis the argument. Three successive approximations are then made 
using the equation: Zi + l = 1/2 (X/Zi-Zi) + Zi. 

8. 2. 4 Timing. The average execution time of the subroutine is 
(3. 1 + . 1695L) milliseconds. The worst case execution time is (3. 3 + · 
• 1695L) milliseconds. The best case execution time is (2. 9 + • 1695L) 
milliseconds. Where Lis the number of shifts necessary to scale the number 
to the range 1 <XSI /4. 

8. Z. 5 Size. The subroutine occupies X'FO' bytes of memory. 
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9. 7-008 LOG BASE 2, E, 10 - SINGLE PRECISION 

9. 1 Abstract 

This subroutine calculates the log to base two, epsilon or 10 of a halfword 
positive argument scaled as a fraction with an exponent. The base and ex
ponent is supplied to the subroutine in the calling sequence. 

Negative arguments cause the subroutine to make an error exit and the 
operands are not changed. 

The result of this subroutine is a halfword negative (in two's complement 
form) log properly scaled as determined by the fractional argument. 

The log is calculated by means of a polynomial expansion employing 
Chebyshev coefficients. 

The maximum error generated by this subroutine is five places in the last 
decimal digit. The maximum relative error is • 00005. 

The average execution time of this subroutine is 2. 75 milliseconds. 

The subroutine occupies X 1 l6A 1 bytes of memory. 

9. 2 Description 

9. 2. 1 Calling Sequence. 

BAL 15, SLOG 
DC A(ARG) 
DC A(EXP) 
DC A(BASE) 
DC A(RESULT) 
DS 4 ERROR RETURN 

A(ARG) is the address of the halfword argument. The argument is considered 
to be a fractional positive halfword (16 bit) binary number. Negative argu
ments cause an error return. 



A(EXP) is the address of the halfword which contains the exponent of the 
argument so that any number in the range 215_1 to 2-15_1 may be represented. 
For example, proper scaling will cause, the arguments O. 7, 7. o. 70. 0 etc, 
to appear in A(ARG) as X'599A' = 0. 7. A(EXP) would contain 0 for O. 7, 1 for 
7. 0, 2 for 70. 0 etc. Negative exponents must be in two's complement notation. 

A(BASE) is the address of a halfword whose contents determine to which base 
the log will be taken. For base two, A(BASE) must contain 0000. For base · 
epsilon A(BASE) must contain X 10004 1 • For base ten A(BASE) must contain 
X'0002' . 

. /l (RESULT) is the halfword address which contains the resultant log. A(RESULT) 
contains the characteristic and the next halfword A(RESULT)+2 contains· the 
mantissa. Negative logs are represented in two 1 s complement notation. 

9. 2. 2 Register And Processor Status. The General Registers 
are not affected. The condition code of the PSW is modified. 

9. 2. 3 Algorithm. The argument is first prescaled so that it lies 
in the range. l>X~l/2. This is done by shifting the argument left and accum
ulating the number of shifts as a scale factor 'b'. The scale factor is then 
added to the exponent. The effective argument {U) is then formed. 

u = X' +Wz 
x -·fl /2 

The log to the base two is then approximated by means of a polynomial ex
pansion employing Chebyshev coeffieients. 

LOG2 x =I~ C2k- l u2k- ~ -1 /2 where cl = 2, 88523 
1 c 3 = O. 98353 

The log is then converted to its proper base by use of the identity. 

The negative log is then added to the sum o_f the scale factor and exponent 
to form the true mantissa and characteristic. 

9. 2. 4 Accuracy. The relative accuracy of this subroutine is.± 
· 00005 where Erel = APPROX-FUNCT The last decim.al digit may be in error 
by five places. FUNCTION 
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9. 2. 5 Timing. The average ex-ecution time of the subroutine is 
2. 75 milliseconds plus sea.ling time for arguments less than 1/2 (log base 10). 
Scaling time is equal to 120N microseconds where N is equal to the number 
of ahifts necessary to make the argument fall in the range 1>21 /2. Worst 
caee execution time is 3. 45 milliseconds plus scaling time (log base epsilon). 
Best case time is 2. 5 milliseconds plus scaling time (log base 2). 

9. 2. 6 Size. The subroutine occupies X 1 l6A 1 bytes of memory. 
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10. 7-010 SINE/COSINE - SINGLE PRECISION 

1 O. 1 Abstract 

This subroutine generates the sine and cosine of an argument angle. The 
argument is supplied to the subroutine in fractions of a degree, eg. each 
degree is broken into one hundred parts. 

The sine and cosine are generated by polynomial approximation employing 
Chebyshev coefficients. 

SIN°VX = c 1x + c 3x 3 + c 5x 5 where -l<X<l 

and cl= 1.57063 

c 3 = -.64323 

c 5 = • 07271 

Cos'Jfx = Sin:Jt(90-X) 

The maximum relative error introduced by this subroutine is :J;. 00004. The 
result will be in error by no more than 4 in the fifth decimal digit. 

The average execution time is 2. 3 milliseconds. 

The subroutine occupies X' 100 1 bytes of memory. 

10. Z Description 

10. 2. 1 Calling Sequence. 

BAL 15, SINE BAL 15, COSINE 
DC A(ARG) or DC A(ARG) 
DC A(RESULT) DC A(RESULT) 

A(ARG) is the address that contains the halfword argument angle. The angle 
is expressed as an integer in hundredths of a degree, for example 131. 24 
degrees = 13124xlo-2 = X'3344 1, The hex number X'3344' would be the argu
ment for 131. 24 degrees. Arguments greater than 180 degrees are expressed 
as negative angles less than 180 degrees, for example 228. 76 degrees = 
-131. 24 degrees= X 1CCBC'. The two's complement hex number X'CCBC' 
would be the argument for -131.24 degrees. 
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A(RESULT) is the address that contains the halfword result. Negative values 
are expressed in two's complement form. 

10. 2. 2 Register And Processor Status. The General Registers 
are not affected. The condition code of the PSW is modified. 

10. 2. 3 Algorithm. A polynomial approximation using Chebyshev 
coefficients is used to calculate the sine. If the cosine function is called for. 
the complement of the argument angle is taken as the effective argument to the 
sine routine. The argument is reduced to an angle in the range - 1 <x <l if 
necessary by subtraction of 90 degrees. 

SIN ~ X = Cl X + C 3x 3 + c 5x 5 where -1 <X <l 

and C 1 = l. 5 7 0 6 3 

c 3 = -.64323 

c 5 = . 07271 

10. 2. 4 Accuracy. The maximum relative error (ER) introduced 
by the subroutine is ±· 0004. ER = (APPROXIMATION-FUNCTION)/FUNCTION 
The result will be in error by no more than 4 in the fifth decimal digit. 

10. 2. 5 Timing. The average execution time of this subroutine is 
2. 3 milliseconds. The worst case time is 2. 6 milliseconds. The best case 
time is 2. 0 milliseconds. 

10. 2. 6 Size. The subroutine occupies X' 100' bytes of memory. 
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11. 7-011 ARCTANGENT - SINGLE PRECISION, RESTRICTED 

11. 1 Abstract 

This subroutine calculates the arctangent for any tangent argument which lies 
in the range l> X~-1. The resultant angle lies in the range f>o> -~ 
For arguments -l>X~l, the unrestricted arctangent (7-018) subroutine must 
be used. (See Section 13.) 

Both the argument and the result are one halfword in length (16 bits). Negative 
numbers are represented in two's complement notation. 

The algorithm used in this subroutine is approximation by polynomial expansion 
using Chebyshev coefficients. 

The relative accuracy of this subroutine is ±· 00005 which provides foµr and 
one half decimal digits of accuracy. 

The execution time of this subroutine is 1. 95 milliseconds. 

The subroutine occupies X'82' bytes of memory. 

11. 2 Description 

_l l. 2. 1 Calling Sequence. 

BAL 15, ARCTAN 
DC A(ARG) 
DC A(RESULT) 

A(ARG) is the halfword address which contains the tangent argument. The 
argument (X) must lie in the range 1 >X>-1. Negative values are represented 
in two's complement notation. 

A(RESULT) is the halfword address which contains the resultant angle expressed 
in radians. Negative results are in two's complement notation. 
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11. 2. 2 Register And Processor Status. The General Registers 
are not affected. The condition code of the PSW is modified. 

11. 2. 3 Algorithm. The algorithm used in this subroutine is 
approximation by polynomial expansion using Chebyshev coefficients. 

i=3 
ARCTAN X = ~ C2i+l x 2i+l where l>X~-1 

i=O 
c 1 = • 99921s 
C3 = -.321182 
cs = +. 146277 
c 7 = -• 038993 

11. 2. 4 Accuracy. The relative error (ER) of this subroutine is 
±"· 00004 where ER =APPROX-FUNCTION • This subroutine provides four and 

FUNCTION 
one half decimal digits of accuracy. 

11. Z. 5 Timing. The execution time of this subroutine is 1. 95 
milliseconds. 

11. 2. 6 Size. The subroutine occupies X'82' bytes of memory. 
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12. 7-012 ANGLE CONVERSION - SINGLE PRECISION 

12. 1 Abstract 

This subroutine converts an angle expressed in radians to decimal degrees 
for use in the sine I cosine subroutine. 

The argument is a compound number, the integer portion occupies a halfword 
and the fraction the next halfword. Negative arguments are not defined, and 
result in an incorrect result. The argument must lie in the principal range 
2 TT>X~O. 

The subroutine converts the argument to decimal degrees. Angles larger 
than 180 degrees are represented as negative angles less than 180. Negative 
angles are represented in two's complement form, The result occupies one 
halfword ( 16 bits). 

The subroutine has a relative accuracy of :t. 00003. 

The average execution time of the subroutine is 2. 5 milliseconds. 

The subroutine occupies X 1B6 1 bytes of memory. 

12. 2 Description 

12. 2. 1 Calling Sequence. 

BAL 15, RADDEG 
DC A(ARG) 
DC A(RESULT) 

A(ARG) is the halfword address which contains the integer part of the radian 
argument. The next halfword A(ARG)+2, contains the fractional part of the 
radian argument. Negative arguments are not defined, and result in an in
correct answer. The argument must be a principal value, eg. 21r>X >o. 

A(RESU LT) is the halfword address which contains the argument expressed 
in decimal degrees. Arguments greater than TT result in negative angles less 
than 180 degrees. For exarnple 3n;/2 converts to -90. 00 degrees. The result 
is of proper form for entry to the sine or cosine routines. 
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12. 2. 2 Algorithm. The argument, if greater than Tr, is first 
scaled by subtracting 1T" so that it lies in the range 1T > X~O. The scaled 
radian argument is then multiplied by 57. 2958 to convert to degrees. If 
the original argument was greater than 1T, the result is subtracted from 
360 degrees and the two's complement formed. The result is packed to a 
halfword such that 18000 >ANGLE IN HUNDREDTHS ~O. 

12. 2. 3 Accuracy. The relative error of this subroutine is +. 00003 · 
where ER = APPROX-FUNCTION 

FUNCTION 

12. 2. 4 Timing. The best case execution time of this subroutine is 
2. 3 milliseconds. The average execution time is 2. 5 milliseconds. The·worst 
case execution time is 2. 9 milliseconds. 

12. 2. 5 Size. The subroutine occupies X 1B6 1 bytes of memory. 
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13. 7-018 ARCTANGENT - SINGLE PRECISION, UNRESTRICTED 

13. 1 Abstract 

This subroutine calculates the arctangent for any ratio (R) such that 
zl5_l~R>-zl5, The resultant angle(-&) is such that 2tr>-&~O. 

The arguments are one halfword ( 16 bits) in length and if negative are 
represented in two's complement notation. 

The result is one fullword in length. The integer and fractional portions of 
the result each occupy one halfword.· 

The algorithm used in this subroutine is approximation by polynomial expansion 
using Chebyshev coefficients. 

The relative accuracy of this subroutine is ±· 00005 which provides four and 
one half decimal digits of accuracy, 

The average execution time of this subroutine is 3. 3 milliseconds. 

The subroutine occupies X' lDC' bytes of memory. 

13. 2 Description 

13. 2. 1 Calling Sequence. 

BAL 15, 
DC A 

DC A 
DC A 

ATANUR 
(Y) 

(X) 

(RESULT) 

A (Y) is the halfword address that contains the Y value (DIVIDEND) of the 
tangent ratio. Negative values are represented in two's complement form. 

A (X) is the halfword address that contains the X value (DIVISOR) of the tangent 
ratio. Negative values are represented in two's complement notation. 

A(RESULT) is the halfword address that contains the integer portion of the 
resultant angle. A (RESULT) +2 is the halfword address that contains the 
fractional portion of the resultant angle. The angle is expressed in radians and 
will lie in the range 2lT>-&~ 0. 



13. 2. 2 Register And Processor Status. The General Registers 
are not affected. The condition code of the PSW is modified. 

13. 2. 3 Algorithm. The Y ordinate is first compared to the X 
ordinate. If Y>X the cotangent is formed by taking the ratio X/Y rather 
than the tangent Y /X. The signs of X and Y are noted to determine which 
sector the angle will lie in. The negative arguments, if any, are then 
complemented so that the effective tangent (U) lies in the range l> U~O. 

The effective arctangent is then calculated by means of a polynomial approxima
tion using Chebyshev coefficients. 

i=3 
ARCTAN U = < C u 2i+l where U::: !XI or lYl < 2i+l lYl lXl 

c 1 = . 999215 
C 3= -. 321182 
c 5 = +. 146277. 
C7= - . 038993 

i=O 
such that 1 >u ~O 

The angle is then relocated to its correct sector and subtracted fromJfif 
the cotangent was formed. 

13. 2. 4 Accuracy. The relative error (ER) of this subroutine is 
±"· 00005 where ER = APPROX-FUNCT. The subroutine provides four and 

FUNCTION 
one half decimal digits of accuracy. 

13. 2. 5 Timing. The worst case execution time of this subroutine 
is 3. 8 milliseconds. The average execution time is 3. 3 milliseconds. The 
best case execution time is 3. 1 milliseconds. 

13.2.6 Size. The subroutine occupies X 1 lDC 1 bytes of memory. 

:rn 



GE 07-021A12 

FIXED-POINT MULTIPLY/DIVIDE TRAP SUBROUTINE 

1. INTRODUCTION 

This subroutine, which is intended for 
linkage to the illegal instruction inter
rupt, is appropriate for those GE-PAC 
30 processors without fixed-point mul
tiply /divide instructions. The High 
Speed option provides Multiply, Divide, 
Read Block, and Write Block instructions. 
In processors without the High Speed Op
tion, the execution of a Multiply or Divide 
instruction causes an Illegal Instruction 
Interrupt. This TRAP Subroutine, when 
linked to the Illegal Instruction Interrupt, 
performs the multiply or divide operation 
as specified by the particular instruction 
executed. 

2. INSTHUCTION FORMATS 

The TRAP subroutine implements Multiply 
Halfword and Divide Halfword instructions 
as described in the following paragraphs. 

2. 1 Multiply Halfword 

(RR] 

A 

The 16-bit second operand is multiplied with 
the General Register specified by Rl + 1. 
The first operand, Rl, must specify an even 
numbered register. The resulting 32-bit 
product is contained in Rl and Rl + 1, an 
even-odd pair; the second operand is un
changed. The sign of the product is deter
mined by the rules of algebra. 

(Rl, Rl + 1) +-- (Rl + 1)* (R2) [RR] 

(Rl' Rl + 1) 4-- (Rl + 1) *(A+ (X2)) UlX] 

Resulting Condition Code: 

Unchanged. 

Programming Note: 

After multiplication, the most significant 15 
bits with sign arc contained in Rl. The 
least significant l G bits are contained in 
Rl + 1. 

2. 2 Divide Halfword 

(RR) 

A 

The 16-bit second operand is divided into the 
32-bit dividend contained in the General Reg
ister specified by Rl and Rl + 1. The first 
operand, Rl, must specify an even numbered 
register. The resulting 15-bit quotient with 
sign is contained in Rl + 1; a 15-bit re
mainder with sign is contained in Rl, the 
second operand is unchanged. The sign of 
the result is determined by the rules of 
algebra; the sign of the remainder is the same 
as the sign of the dividend. 

(Rl + 1) •4--

(Rl) .. 41-----

(Rl + 1) •4--
(Rl) •4i-----

(Rl, Rl + 1)/(R2) [RR] 

Remainder 

(Rl, Rl + 1)/(A + (X2)) [RX] 

Remainder 

1 



Resulting Condition Code: 

Unchanged. 

Programming Notf': 

A quotient which cannot be expressed in 16 
bits will cause an Arithmetic Fault interrupt 
if enabled by bit 3 of the Program Status 
Word. The operands will remain unchanged. 

3. OPERATION 

The subroutine is organized as shown in 
Figure 1, and contains seven principal parts. 
These parts are used as follows: 

2 

1. The first part consists of the first 
four halfwords in the subroutine. 
These halfwords contain pointers 
which are useful for expanding the 
subroutine to handle other than 
multiply and divide operations. Ex
pansion for non-multiply divide ops 
is discussed in a later section. 

2. The second part begins at the fifth 
halfword (SAVE) which is the entry 
point for the subroutine. This part 
saves all registers in a data area 
called BLOK, and sets up some 
useful constants. 

3. The next part of the subroutine 
picks up the operands for the in
struction which caused the Illegal 
Instruction Interrupt and tests the 
illegal op-code. If the op-code is 
not a multiply or divide instruction, 
the subroutine executes a LPSW 
TRAP instruction, which loads the 
Current PSW with the first two 
halfwords in the subroutine. Unless 
changed to some other value, these 
halfwords contain 8FFF /FFFF and 
the Processor halts since the Wait 
Bit in the Current PSW gets set. 

4. The Multiply routine is used when 
the illegal op-code specifies a 
multiply operation. 

5. The Divide routine is used when 
the illegal op-code specifies a 
divide operation. 

6. The EXIT part of the subroutine 
places the return address (RETN) 
which is in Register 0, into the 
halfword at X'32', restores all 
registers from the data area (BLOK). 
and executes a LPSW X'30'. 

7. The last part, the data area (BLOK), 
is used to save all 16 General 
Registers. 

The operation of the subroutine is illustrated 
in Figure 2. 

During the divide operation, if an overflow 
occurs, the subroutine performs the appro
priate Divide-Fault Interrupt if specified in 
the Old PSW at location X'30'. If the Divide
Fault Interrupt is not enabled, the control is 
returned to the point immediately following 
the divide instruction with the operands 
unchanged. 

4: NON-MULTIPLY/DIVIDE INSTRUCTIONS 

The TRAP Subroutine is designed for expan
sion to handle other than multiply and divide 
instructions. To facilitate this expansion, 
the symbolic name of the first location in 
the subroutine (TRAP) is declared as an 
ENTRY. This means that other programs 
can refer to the name TRAP and the loader 
will link the programs accordingly. The 
two halfwords at TRAP (SFFF /FFFF) are 
used by the subroutine (LPSW TRAP) when 
a non-multiply /divide op is detected. In 
addition, the next two halfwords contain 
pointers to the restore routine (EXIT) and 
the data area (BLOK). 



TRAP 

PART I 

SAVE 

PART 2 

PART 4 

PAltT 5 

EXIT 

PART e 

ILOIC 

PART 7 

/ 
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A(EJCIT) 

A ( BLOIC) 
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R2 

• 
• 
• 
• 
• 
• 
• 

R 15 

} 
"I 

~ 

~ 

~ 

1-1 ,. 
I~ 

~ 

11111 

"' 

'~ 

~ 

"' 

LPIW TRAP If OPS NOT MUL OR DIV, 

POINTElt TO EJCIT ROUTINE. 

POINTER TO RHISTElt IAVI AREA. 

IAVE IS SUIROUTINI ITARTINI POINT, 
SAVE ALL II REllSTIRS IN ILOK. 

OPERAND PICK UP AND, OP CODE TESTINI. 

MULTll"L.Y SUIROUTINE. 

DIVIDE SUllllOUTINE, 

SET ltETN INTO x'az' I RISTORE ALL 1e REllSTIRS ,ROM ILOK, AND LPSW x' ao'. 

18 HALfWORD DATA AREA fOR SAVINI CONTENT OP' RllllTERS • 

Figure 1. Organization of Fixed-Point Multiply/Divide Trap Subroutine 
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IAYE 

IAYE ALL 
ltl81 ITIR8 

IN ILOIC 

SET UP l'IYll! 
CONITANTI 

SIT POINTER TO 
INST,.UCTION (PIN) l"llOM 

ADDUSS PO,.TION 
OLD PSW AT X'IO 

SET ,.l!TU,.N ADDREll 
,.ETN 4-- PIN 

SET POINTElt TO 
IND OPERAND 

(POP 2) 

SET POINTER 
TO IST OPERAND 

(POP I) 

PICK UP 
2ND OPERAND 

(OP2) 

PICK UP 52 lllT 
IST OPERAND 
(OPIH, OPIL) 

SET OC WITH 
OP CODI llTS 0-1 
AND CLEAR BIT I 

TO SHEET 2 

RR 

NO SET POtNTER TO 
2ND OPERAND 

(POP2) 

ltlTN4-RITlll+2 

Figure 2. Operation of Fixed-Point Multiply/Divide Trap Subroutine (Sheet 1 of 2) 



ltS D p IN 
lt4 • oc 
1'8 • OP2 
ltl • OPIH 
lt7• OPIL 

• 
• 

IUO • 0000 
ltll•OOOI 
"12 • ao o o 

YES 

LPSW TltAP 

NO 

OVl"L 

PUT OLD PSW AT x'so' 
INTO OLD PSW AT X'41' 

PUT NEW PSW AT X14C 
INTO OLD PSW AT x'so' 

YIS 

l"ltOM SHl:IT I 

DIVIDI 
OPIH,OPIL 9Y OP& 

STOltl! ltEIULTI 
OPIH, OPIL 

Yll 

EXIT 

ITOltl ltlTN IN 
ADDRESS flOltTION 01" 

OLD PIW AT x'so' 

ltESTOltE RE81STEltS 
FROM BLOK 

LPSW x'so' 

; ' qAt .44 fa G.tq :. ,. 

MULTIPLY 

MULTIPLY 
OPIL BY OP2 

Figure 2. Operation of Fixed-Point Multiply/Divide Trap Subroutine (Sheet 2 of 2) 
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To t'Xtend the TH.AP routine, the first two 
halfwords (8FFF/FFFF) in the subroutine 
should be set to enable transfer to some 
routine which further tests the op-code. At 
the tim<· lh<· LPHW THAP instrnction is exe
cuted, the register contents are as shown 
in Table 1. 

Note that the instruction is assumed RR type 
if bit I = 0, and RX type otherwise. There
fore, in the op-code (OC), bit 1 is cleared, 
since it is no longer needed. If RS instruc
tions are handled, the pointer to operand 2 
(POP2), which is the address of the operand 
in RR and RX instructions, contains the ac
tual value of the operand. 

5. USE OF TRAP SUBHOUTINE 

The prograrn tape 07-021M08 is a relocatable 
tape and must be loaded with either the He
locating Loader OG-024 or the General Load
er <Hi-025. Since the name THAP is declared 
as an ENTHY point, the Helocating Loader 
will halt at one point with the display panel 
lights indicating an Improper Control Item. 

This error halt can be ignon·d. (S<'e Loader 
Descriptions, Publication Number OG-025A12 
for details). 

To use the TH.AP subroutine, the New 
PSW location for illegal instructions at 
X'34' must be set to point to the TRAP 
subroutine entry point (THAP + 8). This 
PSW is established when the TRAP routine 
is loaded. During program debugging, it 
may be necessary to re-establish this PSW 
pointer if it gets changed. 

Note that the TRAP routine is designed with 
a single-level save/restore mechanism. 
This means that any processing of illegal 
instructions, external to the TRAP routine, 
should not involve other illegal instructions 
unless the NEW PSW for the ILLEGAL IN-
STRUCTION INTERRUPT (X'34') is changed. 
If this pointer is not changed, the Illegal 
Instruction Interrupt will cause program 
control to be transferred to location SAVE 
in the TRAP routine, and the register con
tents in BLOK will be destroyed. 

TABLE 1. REGISTER CONTENTS 

Re_g_ister Name Contents 

0 RETN Return Address 
1 POPI Pointer to Operand 1 
2 POP2 Pointer to Operand 2 
3 PIN Pointer to Illegal Instruction 
4 oc Op-Code Right Justified with 

Bit 1 = 0 
5 OP2 The Second Operand 
6 OPIH The First Operand, High Order 
7 OPlL The First Operand, Low Order 
8 RS Undefined 
9 R9 Undefined 

10 0000 Constant = 0 
11 0001 Constant = 1 
12 8000 Constant = bit 0 only 
u OOOF Constant = 15 
14 FFFF Constant = -1 
15 R15 Undefined 

6 



Note that CLll B, the debug program, also 
uses the PSW location for illegal instruc
tions. Care should be exercised, therefore, 
when using CLUB in memory at the same 
time as the TRAP subroutine. It may be 
necessary to repeatedly set the PSW loca
tion to point to TRAP whenever transferring 
control out of CLUB to another program. 
This procedure will inhibit the use of con
ventional CLUB breakpoints. 

The 30-01 execution times required for 
the TRAP routine arc as follows: 

Multiply ops 
Divide ops 
Other ops 

7. 3 msec. 
8. 2 msec. 
1. 5 msec. 

The TRAP routine requires 21016 or 52810 
bytes of core memory. 
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GE 07-020A 12 

FLOATING POJNT PACKAGE DESCHIPTION 

l. l NTHODUC TION 

The Floating Point Package, 07-020, pro
vides in subroutine form, the basic pro
grams required for the manipulation of 
floating-point numbers in any GE-PAC 30 
system with the high speed option, but with
out any floating-point instructions per se. 
Th<' Floating Point Package provides four 
arithmetic operations: addition, subtraction, 
multiplication, and division; and four data 
conversion operations: fixed to floating
point, floating-point to fixed, decimal to 
binary, and binary to decimal. All opera
tions .arc perfor~ed by calling an appro
priate subroutine, where the name of each 
subroutine is identified as an EXTRN. The 
Floating Point Package, therefore, can be 
linked to an assembly language program by 
using the General Loader. 

The basic approach to the use of this pack
age is to load the operands of interest into 
specific general registers, and to call the 
appropriate subroutine. On exit from the 
subroutine, the result is left in specified 
general registers: other general registers 
arc restored to their original value. 

The GE-PAC 30 format for single-pre
cision, floating-point data represents 
numbers in the range from 5. 4 X 10- 79 
to 7. 2 X 1075, with six digits of pre
cision. 

For syHtems without the high-speed option, 
the Floating Point Package can be used by 
('mploying software multiply/divide subrou
tines which arc linked to the illegal instruc
tion tl'ap in the machine. 

2. DATA FORMAT 

A floating-point number consists of a signed 
exponent and a signed fraction. The quantity 
expressed by this number is the product of 
the fraction and the number 16 raised to the 
power of the exponent. The exponent is ex-

pressed in excess 64 binar:v notation: the 
fraction is expressed as a hexadecimal num
ber having a radix point to the left of the high 
order digit. 

Each floating point value requires two half
words. The floating point format is: 

01 7 B 15 

where S 
x 

x 

AB = 

A 

B 

sign of the fraction 
exponent, in excess 64 code 
fraction 

Sign and magnitude representation is used, 
in which the sign bit S is zero for positive 
values, and one for negative values. The 
fraction AB contains six hexadecimal digits 
as shown below. 

01 7 8 15 

x 

The value of a floating point fraction can be 
expressed as: 

-1 -2 F 1 c-!3 +T,• 16-(i F •16 +F ·16 + • " + •••• _r6 .• 1 2 3 

1 



Sample values are shown in Table 1. 

TABLE 1. SAMPLE 

FLOATING-POINT VALUES 

Data in Hexadecimal Value 

4110 1. 0 
0000 

CllO -1. 0 
0000 

-
4198 9.5 
0000 

C080 - .5 
0000 

' 0000 0 
0000 

FFFF -(1-16-6) . 1663 
FFFF 

8010 -16-65 
0000 

4019 . 1 + 16-6 
999A 

= 

A normalized floating-point number has a 
non-zero, high-order hexadecimal fraction 
cli1{it (Fi). If one or more high-order frac;.. 
tion diµ;it.s (F1 F 2 • · ·) are zero, the number 
is said to be unnormalized. The range of 
the maµ;nitude (M) of a normalized floating;.. 
point. numh<'r is: 

2 

or approximately 

5.4 • 10-79 ~ M < 7.2 • 1075 

The floating-point value in "·hie h all cta ta 
bits are zero is called true zero. A true 
zero may arise as the result of an arithme
tic operation due to exponent undc:rDow, r)r 

when a result fraction is zero due to lnss nf 
significance. In general, zero values rmrtici
pate as normal numbers in all arHhmetic 
operations. If the resultant exponent of an 

addition, subtraction, multiplication, or 
division overflows, all bits of the exponent 
and fraction are set, and the correct sign is 
generated. 

3. ARITHMETIC ROUTINES 

The subroutine names for arithmetic opera
tions are: 

FADD 
FSUB 
FMUL 
FDIV 

addition 
subtraction 
multiplication 
division 

Each of these subroutines expects two oper
ands, A and B, and generates the result 
B == A op B, where op == +, - , *, or I 
depending on which subroutine was used. 
Prior to calling the subroutine, the A oper
and should be placed in Registers 6 and 7, 
and the B operand should be placed in Regis
ters 8 and 9. The subroutine, when called, 
computes A op B, and leaves the result in 
place of the B value in Registers 8 and 9. 
All other registers, including the A value in 
Registers 6 and 7, are unchanged. The 
condition code may be changed, however, 
although the flags are not set in any meaning
ful wa\:. 

The subroutine for the arithmetic operations 
expect normalized operands, and generate 
normalized results. If the data is not nor
malized prior to calling the subroutine, the 
result may be incorrect. 



The arithmdic subroutines will generate 
l nte Z<'l'o on <':-<poncnt underflow and tlw 

rn:i~imurn v:tlu<' 011 <'Xpont'nL ovc1·flow. No 
fl:1gs arc set Lo indic:itc that overflow 01· 
1mck1·flow occu1T<'<I. Then.' arc no crro1· 

rctu ms assoc iatcd with arithmetic subrou·
t incs. 

The calling sequence for each subroutine fol
lows. The EXTRN declarations should appear 
once at the beginning of the program. 

* 

* 
* 

* 
* 
* 
* 

* 
* 
* 
* 
* 

* 
* 
* 
* 

* 
* 
* 
* 

EXT RN FADD 

Pl 'T A VALUE IN HEGISTERS 6, 7 
PUT B VALlJE IN REGISTERS 8, 9 

BAL l!J, FADD B-A+B 

HESULT LEFT TN REGISTERS 8, 9 
ALL OTHER REGJSTEHS UNCHANGED 

EXTH.N FSUB 

PUT A VALUE IN HEGISTERS 6, 7 
PUT B VALUE IN REGISTERS 8, 9 

BAL l!J, FSUB 

RESULT LEFT IN REGISTERS 8, 9 
ALL OTHER REGISTERS UNCHANGED 

EXTRN FMUL 

PUT A VALUE IN REGISTERS 6, 7 
PUT 13 VALUE IN REGISTERS 8, 9 

BAL 15, FMUL 

RESULT LEFT IN REGISTERS 8, 9 
ALL OTHER REGISTERS UNCHANGED 

* 

* 
* 

* 
* 
* 
* 
* 

EXT RN FDIV 

PllT A VALUE IN HEGISTEHS G, 7 
PUT B VALUE IN HEGISTEHS 8, !) 

I~A J, lS, FDI\' B-A/B 

HESULT LEFT IN REGISTEHS 8, 9 
ALL OTHER REGISTERS UNCHANGED 

The execution times for these routines are 
as follows. 

Subroutine 30-01 30-02 

FADD 4. 4 msec . 55 rnsce 
FSUB 4.4 • 55 
FMUL 4.9 . 65 

FDIV 7.0 • ~)!) 

The execution tirnes for FADD and FSU B 
arc average figures, since these times de
pend significantly on the amount of pre
equalization and post-normalization involved. 
The times for FMUL and FDTV are quite 
constant since these operations depend very 
little on the data involved. 

4. CONVERSION ROUTINES 

The subroutine names for the conversion 
operations are: 

FFIX 

FFLOAT 

FD BC NV 

FBDCNV 

floating-point to f ixcd
point 
fixed-point to floating
point 
floating dee i mal to 
binary 
floating binary to dec
imal 



The FFIX routine converts the floating-point 
value (B) in He14istors 8, 9 to a fixed-point 
1 G bit int.ege r in two's complement notation. 
The fixed-point result is Jeft in Register- 8. 
A floating-point form of the integer value is 
retumed in Hegister 12, 13. An error re
turn is made if the fixed-point integer will 
not fit in 1() bits. 

The FFLOAT routine converts a fixed-point, 
t\vo' s complcrnent integer in Register 8 to a 
floating-point quantity. The floating-point 
result is left in Registers 8, 9. 

The FDBCNV routine converts a string of 
ASCII characters which define a decimal 
number to the corr<'sponding floating-point 
valu<'. The decimal number is located by 
loading HcgisfC'I' 11 with a pointer to the 
first ch:1 racier in tlw ASCII string. The 
characte1·s can be represented in either. 7-
hit or 8--hit ASCH code. The floating-point 
n·sult is ldl in llegisters 8, 9. 

The forrnat of the decimal numbers is that 
of' the "E" format as used in FORTRAN. 
The dt•cimal format consists of the following. 

1. An optional leading plus or minus 
sign 

2. Up to six digits that may include a 
decimal point 

:L An optional E character followed 
hy an optional plus or minus sign 
:md one or two decimal digits, de-
11C>ti11g u power of ten. 

The dneirnal number is terminated by any 
of the following: 

+ 

I. An.v character not a digit, decimal 
point, E, plus sign, or minus sign. 

:~. Tht' sc•c<md letter E encountered. 
:~~ J\11.v plus ·si.gn or ntinus sign· that 

is not dther first, or immediately 
foll11wing the first E character. 

Examples of numbers in dee i ma l format arc: 

-27 
:J.426 
. 00097 
45. 
-:rn. 2E-3 
+. 07E27 
1. 5E+6 

If more than six digits are specified, the 
proper order of magnitude will result, but 
only six digits of precision are maintained. 
An error return is provided with the deci
mal to floating conversion. The error exit 
is taken when any of the following occur: 

1. Multiple decimal points occur 
before the number is terminated, 
or an E is encountered. 

2. Any decimal point occurs after 
an E is encountered, but before 
the number is terminated. 

3. The specified power of ten is not 
in the range -99 to +99. 

When an error return is taken, the pointer 
in Register 11 indicates the character which 
caused the error. On a normal return, the 
pointer indicates the character which termi
nates the number. 

The FBDCNV routine converts a floating
point value in Registers 8, 9 to the corres
ponding decimal number as an ASCII 
character string. The destination for the 
ASCII characters is indicated by Register 11, 
which contains a pointer to the first charac
ter position in memory. The subroutine 
generates 7-bit ASCII characters in which 
the most significant bit is zero. 

The format of the decimal number is similar 
to the "E" format as used in FORTRAN. The 
number of characters generated varies from 
1 to 12. The shortest number is a simpl<' 
integer, like a, and the longest number is 



of the form -. 12:345GE-12. The rules for 
gcnPrating the decimal number are as 
follows: 

1. A minus sign is generated for a 
negative number, no sign for a 
positive number. 

2. If the number is in the range . 1 
to 106, the number is represen
ted without an E. Six or fewer 
digits are generated, with the 
decimal point between the appro
priate digits. Trailing zeros and 
decimal point are suppressed. 

3. For numbers outside the range 
.1 to 106, an E is used. The 
number is expressed in the range 
. 1 to 1 with a multiplying power 
of ten. In this case, trailing 
zeros arc also suppressed. 

EXT RN FFIX 

Some examples are: 

15 
-27.32 
219000 
.123037 
-406.56 
.127E-21 
. 231427El 7 
0 

There is no error return from the FBDCNV 
routine. On return from the subroutine, 
Register 11 points to the character position 
immediately following the last character 
generated. Registers 8, 9 are not preserved. 

The calling sequences for each subroutine 
are as follows. The EXTRN declarations 
should appear once at the beginning of the 
program. 

* 
* 
* 

PUT FLOATING VALUE BIN REGISTER 8, 9 

* 
* 
* 
* 
* 
* 

* 
* 

* 
* 
* 
* 
* 
* 

BAL 
B 
B 

15, FFIX 
ERROR 
OK 

FIX B 
ERROR RETURN 
NORMAL RETURN 

2'S COMPLEMENT, FIXED-POINT INTEGER LEFT IN REGISTER 8 
FLOATING-POINT INTEGER LEFT IN REGISTERS 12, 13 
ALL OTHER REGISTERS UNCHANGED 

EXT RN FFLOAT 

PUT 2'S COMPLEMENT, FIXED-POINT INTEGER IN REGISTER 8 

BAL 15, FFLOAT FLOAT B 

NO ERROR RETURN 
FLOATING-POINT RESULT LEFT IN REGISTERS 8, 9 
ALL OTHER REGISTERS UNCHANGED 



EXT RN FD BC NV 

* 
* PUT POINTER TO ASCII CHAR STRING IN REGISTER 11 

* 

* 

ML 
B 
B 

15,FDBCNV 
ERROR 
OK 

DECIMAL TO FLOATING 
ERROR RETURN 
NORMAL RETURN 

* FLOATING-POINT RESULT LEFT IN REGISTERS 8, 9 
* REGISTER 11 POINTS TO TERMINATING CHARACTER 
* ALL OTHER REGISTERS UNCHANGED 

* 

EXT RN FBDCNV 

* 
* PUT POINTER TO CHAR BUFFER IN REGISTER 11 
* ALLOW SPACE FOR 12 ASCII CHARACTERS 
* PUT FLOATING VALUE IN REGISTER 8, 9 

* 
BAL 15, FBDCNV FLOATING TO DECIMAL 

* 
* NO ERROR RETURN 
* REGISTER 11 POINTS TO LAST GENERATED CHAR +1 
* REGISTERS 8, 9 DESTROYED 
* ALL OTHER REGISTERS UNCHANGED 

* 
* 

The execution time8 for the routines are: 

Subroutine 30-0l 30-02 

FFlX 3. 6 msec . 45 msec 
F FLOAT 3. 5 msec . 44 msec 
FDBCNV 20-100-500 msec 2. 5-12. -62.msec 
FBDCNV 20-100-500 msec 2. 5-12. -62.msec 

The t~xPcution times for FDBCNV and FBDCNV 
arc~ minimum - average - maximum figures. 
Th<' variation depends on the number of digits 
involved, and the magnitude of the floating-point 
exponent. 

G 

5. OPERATION 

The Floating Point Package, 07-020, is pro
vided as a relocatable tape with part number 
07-020M08. This tape includes the names 
F ADD, FSUB, FMUL, FDIV, FFIX, FFLOAT 
FDBCNV, and FBDCNV, which are declared 
as ENTRY points. This tape therefore, must 
be loaded with the General Loader, 06-025Ml ( 
This tape is self-contained, and requires no 
additional routines or tapes. 

The Floating Point Package requires 6B016 ~ 

or 171210 bytes of core memory. 
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GE-PAC MODEL 30-1 

TEST PROGRAM DESCRIPTION AND OPERATING INSTRUCTIONS 

1. INTRODUCTION 

The function of the 30-01 Test Program is 
to determine whether the Processor is capa
ble of executing all instructions properly. 
Each instruction is exercised and the result 
is compared to an expected result. 

If no failures are detected, the program 
prints out "GE-PAC MODEL 3 0-1 IS A OK" 
at the conclusion of the tests and halts. De~ 
press EXECUTE to begin the test again, start-· 
ing at location X'80'. If a failure is encoun
tered, the testing is halted and an attempt is 
made to print out "FAIL URE" and the hexa
decimal number of the test that failed. 

The program is divided into twenty sections. 
Each section is designated by a hexadecimal 
number from zero to fourteen. Each sec
tion tests all formats within a given ins.truc
tion type. For example, in the test of the 
OR instruction, both. the RR and RX formats 
are tested. 

When a failure occurs, the Processor is 
placed in the Wait state. Standard mainten
ance procedures can be used to isolate and 
remedy the source of the failure. 

Note that the starting location of the test is 
X'80'. If it is desired, the test will per
form a continuous loop if it is started at 
location X' 80', but the I/0 instructions will 
not be tested if started at this location. 

TABLE 1. LOADER PROGRAM 

Location Numbers to Insert Program 

fJfJ5fJ C82fJ fJfJBfJ LHI 2,X'8W START 

fJfJ54 C83fJ fJfJ~ LHI 3, 1 INC RE 

fJfJ58 ' C84fJ fJ6F7 LHI 4, X'6F7' END 

~fJ5C D3AfJ fJfJ78 LB lfJ, BINDV DEVNUM 

fJfJ6fJ DEA?' fJfJ79 oc l?°, BINDV+l COMD 
fJfJ64 9DAE SSR l?", 14 STATUS 

fJ?'66 ?'BEE LHR 14, 14 

fJ?'68 423?' lflf64 ETC 3, X'64' TEST 

fJ?'6C DBA2 fJfJfJfJ RD l?', ?' (2) 

fJfJ7 ?' Cl2?' fJfJ64 BXLE 2, X'64' 

fJfJ74 43?'?' fJfJ8fJ B X'8j)' 

fJfJ78 ¢294 (TTY) BINDV DC X'fJ298' TTY 

fJfJ78 .(1399 (HSPTR) DC X'fJ399' HSPTR 

1 



A listing of the 30-01 Test Program is 
provided later in this publication. 

2. OPERATING INSTRUCTIONS 

2 

1. Manually insert the loader pro
gram listed on Table 1 beginning 
at location X'50'. 

2. Verify that the program was cor
rectly inserted by examining each 
core location that was written. 

3. On the Teletypewriter, place the 
LINE-OFF- LOCAL rotary switch 
in the LINE position. On the Model 
AS!~ 35, place the MODE selector 
in the KT position. 

4. Place the Test Program paper 
tape in the reader, being careful 
to place the first character over 
the sensing fingers. 

5. If the High Speed Paper Tape Read
er (X'39D') is used. remember that 
the first charackr must be placed 
over the photo diodes. also. 

6. Initialize and Address the Pro
cessor to location X'50', the first 
address of the loader pro.gram. 

7. Start the 30-01 Processor rune 
ni.ng by selecting the RUN mode 
and pushing the EXECUTE button. 
Then operate the START-STOP
FREE switch to start the paper 
tape advancing through the reader. 

8. After the last character has been 
loaded, the program is exe.cuted. 

9. If the Processor is functioning 
correctly, the program will print 
out "GE-PAC MODEL 3 0-1 IS A 
OK". If the Processor is equipped 
with multiply and divide, either the 
OK printout or the W, R, U print
out occurs about 30 seconds from 
the time the program is executed. 
If the High Speed Arithmetic Option 
is not installed, the printout should 
occur almost immediately after the 
program is executed. 

10. If the Processor is not functioning 
the program will attempt to print 
out "FAIL URE" and the hexadec i -
mal number of the failing test. 

3. DESCRIPTION OF TESTS 

3. 1 Condition Code Bit Test 
Section 0 

The three forms of the LH instruction (LH, 
LHI and LHR) are executed to test setting 
and resetting condition code bits G and L. 
The Branch instructions verify the correct 
setting of the condition code bits. The test 
section number is placed into a memory lo
cation referred to as F AILNU. It is the con
tents of this location that is printed if a 
machine instruction fails. 

3. 2 Add Instruction Test 
Section 1 

Each of the five add instructions (AH, AHR, 
AHI, ACHR, and ACH) are exercised by this 
section. After each add instruction is exe
cuted, the condition code bi ts are tested 
using branch instructions. Add operations 
that generate overflow and carry are in
cluded. A final test involves an add with 
carry instruction using two registers. The 
condition code bits are set to reflect the 
number contained in both registers. 



3. 3 Subtract Instruction Test 
Section 2 

Each of the five sub1raction instructions 
(SHR, SH, SHI, SCHR, and SCH) is exer
cised by this section. After each subtract 
instruction is executed, the condition code 
bits are tested using Branch instructions. 
A final test involves a subtract with carry 
instruction using two registers. The con
dition code bits are set to reflect the num
ber contained in both registers. 

3. 4 Exclusive OR Instruction 
Section 3 

This section tests the operation of the 
three forms of the Exclusive OR Instruction 
(XH, XHR, and XHI). Each of the three 
forms of Exclusive OR Instruction is tested 
employing various constants. After each 
execution, the condition code bits reflect 
the result of the operation. The Branch 
instructions verify the setting of the con
dition code bits. 

3. 5 Logical AND Instruction Test 
Section 4 

This section tests the operation of the three 
forms of the Logical AND Instruction (NH, 
NHR, and NHI). Each of the three forms of 
Logical AND Instruction is tested employing 
various constants. After each execution, 
the condition code bits reflect the result of 
the operation. The Branch instructions 
verify the setting of the condition code bits. 

3. 6 Logical OR Instruction Test 
Section 5 

This section tests the operation of the three 
forms of the Logical OR Instruction (OR, 
OHR, and OHI). Each of the three forms 
of Logical OR Instructions is tested employ
ing various constants. After each execution, 
the condition code bits reflect the result of 
the operations. The Branch instructions 
verify the setting of the condition code bits. 

3. 7 Branch Instruction Test 
Section 6 

This section tests the Branch instruction's 
ability to act as an unconditional Branch 
(BR) and to serve as a Non-Operation 
(NOPR) [nstruction. A failure in the mach
ine's interpretation of the unconditional 
Branch instruction leads to the error rou
tine for all other test sections. The error 
subroutine prints out the message "FAIL URE" 
and the section number of the test that fails. 
It then enters the Wait state. 

3. 8 Branch Instruction Test 
Section 7 

This section test the RR format of the 
Branch instruction's ability to act as an 
unconditional Branch. A failure in the 
machine's interpretation of the Branch 
instructions results in branching to the 
error subroutine. 

:3. 9 Compare I ,ogical Instruction Test 
Section 8 

This section tests the operation of the three 
forms of the Logical Compare instruction 
(CHL, CLRH, and CLHI). Each of the Com
pare instructions uses an address in the test 
program to compare against. The results 
of the comparisons are reflected in the set
ting of the condition code bits which the 
Branch instructions test. 

3.10 Store Byte Instruction Test 
Section 9 

Both forms of the Store Byte instruction 
(STER and STB) are tested. The destina
tion location or registers as specified in 
the Store Byte instruction are tested to 
insure that after the execution of this in
struction, bits 8-15 are unchanged. This 
section also checks that this instruction's 
execution did not affect the setting of the 
condition code bits. 
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3. ll Shift Instruction Test 
Section 10 

The four shift instructions: Shift Left and 
Right Arithmetic, and Shift Left and R~ght 
Logical, are examined. The propagation 
of ones to the right using the Arithmetic 
Shift, the shift into the carry bit from eith
er end of a register, and a shift of 16 are 
checked. The condition code bits are tested 
after each shift operation using Branch 
instructions. 

3. 12 Load Byte Memory Instruction 
Test - Section ll 

In this section, the RX form of the Load 
Byte (LB) instruction is tested. The ins.truc
tion' s acti.on of zeroing bits 0 through 7 in 
the Destination register as specified by the 
instruction, is verified. In addition, the in
sfruction' s action of not affecting the condi
tion code hits is also checked. 

3. 13 Load Byte l{c!gi st er Instruction 
Test - Section 12 

In this section, the RR form of the Load 
Byte ( LBR) instruction is tested. The test 
operates in a similar manner to that de
scribed above for the RX form of the Load 
Byte instruction. 

3.14 Load Program Status Word 
Instruction - Section 13 

The specialized action of the Load Program 
Status Word (LPSW) instruction is tested by 
this section. If the Processor fails to exe
cute this instruction porperly, a transfer to 
the error subroutine is executed. 

3.15 Branch and Link Instruction Test 
Section 14 

Both forms of the Branch and Link instruc
tion (BAL and BALR) are tested. The 
loading of the designated link register with 
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the correct link address is verified. In ad

dition, the Processor's ability to branch to 
the specified location is also checked. 

3. 16 Branch on Index High, Low, or 
Equal Instruction Test -
Section 15 

The two Branch on Index Instructions, 
Branch on Index High (BXH) and Branch 
Low or Equal (BXLE) are tested. The 
three required registers are set to a value 
and the BXH and BXLE instructions execu-

ted. An improper execution of the BXH 
and BXLE leads to the error subroutine. 

3. 17 Index Instruction Test 
Section 16 

A Load instruction, indexed, is used to test 
indexing. The contents of the indexed value 
is then compared to a known value to verify 
that the indexing operation was properly 
completed. 

3. 18 Illegal Instruction Test 
Section 17 

In this test, an illegal instruction is execu
ted. The Illegal Instruction New PSW is set 
to an address in this test section. After the 
illegal instruction is executed, the address 
in the Old Illegal Instruction PSW is tested 
to check if it contains the address of the 
illegal instruction. 

3.19 Multiply and Divide Inst ruction 
Test - Section 18 

As some 30-01 's are not equipped with 
the High Speed Option (Multiply, Divide, 
Read Block or Write Block), the Illegal 
Instruction Interrupt New PSW is first set 

II TYl" to test program address TWEN . 
When a Multiply instruction is attempted, 
program control will branch to location 
"TWENTYl", thus by-passing all of Section 
18 and 19. 



The multiply and divide test consists of a 
loop in which that same numbers are multi
plied together (squared). The product is 
then divided into the multiplier. The result 
of the division yields the original number. 
All integers from l to 65, 534, progressing 
one unit at a time, are multiplied and divided. 

The second part tests the signs obtained 
from the multiplication and division of all 
the possible combinations of signed operands. 

The third part tests the Divide Fault Inter
rupt. Two numbers are selected such that 
the answer of the division cannot be ex
pressed in a 16 bit register. A verification 
is provided to check that both the Divide Fault 
Interrupt occurs and that the divisor remains 
unchanged. 

3. 20 Read Block/Write Block Instruc
tion Test - Section 19 

The Write Block instruction will cause a 
message type out on the teleprinter which 

says 11 DEPRESS KEYS W, R, U11 • The Read 
Block instruction accepts these inputs (W, 
R, U) and then compares the data output to 
the user input. If the user does not input 
correctly (W comma R comma U), the 
30-01 test program will respond with 
the error message. It is important that 
five (5) characters be input or the Proces
sor will hang in a Read Block loop. 

3. 21 Input /Output Instructions, 
Acknowledge Interrupt, and 
Test for_ False Sync Test -
Section 20 

Part one (1) of this test follows the same 
procedure as described in Sect ion 19. 

Part two (2) tests the Acknowledge Interrupt 
instruction without an interrupt pending. 
When this happens, Rl should contain zeros 
and R2 or A+(X2) should contain a four 
(0004) which is the False Sync bit. 
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APPENDIX 1 LISTING 

OPT PASS2,PRINT,PUNCH,STOP 
* 
* * ~6-005R02 GE-PAC 30-01 TEST PROGRAM 
* . 

0080 ORG X1 80' BEGIN EXECUTION AT LOC 80 
* * WITH A LITTLE LUCK THE POINTER WILL SET TO ZERO 
* 
* 0 0 0 0 0 CONDITION CODE BIT TEST 
* 
* 

0080 4300 B ROUND ENTER HERE FOR EXECUTING 
008C 

0084 4200 NOP 0 RB & WR INSTRUCTIONS 
0000 

0088 4300 B SKIP EN ENTER HERE FOR LOOPING 
00A2 

008C DEA0 ROUND oc Rl0,WDATA THIS SUBROUTINE IS 
06B4 

~090 9DAE RND SSR RHl,R14 USED TO ISSUE A XOFF 
(iJ(iJ92 4280 BTC 8,RND CHARACTER TO STOP TAPE REA 

(}(J9(J 
(J(}96 DAA0 WD R10,XOFF 

YJ68C 
~9)9A C820 ZERO LHI R2,X 1 FFFF 1 

FFFF 
~9)9E 4300 B ZEROA 

00A2 
00A6 
C820 SKIP EN LHI R2,0 
0000 

00A6 4020 ZEROA STH R2,SKIPTS 
06FA 

00AA C800 LHI RO,ERRORA 
018C 

(10AE 40(10 STH RO,X 1 36 1 STORE ERROR ADDR IN ILLPSW 
(1036 

(J(IB2 C82CJ LHI R2,0 CLEAR FAIL REGISTER PIR 
'CJ(JCJ(J 

(,1(,1B6 4Cl2(iJ STH R2,X 134' 
CJ(iJ34 

(,1(/BA 4~2~ STH R2,FAILNU STORE FAIL TEST NUMBER 
rJ6F8 

(1~BE 4830 LH R3,FOXES .LOADS 1 FFFF 1 INTO R3 
06A6 

00C2 0310 BFCR 1,ERROR TEST COND. CODE L=l 
00C4 02E0 BTCR X' E' ,ERROR TEST COND.CODE C, V, G=0 
0CJC6 C810 LHI Rl,X'l' PLACE 1 IN Rl 

CJCJCA 
CJ(iJ<Jl 
032(iJ BFCR 2 ,ERROR TEST COND. CODE G=l 

(}(/CC 0200 BTCR x ID'' ERROR TEST COND. CODE C,V,L=0 
00CE 0833 LHR R3,R3 USED TO SET COND. CODE 
~9lD9l YJ3l YJ BFCR l,ERROR TEST COND. CODE L=l 
~0D2 02E0 BTCR X'E' ,ERROR TEST COND. CODE C,V,G=0 

Al-



00D4 C830 LHI R3,0 USED TO SET COND. CODE 
0000 

00D8 02F0 BTCH X'F',ERROR TEST COND. CODE C.V.G,L=0 
* 
* 
* ERROR POINTER NOW SET TO 1 
* 
* 1 1 1 1 1 ADD INSTRUCTION TEST 
* 
* 

00DA 0A21 ONE AHR R2,Rl SETS ERROR POINTER TO 1 
00DC 4020 STH R2,FAILNU STORE FAIL TEST NUMBER 

06F8 
0.0E0 .02D.0 BTCR X' D' ,ERROR TEST COND. CODE G=l 
00E2 .0320 BFCR 2 ,ERROR TEST COND. CODE C,V,L=.0 
00E4 CA10 AHI Rl,X'7FFF' CHANGES RlFROM '7FFF' TO 

7FFF 
* "8000' 

00E8 0350 BFCR 5,ERROR TEST COND CODE L,V=l 
00EA 02A0 BTCR X'A',ERROR TEST COND CODE C,G=0 
00EC 4A10 AH Rl,EIGTH CHANGE Rl FROM '800.0' TO 

06A4 
* '.00.00' WITH CARRY 

.0.0F0 .03C0 BFCR X'C' ,ERROR TEST COND CODE V,C=l 
00F2 0230 BTCR 3,ERROR TEST COND CODE L, G=O 
00F4 0Ell ACHR Rl,Rl CHANGE Rl FROM '0000' TO 

* '.0001' 
00F6 0320 BFCR 2,ERROR TEST COND CODE G=l 
00F8 02D0 BTCR x ID' ,ERROR TEST COND CODE C,V,L=.0 
00FA 4E30 ACH R3,NADA TESTS COND CODE REFLECTS 

.06A8 
* ANSWER OF R3 AND Rl 

00FE 0320 BFCR 2; ERROR TEST COND CODE G=l 
0100 02D0 BTCR X' D' ,ERROR TEST COND CODE C,V,L=0 
0102 0833 LHR R3,R3 TESTS R3 REMAINED ZERO 
0104 02F0 BTCR X'F' ,ERROR TEST COND CODE C,V,G,L=,0 

* . * 
* ERROR POINTER NOW SET TO 2 
* 
* 2 2 2 2 2 SUBTRACTION INSTRUCTION TEST 
* 
* 

0106 0A21 TWO AHR R2,Rl SETS ERROR POINTER TO 2 
0108 4020 STH R2,FAILNU STORE FAIL TEST NUMBER 

06F8 
010C CB30 SHI R3,l . CHANGES R3 TO 'FFFF' 

0.0.01 
0110 039.0 BFCR 9 ,ERROR TEST COND CODE L,C=l 
0112 0260 BTCR 6,ERROR TEST COND CODE V,C=0 
0114 0B33 SHR R3,R3 CHANGES R3 TO 0 
0116 02F.0 BTCR x IF' ,ERROR TEST COND CODE C,V,G,L=0 
0118 4830 SH R3, FOXES CHANGES R3 TO 1 

06A6 
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011C 03A0 BFCR x I A I ,ERROR TEST COND CODEC,G=l 
~llE ~259 BTCR 5 ,ERROR TEST COND CODE V,L=9 
0120 0F33 SCHR R3,R3 CHANGES R3 T0 1 FFFF 1 

~122 ~39~ BFCR 9,ERROR TEST COND CODE C,L=l 
~124 ~26~ BTCR 6 ,ERROR TEST COND CODE V,G=9 
0126 4F30 SCH R3,ALMFX CHANGES R3 TO ZERO 

06A0 
012A 02D0 BTCR x ID' ,ERROR TEST COND CODE C,V,L=0 
012c 0320 BFCR 2 ,ERROR TEST COND CODE G REFLECT 

* SUBTRACT WITH CARRY 
012E £1833 LHR R3,R3 R3 REMAINS ZERO 
0130 023£1 BTCR 3,ERROR TEST COND CODE G,L=0 

* 
* 
* ERROR POINTER NOW SET TO 3 
* 
* 
* 3 3 3 3 3 EXCLUSIVE OR INSTRUCTION 
* 

0132 0A21 THREE AHR R2,Rl SETS ERROR POINTER TO 3 
0134 402~ STH R2,FAILNU STORE FAIL TEST NUMBER 

06F8 
0138 C730 XHI R3,X 1 FFFF 1 CHANGES R3 to 1 FFFF 1 

FFFF 
013C 0310 BFCR I ,ERROR TEST COND CODE L=l 
013E 02E0 BTCR X1 E1 ,ERROR TEST COND CODE C,V.G=~ 
'1140 '1733 XHR R3,R3 CHANGES R3 TO ZERO 
'1142 '12F0 BTCR x• F ·,ERROR TEST COND CODE C,V,G,L=0 
'1144 4730 XH R3,ALT CHANGES R3 TO 1 5A5A 1 

'16A2 
lll48 0320 BFCR 2 ,ERROR TEST COND CODE G=l 

* 
* 
* ERROR POINTER NOW SET TO 4 
* 
* 4 4 4 4 LOGICAL AND INSTRUCTION TEST 
* 
* 

014A flA21 FOUR AHR R2 ,Rl SETS ERROR POINTER TO FOUR 
014C 402.0 STH R2,FAILNU STORE FAIL TEST NUMBER 

fl6F8 
0150 C43ll NHI R3,X 1 A5A5 1 CHANGES R3 TO ZERO 

A5A5 
£)154 D2F0 BTCR x IF I' ERROR TEST COND CODE C,V,G,L=0 
£}156 C73ll XHI R3,X 1 FFFF 1 CHANGES R3 TO I FFFF 1 

FFFF 
tJ15A 0433 NHR R3,R3 R3 REMAINS WITH 1 FFFF 1 

.015C .031'1 BFCR 1, ERROR TEST COND CODE L=l 
015E 02E0 BTCR x• E •,ERROR TEST COND CODE C,V,G=0 
0160 443.0 NH P3,NADA CHANGES R3 TO ZERO 

06A8 
0164 02FlJ BTCR x I F1 ,ERROR TEST COND CODE C,V,G,L=0 

* 
* 
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* ERROR POINTER NOW SET TO 5 

* 
* 5 5 5 5 LOGICAL OR INSTRUCTION TEST 
* 
* 

0166 0A21 FIVE AHR R2,Rl SETS ERROR POINTER TO 5 
0168 4020 STH R2 ,FAI LNU STORE FAIL TEST NUMBER 

06F8 
016C 0633 OHR R3,R3 R3 REMAINS ZERO 
l/J16E Yi2FO BTCR x IF I ,ERROR TEST COND CODE C, V ,G ,L=0 
0170 C630 OHI R3,X'A5A5' CHANGES Ra• TO • ASAS • 

A5A5 
0174 0310 BFCR 1,ERROR TEST COND CODE L=l 
0176 02E0 BTCR X'E' ,ERROR TEST CONO CODE C,V,G=0 
0178 4630 OH R3,ALT CHANGES R3 TO 1 FFFf 11 

l/J6A2 
017C 0310 BFCR 1,ERROR TEST COND CODE L=l 
j,JJI 71: 0A31 AHR R3,Rl CHANGES R3 TO ZERO 
0181/J 0270 BTCR X 1 71 ,ERROR TEST COND CODE V, G ,L=l/J 

* 
* 
* ERROR POINTER NOW SET TO 6 
* 
* 6 6 6 6 BRANCH INSTRUCTION TEST 
* -
* LET US SEE IF THE J3RANEH INSTRUCTIONS HAVE BEEN WORKING 
* 
* 

0182 l/JA21 SIX AHR R2,Rl SETS ERROR POINTER TO 6 
9H84 4020 STH R2,FAILNU. STORE FAIL TEST NUMBER 

llJ6F8 
0188 4300 BFC '0;AR-OUNO TEST OF UNCONDITIONAL 

023A 
* BRANCH INSTRUCTION 

018C 4010 ERRORA STH Rl,SAVE 
071C 

0190 4030 SlH P3,SAVE+2 
l/J71E 

0194 4040 STH R4,SAVE+4 
0720 

0198 4050 STH R5,SAVE+6 

0722 
019C 4090 STH R9 ,SAVE+8 

0724 
01A0 40A0 STH RIO ,SAVE+ 10 

0726 
01A4 40F0 SThl R15,SAVE+12 

0728 
01A8 0855 SHR, R5,R5 
01AA C830 CO'NVRT LHI R3,4 

0004 
01AE 4840 LH R4,FAILNU 

06F8 
0182 CC43 SRHL R4 ,;0( 3) 
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0000 
0186 C440 NHI R4,X'F' 

000F 
01BA C540 CLHI R4,X'A 1 

000A 
01BE 428({J BL *+8 

01C6 
01C2 CA40 AHI R4,7 

0007 
01C6 CA40 AHI R4;X'30' 

0030 
({JlCA D245 STB R4,TESTNU(5) 

06C8 
01CE CA50 AHI R5,1 

0001 
·0102 CB30 SHI R3,4 

0004 
0106 4310 BNM CONVRT+4 

01AE 
{.HOA C8A0 LHI R10,2 LOAD TTY DEVICE NUM 

0002 
~HOE C810 LHI Rl, 1 

0001 
01E2 C8F0 LHI R15,MESS START OF FAILURE MSG 

06BE 
01E6 DEA0 SENS oc R10,WDATA TTY TO WRITE MODE 

0684 
01EA 9DAE SSR R10,R14 TEST STATUS BYTE OF TTY 
01EC 42F0 BTC x IF I ,SENS WHEN BUSY IS ZERO 

01E6 
01F0 DAAF WD R10,0(R15) SEND CHARACTER TO TTY 

0000 
01F4 0AF1 AHR R15,Rl INCREMENT INDEX 
01F6 C5F0 CLHI Rl5,MESS1 TEST SENT LAST CHARACTER 

06CA 
01FA 4280 BTC 8,SENS RETURN TO SENSE STATUS 

01E6 
01FE .4890 LH R9,SKIPTS TEST START LOCATION 

06FA 
0202 4330 BZ RETRN3 

020E 
0206 C890 LHI R9,ZERO 

009A 
020A 4300 B RETRN4 

0212 
020E C890 RETRN3 LHI R9;SKIPEN 

00A2 
9)212 4090 RETRN4 STH R9, ERRWAT +2 

0238 
0216 4810 LH Rl,SAVE 

071C 
021A 4830 LH R3,SAVE+2 

071E 
021E 4840 LH R4,SAVE+4 
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# 
~72~ 

~222 485~ LH R5itSAVE+6 
~722 

R9,SAVE+8 ~226 489~ LH 
~724 

LH Rl~,SAVE+l~ ~22A 48A{1 
~726 

~22E 48F~ LH R15,SAVE+12 
~728 

~232 C2~~ LPSW ERRWAT THIS STOPS PROGRAM 
~236 

X 1 8~~~ 1 ,A(ZERO) SHOULD JAM IF IT DOES NOT ~236 8~~~ ERRWAT DC 
~~9A 

STOP * 
~23A ~2~~ AROUND BTCR ~,ERROR TEST OF A NOP 
~23G ~832 LHR R3,R2 CHANGES R3 TO 6 
~2-3E 422~ BTC 2,BYl TEST COND CODE G=l 

~244 
~242 ~3~~ BFCR ~,ERROR THIS BRANCHES TO ERROR 
~244 43D~ BYl BFC X'D', BY2 TEST COND CODE C,V,L=~ 

~24A 
~248 ~3~~ BFCR ~,ERROR THIS BRANCHES TO ERROR 
~24A ~2D~ BY2 BTCR X' D' ,ERROR TEST COND CODE C,V,L=0 

* 
* 
* MUST HAVE DONE SOMETHING RIGHT 
* 
* ERROR POINTER NOW SET TO 7 
* 
* 7 7 7 7 BRANCH INSTRUCTION TEST (RR FORM) 
* 
* 024C !1A21 SEVEN AHR R2,Rl SETS ERROR POINTER TO 7 

(124E 4(120 STH R2,FAILNU STORE FAIL TEST NUMBER 
(16F8 

(1252 C83(1 LHI R3,THERE LOAD ADDR 'THERE' INTO R3 
(125A 

(1256 (1303 BFCR r1,R3 TESTS UNCONDITIONAL BRANCH 
* TO THERE 

(1258 (13(1(1 BtCR 11, ERROR THIS BRANCHES TO ERROR 
(125A C83<1 THERE LHI R3,EIGHT LOADS ADDR 1 EIGHT' .INTO 

(}262 
* R3 

(125E (1223 BTCR 2,R3 TEST COND CODE G=l 
(}260 (13(}(1 8rCR i1 ,ERROR THIS BRANCHES TO ERROR 

* 
* 
* ERROR POINTER NOW SET TO 8 \ 

* 8 8 8 8 COMPARE LOGICAL INSTRUCTION TEST 
* (1262 (1A21 EIGHT AHR- R2,Rl SETS ERROR POINTER TO 8 

(.1264 4(.12(1 STH R2,FAILNU STORE FAIL iEST NUMBER 
(}6F8 

(}268 453(.1 CLH R3, THERE+2 COMPARES CONTENTS OF R3 
~ 

Al-6 



025C 
* WITH CONTENTS OF LOC 
* THERE +2, SHOULD BE EQUAL 

026C 02F0 BTCR X'F',ERROR TEST COND CODE C,V,G,L=0 . 026E C530 CLHI R3,EIGHT +l COMPARES CONTENTS OF R3 
0263 

* WITH THE VALUE 'EIGHT +1 1 

* R3 SHOULD BE LESS 
0272 0380 BFCR 8,ERROR TEST COND CODE C=l 
0274 C840 LHI R4 ,EIGHT-1 LOADS THE VALUE 'EIGHT-1' 

9)261 
* INTO R4 

9'278 9)534 CLHR R3,R4 COMPARES R3 WITH R4 
027A 02D9J BTCR X' D' ,ERROR TEST COND CODE C,V,L=9J 

* 
* 
* ERROR POINTER NOW SET TO 9 
* 
* 9 9 9 9 STORE BYTE INSTRUCTION TEST 
* 
* 

9J27C 0A21 AHR R2,Rl SETS ERROR POINTER TO 9 
9J27E 49'20 .S1H R2,FAIJ,,NU, . STORE FAIL TEST NUMBER 

06F8 
9)282 49)49' NINE STH R4,TEMP STORE CONTENTS R4 IN 

9J6FC 
* MEMORY 

9'286 4830 LH R3,TEMP LOAD SAME LOC INTO R3 . . 
06FC 

9J28A 9)543 CLHR R4,R3 TEST R4 CONTAINS SAME AS 
* R3 

9J28C 9J2F9J BTCR x IF'' ERROR TEST COND CODE C,V,G,L=0 
9J28E 0B33 SHR R3,R3 CHANGES R3 TO ZERO 
9J299J 49'30 STH R3,TEMP STORES R3 IN MEMORY 

06FC 
9)294 4840 LH R4,TEMP LOAD SAME LOC INTO R4 

9J6FC 
0298. 9)2F0 BTCR X'F',ERROR TEST COND CODE C,V,G,L=0 
fll29A C830 LHI R3,X'5AA5' CHANGES R3 TO '5AA5' 

5AA5 
9J29E D239J STB R3,TEMP STORE BITS fll-7 OF R3 INTO 

9J6FC 
* MEMORY 

9J2A2 4849' LH R4,TEMP CHANGES R4 iO 'A500' 
06FC . 

9J2A6 0310 BFCR 1,ERROR TEST COND CODE L=l 
9J2A8 D249J STB R4,TEMP STORE BITS 9'-7 OF R4 INTO 

9J6FC 
* MEMORY NOW CONTAINS ZERO 

9J2AC 4840 LH R4,TEMP CHANGES R4 TO ZERO 
9J6FC 

02B0 fl)2F9J BTCR X'F',ERROR TEST COND CODE C,V,G,L=0 
02B2 D230 STB R3,TEMP+l STORE BITS 0-7 OF R3 

' 9J6FD 
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* ('As•) INTO BITS 8-lS OF 
* MEMORY 
* ('AS') INTO BITS 8-lS OF 
* MEMORY 

02B6 4840 LH R4,TEMP CHANGES R4 TO '.0.0AS' 
06FC 

02BA 02D.0 BTCR x ID' ,ERROR TEST COND CODE C,V,L=.0 
.02BC 0320 BFCR 2,ERROR TEST COND CODE G=l 
02BE 0B44 SHR R4,R4 CHANGES R4 TO ZERO 
02C0 9243 STBR R4,R3 CHANGES R4 TO .0.0AS 
02C2 0833 LHR R3,R3 USED TO SET COND CODE 
02C4 032.0 BFCR 2,ERROR TEST COND CODE G=l 
.02C6 C730 XHI R3 ,x' SAOO I . CHANGES R3 TO '.0.0.0.0' 

SA00 
.02CA .02F0 BTCR X' FI ,ERROR TEST COND CODE C,V,G,L=.0 

* 
* * ERROR POINTER NOW SET TO A 
* 
* A A A A SHIFT INSTRUCTION TEST 
* 
* 

.02CC 0A21 TEN AHR R2,Rl SETS ERROR POINTER TO 1A1 

.02CE 4.02.0 STH R2,FAILNU STORE FAIL TEST NUMBER 
.06F8 

.0202 .0A31 AHR R3,Rl CHANGES R3 TO I .0.0.01 ' 

.02D4 CD3.0 SLHL R3,1S CHANGES R3 TO 1 8.0.0.0 1 

0.0.0F 
02D8 .031.0 BFCR 1, ERROR TEST COND CODE L=l 
.02DA .02E.0 BTCR X'E',ERROR TEST COND CODE C, V, G=.0 
.02DC CE3.0 SRHA R3,1S CHANGES R3 TO 1 FFFF 1 

.0.0.0F 
.02E.0 .0310 BFCR !,ERROR TEST COND CODE L=l 
.02E2 .02E.0 BTCR X' EI ,ERROR TEST COND CODE C, V, G=.0 
.02E4 CF3.0 SLHA R3,1S CHANGES R3 TO 1 8.0.0.0 1 

.0.00F 
.02E8 .039.0 BFCR 9,ERROR TEST COND CODE C,L=l 
02EA .026.0 BTCR 6,ERROR TEST COND CODE V,G=.0 
.02EC CF30 SLHA R3,1 CHANGES R3 TO 1 8.0.0.0 1 

0.0.01 
.02F.0 .031.0 BFCR !,ERROR TEST COND CODE L=l 
.02F2 .02E.0 BTCR x IE I ,ERRO~ TEST COND CODE C,V,G=.0 
.02F4 CD30 . SLHL R3,0 NO CHANGE TO R3 = 1 8.0.0.0 1 

.02F8 ~~~~ BFCR !,ERROR TEST COND CODE L=l 

.02FA .02E.0 BTCR x 'EI ,ERROR TEST COND CODE C,V,G=.0 

.02FC CC3.0 SRHL R3,15 CHANGES R3, TO '.0.0.01' 
.0.0.0 F 

.03.0.0 .0320 BFCR 2 ,ERROR TEST COND CODE G=l 

.03.02 .02D.0 BTCR X' D' ,ERROR TEST COND CODE C,V,L=.0 

.03.04 CC3.0 SRHL R3,1 CHANGES R3 TO 1.0.0.0.0 1 

.0.0.01 
.03.08 .038.0 BFCR 8,ERROR TEST COND CODE C=l 
.03.0A .027.0 BTCR 7 ,ERROR TEST COND CODE V,G,L=.0 
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.03.0C .0A31 AHR R3,Rl CHANGES R3 TO 1 0001 1 

.0 3,0E CE30 SRHA R3,1 CHANGES R3 TO 1 0000 1 

.0.001 
.0312 ,038,0 BFCR 8,ERROR TEST COND CODE C=l 
0314 .027,0 BTCR 7, ERROR TEST COND CODE V,G,L=0 
0316 0E33 ACHR R3,R3 CHANGES Q3 TO 1 0001 1 

,0318 CF3,0 SLHA R3,14 CHANGES R3, TO 1 4000 1 

0.0YJE 
,031C 032YJ BFCR 2 ,ERROR TEST COND CODE G=l 
,k'.)31E .02D.0 BTCR x I D1 ,ERROR TEST COND CODE C,V,L=0 
,k'.)32YJ CD30 SLHL R3,2 CHANGES R3,TO 1 0000 1 

~.0.02 
,0324 ,038,0 BFCR 8,ERROR TEST COND CODE C=l 
0326 027,0 BTCR 7 ,ERROR TEST COND CODE V,G,L=0 
.0328 f)E33 ACHR R3,R3 CHANGES R3 TO 1 0001 1 

032A CC3,0 SRHL R3,16 P3 REMAINS 1 0001 1 

001.0 
,032E ,032,0 BFCR 2 ,ERROR TEST COND CODE G=l 
.£)330 ,02D,0 BTCR x ID' ,ERROR TEST COND CODE C,V,L=0 

* 
* 
* ERROR POINTER NOW SET TO B 
* 
* B B B B LOAD BYTE INSTRUCTION 
* 
* 

0332 f)A21 ELEVEN AHR R2,Rl SETS ERROR POINTER TO 1 B1 

,0334 402YJ STH R2,FAILNU STORE FAIL TEST NUMBER 
,06F8 

YJ338 D33YJ LB R3,0NES CHANGES R3 TO 1 00FF 1 

.£)356 
,033C ,02Df) BTCR x I D1 ,ERROR TEST COND CODE C,V,L=0 
,033E ,0320 BFCR 2, ERROR TEST COND CODE G=l 
0340 CD30 SLHL R3,8 CHANGES R3 TO 1 FF00 1 

0YJ.08 
* NOTE-THIS CHANGES COND 
* CODE 

YJ344 D33YJ LB R3,ONES1+ 1 CHANGES R3 RO 1 00FF 1 

0359 
* LB INSTRUCTION ZERO'S BITS 
* 0-8 

,0348 ,02E0 BTCR X1 E1 ,ERROR TEST COND CODE C,V,C=0 
034A ,031YJ BFCR ! ,ERROR TEST COND CODE L=l 
YJ34C C530 CLHI R3,X 1 FF 1 TEST R3 FOR HAVING 1 00FF 1 

0YJFF 
,0350 ,02F,0 BTCR x IF 1· ,ERROR TEST COND CODE C,V,G,L=0 
0352 43YJ0 B TWELV GO TO NEXT TEST 

035A 
0356 FF,0,0 ONES DC X1 FF0liJ 1 USED IN ABOVE TEST 
,0358 f),0FF ONES! DC X1 00FF 1 USED IN ABOVE TEST 

* 
* 
* ERROR POINTER NOW SET TO C 
* 
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* c c c c LOAD BYTE REG INSTRUCTION TESTS 
* 
* 

035A 0A21 TWELV. AHR R2,Rl SETS ERROR POINTER TO 'C' 
035C 402'6 STH R2,FAILNU STORE FAIL TEST NUMBER 

06F8 
0360 CD30 SLHL R3,8 CHANGES R3 TO 'FF00' 

0008 
* THIS INSTRUCTION SETS COND 
* CODE 

0364 9333 LBR R3,R3 CHANGES R3 TO 0000 
0366 0310 BFCR 1,ERROR TESTS COND CODE L=l 
0368 0833 LHR 3,3 USED TO SET COND CODE 
f,J36A 02F0 BICR X' F' ,ERROR TEST COND CODE C,V,G,L=0 

* 
* ERROR POINTER NOW SET TO D 
* 
* D D D D LOAD PSW INSTRUCTION S 
* 

036C 0A21 THIRT AHR R2,Rl SETS ERROR POINTER TO 1 D1 

036E 4020 STH R2,FAILNU STORE FAIL TEST NUMBER 
06F8 

0372 C200 LPSW GO PROG SHOULD BRANCH TO GOl 
0378 

0376 0300 BFCR 0,ERROR LAND HERE IF PREVIOUS 
* INSTRUCTION FALSE 

0378 000F GO DC X1 000F 1 USED FOR LPSW INSTRUCTI0N. 
'/J37A 037C oc A(GOl) USED FOR LPSW INSTRUCTION 
037C 42F'/J GOl BTC x IF'' *+6 UNCONDITION BRANCH TO NEXT 

0382 
* IEST 

0380 0300 BFCR 0 ,ERROR LAND HERE IF PREVIOUS 
* INSTRUCTION FAILS 
* 
* 
* ERROR POINTER NOW SET TO E 
* 
* E E E E BRANCH AND LINK INSTRUCTION TEST 
* INSTRUCTION TEST 
* 

0382 0A21 FOURT AHR R2,Rl SET ERROR POINTER TO 1 E1 

'/1384 4020 STH R2,FAILNU STORE FAIL TEST NUMBER 
'/J6F8 

0388 C830 LHI R3,BRANCH LOAD ADDR 1 BRANCH 1 INTO R3 
'/139'/J 

038C '/1143 BALR R4,R3 BRANCH TO ADDR IN R3 
038E 0300 BFCR fa ,ERROR LAND HERE ONLY ON ERROR 
0390 C54'/J BRANCH CLHI R4,BRANCH-2 TEST LINK ADDRESS IN 04 

038E 
* SAME AS 'BRANCH -4 1 

0394 02F'/J BTCR X' F1 ,ERROR TEST COND CODE C,V,G,L=0 
0396 4140 BAL R4,BRAN2 BRANCH TO 'BRAN 21 

039C 
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039A 0300 BFCR 0 ,ERROR LAND HERE ONLY ON ERROR 
039C C540 BRAN2 CLHI R4,BRAN2-2 TEST LINK ADDR IN R4 

039A 
* SAME AS 1BRAN2-4 1 

03A0 02F0 BTCR X1 F1 ,ERROR TEST COND CODE BITS 
* C,V,G,L=0 
* 
* 
* ERROR POINTER NOW SET TO F 
* 
* F F F F BXLE&BXH INSTRUCTION T 
* 
* 

03A2 0A2I AHR R2,RI SETS ERROR.POINTER TO 1F1 

. 03A4 4020 STH R2,FAILNU STORE FAIL TEST NUMBER 
06F8 

03A8 C830 LHI R3,2 CHANGE R3 TO 1 0002 1 

0002 
9)3AC C840 LHI ft4 X1 FFFF 1 

' ' INCREMENT FOR BXLE+BXH 
FFFF 

* INSTRUCTION 
03B0 C850 LHI R5,0 END VALUE FOR BXLE+BXH 

0000 
* INSTRUCTION 

03B4 CI30 BXLE R3 ,ERRORA SHOULD NOT BRANCH, R3 
0I8C 

* CHANGE TO 10001 1 

03B8 C030 BXH R3,ERROR CHANGE R3 TO 1 0000 1 

0I8C 
03BC 0A3I AHR R3,Rl CHANGE R3 TO '000I 
03BE C130 BXLE R3,*+6 SHOULD BRANCH CHANGE R3 

03C4 
* TO 10000 1 

9)362 0300 BFCR 0,ERROR LAND HERE IN ERROR 
03C4 C030 BXH R3,*+6 SHOULD BRANCH CHANGE P3 

03CA 
* TO 1 FFFF 1 

9}3C8 0300 BFCR 0,ERROR LAND HERE IN ERROR 
* 
* 
* ERROR POINTER SET TO I0 
* 
* I0 I0 10 10 . INDEXING INSTRUCTION TEST 
* 
* 10 I0 .I0 I0 TEST INDEXING ON RS RX 
* 
* 

03CA 0A2I AHR R2,Rl 
03CC 4020 STH R2,FAILNU STORE FAIL TEST NUMBER 

06F8 
9}3D0 C830 LOCI LHI R3,LOCI TEST RS WITHOUT INDEXING 

03D0 
..• 9)3D4 C539} CLHI R3,LOCI CHANGES R3 TO VALUE LOCI 

03D0 
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0308 0230 BTCR 3,ERROR 
.03DA C831 LHI R3,LOCI(Rl) TEST RS WITHOUT INDEXING 

03Dlll 
03DE C530 CLHI R3,LOC1+1 CHANGES R3 TO VALUE LOCI+! 

0301 
03E2 0230 BTCR 3,ERROR 
,03E4 4831{J LH R3,DIAGN TEST RX WITHOUT INDEXING 

068E 
03E8 C530 CLHI R3,1 CHANGES R3 TO OCNTENTS OF 

0001 
l{J3EC 0230 BTCR 3 ,ERROR LOC DIAGN 
03EE 4832 LH R3,DIAGN(R2) TEST RX WITH INDEXING 

068E 
l{J3F2 C530 CLHI R3,X 1 100 1 CHANGES R3 TO CONTENTS OF 

.010.0 
03F6 0230 BTCR 3,ERROR OF LOC DIAGN+R2 

* 
* 
* 
* ERROR POINTER NOW SET TO 11 
* 
* 11 11 11 11 ILLEGAL INSTRUCTION TEST 
* 
* FOR TRAP,OTPSW SHOULD CONTAIN ADRS OF ILL 
* 

l{J3F8 0A21 OKI AHR R2,Rl SETS ERROR POINTER TO 1 11 1 

03FA 4020 STH R2,,FAILNU STORE FAIL TEST NUMBER 
06F8 

.03FE C830 LHI R3,0 SET CONDITION CODE PORTION 
001ll0 

* OF 
.0402 4030 STH R3 ,x I 34•• ILLEGAL INSTR INTERRUPT 

.0034 
* NEW PSW TO ZERO 

0406 C830 LHI R3,NEXTH LOADS ADDR INTO ADDR PART 
0410 

040A 403.0 STH R3,X 1 36 1 OF NEWPSW ILLEGAL 
0036 

* INSTRUCTION INTERRPUT 
040E f 000 ILL DC X1 F000 1 THIS ILLEGAL INSTRUCTION 

* CAUSES AN INTERRUPT 
0410 4830 NEXTH LH R3,X 1 32 1 

0032 
l{J414 C530 CLHI R3,ILL TEST ADDR OF ILLEGAL 

040E 
* INSTRUCTION PLACED IN OLD 
* PSW ILLEGAL INTERRUPT 

0418 4330 BFC 3,EIGHTN ADDRESS IS CORRECT GO 
.041E 

041C 0301ll BFCR 0,ERROR ON TO NEXT TEST 
l{J41E C830 EIGHTN LHI R3,ERRORA 

018C 
.0422 4030 STH R3,X 1 36 1 SET ADDR TO ERROR 

0.036 
~ 
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* 
* 
* 
* 12 12 12 12 MULTIPLY & DIVIDE INSTRUCTION TEST 
* 
* MULTIPLY & DIVIDE TEST: MULTIPLIER AND DIVIDEND IN R6 
* 
* 
* 
* jll426 jl)A21 AHR R2,Rl S~TS ERROR POINTER TO 12 

jll428 4jll2jll STH R2,FAILNU STORE FAIL TEST NUM 
06F8 

~42C C830 LHI R3,TWNTY1 STORE ADDR OF NEXT 
jll5A4 

. 0430 4030 STH R3,X 1 36 1 TEST IN NEW PSW ILLEGAL 
0036 

* INSTRUCTION 
0434 0B33 SHR R3,R3 BECAUSE ALL PROCESSORS 

* DO NOT 
9'436 4030 STH R3,X 1 34 1 HAVE MULT AND DIVIDE 

0034 
* INSTRUCTIONS 

jll43A C860 MUD VT LHI R6,1 LOADS MULTI PLIER 
0001 

9J43E C890 LHI R9, 1 LOADS MULTIPLICAND 
0001 

9'442 9JC86 LOOPl MHR R8,R6 FORM X SQUARED 
jll444 fl'D86 OHR R8,R6 DIVIDE PREVIOUS STEP 
lll446 0888 LHR R8,R8 CHECK FOR ZERO REMAINDER 
lll448 9J2F0 BTCR x• F •,ERROR 
f)44A 9)596 CLHR R9 ,R6 COMPAR DIVIDEND WITH 

* MULTI PLIER 
9J44C 433jll BFC 3,0K SHOULD BE EQUAL 

0452 
9'459' 9J 39'9' BFCR 0,ERROR NOT, GO TO ERROR 
jll452 CA60 OK AHi R6,1 INCREMENT MULTIPLIER 

9Jlll9H 
0456 CA99J AHi R9,1 INCREMENT 

lll9J01 
9J45A C560 CLHI R6,X'FFFF1 TEST IF FINISHED 

FFFF 
jll45E 433jll BFC 3 ,FINTl IF SO, JUMP TO NEXT PART 

0466 
jll462 4300. BFC 0,LOOPl NOT, CONTINUE THIS PART 

jll442 
* THIS TEST MULTIPLIES AND DIVIDES POSITIVE 
*. AND NEGATIVE NUMBERS AND CHECKS THE SIGNS 
* OF THE RESULTING VALUES. 

9)466 4850 FINTl LH R5, PLUS 1 
9J6AA 

9J46A 4000 STH P0,X'36' STORE ERROR ADDR IN ILLPSW 
0036 

9)46E 4C49J MH R4,PLUS1 MUL T PLUS 1 TIMES PLUS 1 

Al-13 



~6AA 
'!J472 455'/J CLH R5,PLUS1 R5 SHOULD HAVE PLUS 1 

'fJ6AA 
0476 ja23'/J BTCR 3,ERROR TESTING FOR CORRECT QESPON 
0478 'fJ844 LHR R4,R4 R4 SHOULD BE ZERO 
'/J47A 'fJ230 BTCR 3,ERROR TESTING FOR CORRECT RESPON 
047C 4850 LH R5~MINUS1 

'!J6A6 
'/J48'/J 4C40 MH R4,PLUS1 MUt T PLUS 1 TIMES MINUS 1 

06AA 
'/J484 454'/J CLH R4,MINUS1 

06A6 
0488 0230 BTCR 3,ERROR TESTING FOR CORRECT RESPON 
'/J48A 455ft' CLH R5,MINUS1 

'/J6A6 
'!J48E '!J23ft' BTCR 3,ERROR TESTING FOR CORRECT RESPON 
049'/J 4850 LH RS ,PLUS 1 

'/J6AA 
0494 4C40 MH R4,MINUS1 MULT MINUS! TIMES PLUSl 

'fJ6A6 
'/J498 4540 CLH R4,MINUS1 R4 SHOULD HAVE MINUS 1 

'/J6A6 
049C '/J230 BTCR 3,ERROR TESTING FOR CORRECT RESPON 
fiJ49E 4550 CLH R5,MINUS1 R5 SHOULD HAVE MINUS! 

06A6 
04A2 '/J230 BTCR 3,ERROR TESTING FOR CORRECT RESPON 
fiJ4A4 4850 LH R5,MINUS1 

06'/J6 
04A8 4C4£) MH R4,MINUS1 MULT MINUS! TIMES MINUS! 

'/J6A6 
04AC 455'/J CLH R5 ,PLUSl R5 SHOULD HAVE PLUS 1 

'/J6AA 
3 ,ERROR 9'480 0239) BTCR TESTING FOR CORRECT RESPON 

04B2 0844 LHR R4,R4 R4 SHOULD HAVE ZERO 
'/J484 '/J23'/J BTCR 3,ERROR TESTING FOR CORRECT RESPON 
9'486 (IJB44 SHR R4,R4 
04B8 4859' LH R5,PLUS3 R4+R5=+3 

'!J6B0 
fiJ4BC 4D4'/J DH R4,PLUS2 DIVIDE POSITIVE INfiO 

'/J6AC 
* POSITIVE NUMBER 

'!J4C0 454'/J CLH R4,PLUS1 TEST FOR POSITIVE REMAINDE 
(IJ6AA 

'/J4C4 in~'/J BTCR 3,ERROR TESTING FOR CORRECT RESPON 
(IJ4C6 455'/J Cl..H R5,PLUS1 TEST FOR POSITIVE QUOTIENT 

(IJ6AA 
fiJ4CA 023'/J BTCR 3,ERROR TESTING FOR CORRECT RESPON 
04CC 484'/J . LH R4,MINUS1 

(IJ6A6 
04D'/J 485'/J LH R5 ,MINUS3 R4+R5=-3 

06B2 
0404 4D4(1J DH R4,PLUS2 DIVIDE POSITIVE INTO 

'/J6AC 
* NEGATIVE NUMBER 
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04D8 4540 CLH R4,MINUS1 TEST FOR NEGATIVE REMAINDE 
06A6 

04DC 0230 BTCR 3 ,ERROR TESTING FOR CORRECT RESPON 
04DE 4550 CLH R5,MINUS1 TEST FOR NEGATIVE QUOTIENT 

06A6 
04E2 0230 BTCR 3,ERROR TESTING FOR CORRECT RESPON 
04E4 0B44 SHR R4,R4 
04E6 4850 LH R5,PLUS3 R4+R5=+3 

06B0 
04EA 4D40 DH R4,MINUS2 DIVIDE NEGATIVE INTO 

06AE 
04EE 4540 CLH R4,PLUS1 TEST FOR POSITIVE REMAINDE 

06AA 
04F2 0230 BTCR 3,ERROR TESTING FOR CORRECT RESPON 

· 04F4 4550 CLH R5,MINUS1 TEST FOR NEGATIVE QUOT! ENT 
06A6 

04F8 0230 BTCR 3, ERROR. TESTING FOR CORRECT RESPON 
04FA 4840 LH R4 ,MINUSl 

06A6 
04FE 4850 LH R5,MINUS3 R4+R5=-3 

06B2 
0502 4D40 DH R4,MINUS2 DIVIDE NEGATIVE INTO 

06AE 
* NEGATIVE NUMBER 

0506 4540 CLH R4,MINUSl TEST FOR NEGATIVE REMAINDE 
06A6 

fl'50A fl'230 BTCR 3,ERROR TESTING FOR CORRECT RESPON 
050C 4550 CLH R5,PLUS1 TEST FOR POSITIVE QUOTIENT 

fl'6AA 
05lfl' 0230 BTCR 3,ERROR TESTING FOR CORRECT RESPON 

* THIS SECTION TESTS DIVIDE FAULT 
0512 C860 LHI R6,0 LOADS ZERO IN REG6 · 

0000 
fl'516 fl)B77 SHR R7,R7 
0518 4fl'60 STH R6,X 1 4C 1 STORE VALUE IN CC PART OF 

004C 
* NEW PSW DIVIDE FAULT 
* INTERRUPT 

051C C860 LHI R6,0VREC STORE INTERRUPT ADDR IN 
0538 

Y,520 4060 STH R6,X'4E' NEW PSW DIVIDE FAULT 
004E 

* INTERRUPT 
0524 C200 .. LPSW ENABLE ALLOW DIVIDE FAULT 

0528 
* INTERRUPT TO OCCUR 

0528 1000 ENABLE DC x I 1000 I ENABLE FOR DIV 
Y,52A 052C DC A(HERE) 
052C C860 HERE LHI R6 ,x I 2000' LOADS DIVIDEND 

2000 
0530 C880 LHI R8,X 1 4000 1 LOADS DIVISOR 

4000 
{0534 0068 OHR R6,R8 DIVIDE SHOULD CAUSE 

* INTERRUPT 
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fJ536 fJ3f)fJ BFCR {il,ERROR NOT, GO TO ERROR 
D538 C569J OVREC CLHI R6' x I 2/)/JfJ? TEST OPERANDS HAVE NOT 

2flJflJflJ 
CHANGED * 

.053C 9J2F9J BTCR X'F' ,ERROR IF SO, GO TO ERROR 
_053E 9)877 LHR R7,R7 TEST NO REMAINDER 

* GENERATED 
9)54.0 9J2FYJ BTCR X'F' ,ERROR 
9)542 ,0068 OHR R6,R8 TEST DIVIDING BY ZERO DOES 

* NOT CAUSE PROCESSOR TO 
* LOOP HERE 
* 

.0544 4.0.091 STH R.0,X'4E' 
.0.04E 

* 
* 
* ERROR POINTER SET TO 13 
* 
* 13 13 13 
* 
* 

.0548 .0A21 NINTN AHR R2,Rl 
,054A 4.029) STH R2,FAILNU STORE FAIL TEST NUMBER 

,06F8 
* READ BLOCK-WRITE BLOCK INSTRUCTION TEST 

,054E 4839) LH R3,SKIPTS 
,06FA 

,0552 433.0 BZ TWNTY 
9)5A6 

9)556 CBC.0 WRTBLK LHI R12,2 LOADS TTY DEVICE NUMBER 
.0.0.02 

,055A DEC.0 OC R12,WDATA 
,06B4 

9)55E D6CYJ WB R12,FSTLOC TEST WB INSTRUCTION 
.06B6 

,0562 9)2F.0 . BTCR X'F',ERROR 
.0564 C84.0 LHI R4 ,DATA3 

.06EE 
,0568 C85.0 LHI P5,DATA4 

,06F7 
YJ56C 96C4 WBR R12,P4 TEST WBR INSTRUCTION 
.056E DECYJ OC Rl2,RDATA 

"- .06B5 
,0572 D7CYJ RB R12 ,THDLOC TEST RB INSTRUCTION 

,06BA 
.0576 9)2F9' BTCR X' F' ,ERROR 
,0578 C84.0 LHI R4,TEMP+3 

9)6FF 
9)57C C85.0 LHI R5, TEMP+4 

.0 7.0YJ 
.058.0 97C4 RBR R12,R4 TEST RBR INSTRUCTION 
flj582 llJ2FflJ Bl:CR X' F' ,ERROR 
llJ584 C840 LHI R4,X'7F' 

flJflJ7F 
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05~Q C850- LHI R5,-5 PJITIALIZE LOOP C O!J~H 
FFFB 

0·s?c D365 TESTA LB Rfi, TEMP+5CR5) LOADS TTY CHAR I "J QG 
0 701 

0590 D3 75 LB R7,DATA3+10CR5) TEST CHARS RECEIVED 
06F8 

0594 0464 NHR R6, R4 STRIP PARITY RIT 
71596 0567 CLHR R6, R7 MATCH CHARS I~ TA~LE 
0598" t:ir2·3-~- - BTCR 3,ERROR 
?i59A 0A 51 AHR R5 9 Rl I NCRE~nlT LOOP COU~T 
05~C 4?30 BNZ TESTA 

058C 
05A 0 4300 B T 1.~~J TY 

05A 6 
.. ·----·- ·-----------.---·-·-·- --··-·- i+: . 

* *ERROR POINTER NOii/ SET TO FO~TEEN 

* * INPUT/OUTPUT, ACK"JOWLEDGE INTERRUPT, A~D FALSE SY~C 
* 14 14 14 TEST WD,WDR,RD,RDR,SS,SSR 

- ----···--·-------- ---- ------¥- ·--·-·-·· OC,OCR--"If\JS.TRUCTT0t\1S ... 

05A4 0A21 
05A6 0A:?.1 
05A8 4020 

06F8 

* TWNTYI 
TWNTY 

AHR 
AHR 
STH 

----- "0"5AC- - -~g;r~-- -- .... ------ ... - -.. · -i.Fr 

06FA 
0580 4330 

065A 
05B4 . C8C0 

0002 

BZ 

LHI 

~-5g-s·---nre0-- ---··---- ---·-----oc-
et6B4 

05BC C830 LHI 
06E4 

05C0 C-S40 . LHI 
0001 

R2, R 1 
R2, Rt 
R2, FA I LNU 

R3 ,SKIPTS 

END 

Rl2,2 

. Rl2, WDATA. 

R3, DA TA 1 

.. Rti, 1 

-··----0-sc-4-~"50-------------- ---· Lm-···--·"Rs;ntrTA 4 · 
06F7 

05C8 9DC6 
05CA 42 F'0 

05C8 

STAT4 SSR 
BTC 

Rl2,R6 
X'F'',STAT4 

05CE DAC3 WD R12,0CR_3) ·--------------- 0 0 0 0·-·----·-·-----------------.-------- --- ---- -· 

0502 DDC0 STATS SS 
06FC 

05'.)6 42F0 
0502 

05DA 0A31 ... . ffS DC ___ re63 ______ ------

0000 
05E0 9AC6 
05E2 Cl 30 

BTC 

AHR 
LB 

WDR 
BXLE 

Rl2,TEMP 

R3, RI . 
R6,0CR3) 

Rl2,R6 
R3,STAT4 

INCREMENT ERROR POI~T~R SY 

STORE FAIL TEST ~U~BER 

LOAD TTY DEVICE NUMBER 

"TEST OC INSTHUCTION 

TEST SSR I~STRUCTION 

TEST OF' WD INSTRUCTION 

TEST SS INSTRUCTION 

TEST WDR INST~UCTION 
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05E6 

05EA 
05EC 

05F0 
Ql5F'2 

05F6 

05FA 

e5FE 

0602 
0604 
0606 

060A 
~6(J!C 

""61 12! 
QI 612 

0616 

061.1\ 

061 E 

062? 

05C8 
D330 
0685 
9 EC3 
C830 
06F'C 
9DC6 
42 F'0 
tf5F0-. 
DBC3 
0000 
C530 
0700 
4380 
0616 
0A31 
9DC6 
42 r0 
060 4 
9BC6 
D263-
0000 
0A31 
4300 
05F0 
C840 
V10 7F 
C850 
FF'FB 
0355 
0 701 
1)3 75 

·0·6Fs:r·· 
0626 0464 
0628 0567 
e62A 0230 
062C 0A51 
062E 4230 . 0KCE:-. 

0 632 9 F3 4 
0634 C830 

FFFF' --- - 0-63-~ .. C84_0_ 
FF'FF' 

063 C l)F3 0 
~6FD 

0 640 D3 40 
06F'D 

- ----··-·- -- ~-·--- .. --. --··· ·-
0644 C540 

0004 
0 64R 0230 
064A CR30 
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STAT6 

STA.T7 

CHART 

TEST!3 

LB 

OCR 
LHI 

SSR 
BTC 

RD 

CLHI 

BNL 

AHR 
SSR 
BTC 

RDQ 
STA 

AHR 
8 

LHI 

LHI 

LB 

LB 

NHR 
CLHR 
BTCR 
AHR 
BNZ 

R3,RDATA 

Rl2,R3 
P3,TEMP 

R12,R6 
x•r• ,STAT6 

Rl2,0<R3) 

R3,TEMP+4 

CHART 

R3,RI 
Rl2,R6 
X'F'',STAT7 

Rl2,R6 
R 6, 0 ( R3) 

R3,R1 
STAT6 

R4,X'7F' 

R5,-5 

R 6, TE~P+5 <RS) 

TEST OF OCR l~STRUCTION 

TEST RD INSTRUCTION 

TEST RDR INSTRUCT10~ 

~ S X FOR P ti ~ I TY 

INITIALIZE LOOP COUNT 

LOADS TTY CHAR IN R6 

R7,DATA3+10CR5> TEST CHARS QECEIVEO 

R6,R4 
R6, R7 
3,ERROR 
R5,Rl 

·TESTS 

STRIP PARITY RIT 
MATCH CHARS IN T~BLE 

INCREMENT LOOP COUNT 

* THIS IS A COMBINED 
* INSTRUCTIO~S AND A 

TEST OF' THE AI~ AND AI 
TEST OF' THE FALSE SYNC 

AIR R3,R4 
LHI R3, X 'FF'F'F'' 

.... LHI R4,X'F'FF'F' 

A I R3 , TEMP+ l 

LR R4, TEMP+l. 

CLHi R4,4 

B TCR 3, f..:RR OR 
LHI R3 ,X 'FF'F'F' 

BE~OVE PENDING INTERRUPJS 
SET R3 BITS TO ALL ONES 

SET R4 BI TS TO ALL ON:::s 

THIS GE~ERATES FALSE SYNC 

BIT 13 SHOULD GET SET 

TEST r.op THIS 

SET R3 9ITS TO ALL O~ES 



FFF F' 
~64E: cg40 LHI R4,X'FFFF' SET '.i4 RI TS TO ALL QM;::::; 

FF'FF 
0652 9 F3 4 A!~ ~3,R4 THIS GE/\JEr~ AT ES Ff\ LS~ SY!IJC 
065Ll C540 CLHI RLI, 4 SIT 1 .3 SHOULD GET S ~:T 

("004 
0659 023~ BTCR 3,EHROR 

* ~ 6 ')ti C83~ ~"ID LHI 1i3, MES'lJ 
t7'6CA. 

'.'1'";')1: CR40 LHI q4, I 
0001 

? 6 f:? CR5<'l LHI 15, ..,,ESS?-1 
06E3 

~666 . C~C0 LHI RI?,? LOAD DEV ~~UN OF TTY 
~00?. 

(" 561~ 0EC0 STAT3 oc q12,~~ATA TTY TO ,F? I TE ¥0f)E 
0684 

066E 9DCE ssq Rl:'.,Rl4 TEST S Tt- TUS 0.YT!: OF TTY 
~67r 4? F"0 BTC X'F' ,STAT3 

0~6A .. 
0 G74 DAC3 W!J Rl2,0C3) OUTPUT 0¥ :v'ESSA G!'.: 

0~W0 
? f: 7R Cl30 BXLE R3,ST~T3 

?166A 
f"A67C 4820 LH R2, SI< I PTS 

C'!·6~A 

?530 433 21 BZ SI< I PEN 
V'!e'.A2 

0684 C20~ LPSW OK WAIT 
06Q~ 

~6Q'Q' <3000 Ol<WA IT DC X 'P000' ,A <ZERO) 
0?!9A 

2HS8C 9393 XOFF DC x. 93 93 • 
068 E ~001 DIA G~ DC X' 1 ' THIS TAP.LE IS USED TO 

* PROPAGTE 
·0690 0002 DC x·· 2' A O~.l E: THRU A FI EL!) OF ZERO 

* AND 
- -- ·0-5-9~-- mnr11 DC x•ti• A ZERO THRU A FI EL!) OF O"JE 

0694 0008 DC x•g• 
0696 0010 JC x' 1 0. 
0698 0020 DC x '20. 
069A (i'040 DC X'40' 
069C 00se DC x· 80 • 
069r-· 0100 DC x 'l 00 • 
06A0 FFFE ALMFX DC X'F'FFE' 
06A? 5fl 5A A.LT DC X' 5fl 5A ' 
?! 6fl 4 8000 EirTH DC X'800et• 
(i!l)fl I) i<"'FF'F FOXES 9C X'rFFF' 
~6fl.? 0000 ~A DA DC 0 
Cf6AA 0tnn·· PLUSI DC 1 
Ol 6A C ~:?lei2 PLUS2 DC 2 
06AE C-f'FE "'11 NUS2 DC -~~ 
~680 02103 PLUS3 DC 3 
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!1!68? FFFD 'V!I NIJS3 DC -3 
et 6A 15 MI NUS 1 EQU F'OXES 

.... r' 68 4 98A4 WDATA DC x·9~A4' 

06R5 RDA TA mu liJ!lA TA+ 1 
'1!686 06E4 F'STLOC DC DATA 1 
068~ 06ED SECLOC DC DATA2 
068A !?16F'C THDLOC DC TE "1P 
eirnc 06FE FORLOC DC TEf\'JP+2 
0·68 f: R D8A "'l~SS DC X • 8 DP A ' , C ' F' A I l UR E' 

4641 
494C 
555? 
4520 

06CR TEST NU DS 2 
?. 6C ti a. ORA 'Y!ESSI oc X'P.D~A' 
06CC 4745 DC C 'GE~PAC·MOD EL 30•1 IS AOK' 

2D50 
4143 
204D 
4F44 
454C 
2033 
302D 
3120 
4 q 53 
?041 
4F4A 

0 6E4 "'1!£SS2 EQU • 
06E4 ~D?A DA TA 1 DC X • 8 D8 A ' , C ' DE PR ES S ' 

4445 
5e.5? 
4553 
53?.PI 

~6ED DATA2 EQU •-1 
06EE 4845 DATA3 '.JC C 'KEYS W,R, U' 

595-3 
2057 
2C52 ··· -2css 

eJ6F7 DATA4 EQU *'""l 
06FP FA IL~U DS 2 
06FA SKIPTS DS 2 
06FC TE"1P DS 3? 
071C SAVE DS 32 ·- ··-00·~0 - - -EfH{OR EQU 0 
"'00el RPI EQU QI 
00"' 1 RI EQU l 
e002 R2 EQU 2 
Qle!03 R3 EQU 3 
0004 R4 EQU 4 
~005 R5 EQU 5 
~006 R6 EQU 6 
~0.0 7 R7 EQU 7 
vH"0~ RR EQU !2, 
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?i'1!0Cl ~<:) E:Q lJ 9 
00~A Rl0 EQU X 'A' 
-("~0B RI 1 EQU x '9' 
000C R12 EQU X 'C ~ 
e!CQl 1 P13 EG II x·n~ 
000 E Rl4 EQU X'E" 
0~0 F Rl5 EQU X'F' 
~044 ~IPSW E~ll x." 4. 
"(113?1 ()TRPSW EA. IJ x '3P. ' 
?73 c E~D. 

AL~F')( '1!6A'1! 
ALT (1!6A? 
AR!)U .. D (1!23A 
9'iA ~ -~-.3"9C 

BHA ~CH 039~ 
f?,y l 0244 
BY2 02 4A 
CHART 0616 
CO ~VRT 01 AA 
DA TA l 06E4 .. 
DA TA2 ~6ED 
'JA TA3 ~SEE 
JA TA4 06F'7 
)I Ar; N ~6Pi!: 
~I GHT 0?62 
~ rl4T~'. 041£ 
EI GTH 06A4 
ELE\JF: ,._! t'l332 
'.:"ABLE 052~ 
~~rn 065A 
ERROR ~'1!0'-1l 
~RO~A "'rsc-···· ··· 
SRR\.1JA T 0236 
FAIL ~U til6F'~ 
FI ~HI 0466 
FI VE 0166 
FORLOC 068C 

. FOlJR- ... ···~ l 4A . 
FOURT 0382 
F'OXES 06A 6 
FS TLOC 0686 
GO 037P 
GOI ~3 7C 

. . ··--· i:f E~R E: ?. s·2c 
I LL 040E 
LOCI (}13 1l1I 
LOOPl 0l!42 
~s:ss 06BE 
"1ESSI 06CA 
~Ess?. 06E4 
"'!J N!JSJ 06A6 
'V!J l\l!JS? 06AE 
'1! 'l IJS3 . 068? 

...,,\ 
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'1lJ11VT 043A 
u N4 0000 

~,JADA 06A8 
~·lEXTH 0 4 leJ 
"!I 1\JE 02132 
'JI NT 'l 05 4~ 
~I PSW 0044 
OK 0452 
0K I 03 F'P 
OKWA IT 05PR 
ONE C'l0DA 
O"JES 03 56 
'.:J'IJESl 03 5? 
OTRPS 1J 003'71 
0V'Q~C 053Q 
PLUS! vViPA 
PLUS? 06AC 
PLUS3 ?I 6R 0 
q('\ 0'71'710 
RI 00(?J I 
T? I 0 91(11 Cll A 
q 11 0008 
~I? 00 ?! c 
Rl3 0Cll0D 
Rl4 CW0~ 

Rl5 000 F 
R? 0002 
IB 0003 
R4 0004 
~5 C-7105 
?I) 0006 
P7 02107 
qp 000R 
R9 0009 
qo~H 0685 
RE TC~ ~~3 020 E 
RETR '!4 0212 
R ~rn 0@_90 
ROU~lD 00~C 

SAVE 071C 
SECLOC ('I 688 
SENS Vl I ~6 
SE VE IJ 0?. 4C 

. SJ-2~- 01 R? 
SKIP EN 00A? 
SK IP TS 06FA 
STAT3 066A 
STA.TL! 05CF 
STA T5 05J? 
STA Hi 05F0 
STA T7 0604 
T~..,p 06FC 
TE".' ~?CC 
TESTA 0i5~C 

~ 
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TEST? ~61 E 
TEST '.!lJ ~6C8 
T4;)LOC 06BA 
THERE 02 5A 
THIRT 036C 
THREE '11132 
T'iJEL V 03 SA 
TW~TY 05A 6 
TW ~TY I 05All 
TWO 01916 
ti/DA TA 06R4 
INR TR LK 05 56 
XOFF" 06f'C 
ZERO Q!09A 

- Z~ROA -- - ~rC?r A 6 
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GE-PAC 30-2 TEST PROGRAM DESCRIPTION AND OPERATING INSTRUCTIONS 

Publication Number 06-036R03Al2 

1. INTRODUCTION 

The function of the 30 .. 2 Test Program 
is to determine whether the Processor is 
capable of executing all instructions proper
ly. Each instruction is exercised and the 
result is compared to an expected result. 

If no failures are detected, the program 
print out "GE-PAC MODEL 30-2 IS A 
OK" at the conclusion of the tests. If a 
failure is encountered, the testing is halted 
and an attempt is made to print out "FAIL
URE" and the hexadecimal number of the 
test that failed. 

The program is divided into twenty..:.three 
sections. Each section is designated by a 

TABLE 1. 

Location Numbers to Insert 

0050 C820 0080 
0054 C830 0001 
0058 C840 0A6D 
@05C D3A0 0078 
0060 DEA0 0079 
0064 9DAE 
0066, 08EE 
.0068 4230 0064 
@06C DDA2 0000 
0070 C120 0064 
@074 4300 0080 
J1078 0294 (TTY) 
0078 0399 (HSPTR) 

hexadecimal number from zero to seventeen. 
Each section tests all formats within a given 
instruction type. For example, in the test 
of the OR instruction, both the RR and RX 
formats are tested. 

When a failure occurs, the Processor is 
placed in the Wait state. Standard mainten
ance procedures can he used to isolate and 
remedy the source of the failure. 

Note that the starting location of the test is 
X'80'. If it is desired, the test will per
form a continuous loop if it is started at 
location X'88', but the I/O instructions will 
not be tested if started at this location. 

LOADER PROGRAM 

Program 

Lill 2,X'80' START 
Lill 3,1 INC RE 
LHI 4,A6D END 
LB 10, BINDV DEVNUM 
oc 10, BINDV+l COMD 
SSR 10,14 STATUS 
LHR 14,14 

I 

BTC 3,X'64' TEST 
RD 10, 0(2) 
BXLE 2,X'64' 
B X'80' 

BINDV DC X'0294' TTY 
DC X'0399' HSPTR 

1 



A listing of the 30-2 Test Program is 
provided later in this publication. 

2. OPERATING INSTRUCTIONS 

1. Manually insert the loader pro
gram listed on Table 1 beginning 
at location X'50'. 

2. Verify that the program was cor
rectly inserted by examining each 
core location that was written. 

3. On the Teletypewriter, place the 
LINE-OFF-LOCAL rotary switch 
in the LINE position. On the Model 
ASR 35, place the MODE selector 
in the TTr position. 

4. Place the Test Progrnm paper 
tape in the reader, being careful 
to place the first character over 
the sensing fingers. 

5. If the High Speed Paper Tape Read
er (X'0399') is used, remember that 
the first character must be placed 
over the photo diodes, also. 

fi. Initialize and Address the Pro
cessor to location X'50', the first 
address of the loader program. 

7. St:artthe 30-2 Processorrun
ning by selecting the RUN mode 
and pushing the EXECUTE button. 
Then operate the ST ART-STOP-
F REE switch to start the paper 
tape advancing through the reader. 

H. After the last character has been 
loaded, the program is executed. 
The START-STOP-FREE lever 
Hwitch on the paper tape reader 
should be operated to FREE and 
tlw11 1·P1urned to STOP to stop the 
tape. 

9. If the Processor is functioning 
correctly, the program will print 
out "GE•PAC MODEL 30-2 IS A 
OK". If the Processor is equipped 
with multiply and divide, either the 
OK printout or the W, R, U printout 
occurs about 30 seconds from the 
time the program is executed. If 
the High Speed Arithmetic Option 
is not installed, the printout should 
occur almost immediately after the 
program is executed. 

10. If the Processor is not functioning; 
the program will attempt to print 
out "FAILURE", and the hexadeci
mal number of the failing test. 

3. DESCRIPTION OF TESTS 

3.1 Condition Code Bit Test 
Section 0 

The three forms of the LHinstruction (LH, 
LID, and LHR) are executed to test setting 
and resetting condition code bits G and L. 
The Branch instructions verify the correct 
setting of the condition code bits. The test 
section number is placed into a memory lo
cation referred to as FAILNU. It is the con
tents of this location that is printed if a 
machine instruction fails. 

3. 2 Add Instruction Test 
Section 1 

Each of the five add instructions (AH, AHR, 
AHI, ACHR, and ACH) are exercised by this 
section. After each add instruction is exe
cuted, the condition code bits are tested 
using branch instructions. Add operations 
that generate overflow and carry are in
cluded. A final test involves an add with 
carry instruction using two registers. The 
condition code bits are set to reflect the 
number contained in both registers. 



3. 3 Subtract Instruction Test 
Section 2 

Each of the five subtraction instructions 
(SI-IR, SH, SHI, SCHR, and SCH) is exer
cised by this section. After each subtract 
instruction is executed, the condition code 
bits are tested using Branch instructions. 
A final test involves a subtract with ~arry 
instruction using two registers. The con
dition code bits are set to reflect the num
ber contained in both registers. 

:L 4 Exclusive OR Instruction 
Section 3 

This section tests the operation of the 
three forms of the Exclusive OR Instruction 
(XH, XHR, and XHI). Each of the three 
forms of Exclusive OR Instruction is tested 
employing various constants. After each 
execution, the condition code bits reflect 
the result of the operation. The Branch 
instructions verify the setting of the con
dition code bits. 

3. 5 Logical AND Instruction Test 
Section 4 

This section tests the operation of the three 
formH of the Logical AND Instruction (NH, 
NHH, and NHJ). Each of the three forms of 
Logical AND Instruction is tested employing 
various constants. After each execution, 
the condition code bits reflect the result of 
the operation. The Branch instructions 
verify the setting of the condition code bits. 

:{. fi Logical OR Instruction Test 
Section 5 

This section tests the operation of the three 
forms of the Logical OR Instruction (OR, 
OHH, and OHi). Each of the three forms 
of Logical OR Instructions is tested employ
ing various constants. After each execution, 
the condition code bits reflect the result of 

" the operation. The Branch instructions 
.,,, verify the setting of the condition code bits. 

3. 7 Branch Instruction Test 
Section 6 

This section tests the Branch instruction's 
ability to act as an unconditional Branch 
(BR) and to serve as a Non-Operation 
(NOPR) Instruction. A failure in the mach
ine's interpretation of the unconditional 
Branch instruction leads to the error rou
tine which serves as the common error re
turn for all other test sections. The error 
subroutine prints out the message "FAILURE" 
and the section number of tP,e test that fails. 
It then enters the Wait state. 

3. 8 Branch Instruction Test 
Section 7 

This section tests the RR format of the 
Branch instruction's ability to act as an 
unconditional Branch. A failure in the 
machine's interpretation of the Branch 
instruction results in branching to the 
error subroutine. 

3. 9 Compare Logical Instruction Test 
Section 8 

This section tests the operation of the three 
forms of the Logical Compare instruction 
(CHL, CLHR, and CLHJ). Each of the Com
pare instructions uses an address in the test 
program to compare against. The results 
of the comparisons are reflected in the set
ting of the condition code bits which the 
Bran.ch instructions test. 

3. 10 Store Byte Instruction Test 
Section 9 

Both forms of the Store Byte instruction 
(STBR and STB) are tested. The destina
tion location or registers as specified in 
the Store Byte instruction are tested to 
insure that after the execution of this in
struction, bits 8-15 are unchanged. This 
section also checks that this instruction's 
execution did not affect the setting of the 
condition code bits. 

3 



3. 11 Shift Instruction Test 
Section 10 

The four Hhift instructions: Shift Left and 
Right Arithmetic, and Shift Left and Right 
Logical, are examined. The propagation 
of ones to the right using the Arithmetic 
Shift, the shift into the carry bit from eith
er end of a r~gister, and a shift of 16 are 
checked. The condition code bits are tested 
after each shift operation using Branch 
instructions. 

3. 12 Load Byte Memory Instruction 
Test -. Section 11 

In this section, the RX form of the Load 
Byt<' (L TI) instruction is tested. The instruc
tion' i; a<'tion of zeroing bits 0 through 7 in 
thP fk:-;tination register as specified by the 
instruction, is verified. In addition, the in
struction's action of not affecting the condi
tion code bits is also checked. 

3. 1 :i Load Byte Register Instruction 
Test - Section 12 

Jn this section, the RR form of the Load 
Byte (LBR) instruction is tested. The test 
operates in a si.milar manner to that de
scribed above for the .RX form of the Load 
Byte instruction. 

3. 14 Load Program Status Word 
Instruction - Section 13 

The specialized action of the Load Program 
Status Word (LPSW) instruction is tested by 
this section. If the Processor fails to exe
cute the inst ruction properly, a transfer to 
the error subroutine is executed. 

3.15 Branch and Link Instruction Test 
Section 14 

·Both forms of the Branch and Link instruc
tion (BJ\ L and BALH) are tested. The 
loading of Ow designated link register with 
th<' corr<·d link address is verified. In ad
dition, the Procesimr's ability to branch 
to Uw 8pccil"ic-d location is also checked. 

4 

3. 16 Branch on Index High, Low, or 
Equal Instruction Test -
Section 15 

The two Branch on Index Instructions, 
Branch on Inde*-High (BXH) and Branch 
Low or Equal (BXLE), are tested. The 
three required registe.rs· are set to a value 
and the BXH and BXLE instructions execu
ted. An improper execution of the BXH 
and BXLE leads to the error subroutine. 

3. 1 7 Index Instruction Test 
Section 16., 

A Load instruction, indexed, is used to test 
indexing. The contents of the indexed value 

-'is then compared to a known value to v:erify 
. that the indexing operation was properly· 
completed. 

.. 
3. 18 Illegal Instruction Test 

Section 17 

In this test, an illegal instruction is execu
ted. The illegal instruction New PSW is set 
to an address in this test section. After the 
illegal instruction is executed, the address 
in the old illegal instruction PSW is tested 
to check if it contains the address of the 
illegal instruction. 

3.19 Multiply and Divide Instruction 
Test - Section 18 

As some 30-02,. 's are not equipped with 
the High Speed Option (Multiply, Divide, 
Read Block or Write Block), the Illegal 
Instruction Interrupt New PSW is first set 
to test program address "TWENTY!". 
When a Multiply instruction is attempted, 
program control will branch to location 
"TWENTY!", thus by-passing all of Section 
18 and 19. 

The multiply and divide test consists of a 
loop in which the same numbers are multi
plied together (squared). The product is 
then divided into the multiplier. The result 
of the division yields the original number. 
All integers from 1 to 65, 534, progressing ~ 
one unit at a time, are multiplied and divided. 



The Heeond part tests the signs obtained 
from the multiplication and division of all 
the possible combinations of signed operands. 

The third part tests the divide fault inter
rupt. Two numbers are selected such that 
the answer of the division cannot be ex
pressed in a 16 bit register. A verification 
is provided to check that both the divide fault 
interrupt occurs and that the divisor remains 
unchanged. 

:L 20 Read Block/Write Block Instruc
tion Test - Section 19 

The Write Block instruction will cause a 
message type out on the teleprinter which 
says "DEPRESS KEYS W, R, U". The Read 

Block instruction accepts these inputs (W, 
R, U) and then compares the data output to 
the user input. If the user does not input 
correctly (W comma R comma U), the 

30-2 test program will respond with 
the error message. It is important that 
five (5) characters be input or the Proces
sor will hang in a Read Block loop. 

3. 21 Input/Output Instructions, 
Acknowledge Interrupt, and 
Test for False Sync Test -
Section 20 

Part one (1) of this test follows the same 
procedure as described in Section 19. 

Part two (2) tests the Acknowledge Interrupt 
instruction without an interrupt pending. 
When this happens, Rl should contain zeros 
and R2 or A+(X2) should contain a four 
(0004) which is the False Sync bit. 

3. 22 Load and Store Multiple Instruc
tion Test - Section 21 

In this test all registers (except Rl and R2) 
are loaded with their own number value. 
The Store Multiple instruction stores the 
content of all registers in successive mem
ory locations starting at address TEMP. 
All the registers (except Rl and R2) are then 
zeroed and a Load Multiple instruction is 
executed. Each register is checked to deter
mine if the Store and Load Multiple were per
formed correctly. 

3. 23 Source and Destination Register 
Test - Section 22 

This checks to see that each register can be 
used as a Source register as well as a 
Destination register. 

3. 24 Register Bit Test 
Section 23 

Every bit of every register is alternately 
set and reset. After successfully complet
ing the register test, the program prints 
"GE-PAC MODEL 30-2 IS A OK". The 
test program returns to either location 
X'80' or X'88' depending upon where the 
program was started. 

5 





OPT PASS2,PRlNT,PUNCH.STOP 
• 
• 

30-2 
. ·- ··--·-- ...... .!·-···--···-----------

0080 ORG 
• 

HST PROCRAH 

)("80" 

APPENDIX 1 
LISTING 

BEGIN El<ECUTlON Al LOC 80 

• WITH A LITTLE LUCK THE POINTER WILL SET TO ZERO 

• 
• 0 0 0 0 0 COl\iDI Tl ON CllDf Bl T TEST 
• -----------------····---- ··-··---··-- -··-----·--·---·---·- ·---·-··-

• 
0080 4300 B ROUND UHf R HERE FOR F XE CU f ING 

008( 
0084 4200 .NOP. 0 Rt> & W6 I NS TR UC TI 0 N'::, 

0000 
QJIB_8 ___ 4-1.0_o_ __ . __ . ____ B __ __.S_...K_.._l...._P_..._E:-'-'N ___ . _____ E.fll.ER__ __ JiERL_fJlR_ L.O.IJ.P.1NG 

OOA 2 
008( OEAO RUUN.D ___ _o_c_ RlOiWDATA nus SOOROUTINE IS 

OA2A 
0090 9DAE RND SSR RlO, Rl4 USED TO lSSUl A XO Ff 
0092 4280 BTC 8,RNO CHARACTER TO STOP TAPE RtA 

... _______ -'l..Q.9.~ 
---------~---··-·----·····-··---··-------·--·--·----··-·-·-·-···-

0096 OAAO WO 
0906 

009A C820 ZERO LHI 
FFFF 

0 09E 4 300 B 
_ _ ________ .O OA 6 

OOA2 C820 SK IP F N LHI 
0000 

OOA6 4020 ZERO A STH 
OA70 

OOAA (800 LH 1 
013 '------------

00 AE 4000 
0016 

OOB2 C820 
0.000 

0006. 4020 

STH 

LHI 

STH 

R 1 o. lCOFF 

R.2. X. FFFF. E NT E R HE R E f OR E XE CU T I NG 

ZERO A RB' WB INSTRUCTIONS 

R2,0 ENTER HERE FOR L 00 Pl NG 

R2.SKIPTS CONTINOUSLY WITHOUT STOPIN 

RO,ERRORA 

STORE ERROR AOOR IN 1 LLPSW 

R2.0 CLEAR FAIL REGISTER PTR 

R2,FAILNU STORE FA IL TEST NlJHBER 
' ----·---- 0 A~ E ·------·--------··--------------------···--·----·-·-··- --··--- - ... 

OOBA 4020 
0022 

OOBE 4830 
OAl C 

OOC2 . 0310 
OOC-4 02EO ---------
OOC6 C810 

OOCA 
i' oocc 

0001 
0320 
0200 
0833 OOCE 

.Q.o.D.O a 3 1 o _________ _ 
0002 02FO 
0004 (830 

0000 
0008 02f0 

• 

STH 

LH RJ,FOXES 

BfCR !,ERROR 
·--eB~T-4.C...i~;---~Xi.-· --€-~-~ f-R-R-0-R..-

l H I R l • X • 1 • 

BFCR 
BTCR 
LHR 
BFCR 
BT Cl~ 
LHI 

2,ERROR 
x·o·.ERROR 
R3,R3 
l,ERRO.R 
X. E', I:!< ROR 
RJ,O 

BTC.H )("f" ,fRRO~ 

- - . JL ---·-·-----··----·-··--·---·-

•ERROR P-OINTER NOW SfT TO l 
• 

MODEL 4 REGISTER. POINTER 

LOADS "FFFf~ INTO R3 

TEST CONO. COOE L=l 
---J-E--SJ--W-N-0. --CO-OE C, v ... C;; 0 ---

PLACE l IN Rl 

TEST cor~o. COOE G=l 
TEST CONO. CODE c.v.L.::0 
USED TO SET CONO. CODE 

__ J.£.S.L_.LCJND .. .LOO.E L = l 
TEST CONO. COOf C,V,G=O 
USED TO SET CONO. CODE 

TE ST C ON 0 • C OD f C , V, G , L = 0 

• 1 l l l l AOO INSTRUCTION TEST Al-I 



OOOA OA21 
OODC 4020 

QA6L 
OOEO 0200 
OOE2 0320 
OOE4 CAIO 

7ffF 

• 
• 
ONE 

• 

AHR 
STH 

BTCR 
Bf CR 
AHI 

R2,Rl 
fU,FAILNU 

x·o-.ERROR 
2.ERROR 
R1,x·7FFF' 

SETS ERROR POINTER TO l 
STORE FA Il TEST NUMBER 

TEST CONO. COOE G=l 
TES T C or JO • C 00 E C , V , L = O 
CHANGES Rl FROM • 7FFF. TO 

·3000· 
. _u.o£ll ____ .Q.J5lL _____ --- ...... . BE CR __ .5...£.RROR-... __ . ________ .I£S..L £1UlD. CJl1lE .L.4.JL==. 1 . _ 

OOEA 02AO 
OOEC 4Al0 

OAlA 

BTCR x·a·.ERRCJR TEST coNo coOE c,c=o 
AH Rl.EIGTH CHANGE Rl FRO" ·aooo· TO 

• ·oooo· WITH CARRY 
OOFO OJ(O errn x·c- ,E:RRfJR TEST (OND CODE v.c=I 
.011.EL---112..liL----------- __ __..._8.._I .... Cn..R _.J.J.R.RQR. ______ . ________ f£S1 .. CJllill CUDE L&:=O. 
OOF4 OEll ACHR Rl.Rl CffANGE Rl FROt1 - ocoo· TO 

OOF6 0320 
OOf8 0200 
OOFA 4F30 

. . - ·--· ·• £1All._ 

OOH 0310 
0100 0200 
OlOZ 0833 
0104 OlFO 

• 

BF rn 
BT CH 
ACH 

BFCR 
BTCR 
UH< 
BTCR 

2,ERROR 
X • D. , ERROR 
RJ,NAOA 

2.ERROR 
X • o · , t RR OR 
R 3. R 3 
X • F • , ERROR 

. 000 l. 
TEST CONO CODE G=l 
TEST COND CODE c,v.L=O 
TESTS CONO C OOE RE Flt t TS 

ANSWER OF RJ ANO Rl 
TEST CONO COOE G = l 
TEST CONO COOE c.v.L=O 
TESTS RJ REMAINED ZERO 
TEST COND CODE C,V,G,L=O 

. - ····-·--- ···--··-----··-··--*--------···-··-··----··--·--- --- -··-----····-- ·-·--··· 

• 
•ERROR POINTER NOW SET TO 2 

• 
.. 2 2 2 2 2 SUBTRACTION INSTRUCTION TEST 

- --- -·-·---··· -· . --··-··--·--··· Jf. ___ . ________ ·-··-··· ----------·- ....... ·-· - - ···- --··· . ---- -·- . -- . -·····- - ---- . --

0106 OA21 
01 08 4020 

OAoE 
OlOC CBJO 

0001 
-..0.WO 0390 

0112 0260 
0114 0833 
0116 OZF-0 

'~ 0113 4B30 
OAlC 

. il.l-l (.__ - lllJ\.O_ . . -
OllE 0?50 

' 0 l 2 0 OF 33 
01 ?.2 0390 
01 24 0260 
01 ?6 4F jQ 

o.Alb--
012A OlUO 
012( Ol.W 

01 lf: 0 8 ! .l 
01 JO 0 .'JO 

Al-2 

rwo 

• 

.. ll ... 

• 

AHR 
STH 

SH l 

BF CR. 
BTCR 
SHI< 
BTCI{ 
$.ff 

BECR 
BTCR 
·S.CHR 
BFCR 
BTCR 
SCH 

BTCR 
Bf CR 

UiR 
Bf CR 

R2.Rl 
R2.FAILNU 

R 3 .I 

SETS ERROR POINTtR TO 2 
STORE FA ll TE.ST NUMBER 

CKAN GE S R 3 T 0 • F Ff F • 

9, ER RQR -·-- _____ -l£.STH COFi!O .CDDL L •. C.:::1. .... 
6,ERROR TEST CONO CODE V,G=O 
R 3, R 3 CtlAN GE S 10 T 0 0 
X'F' ,ERROR 
RJ.fOXES 

_x..::_..a.:.. .. LR.RllR. -
5,ERROR 
RJ,R3 
9,ERROR 
b,ERROR 
R 3, ALMF X 

x·o· ,[RIWR 
2,ERROR 

RJ.RJ 
3.F.RROR 

TEST CONO CODE c.v,G,L=O 
CHANGES RJ TO 1 

J£S.LL.llND CO.DEL LG:: L - .. 
TEST CONO CODE V,L=O 
CHAN GE S R 3 T 0 • F FF F ' 
TEST CONO CODE C,L=l 
TEST CONO CODE V,G=O 
CffAN GES R 3 TO Zf RO 

TEST CONO CODE c.v.L~o 
TEST CONO (ODE G REFLECT 
SUBTRACT WITH CARRY 
RJ REMAINS LERO 
JEST COND COD~ G,l=O 

'I' ( ~ R 0 R PU l N T f: I< N ()~ ~ l T T ti 1 

• 



• 
• 3 3 3 3 3 f>CCLUSIVE OR INSTRUCTION 
• 

0132 OAll THREE AHR R2.Rl SETS ERR OR PU I N Tl: R T 0 3 
0.1 3~-- __ !t.02.!L. ____________ _il!:L_ __ n_ R 2, EA lLN.U .. . ____ _s__IJl.R_E__f A lL If..S..J JillM.BER 

OAbE 
0138 C73U 

F FF F 
013( 0310 
Ol 3E O?.[O 

___ _o_.l-4.JL_O 7 ·3 3 

0142 O.?F-0 
0144 4730 

OA18 
0148 0320 

01 !t A .. O..A.2..L_ 
014C 4020 

OA6f 
0150 C430 

A5A5 
0154 02f-O 

-- 01s6 c1..:W__ 
FHF 

Ol5A 043.3 
015( 0110 
015£ 02EO 
0160 4430 

OA1E 
0164 02f O 

• 
• 

XHI 

Bf CR 
BTCR 
XHR 
BTCR 

. KH 

BFCR 

Rl.!X.FFFF-

l • .ERROR 
X. E. , ERROR 
R 3 , H l ··---
x • F ·,ERROR 
R3 I ALT 

2 .ERROR 

CHANGES R3 TO.FfFF. 

TES.I CONO CODE L = 1 
TEST CONO CODE C,V,G=O 

_ . ..tliU..G£.S.. __ iu_ __ IJl.Z£fill __________ .. _ ... 
TEST CUNO COOE c.v,G.L=O 
CtiANGE'S R3 TO ·5A5A· 

TEST COND CODE G=l 

• ERROR POINTER NOW Sf:T TO 4 

• 
• 4 4 4 4 LOGICAL ANO INSTRUCTION TEST 
• 
• 
EOllB - AHR ......,......_ _ _..,R....,J_. • ...,.R_..1_ . ______ S.f..I.S._. EAR.11R..Y.lll.N1.l:B. .... IJ1..£.0.UR. _ 

STH R2,fAILNU STORt: FAIL TEST NUHBER 

NHI CHANGES R3 TO ZERO 

BTCR x·f-,ERROR TEST COND CODE c.v.G.L=O 
XHI ____ __..._.~_ ..... R....._3 J...:£ Ff_f_:_ __________ .t.HAM.CE.~ _ R.LI J.L~£J:.tf..:.. ·- ... 

• 
• 

NHR 
BFCR 
BTCR 
NH 

R3.R3 
l,ERROR 
x·E-.ERROR 
RJ,NAOA 

R] REM~INS WITH"ffff" 
TEST CONO CODE L = 1 
TEST CONO CODE c.v.G=O 
CffANGES R3 TO ZERO 

--------------··----··----·---·---·-· ---·······--··-··--·· -----····----··- ··- -·.·· 

BTCR X. F., ERROR TEST CONO CODE C.~.G.L=O 

• ERR..aR- .P-0-lflTER-fWW SET TO 5 
• 

----- ------*~ ...... s._ .... 5.__.5 ____ ~L~o ... c .... 1 ... c-A ....... L ....o.R. t•SIRUC.Ll-ON--.LE..SI. --·--·-··- ---·-·· . 

0166 
) 0.1.68 

' OloC 
016E 
0170 

0174 
0176 

) - 01 78 

Ol 7C 
Ol 7E 
0180 

OA21 
4020 

OA6E 

• 
" FIVE AHR 

STH 
R2.Rl 
R2.FAILNU-

SE TS E ft R OR P 0 l N TE R T 0 5 
STORE FA IL TES r NUH8ER 

~---·--·- g MR ---~U----· - .. ------- ----.Jt.l-...IUU.l.llS .... z.£.a.O ........ ·- .. . 
02f-O 
C6l0 
A5AS 

BTCR x·F-.ERROR TEST COND CODE c.v.G,L=O 
OH-I R3.X. A5A5. CHANGES Rl TO • A5A5* 

0110 Bf CR 
02EO BTCR 
-44-3.0-----···--·--·-·----0J!-- -

OA18 
0310 
OA3l 
0270 

• 

BF Ck 
AHR 
BTCR 

1, ERROR TEST COND CODE l = l 
x·e-.ERROR TEST COND CODE c.v.C=O 
R 3 • A L .J. . . . -- - - -- -- - OUN..GE.S.- R.3.-.t..Q.:....E..E£f __: ·- . -

l,ERROR 
R3.Rl 
x·r ,ERROR 

TEST CONO CODE l=l 
CHANGES Rl TO ZERO 
TEST CONO CODE V,G,L=O 

··-···· .... I!.. .. ···-··-·-· .. -··-··-····-·---···-··· ... ···---·-·····. . .. ,. .. -· ..... . 

• ERROR POINTER NOW SfT TO 6 
• 

BRANCH INSTRUCTIO• TEST ,q I- 3 



• 
• LET US SEE IF THE BRANCH INSTftUCTIONS HAVE BEEN WORKIN 

' • 
0.1.82 .OAll ________ $.1.X ....... AHR ___ .. B.2. .• JU ....... . 
0184 4020 STH R2,f AtlNU 

OAbf 
0188 4300 

OlOA 
• 

BFC Q, AROUND 

. -· ____ .SE.IS. HUUlR. P. il.HH.E.R .... .lO. 6 
STORE FAIL TEST NUHBER 

TEST OF UNCOM> IT IO NAL 

BRANCH I NS TR UC TI ON 
. ill.8..L ___ JHlillL _ ... ___ _f RR OR A 0 C X. DOOO...'.'....t..A.LSAtlJ_11.E.AN.5..-5I.OILH.U.LI .LP.L.f ... 

OA92 
0190 0855 SHR 
0 1 9 2 C 8 3 0 CO N 11 R f UI I 

R5,R5 
RJ,4 

0004 
0196 4840 LH R4,FAILNU 

····----···--o.A.b.f_·-··-·--··-------- ··----·- - ---· ····--- ··-----·-------------··- ··-· ..... . 
0 1 9 A C C 4 3 SR H l R 4 , 0 < 3 > 

0000 
01 9[ (440 

OOOF 
01 A2 C540 CLHI R4, )( • A. 

OllQ.A.__ __ ··----· 
01 ~6 4280 AL u8 

OlAE 
01 AA CA40 AHi R4,7 

0007 
01 AE CA4u AHI R4.X"30" 

.. O.Q.10. ······-······--·- .. ··-·---···--·--·-· - ····-···· -·-· .. - -- ......... . 
OlB2 024~ STB R4.TESTNU<5> 

OAJE 
01 B6 CA50 AHI R5.1 

0001 
OlBA CB30 SHI R3.4 

. -··· ·------ ---- - . ..Q.Q.O..!t.,_ .. ___ -··------- ----··--·--··---·-------·- --·-··· ~------·· .. _.,_____ ---------·-·--

01 BE 43 l O BNH CONVRT+4 
0196 

Ul(l C8AO LH( Rl0,2 UJAO TTY DEVICE NUH 
000£ 

OlC6 C810 LHl Rl,l 
' - .. : ... - . -··--·---.o.o.u-1.---·------ ---------·--------····----- ---····· -··· ...... ------·-·--···· -- --- ·- ·······-·- -··· .. -· -

OlCA C8FO LHI 
OA34 

OlCE DEAO SENS OC 
OAlA 

0102 9DAE SSR 
;' -· <H 04 --- !..2E.O .. H -------. ------ BI c 

OlCE 
01D8 OAAF wn 

0000. 
OlOC OAfl AHR 
OlOE C5fO CLHI 

Rl5,"fSS START Of FAILURE ~SG 

RlO.WOATA TTY TO MRITf "ODE 

Rl0,Rl4 TE5T STATUS BYTE OF TTY 
.. X ·e., ·~E..NS ________ WH.E1L8US Y .. lS .. ..Z.ER!Lrn_ 

R.10. .. 0<Rl''.d SEND CffARACTER TO TTY 

Rl5.-.Rl INCREMENT INDEX 
Rl5,HESS1 TEST SENT LAST CHARACTER 

- -------0 A 4 0 
01E2 4?80 

OlCE 
Olf'.6 4890 

OA70 

BTC 8, SE NS RETURN TO SENSE ~TATUS 

OlfA 

Ol E: E 

Olf 2 
Rl-4 

UI R9,SKIPTS 

4HO Bl RE TR NJ 
... .0.11:..6.. ... _______________ .. ····-· -·· .......... ····-- --· ······· 
(890 

009A 
4300 

Ufl 

8 

R9,Zf:RO 

RETRN4 

TEST START LOCATION 



Olf A 
0lF6 C890 

OOA? 
01 FA 4 09 0 

0.20_8 ... 

RETRN3 LHI R9,SKIPFN 

RE TRN4 STH R9,ERR\.JAT+ l 

Ol FE D 100 DC x·o100·.A($AVE• l'IEANS LOAD MULTIPLE 

0202 

02 06 

02 OA 
02 oc 
02 OE 

OA92 
C200 LPSM ERRMAT 

0206 
8000 ERRWAT DC x·aooo-.ACZERO• 

.. ___ QO~JL _________ ·--.. --··-·-··-···--··-

0200 
08 32 
422.G 
0214 

' IHCR 
LHR 
tlT c 

O., ERROR 
R3, R 2 
2, fH 1 

TffIS STOPS PROGRA~ 

SHOULD JAH IF IT OOE5 NOT 

STOP 
TEST or: A NOP 
CH AN GE S R 3 T 0 6 
TEST CONO CODE G=l 

Ql.t~·--··· _Q]QQ_ ______ __,B:=..:F_,C'°-'-R"-_,O=<-i,<-=E=R_!!OR ______ .. _____ Tff I ~ ___ Q_R A NCl_i.f __ ~ __ _Ig__1RR_QJ!. ___ _ 
0214 4300 BYl Bf( x·o-.BY2 TEST CONO CODE c.v.L=O 

021A 
0218 0300 
02 lA 0200 8Y2 

' 

BFCR 
BTCR 

O, ERROR 
, ll • 0 • , E R R OR 

THIS BRANCHES TO ERROR 
. TEST CONO COOE C,V,L=O 

• -~---------·-··--·-·· ·--· ---··--·----·---·--·- -···-· --··- ---··-··-
• MUST HAVE DONE SOMETHING RIGHT 

• 
• lRROk POINTER NOW ~ET TO 1 

• 
• 7 7 7 7 BRANCH I•STRUCTION TEST <RR FORM) 

---·----· ---··-_!_--·-·-·- . 

OL l C OA21 
02 lE 401.0 

OA6E 
02,J2 C830 

.. - ---·--·--_fi.l.2.A_ ___ _ 

0226 0303 

0/28 0300 

• 
SEVEN 

• 
022A C830 TKER£ 

02 j,? 

AHR 
ST H 

LHI 

BFCR 

Bf CR 
UH 

Rl.Rl 
R2,FAILNU 

RJ,THERE 

Q,RJ 

O, ERROR 
RJ.E IGHT 

···--··----···--------___L__. _______ _ 

02 2E 0 J 2 3 
02 30 0300 

• 
• 

BTCR 
Bf CR 

2.R3 
O. ERROR 

• ERROR POINTER NOW SET TO 8 
. ··---·--·- ·-----··-··---"·------------------·--··--··--- --····-· - ··-- ·• 

SETS E RR OR P CH NT ER T U 7 
STORE FAIL TE'ST NUMBt:R 

LOAD AOOR "THERE. l NTO RJ 

TESTS UNCONO IT IONAl BRANCH 
ro THERE 
TWIS BRANCHES TO ERROR 
LOAOS ADOR ·EtGHT" INTO 

R) ----·---·-----··--···- .. ·----
TEST CON 0 CODE G = 1 
THIS BRANCHES TO ERROR 

• ts s s a COMPARE LOGICAL l~STRUCTlON TEST 
• 

0232 OAll FIGHT AHR R2.Rl 
0 2 34 4 0 l 0 S HI R2 • F A l L N tJ 

OA6f: 
.. O.l 31!---·- -4-~1-0.----- - ----------- -LL-H-----R-l-+-Ul I;.R f ~ 2 

OlLC 

02 3( 
Ol 3E 

ouu 
CS30 

0213 

0242 (H80 

• 
• 

BT CR X • F • , l: RR OR 
CLHI RJ, E IGHT+l 

• 
• 

Bf CR 8 , ER R 0 R 

SETS ERROR POINTtR TU 8 
STORE FAIL TEST NUHBE~ 

WITH l:ONTENTS OF LOC 
fttEft t: +2, SHUU LO BE EQUAL 
TEST CONO CODE C,~,G,L=O 

COHPARfS CONTENT\ OF RJ 

WITH THE VALUE 'UGHT +1· 
RJ SHOULD BE LESS 
TEST COND CODE C = l 



02~4 '(840 
Ol 31 

0248 
. .0? 4A 

0'>34 
O~QO_ 

LHI R4.EIGHT-l 

CLHR R3.R4 
······--· -·- __ JU_C_~ .... !.· o· __ !E_~R(JR_ 

• 
• 

LO AO S TH E VA LU E . E I G H T - l • 

INTO R4 
COMPARES RJ WITH R4 
TEST C.ONO CODE C ,y .l=O 

• ERR OR POI NT ER NOW ·SI-: f TO. 9 

• 
• 9 9 9 9 STORE 8YTf lfiSTRUCTION TEST 

--·-······-··--····--·--·-----·--·-···--·····----· -----·-··-···- ····-·-··-· ----·-
• 

02 4C OA l1 AHR 
024E 40lO STH 

OA6E 
0252 4040 NI NE: STH 

...... ________ JlA.LL.~----------

0256 48JO 
OA U 

025A 0543 

• 

• 

LH 

CLHR 

R21R 1 
R2,f All NU 

R4. Tl:MP 

RJ,TEMP 

SETS ERROR POINTER JO 9 
SfORE FA IL TEST. NUMBER 

STORf CONTENTS R4 IN 

tH:t10RV 
lOAO SAHE LOC IN TO RJ 

TEST R4 CONTAINS SAHE AS 
R3 

_QL5.L. 02£..0.. ---·-·-· ____ _fil ..... C....._R _,x~·_,_f_· .....f.FJUlR ------~J..f.~L- CONJL~J!1>.I; .. J~..LhG.t l = C. 
025E 0833 SHR RJ,RJ 
0.260 4030 STH RJ,TEMP 

OAT? 
02 64 4840 LH R4.TEMP 

OAll 

CMANGES R J TO Zf ~O ·· 
S JOR ES R 3 IN MEMORY 

lOAO SAHE LOC INTO R4 

. . l.l.Lb.8. 02.EO. ... --.. .:.. - . .B..I.ClL ... X..:.E..:_. f.RR1llL -···-- ......... I.E..S.I. CJUlll. .. t..oD.E .. L.-.IL • .G ... L= 0 
026A C830 LHI RJ.X"5AA5· CttANGES R3 TO .')AA5. 

5AA5 
02 6E 0230 <:>TB R3.TEMP 

OA fl. 
1' 

...Q.2-1-2------434-0--------- ---·-··----..U..----.-R4-...-f.~!?-- -------- -· 
OA72 

0.276 OHO BFCR l,fRROR 
0278 0240 STB R4,TEMP 

OA/2 

~TORE BITS 0-1 OF P.3 INTO 

HE MORY 
CllA N ~ S.. R.4.--l-U---~-A-~O..: ... -· 

TEST COND COOE L =1 
STORE Bl TS 0-7 Of R4 IN10 

• 
) --0~--~----·-···--·-·-·-·--··- Ut 

MEMORY NOW CO"TAI~S ZERO 
---~2 ---·· -- ·----CHAN GES. .. R.4- J.O.. ..Zf.JiO 

0 Al!. 
1.028.0 02f0 

Ol82 0230 
) OA 73 

• 

8TCR 
S TB 

)I,. f. •ERR OR 
R 3, TEMP+ 1 

; ··----------------'--·····--------·------··-· ·-.----····- . 

0286 

028A 
. --0.2-8.C.-

02 8E 
0290 
0292 

' 0294 

4840 
OA ·12 

0200 
0)20 
01144 
9?4 j 

08B 
0320 

Ol.96 C7JO 
..... .5..AilO. 

029A 02FO 

• 
• 

lH R4.TEHP 

8TCR. x·o· ,ERROR 
---·--··---.llU.fL-.--2.., .. E.JUUlR .. 

• 
• 

SHR R4, R4 
ST BR R4, R J 
l.HH RJ,RJ 
Bf Cl< 2. ERROR 
)(HI 

BT.CR 

TEST CONO COOE c.v.G,L=O 
STORE BITS 0-7 OF RJ 

l"AS·) INTO BITS 8-15 Of 
. -·- .... _f'lf.Hn..R.lf ..... ···-- ·····-·· .... ··- . . . . ... _ .. 

("AS·> INTO BITS 8-15 Of 
1'1E '1010' 
CffANGE:S R4 ro ·ooA5-

TEST CONO coo~ c.v.L=O 
.... l.£.S.L .CONO .. C.O.Dt:. . ..G..::...l .. 

CIHllNGES R4 TO lfRO 
CHANGES R4 TU OOA5 
USFO TO SfT COND COOi: 
TEST CO"'dO CODE G=l 
C ff AN GE S R 3 TU • 0 0 C 0 • 

TEST .CONO CODE c.v.G,L=O 



•ERHOR POINTER NO~ SET TO A 

• 
• A A A A SHIFT INSTRUCTION TEST 

029( 01\21 
0 L'H: 4020 

OAoF 
02 A2 OA31 
OZ A4 CD 30 

• 
!·-------··------ ··--····· -----· ·- ·-. 
TEN AHR 

ST ii 
l{Z,Rl 
R 2, FA I I. NU 

AHR RJ.Rl 
SL Hl R 3. 15 

SETS ERROR POINTER TO 'A' 
'.iTOtH: FA IL TEST NUMfHR 

CHANGES R3 TO ·0001· 
(!MANGE'S R3 TO ·sooo· 

..... . --- ---- _Q_!!Qf_ -· -----·----·-·~---·- . -· ------- .. --·-··- _________ .. ··-·- ---··-·---------·-·------------···· 

OZA8 OHO 
OZAA 02EO 
02 AC CEJO 

OOOF 

BFCR l,ERROR 
BTCR l('E' ,ERROi< 
SR HA R 3, 15 

TE ST CONO CODE L = 1 
TEST CONO CODE C .v ,G=O 
CttANGES R3 TO 'FFFF' 

OlBO 
__ Q2Ji2_ 

0310 
07EO _ 

BFCR l,ERROR TEST COftD CODE L=l 
R IC R ......x...:..£..:.....f R R Cl R ___________ J.E..£l_Lfi8ll _illi)f __ LaJJ_.ji::..Q.. . _ __ __ 

02B4 CF 30 SLHA R3.15 CHANGES R3 TU '8000' 

0288 
02BA 
02BC 

OOOf 
0390 
0260 
CFJO 

- -- ··--··- ooo 1 
02 co 
02 (2 

0l(4 

0310 
02EO 
(030 

0000 

BFCR 9, ERROR 
_BTCR 6,ERROR 

SLHA RJ,1 

TEST CONO COOE C,l=l 
TE.ST COHO CODE v I G = 0 
CffANGE'S R"J TO ·sooo· 

·-- ----- -------·----------· ----· ·-- ·-···· -·-·· -· -· 
BFCR 
BTCR 
SLHL 

l,fRROR 
x·E-,ERROR 
R3,0 

TEST CONO CODE L =l 
JEST CONO CODE c.v.G=O 
NO CHANGE TO Rl :·sooo· 

02 C8 0310 BF CR 1, ERROR TEST CONO COOE L= 1 
__ J.1.LC.A._Q.2.f:jL_ ·-·----··---~RL.&r ..... c .... R.___ ....... x ....... • ..E.:....£.R.R.Il.R. __ ._ -··- -· --- I.ESL ....CfiNlL_C:.0..0£_ -L. ll_. G = 0 

OlCC CCJO SRHl RJ,15 C14ANGES RJ TO ·0001· 
OOOF 

02f)O 0320 BF CR 2, ERROR 
0202 0200 BTCR x·o-.ERROR 
0204 CCJO ':;RHl R3.l 

TE ST C 0 N 0 C 0 Of G = l 
TEST CONO CODE: C ,V .L=O 
CMA N GE S R l T 0 , 0 00 0. 

-··---------- _ _QUil.1 ... --·-·------······ --·-··---·- -··-----·---·-·---·-·· ---·· --··------·--· .. 
0208 OldO BFCR 8,ERROR 
02DA 0270 BTCR 7,ERROR 
021)( OAH AHR RJ,Rl 
02 OE CE JO SRHA Rl.l 

0001 

TEST COND CODE C=l 
TEST CONO CODE V.G.L=O 
CHAN GE <; R 3 T 0 • 0 00 l. 
CHANGES R3 TO ·oooo· 

-OlEl 
02E4 
02f6 
OZE8 

BFCR 8,ERROR __ .().J.Jl..U.. _____ ··-·-·-·--·-~-~--...--..,..,..._ --·-----JES.I.. cotto UlDE--L-=.J. _______ . _ .. 
0270 
OEB 
CF 30 

OOOE 
0320 02EC 

--0.lEE 
02FO 

·--..o.i..o.o. -·--------
CD 30 

0002 
02 F4 0380 
02F6 0270 
02F8 OE 33 

_Jl,.!.£A--LCJ.O. ___ ----
0010 

OLH 03.lO 
0300 0?00 

• 
• 

BTCR 7, ERROR 
ACHR RJ .. R 3 
SLMA RJ.14 

BFCR 2 .ERROR 
B t (JL__.x_:_.o_~ ... E R ROR--
Sl HL RJ,2 

BFCR 
BTCR 
ACHR 
SRHl 

BFCR 
IHCR 

8, ERROR 
7 .. ERROR 
R 3, R 3 

·-- ..Jll.._.U,. ____ -

2.ERROR 
x4 o-.ERROR 

•BBBP. 
• 

TEST corm COOE v 11G .L=O 
CHAN GE S R 3 T 0 • 0 00 l' 
CHANGE5 R3 TO ·4 ooo· 

TEST CONO CODE G =l 
.. J.E..S.l CillUl . .CODE-L ... V .. L=O. 
CHAN GE S R 3 T 0 • 0 00 o· 

TEST CONO CODE C =1 
TEST CONO COOE V.G.L=O 
CHANGES RJ TO ·0001· 

JU R EK.Al NS---~ .OQ!ll-~- -·--- . 

TEST CONO CODE G=l 
TEST CONO COOf. c.v,,L=O 

LOAD BYTE INSlRUCTION 

41- 7 



0 .l 02 
03 04 

OAll 
40£(J 
OA6t 

• 
flEllEN AHR 

STH 
R2.Rl 
R2,FAILNU 

__ Q_J_QB_ _ D l JU _ __ __ --~---LB----- ·- _ R l • 0 N..E5 __ 

OJ OC 
0126 

0200 
030E . OllO 
0310 COJO 

0008 

BTCR 
BFCR 
SLHl 

X • 0. " E RR Off 
2,ERROR 
R 3, 8 

SETS -E~~OR POINTER TU "H"· 
STORE-fA[l HST NtJt1BER 

_ __tJUlt__GES._ RJ ___ JO. _ ~-OJlf.f • -

r~Sf CONO CODE c,v.L=O 
TEST CONO CODE G = 1 
CHANGES R3 TO ~FFCO" 

------- ________________ ! ______ ---------------------- ___________ fllLE.~IJUS_(Ji.A..fUi.E.S __ CllNfL 

0314 0330 
0329 

• 

• 
• 

LB RJ.,.ONE Sl • l 
CO Of 
CffANGES R3 lO ·oof f" 

LB I NS TR UC T I O\N Z ER o · S RI l S 
0-8 

___ _Q ll.8.. ____ .02£.0. ___ ----------· - RICR 
BF CR 
CLHI 

~.:.. ... ERROR_ - ______ _I.E.S_I._£1lft1l __ C.DD.f:___ c L~_._G= 0 

OJlA 0310 !,ERROR TEST CONO CODE l=l 
031( C530 RJ.X"fF" JEST R3 FOR HAVING ·ooFF" 

OOf-F 
0320 02ro BTCR X"f",ERROR 
0322 4300 B TWELV 

.OlL."~-------------------------------- ___ _ 
0Jl6 r-:Foo ONrS 0( )("FFOO" 
vJ '8 OOFI- ONE\l 0( x·ooH· 

• 
•f:t<ROR POll\ITfR NOW SfT TO C 

TEST COND COOE c,v.G.L~r. 

GO TO NEXT Tf'ST 
·-·--·· .. --~---·- '··-"- --------·· -- -·· --·- -· 

USEO l!N ABOVE TE ST 
U-SEO l!N ABO\ll: HST 

- -- !____ - ------·--·-·-------- ~---·--· -·- ---------------· - ···-- --- -

OJZA OAll 
03 2( 4020 

-- -- ·-- ----- -- OJl.b £._ -
0310 corn 

0003 

•r C C C LO~O BYTE REG INSTRUCTIO~ TtSTS 
• 
• 
Hill V 

• 

AHK 
')TH 

R2.Rl 
RZ.FAilNIJ 

SU-IL f<J,8 

SETS ERROR POINTER Td "C" 
<>TORE FA IL TE"ST NUMIJtR 

CHANGES R3 TO "FFc-0-

HH S I N S T RU ( Tl 0 N S f: T S ( 0 N 0 
CO Of 

0334 -933) 
2 -m-l-6--- a 3 1 o 

LBK 
BFCR 
LHR 
BTCR 

R 3 , R 3 CWA N Gt: 5 R 3 T 0 0 00 0 
_ -1 ... JJLRUR ____ . .. _____ IESJ:S. __ [.fifill__(JJll.f:_L;_.L_ 

0318 0833 3,1 USEO TO SET COND CODE 
I OJ)A O;>fO X"f".~RROR TEST CONO CODE c.v.G.L=O 

') ., 
•fRROR POINTER ~ow SET TO 0 

---------------- --- I 0 IJ D __JJ__ _______________ -- - -- -----LOAD- £S.J.t__JJ\lSIR.ULllilN.. __ __s__ 

• ., 
U33C 0A21 THIRT AHU R2,Rl 
U3Jf 40LO STH R2,FAJLNU 

OAof 
,. --0-3-!._2-----Ll.O..O.------ --- ____ J..P-_~ ___ .GJJ_ _____ _ 

034~ 
0346 0300 BFCR Q,fRROP ., 

' 03 48 OOOf- GO DC X"OOOF" 
034A - 034C DC AtGOU 
03t.L f.Lf_u_ ______ G.!J...L_ ______ JlJ_L __ . ___ x_-_f"._._•t-.±6 

0 J'> 7 
I' 

03 5 0 0 300 BFCI< O,ERROR 
Al-CJ 

NEGA TI Vf NUMBER 
SETS ERROR POINTcR TO ·o· 
STORE FAIL TEST NUMBER 

. ______ PJUlh. SJm_ULll _filULNU:L _ _I_O_ GO l _ 

LANO HERE If PREVIOUS 
INSTRUCTION FALSt 
USED FOR LPSW INSTRUCTION 
USEO FOR LPSW INSTRUCTION 
UNLONDJLION lilU.NCH JU NL.ll I 

TEST 
LANO HER l: IF PRE V l OUS 



• INSTRUCTION FAILS 
• 
• 
• rn R OR p 0 I N rt R N 0 w s E r T 0 I: 

'--···· ---------·---------------- -·-- - -- --- -- ···--- -- ....• -------------- --· 

• E E E E BRANCH ANO LINK INSTRUCTJON TE5T 
• UtSTRUCTION TEST 
• 

OJ52 OAli FOURT 
0354 40i.O 

- - --·---- ____ QAfil:... ______ _ 
0358 C8Hl 

0360 
035( 0143 
O 3 '> E 0 3 00 
0360 (540 BR AN CH 

AHR 
<)TH 

lHl 

BALR 
Bf CJ( 
CLHI 

R Z, R l 
R/,fAllNl! 

R3,BRANCH 

R4, R 3 
Q,ERROR 
R4 ,8RANfH-? 

__ ___________ ~O~l~S~E __________ _ 

• 
0364 ONO __ !HC~ x·F· ,ERROR 
03 66 4140 BAL R4,BRAN/ 

OJ6C 

SET f.RROR POUITER TO 'f' 
S"f ORE FA l L T E'S T NU MB f:: R 

LOAD ADOR 'BRANCH' INTO 1<3 

BRANCH TO ADOR IN Rl 
LAND HERE ONLY ON ERROR 
TEST l I N K AD OR ES S l N R 4 

SAHE AS 'BRANCH -4· 
TEST CONO CODf c.v.G.L=O 
BRl\NCH TO 'BRAN /' 

036A 0300 BFCR Q,ERRUR LAND HERE ONLY ON ERROR 
___ 2.1_6( .. (540 BR AN2 liJiL _ _B4,Bf(_~f>JL·~-/ _________ f!5J .'=I.NJ<. llOl>R I_l'L_~~------ ______ , 

OJoA 
f 

0370 O?FO u r c I{ x . f • ' l R R lrn 
• 
• 
f 

•fRROR POINTER NOW SFT ro f 

___QJI2------.o..A2.l..--------· AHR . R 2 , R L------ ____ _ 
03 74 40l0 <; f H R 2 , F A I L Nil 

OAbf 
u378 C8JO LHl RJ,2 

0002 
0 3 7( ' C84v LHI R4,)('fFFf-' 

SAHE AS '6RA~z-4· 

TEST CONO CO Of Bl TS 
c.v.G,t=o 

BXlf~BXH INSTRUCTION T 

il.I .S.. £.R IUlR .. .£.lllJ~Llf..R__ J.0 -: l . 
sr ORE: f A I l TEST NU MB f. R 

CHANGE R3 TO • 0002' 

INCREMENT FOR BXLE+-Bl<H 
; ------- ______ ££t:...f ________ ----- --···------------·---··--· -- -- -------- ··----. 

0380 (850 
0000 

OJ 34 C 1 JO 

• 

' 

LHI RS.O 

BXLE RJ,ERtWRA 
' -····--------OJ.~.---------------------------------····· 

f 

e 0388 COJO BXH R3-,E-RR0f<A 
018( 

I 0}8( OAJl AHR RJ.Rl 
038E ClJO BXLE RJ,•+6 

lWSTIWCT ION 
ENO VALUE FOR BXLf+BXH 

U~STRUCT ION 
SHOULD NOT BRANCH, R3 

CHAN GE T 0 • 0 00 1. 
CHAN GE R 3 TO • 00 00. 

CHANGE R 3 TO - 0001 • 
SHOULO 8RANC~ CHANGE R3 

/. ---------------O-J..Q-4--------------------·-··-----·------------·· •··· -·-···-·-····-··········-··- - .. ····-·· ----·······---------- -----·--·-···· 

OJ92. 0300 
0394 corn 

039A 

• 

' 

BFCR o,ERROR 
BXt-1 RJ,•+6 

.. 0 l 98 OJ.0.0.- - .... ----- - --------- .Sf UL- -0-~-!UWR 

• 
• 
•ER f{ OR PO INTER SE T T 0 l 0 

TO • 0000 • 
LANO HERE IN ERROR 
SHOULD BRANCH CHANGF RJ 

TO • F FF F • 
LAND tfER E -- UL E RR(.lR 



• 
•10 10 10 10 I NO!:K ING INSfRUCf ION TE SJ 

d39A OAll 
03 9( 4020 

OAbE 

• 
• •10 lC 10 lO 

AHi< 
STH 

R z. R 1 
R2,FAILNlJ 

UJAO C830 LOCl lHl R 3. l QC 1 

___ ----·· ... Jl.1.A.O_ ---·--------·--- --···--------
0JA4 (530 CLHI RJ,LOCl 

OJAO 
03A8 0230 
uJAA C8H 

OJAO 

BTCR 
LHI 

3,ERROR 
R3.LOCl<Rl > 

.D.l..A.E ___ .C-5.-1.!L _______ _(_Uil_ R l .1 . .Il.U..±l.u. 
0 3A l 

038.? 0230 
0384 4830 

0 91J 4 

BTC.R 
LH 

3.ERROR 
RJ,OlAGN 

03H8 C530 CLHI RJ.1 

TESf INOf::lC ING ON R<; t<X 

Sf OR f F A I l T t:S T NU 1'1B ER 

TEST RS WITHOUT 111\0fXING 

CHANGES R3 TO VALUE LOCl 

TEST RS WlfHOUT -I~OEX[NG 

fEST RX WITHOUT dADEXING 

CflA N GE S R 3 T 0 OCN TENT<>. Of 

OlliJ L-·-------------·------... -·- -----------·-------- __ _ 
OJRC ll.?JO BTCR J,ERROR 
OJBF 48Ji lH RJ,OIAGNCR.Jl 

03 (2 
091)4 

C5l~ 
otUo 

cuu 

LO( OIAGN 
TEST RX WITH INOEXlNG 

C:HANGES R3 TO CONTENTS Of 

____ £U(.R J,ERROR _____________ .Jl£ _LO.L DJ.A.Gti:tRl ______ _ 

• 
• t. R R 0 R PO I N- TE R NOW Sf T T 0 l l 

" 
----------------.L.J.l--l-1--l--l- l l 

03C8 OA21 
03CA 4020 

-····-- -------OA6E 
OJCE C8:rn 

0000 

•FOR TRAP.Uf PSW SHOULD CONJA[N AORS OF lLL 

• 
OKl A-HR 

STH 

lHI 

R2.-Rl 
R 2 • F AI l NU 

RJ,O 

SETS ERROR POINTtR TO ·11· 
STORE fAll TEST NUMRtR 

SET CO'NOITION CODE PORTION 

OF 
() 0302 4030 STH lllf.GAl (NST R INTERRUPT 

0034 
·--·· ------------------- __ !!._ .. _____________________________ .. _ ... 

0306 CSJO L. H l RJ,NEXTH 
OlE 0 

u3r)A 4030 STH RJ,x-36· 
0016 .. 

OJ.DE .. fOOO .. lLL .. _. ___ DC .... .X:.£.0.0D. 

' 
OJFO 48JO Nf X Ht LH RJ.x·1r 

OU 'j 'J 

' 03E4 CS Ju Ct HI RJ,Ill 
OHH 

... 'f ... ····--- .... 

• 
0 3f: 8 4 BO BFC 3.EIGl-lTN 

0 H: F 
191-/0 

. . .tilEJ.t .. PS..1.L ... 10 . llll 0 
LOADS AOOR INTO ADOR PART 

OF Nf:MPSW lllfGAL 

t•STRUCTION lWTENRUPT 
HUS .1 LL E GAL l.N~IRUC U ON 
CAUSES AN INTERRUPf 

TEST AODR Of I ll.t:·ll Al 

ltilSIRUCT ION. .PLltCED IN OliJ 
PSW ILLEGAL l:.NTERRIJPT 
ADDRESS IS CORRE C. I GU 



OH:C 0100 BF CR O. ERROR ON T 0 NE X T T ES T 
03fE (830 EIGHTN LHI R3,ERRORA 

01or 
0 3 F.? 4030 <;TH SET AOOR TO EaROR 

0 O.J.·'.i . 

• 
• 
• 

MULTIPLY & DIVIDE INSTRUCTION TEST 

' 
···-·······-------···--·--····MUI I IP! Y i DL\l..l.D.L . .IEil.:. __ JllllII.eLltR AND_ .. D.lVID.E:fAQ __ l.N._Rfl . 

OJf- 6 OA.21 
___ .QJf 8 40.lO 

OAof 
03FC (830 

05 ·74 
04 00 4030 

00 31> 

04 04 ORB 

0406 4030 
0034 

04 0 A C86C> 

0001 
040€ (890 

0001 
0412 OCBb 
0414 0086 

• 
• 
• 
• 

AHr( R.2,Rl SETS E«ROR POINTER TO 12 
____ ___.S.._I"-'H_,___ R 2 , E A l L NU__ _ ________ .S.UIB t_ f A I L If.5_.I ___ MJ_JL... . ...... - _______ _ 

• 
• 

• 
MUQVT 

LOOP l 

~ 

.... LHJ Rl.J..WNIYl STORE AOOR Of l\IE Xl 

. SUI RJ,X.36. . JEST l N NEW PS W I L L E G Al 

fflSI.R..ULIJJllL.c _______________ ...... _ ... ···-··· -
SHR R3,R3 BECAUSE ALL PROCESSORS 

00 NUT 
5TH RJ,x·34· HAVE HULT ANO DIVIO~ 

INSTRUCT IONS 
I H ( _Bb_...J__ _______________ I OADS. MU l U£.Ll..ER ..... ·-·· __ 

LH I R9.1 LOADS MULTIPLICAND 

MHR R8,R6 FORM X SQUARED 
OHR R8,R6 O.IYl.OE PREVIOUS STfP 

--04.U. 40(,)0 ---------S~JH..__--a .... c ..... -x-· +3v-6 - -- ·--· -- STORE .E.IUU)R. .. AO DR --1-1'-.U ... lf?.~. 
0036 

041A 0888 
04 IC OlFO 
04 lf 0596 

__ OJ.._2.Q._~--------· 
0426 

04?4 0300 

• 

RS.RB CHECK FOR ZERO REMAINDE:R 
x·F· .ERROR 

LHR 
BTCR 
Cl.HR R9.Rb QHIPAR 0 IVIOUIO WI TH 

11Ul T l¥l l ER 
--~B-.E-( ___ 3._.. • ...._n..,.K ____________ _Sff.OU.LD .. B.£ __ £.Q.uAl.. _. .. . . . ... 

BFCR a.ERROR 
0426 CAt>O OK AHl R6,l 

NOT, GO IO ERROR 
I•CREHENI MULTIPLIEF 

0001 
04 2 A CA 90 AH I R9.l INCREMENT MULTIPLICAND 

. -------··----0-0.U-l--- -----------··--··-·-·-· ···- ..... -· ---
042 E (560 

Fff F 
0432 4330 

04JA 
04 36 4 300 

-·- ·---- ····-·--····0.4.1.2. ·-·--

04 u 4850 
OAl.0 

. -04 JE . -·--4.C4.0. 
0A20 

0442 4550 
OA20 

CLHI R6,lC.FFff. TEST I F F IN I SHE 0 

BF C 3, FI NT 1 IF so. JUHP ro NE)( T PART 

BFC O,tOOPl NOT. CONTINUE THIS PART 
------·--·----·-·····-· .......... - . -·-·· ---· ······---·······-······ ........ ·-·········-·-····-····--·· -·· --· 

• THIS HST MULTJPLIF~ AND OIVIOES POSITIVE 
' AND NEGATIVE ~UMBERS AND CHECKS THE SIGNS 
• OF THE R~SULTING VALUlS. 
flNTl LH R5,PLU51 

--·--·--mi- ·-1t4-+P-.L.U$.\ MUl.l P LU S. .1 . UJ1.E ~ PLUS l 

CLH R5.PLUS1 R5 SHOULD HAVE PLUS 1 
/CJJ-11 



0446 0230 BTC.f{ 
0448 0844 LHI< 
()4 4A 0 no BT Cl< 
044( 4850 lH 

J,tRROP 
R4.R4 
J,ERROR 
RS,MINUSt· 

. -- --- - _ .... fiAll ____________________ . - . --------------
04':J0 4C40 MH 

OA20 
R4,PLU".il 

0 4 5 4 4 5 4 0 cl H R 4 • M [.Nu s l 
OAlC 

04'J3 O?JO BTCR ;,ERROR 

TESTING FOR CORRECT RESPlJN 
R4 'SHOULO BE ZERO 
TESTING FOR CORRECT RESPOlll 

·-··--··- .. -·---·-·--------------···----·--. -·· .. -··· ----

f1UL T PLUS l TIMES H(NUS l 

TEST I NG f OR CORRE C T f< E SPUN 
.. 0-4-.'iA ____ .4.5...'.i.0. ____________________ CLlL __ _R_5_.11ll'lliS L ______ . _______________ . ____________ .. 

OAlC 
045E 0230 BTCR J,ERRIJR TE ST I NG f UR C 0 RR f C T f< E SP 0 N 
0460 48')0 LH R5,PLUS1 

OA20 
0464 4(40 ~H R 4 , M I N US l 1'1U l T H I 14 US 1 fl ME S f> l U 5 l 

-. ·-------·-··· Q.A.J.L·-------·-··---·----
0468 4540 CUi R4,MINUSI R4 SHOUlO HAVE MINUS 1 

OAl C 
1)46( 0230 
U46E 4550 

OAlC 

.BTCR 3,ERROR 
ClH R5,f'fINU51 

TESTING FOR CORRECT RESPON 
R'5 SHOULD HAVE MINUS l 

. .0 lo . 72 . D 2 3.il. __ _ _______ _ . BI c R ___J..._f.JUlOB .. _ _ _ _ _ __________ 1.ES.I.1N1i __ f HR ___ Cll.RR EJ.:_L _ RE SPUJ\i 
04 74 4850 LH R5,MINUSl 

OAlC 
04 78 4(40 MH R4,MINU5l 

OAlC 
o47C 4(>':>0 ClH R5,PLUS1 

_ _ QAl!.L_ ------·-------------------------- ···-----
0480 0230 BTCR 3,ERROR 
0432 0844 lHR R4.R4 
0484 O.Jlv BTCR 3,ERROR 
0486 0844 SH~ R4,R4 
04i~8 4850 LH R5,PLUS1 

...... --- . __ __JJ_A_,{__o_ ..... _. _______ . ---·---·--------------- -------·-······ -

048( 4040 OH R4,PLUS:' 
OA.:'' 

If 

0490 4540 CLH R4 .. PLUS1 
OA20 

MULT HINUSl TIMFS MINUSl 

RS SHOULD HAVE PLUS 

TESTING FOR CORRECT RESPUN 
R4 'SH!)ULD HAVE ZERO 
TE ST I NG FOR ·co RR I: c T RE SPUN 

R4+R5=+3 

0 IV I OE P 0 S lT IVE I ~ T 0 

POSITIVE NUMBER 
TEST FOR POSITIVE REMAINUl 

.... U4 9 . .4 .. _ .. .0..2.lLL- _ ----------- B I C R _ 3 • ER R llfL _________________ JflJ----1.N_G _ _E.QfL_.C.O..RR.£.L.LJli .SP Ol'iL _ 
0496 45':>0 CLH R5.PLU')l TEST FOR POSITIVt QUOTifNT 

OA'O 
049A ono BTCR 3,ERRO~ TESTlftG FOR CORRECT RESPUN 

0 049C 4840 lH R4,MINUS1 
Olll C 

-.v.4-A-0-----4~-'.l--------- --------Ul--- -----.R.5 ... -M.-I-AW.Sl- --- -- -- l!-4.tit.S ;a_,,,J _ -- -- - -- - ---- -
OA28 

1 U4A4 4040 DH H4.PLUS? OIVIOE POSITIVE I~TO 
OA22 

04A8 4540 · CLH R4,HINUSl 
---- - .. - ----Ul-C------------------ -----··· ------------·--···------ ····-· 

04AC 0230 BTCR 3,ERROR 
U4Af 4550 ClH RS.MINUS! 

OAlC 
' 04H2 0?30 BTCH J,ERROR 

04 K4 OB44 Sit f~ Rt+, R 4 
I . U~.:16.- .... :48 S.(.L. - . ----- ------ _____ LIL. --- .. R.5. .. P ..LUSJ 

0Al6 
04 BA '~040 OH R4,MINU5!. 

OA24 
Al-/Z 

TEST FOR NEGATIVE RfMAINUI:: 

TEST ING FOR CORRI::( T RE5PON 
TEST FOR NEGATIVE. QUOTIENT 

TEST [NG FOR CORRE:C T RE SPUN 

0 I V I OE N E GA T l V E l N l 0 



' , 

04BE 454u 

0Al0 
U4C2 0230 
\J4C4 4">~0 

_ ... OJlLC. _ .. 
(J4 (8 0 230 

04 CA 4840 
OAlC 

04Cf 48'JO 
UAt.8 

CLH R4.PLUS1 

Bll.K 3, ERROR 
CLH R5.HlNUSl 

ATCR 
LH 

LH 

J •FR ROR 
R4,HlNUSl 

R5,HINUSi 

fEST FOR POSlllVE: REMAINOE 

fESTING FOR CORRI.CT RESPUN 
r Es T f 0 R NEG A r I v t. QU 0 Tl EN T 

TESTING FOR COl<Rl:CT RESPUN 

R4+R'J=-3 

... .Q_4Jl2___~ru&______ _ __ __.0.....,H...__ 
0Al4 

R 4 • H lJW.S.L. ________ J1UlLO£__.N_EiiALltl __ l-1ilfi.. _ --·· _ 

04Db 4540 
OALC 

U40A 0230 
. _Q ~J2L ___ i5.5-Q 

OAL:.> 
04t0 0230 

0 4 f: 1 c 8() 0 
0000 

• NEGA f I 'If NUHHE: R 
fl.H R4.HINU51 TEST FOR NEG AT [VE REHAINDE 

BT Ck 3, FRROR TESTING FOR CORRtCT RESPUN 
__ .liJL ____ RS ..t.fJ...u.lL IES L . .t.llR.._eil5_lJ_tVI __ .Q.!JJH U:NJ ..... . 

BTLR J,ERROR fESTING FOR CORRECT RESPUN 
• THIS ~ECTION H5T5 DIVIDE f-AULT 

_LHI R6,Q LOADS ZERO IN R~.G6 

__ \lil.6.__ 0 B 11 . __ .. __ _ _ __ S_H~R~ __ R 7, R Z.. ---···· ·-- --------------· ·---·---·-··---··-- ... . .. _ ·---·-· ........ -· 
04f8 4060 STt-i R6.)(-4(' STORE VALUE IN CC PART Of-

004( 
• NEW PSW OlVIOE FAULT 

INTE RRtJP T 
04 EC C860 LHI Rb,OVRfC STORE INTERRUPT ADOR IN 
........ -- ·-----~.a ________ _ 
04f0 4060 NEW PSW OIVIOE FAULT 

004£ 

• INTERRUPT 
04F4 C200 LP5 Iii ENABLE ALLOW DIVIDE FAULT 

04F8 
-·------- ---- ----- _ _JL_ _______________ ---------·-·-

04 F8 1000 ENABLE 0( 
oc 

x· iooo • 
IN TE: RR UP.L-J.!L-U.C.LUfL-- . -
ENABLE FOR DIV 

04FA 04FC 
04FC C8o0 Hf RE 

2000 
LHl 

Id HERE> 
R6.x·2000· LOADS 0 IV IDF NO 

OSOO. C880 LHI R8,lC'4000' LOADS OIVISOR 
····-- ·-- -------4-00-0.----------·-------···--------· ·----·---------·-···--·-----·-·····--·-·---- ---.. 

0504 0063 OH~ R6,R8 DIVIDE SHOULD CAUSl 

05 06 
i 0508 

0300 
C5b0 

2000 

,,. INTERRUPT 
BFCR o,ERROR NCH. GO TO ERROR 

OVRf:C. CUH R6,x-2000· TEST OPERANDS HAVE 

. --·-· ·--···· ···---· ·-----*--. - - ·------···-·--·--···- ------·. -- ··- . - .Ot.AH.GE.ll .. 
05 oc 02FO 
050E 0877 

• 
05 10 02f0 

BTCR 
urn 

BTCR 

X'F',ERRUR 
R7.R7 

X - F - •ERR OR 

If SO. GO TO ERROR 
ff.ST NO REHAINOER 
GENERA TEO 

NOT 

0512 00b8 OHR Rb.RS 
·-· ---·-·· .. --- -- ----- . --.... .AL.---------------- ··-· ··-----·-·-·· --· ·-. •· --·· 

TEST DIVIDING BY ZERO DOES 
. - -N(J.T. 'A.US-.f.-~ROCf ~-MlR TO. 

0514 4000 
004E 

f 

f 

f 

STH 

-·- JL .•.•.. _ ...•... - ·-··-··---···---. ·-. -·--- ·-·· - .. 

•ERROR POINTER SET TO 11 

• 
• 13 'l 3 13 

LOOP ffERE 

.Ql-1.3 



·".'.! 

• 
• 

0518 OA21 NUIT N AHR R2, Rl 
051-A 40l0 STH R2,'FAIL.NU S'.fOa E f.A ll TEST NU ftBER 

·------·---·--·····---OA.6.f····--·--~-------'----·-··· - ·----·-- ·---···-··-·. 
• READ 8LOCK-WRI TE BLOCK INSTRlltllON TEST 

051E 4830 LH R3,SktPTS 
OA70 

0522 4330 BZ TWNTY 
0576 

.05.2.6 .. _ .. caco ---- WRUU K _ __uu ____ R) 2.2. ------···-· ·---···---•OADS __ .I_J_l_:Qf .. V1.CE..11:U"18.£R ... 
0-002 

052A DECO 
OA2·A 

05 2E 06CQ 
OA2C 

. ...0..5.32_ o 2 Fa 
05 34 C840 

OA64 
o~ 38 C850 

OAtiO 

oc R12.WOATA 

.WB Rll,fSTLOC 

---· ___ _.B..._J&-IC...,.R:L-.._.l(,._"__.f_· _ _. ....... E-"BLJ.JR.....,Ocu.R 
LHI R4.,0ATAJ 

LHI R5,0ATA4 

U~JC 96(4 WBR Rl2,R4 

TEST W8 INSTRUCT lQ.1'1-
.. . ~ ~-·· 

TEST W8R INSTRUCTION 
_ u5..Jf. ___ !1E.L.O. ____________ , .... ll,._( __ Bl 2, RDATA_ .... ___ ···-·--·--------·-------···-······- ..... . 

OAlB 
U)42 07CO RB Rl 2, THDLOC TEST RB INSTRUCTION 

OA30 
0 5 4 6 0 2 F 0 B TC R X • F • t E: RR OR 
0548 (840 LHI R4,TEHP+3 

........ ····-- -- . ____ ..().Jll.5..--------··--·----------------·--···- -·--···- -·------ -·--- ·-----------·-------- -· ·- ..... ·-··-·· .... 
054( C850 lHl R5,TEHP+4 

OA7o 
0550 97C4 R8R Rl2,R4 TEST RBR INS TRUC Tl ON 
0552 02FO BTCR x·f· ,E:RRUR 
0554 C840 LHI R4,X'7F" 
·····-·----·----·....o.o..l-f-.. ·--·---·--·-··-·-····-···---····'·----······-----·-····· ··- ··-·--·-··-·---·--···-·----·-··-·····-··--········--···-······· 

0558 C850 LHI RS,-5 Ill IT I A l I l E l 00 P C 0 UN T 
FFFB 

055( 0365 
O'A77 

05 60 0375 
-···--·-···· QACi ~-
0564 0464 

.056t. 0567 
05 68 0230 
OS6A OA51 
056( 4230 

ossc· 
05 70 4300 

OS76 

·TEST A LB R6,TEHP+5( R5> LOADS TTY CHAR l t. Ro 
... 

LB R7,DAlA3•lO<R5> TEST CHARS RECEIVED 
----- -------··---·-- ·----- - -- -·--·--------·--·--··-···--··--· ···-···-·· - --·--·-··-~-----

• 
·• 

NHR 
CtHR 
BTCR 
AHR 
BNZ 

R6,R4 
R6,R7 
3, ERROR 
R5,R 1 
TESTA 

B TWNTY 

STRIP PARITY BIT 
MATCH CHARS lW TABLE 

INCR EKEN r LOOP COUNT 

•ERROR POINTE.R NOW SET TO FOURTEEN 
: ·---·-----·-····-···-------· ----..L.----·--·-----·--·-···------·-----·-·········- . 

~l-/4-

• INPUT/OUTPUT, ACKNOWLEDGE INTERRUPT, ANO FALSE SYNC 

• 14 14 
• 

14 TEST WO• WDR t R 0, RO R, SS., S SR 
oc.ocR INSTRUCTIONS 



05 74 OA2l 
05 76 OA2l 
05 78 4020 

OA..DE _ 
0') 7( 48 30 

OA70 
0580 4 BO 

0632 

., 
TW NT Y l 
TWNTY 

AHR 
AHR 
STH 

LH 

Bl 

R2,Rl INCREHEl\iT ERROR POINTER BY 
R2,Rl 
R2, FA Il NU STORE FAIL TEST NUMBER 

R3,SKIPTS 

FIFTEN 

0584 C8CO LHI Rl2,2 LOAD TTY DEVICE NUMBER 
.. ·-·--·-··---_Qil.il..2 _____________________ __,_ ________________________________________________________ -·. ------·-···- .. 

0588 OECO OC Rl2,WOATl TEST QC INSTRUCTION 
OA2A 

05 SC C830 
OAS.A 

0590 (840 
0001 

0594 (850 
OA&O 

05 98 90C6 
059A 42f0 

0598 

STAT4 

LHI 

LHI 

LH I 

SSR 
_ere 

RJ,OATAl 

R4,l 

R5,DATA4 

R12,R6 
x:r· ,STAT4 

TEST SSR INSTRUCTION 

_a5-2_E _D.A.C..1 ________ __.W .... D'--_ _..R ...... 1._2 ...... ._..o ..... < ..... R ...... 31_______ . TEST Of .. WJLl.16JR.UC_ll.UN __ 
0000 

05 A2 ODCO 
OA72 

05A6 42FO 
05A2 

STATS SS 

BTC. 

Rl2, TEMP TEST SS INSTRIUCTION 

X • F ·,STA T5 

____ Q.5_AA __ 1lA J l ------ _.Au:H....,R,______.,R~J'-*e.a.R..r.-L------·-· _____ ---------------·---· ··----·- ... 
05 AC 0363 

0000 
0580 9AC6 
05 82 Cl 10 

0598 

LB R6,0(R3> 

WDR 
BXLE 

Rl2,R6 
RJ,STAT4 

TEST WOR INSTRUCTION 

-- -05.-8.6----· -~---··· ········ --- . - ---·-----l..8----- Rl, ROATA--.. --···----------······--·-···-····-·------···-· --· ..... . 
0A28 

05BA 9EC3 
05 BC CS 30 

OA72 
05(0 90(6 

--~~- 42FO 
OSCO 

05(6 DBC3 
0000 

05 CA C5 30 
OA76 

OCR 
LHI 

STAT6 SSR 
---------B-f-4-

RD 

CLHI 

Rl2,R3 
RJ,TEMP 

R12,R6 
X "f ·--.-STAT6 

Rl-2,0<RJJ 

R3.TEHP+4 

· . ~LE--- -4-J..3-0-__ :__ -----·--····- BNL - CHAR:t .. -------·-

0~02 

0504 
0506 

05 E: 6 
OA31 
90(6 
42f O 
0504 

STAT7 
AHH 
SSR 
8TC 

Rl.R.1 
Rl2,R6 
x·F· ,STAT7 

. - ~~n. A--- ~t.--- --- -·-------- ---- ------R-tm------~b--IU----· ·-· .. 
05DC D.?t>J STB R6,0<RJ> 

0000 
05EO OA31 
O'.>f 2 4300 

OSCO 

AHR 
8 

R J. R 1 
STATo 

0 5£..D ____ ca~n.___ __CJURJ~ ·- __ .LH_l _______ .R.4.. ... X ..... 7.f-~ 
007F 

OSEA C850 LHI R5,-5 
FFFB 

TEST OF OCR l•STRUCllON 

TEST RD INSTRUCTION 

.. --· --l£.S.l----fUUL-!..NS.lR..U~-T--UUl-- . 

.HA.SX .. f.QR_ PARJTY 

INITIAlfZE LOOP .cCJUNT 



USEE 036':> TEST 8 LB R6,H::HP+5lR5> LOADS TTY CHAR IN R6 

OA 77 
05F2 037~ LB Rl,DATA3+10(R5> TEST CHARS R~CEIVEO 

OA6l 
.. 05f6. 0 4.6 4 . -- -- - ---- - ...... .J.llJ:JR..--.. R.~-- ·-· -

05 r a 
05 FA 
05 F C 
05FE 

05bi ClHR R6,R7 
0230 BTCR 3,ERROR 
OA~l AHR R5,Rl 
4230 BNZ TESH~ 

05lE 

__ S.IR.lP .. J~AJU TY. BJJ. ___ . 
MATCH CHARS IN TABLE 

INCREMENT LOOP COUNT 

... __ _ _______________ !_ __ Ll:U...S....-1...S._ . .A.. . .LO.HBI NE.11._lt.il_ Of ___ I..HLA.1JLMULA1 .... 
• INSTRUCTIONS ANO A TEST Of THE FALSE SYNC 

0602 9F34 AIR RJ,R4 REMOVE PENDING I.NHRRUPTS 
All ONES 0604 C1330 l HI R 3, X - FF Ff. SET R 3 8 ITS TO 

FHF 
0608 C840 LHI R4,)(.ffff• SET R4 BITS ro All ONES 

. ----·····--·--·---_f .. £fJ: .. ---···--··----··-------------·---------···--····----·- ··----·-·---··--·-··---· -- --·--·- - ... --·-- ...... -·--······ -
· 060( OF30 Al RJ.TEMP+l TfflS GENERATtS FALSE SYNC 

OA73 
0610 0340 LB ~4.TEMP+l en 13 SHOULD GET SEf 

OA 7 I 
0614 C540 CLHI R4,4 TES T f OR TH I S 

0.0..U.J. .. -- - -----------·--··---------· ·--·-· --·-··· .. ---- --- ··---------------- .. --··-····. 
0618 
06 lA 
06 lC 
06 lE 

0130 BTCR J,ERROR 
08JJ LHR R3.R3 
0230 BTC~ 3,ERROR 
C830 LH1 R3.X "fFFf-" 
FHF 

-~-0-- ···-- ····--·--------L.lH-------R..4--L: H...EE~. 
FFH 

Ob26 9F34 AIR 
06 28 C540 ClrH 

0004 
Ob2C 01.30 BTCR 3,ERROR 

Rl SHOULD BE SET ro ZERO 

SET RJ BITS TO ALL ONES 

_5£.LR4 .B llS Ul ALL ONES 

THIS GENERAfE.S FALSE SYNC 
B I T 13 S HOU l 0 G E T SE T 

-.. .o.42.L- _..o..a.l-J._. ___ .... -·-----------·- __ J..J:Ul __ _ R 3 • R.3 .. _ --·--····· __ _____ _ JU. __ SJ::l.OULO _fil SET IO_ LI RO 
06 3 0 0 2 30 BT Ck 3,ERROR 

' 
• fRROR POINTER NOW SET TO FIFTEEN 

' 
' 15 LOAD AND STORE MULTIPLE INSTRUCTION TEST 

-- V&--J?-----JJ.~- F If TE N AH~ - R ~ • R 1- ----· --------·- --- -s.E-I~ ERR 0 R-J.>..UlN.Tl:R. I 0 1-''> . 
0614 401.0 STH R2,FAILNU STORE FAIL TEST NUMBER 

OA t>E 
06:i8 C800 

0002 
063( C830 

-- ------- - .0.0..0.3-----
0640 C840 

0004 
0644 (850 

0005 

LHI R0,2 

LHI R3.J 

LHI R4,4 

LHI R5,5 

0648 C860 LHI R6,6 

-· --0.0.0.4-------------·--· ···---------·-·--------- -- .. 
064( uno LHI R7.7 

000 l 
0650 (880 

0008 
0654 C890 

LHI R8.8 

LHl 
--- ··-····--······-·j).o.LJ_CJ... .... ·--····----·-------·-··-------··-·---. ·--····-·····-····. 

0658 C8AO lHl Rl0.10 
OOOA 

u65C C880 LHI R 11, 11 
A/-/b 

INITIALIZES RO TO I 

INIT IAU ZES Rl TO 3 
. --· - --- ·- ·-~·. --- '' - -- ·- -- ··--. 

INITIAtlZES R4 TO 4 

liNITIAllZES RS TO 5 

INIT IAU ZES R6 TO 6 
. --· --- ___ ., ___ ··------· ------- ···--· ----·--·--·---· - •.... 

liNITIAUZES R7 TO 7 

INITIALIZES R8 TO 8 

UHTIALIZES R9 TO 9 

INITIALIZES RlO TO 10 

I1UTIALIZES Rl l TO l l 



OOOB 
0660 CB(O I. H l Rll, 12 lNITIAll ZES Rl2 To 12 

000( 
0664 (800 LHI RU.13 INITIALIZES Rl 3 TO 13 

- .0.0.o.!l _____ -----·· ---------····----------------------· ·-·····-· ... -.-... --·- --·----·-·----·-- -·- .... ·--· 

0668 C8EO LHl Rl4,l4 INITIALIZES Rl4 ro 14 
OOOE 

U66C C8FO LHl Rl'i, 15 INI T 1 lll lES 1<14 TO 1 ., 
OOOF 

• ST M 0 , T E MP Tl: S T S TO RE M U l Tl P Lf 
--- ------------ ---------·· - ---· -- ...... .llt.S.LR.Uil..lQN ..... -... ---- -- ···--· --------······ . 

Ob 70 DOOO DC x··oooo·.A( TEKP> TEMPORARY FOR STM lNSTRUCr 
OA72 

0674 OBOO SHR RO,RO TfflS SETS RO TO ALL ZER05 
0676 0810 LHR Rl.RO THIS SETS Rl TO ALL ZEROS 
CJ 6 7 8 0 8 21 l HR R 2 , R 1 TH IS SE T S R l T 0 AL l: l E R 0 S 

___ Q..b.LA. ____ ~0 ...... 8 .... 3....._) ________ L...,.H.._,_R_ --- R3 IR 2 ________ .______ IHIS __ Sll.~.Rl__-1.Q ..A .. Ll._lf.R.D.~ - -----· 
067C 0843 LHR R4,R3 TfflS SETS R4 TO ALL ZEROS 
067E 0854 .. ll:fK. R5,R4 HUS SETS RS TO All ZEROS 
0680 0865' LHR R6,R5 TfflS SETS Rb 10 All ZEROS 
06~2 0876 Ll-iR R7,.R6 .. HHS SETS R7 TO All ZEROS 
0684 0887 LHR R8.R7 THIS SFTS R8 TO ALL ltROS 

___ .QJL6..fl __ J1898 LHR _RhJUl. _________________ IHIS __ .s.fI_S __ B_9 ___ JJ1 .AL.L. lf;.R05_ ·-- ...... . 
0688 08A9 LHR RlO,R9 HHS SETS RlO TO ALL ZEROS 
068A 08BA LHR Rll,RlO TMIS SETS Rll TO ALL ZEROS 
068( 08CB LHR Rl?,Rll THIS SfTS Rll TO ALL ZEROS 
068E OROC LHI{ Rll.Rl2 fHIS Sf:TS Rll TO ALL lf.:ROS 
0690 OBEli l.HR ·R14,Rl1 fHIS SETS Rl4 TO All ZEROS 

__ il.b.92 .. _._.o..Bf..L-------- H.R__ __ JU.5... . .Rl.ft ___ . __________ ..lJilS... Sf.IS .R.1.5 ... In__ ALL ZLRQ.S. 

• LH O.TEHP TEST LOAD MULTIPLE 

• INSTRUCT ION 
06q4 0100 DC x·o100·.A<TFHP, fEHPORARY FOR LH INSTRUCTI 

OA72 
0698 (500 CLHI R0,2 TEST R 0 REST ORF 0 C OR RE CT L Y 

_.a ..... 0....,,0'"'"2 ______ . ____________________________ ------ ------··-·-·-- ---·- -·-··-- .. ·-· - ...... 

069( 4230 
018( 

06AO C510 
0001 

06A4 .4230 
--·-------· o 1 a c 

06·A8 C520 
0015 

06AC 4230 
018C 

06'80 (530 
-------- 000 3 ----

06B4 4230 
018( 

0688 C540 
0004 

068( 4230 
----- ---------- 018 c 

Ob CO C550 
0005 

06C4 42JO 
018( 

BNE ERROR A 

CLHI Rl,l 

BNE ERROR A 
-----··--· 

CLHI R2,>C·15· 

BNE ERRORA 

CLHI RJ,3 

BNE ERROR A 

CLHI R4,4 

BNE ERROR A 

CLHI RS,5 

BNE ERROR A 

06C8 C560 CLHI 
- ----- .... .0.0.0.~---------------··-·----·-· -----··· --·-··· ..... ·----- .. •·· 

06CC 4230 BN£ ERRORA 
018( 

0600 C570 CLHl R7,7 

TEST Rl RESTORED CORRECTLY 

---------------- ---·--·----·-- ···---------- ---
TE·ST R2 RESTORED, CORRECTLY 

TEST Rl RESTORED CORRECTLY 

TEST R4 RESTORED CORRECTLY 

TEST RS RESTORED CORRECTLY 

TEST R6 RESTORED CORRECTLY 

TEST R7 RESTORED CORRECTLY 

IN-17 



0007 
0604 4 no BNE 

Ol8C 
06D8 C580 CLHI 

- .. O.ClQ.8. __________________ . ---- .. 

OGDC 4230 BNE 
018C 

U6EO C590 CLHI 
0009 

06E4 4210 BNE 
. _ . ..OliL------------------· 

06f8 C5AO CUH 
OOOA 

ObEC 4230 
018C 

06 FO C5BO 
..... ·-·- _______ __J}Q.Dli_ ____ . ----·· _ .. 

06F4 4?H> 
018( 

06F8 C5CO 
000':: 

ooc:c 4?.JO 

BNE 

CLHI 

BNE 

CLHI 

BNE 

ERRORA 

TEST R8 RESTORED CORRECTLY 
---------·---- .. 

ERRORA 

R9,9 TEST R9 RESTORED CORRECTLY 

ERRORA 

RIO.IO TEST RlO RESTORED CORRECTL 

ERROR A 

Rll.11 TEST Rll RESTORED CORRECTL 
·------·· .. --···-··---- ·-·~-----· --·~-·----·····-~·-··· -- - " .... ---·-· .. t.. ... 

ERROR A 

Rl2,12 TEST R12 RESTORED CORRECTL 

ERROR A 
_ .. Ollt( ______ _ ------- ···----- ----·-·-----------·------.--.. ··--·-----

(Jf'.)0 csou CLHI Rll.13 TEST Rl3 RESTORED CORRECTL 
0000 

0104 4230 ANE ERROR A 
018( 

0708 C5E0 CLHl Rl4,l4 TEST Rl4 RESTORED CORRECTL 
.. --- ---- ___ _____Q.!l.0.£ _________ .. ____ _ 

Of OC 4230 BNE ERRORA 
018( 

Of10 C5FO CLHI Rl5.15 TEST Rl5 RESTORED CURRECTL 
OOOF 

0714 4230 BNE ERRORA 
-···-------------.0.UL--------------------------- ···-----·- --·------... ·------ .. ··------- ----

• 
• l::RROR POINTER NOW SET TO 16 

• 16 16 16 16 iS.OURCE ANO DESTINATION TEST 
• 

. {.l.7-1~ --- Ca 2 0--- S l XIE N. ~- R2. X • 16 • ------ -----l£S.I......tt.UM.B.Ea. .. D.E.. .. l.J:il S . .S.ELL---
00l6 

1 . OllC 4020 STH R2 . .._fAilNU SIORE FA IL TEST NUMBER 
OA6E 

07?0 (800 
0001 

- --O--h?-4------C.3-l~------------· -~-b-<L M-.1----- -1-,..X...:~.: _____ ----- -
0002 

0728 C820 
0004 

UH 2.-x· 4· 

7 072C C8JO lHl 3 • .x.·s· 

' 

0008 
--01-lO-·····-f-8-4-Q-------·-~------. ----b#.J..------4-.:-X-~-10· .... 

0010 
0714 CS'JO LHf s.x· 20· 

OOlO 
0738 (860 LHI 6,x·40· 

0040 
O./. lC- ..ca1.o ·------•'""'··~··---· ---llU .. 1 •. .x·.a.o· 

0080 
() 7 4 0 (880 LHI a,x·100· 

0100 
11/-ld 

THE PURPOSE Of THIS TEST 

CAN BE U SEO BO TH AS SOUR c.E 

A.flt) OE S T l NA T I 0 N RE G I STE R 

~ 



0744 (890 
OlOO 

0748 C8AO 
0400 

0 l. !t. ( c .8..Bil 
0800 

U/50 C8Cu 
lOOC 

u/54 CSDO 
2000 

_ll.I5ll. __ CSE o __ 
4000 

Ol5C C8f0 
8000 

0160 C500 
0001 

. _.Ql b.~--- 4 Z3 0 
018( 

0768 (510 
0002 

07 6( 4l30 
OlKC 

LHl 9,x·200· 

l H l 1 C • X • 4 00 • 

_ .. ---- .. - _ - .. Uil -·- -11 .. .X. = liJlO.~ .. 

l H 1 12 • X • l 00 0. 

LHl 13,x·2000· 

LH l 14·, X. 4 000_~ __ 

BNE ___.EBRORA 

CLHI 1.x· r 

BNE E~RORA 

__ .!J.Ll..O. __ _ C520 
Ou04 

4230 
OlbC 

CS30 
Ov08 

__ _.._( ..... 1_...H._..! _ _.2'--' • ._.l(,_· ___ 4_.' ____ -c-·· ·--------··----·· --········ _ .... - ... ··----· ···---- ___ ... ___ ·- ....... __ _ 

07 74 BNl E~ RO ~A 

0778 CLHl 

_(J] _JL ---"'4-4.z ..... 1 .... a _______ ...... B ..... N .._j· --- ERROR A 

018( 
Of80 CCJ40 CLH! 4, x· 10· 

0010 
0784 47-lu BNE ER RORA 

018C 
----U-1-S-3---'-~----- CUH s.x·20· 

0020 
078C 4230 BNl ER RORA 

018( 
0790 CS60 ClHl 

0040 
6,x-40· 

- -O-l.l#-4----4-l-3-G---------·---.Q.l4-E
O l 8 C 

E AROR-A----·······-·--- --.---··-· -·-·-· ······--··--· -·-····- · ....... 

0798 C570 CLHI 
0080 

019( 4l3G 
018( 

8Nf ERRORA 

.(} l-A-{}.----0~- ····-·-·--·- ·--·---~-~-----th-X..'.'.-140-"--·- -·-- ···- . ·--·-····------····-·· 
0100 

07A4 4230 BNE ERRORA 
018( 

0 7 A8 CS 90 Cl H I 9, JC • 2 0 0. 
0200 

. -.U7.A-C----4-?J0.--------
018( 

·---u.R~- --···- ·····'· -· ···-----·-··--·--·'--··-·· ....... - .... -··-··------- -·--· .... ··-··--·--· .... . 

OIRO C5AO CLHI 
040J 

0784 4230 BN~ ERRORA 
018( 

. o J sa_ . L s.a.o. _______ . __ --·-- ... ___ ...... .c..uu. u •.. x_ ~ . .a.oo .-__ 
0800 

078C 4230 BNE ERRORA 
018( 41-1.!} 



or co C 5 l u · Cl Ii I 1 2 , )( • 1 00 O • 
1000 

07(4 4130 RNt ERRORA 
018( 

01.C.8 C5UO ... _____ , ___________ .f.lttl .. 1...l..LL". .. lJ2<Ht~ ... ···--··· __ ,~,-~-- --·-- .... 
JOOO 

07CC 4230 BNE ERROR A 
018( 

0700 CSfO tlHI 14. x · 4 oo o· 
4000 

. U ID.4. 4.2..liL . ··-------
018 ( 

B NI: ........ E RR 0 RA ----------------- =~~-~-· . __ ........ --··-· ____ --·--···-- ... . 

o l 08 CSFO CLHl 
8000 

07DC .4ZJO BNE ERROR A 
Ol!H 

il.LUL _.D.b..fJl ______ ·--~-----lllilL ____ 15. 0 
07f:2 06t1 OHH 14,l 
07E4 0602 OHR 13.2 
Off:.6 06L3 OHR ll.J 
07f:8 0684 OHR 11,4 
07~A 06A~ OHk 10.5 
0 l f [ Ob%. _ _ _______ OHR _ 9 • b ------··-···-----··--·----.... ~--~-~.---··--······-~-----·- ···-··-···--
07E f D68/ OHR 8,7 
U/~O 0678 OHR 7,8 
07FZ 06&9 OHR 6,9 
OlF4 065A OHR 5.10 
U7F6 0648 OH~ 4,11 
().1.f.-8-- .. ~----- -~--~--- l. 12 -·-.-----··--·-.. ·-----··--· - ~ .. ~--·----"---.. ---·-····~-- .. -· ........ ---- --------
07 FA 0620 OHR 2,13 
o 7 F C 06 U: OHR 1. 14 
Of FE 060f OHR O, 15 
0300 OSOF CLHR 0.15 
0802 4?30 BNE ERRORA 

- .. llli.tL. ------ -----~ ____ .. _________________ ·- -~--· --·. ___ .~. , ____ .... -· -~---.. -.... --~----- -~-.. ·--·-· .. ~----- ·---··· .... 
0806 05U: ClHR 1.14 
0808 4730 BNE ERRORA 

018( 
08 oc 0 ') 20 
080f 4230 

. ---- 0 l Bf 
08 12 05 3( 
0814 4230 

018( 

CLHR 2, 11. 
BNE ERROR.A 

CL HR 3. 12 
BNf: ER.RORA 

.. 0818 0~4B CLHR 4,11 
081A 4ZHJ BNE: ERRORA 

-·-····- -··· ····-·· - . ..Q.l...81.. ....... ~--~--~------·· - ~·-·-··-·--·----.. ---.. ----.- .. ·----- ..... ·- ...... -~---·-----~-----~ ........ ~---.............. ___ .. -.. -..... -· . 
081E 05'JA CLHR 5,10 

• 0820 4230 BNE ERRORA 
Ol!H 

0824 05o9 CLHR 6,9 
08!6 4230 BNE ERRORA 

- --· O.llli.. --- ------- ---~-~---~-----· --·- --------·-·-·- -
0821\ 0578 CUlf< 7,8 
08LC 4230 BNf ERRORA 

018(. 

U8 30 (820 

Al-20 

' E~ROR POINTFR NOW SFT TO 17 
-'-·-· .. - ·- ..... ________ _ 

• 11 17 17 17 SET ANO RESET £.VERY SlT tN EVERY REG. HST 
Sf:VTEN LHI Rl.)(~17' SET5 ERROR f>OtNTER TU \7 



0017 
08 34 4020 \TH R2,fAltNU STORE FAIL TEST NUMBER 

0 A bl:: 
08 ~B c 810 LHi l, -6 4 THIS LOOP IS USFD TO TF'::ir 

FH.O 

' HEG 0 
'• lhl l IU (,0 T LU 0 , D l AG N + f> It ( l ) 
0Al4 

08 40 4rJlH CUI O,l>IAGN+-&4(1) 
0Al4 

__ O.l:l4 4 . '~2 JD . -·· _ ···-·- ________ _.B_nl.L ____ .ERRO.k.A .. ··-·· ·- __ ·---·-- .. ---··-- ·--··-· .... __ ····--·········-·-··. 
018( 

08 48 CAlO AHL 1.2 
OOOl 

08 4( 4 2 30 
083( 

-- OJ:i.SQ_. ___ (..._8 )"-'(..._/ ---

F FCO 
0854 481.2 

OA14 
08 58 4512 

OA14 

REGlT 

BNL RE GOT 

_Llil. __ 2 ...... ::-..nA.. .... ________ _ 

LH 1,DlAGN+64(2) 

CLH l,DIAGN+64J2L 

TH IS l .no..e._.LS.. .tJ.S.ElL-10. _.I.E.S.L .. ··--··. 

It 1 . 

. __ D.8.'i.L .. _ .UJ..O. 
018( 

08 60 C A2 (J 

___ --1.JB._...N...._f __ ..f.RRO..RA._ _____ ----· 

AH.l 2 •. 2 
000 2 

0864 4230 .BNZ .... REGlT 
08'> 4 

_ _ua_QJL_ .C..8.LQ.._________ L HI _ 1 • -6 4 IHI S _ _L.00 e Is .U.S.t;_Q. ___ Tn ___ If..S.L_ ..... 
FFCO 

• REG 2 
08hC 48ll REG/T LH 2,0IAGN+64(1) 

0Al4 
0870 45/l CLH 2,DIAGN+o4Cl) 

----· ·-. - ··- - OAJ..J.... _____________ .. ··-····-··--·--·---··-····- ···-----------·-· ······--·····-··- ···----·-······· ....... . 
08 74 4?"30 

018 c 
0878 CAlO 

0007 
087( 4230 

BNE ERROR A 

J\H[ 1,2 

BNZ Rf: G? T 
i ) ·---·- ·--~·-··.Jllib..(._. ___ ··-··-·-···-··-··-· ·--···--·---- --· -··-···----··---···-----·----·-···· ··---·--- .... - -·-·- .. - .. 

0880 C820 LHI 2,? 
11 0002 

0884 (810 
FFLO 

• 
? ~8-.... -4~--·-·· REG 3 T 

OA14 
088C 45 H 

01414 
0890 4230 

018( 

I. H [ l. -6 4 THIS lOOP IS USED TO TEST 

REG3 
--L-t!------J, 0 I ACN.f:.!>-4-U-l----··-···-----····· -··-- ···---- .... ---·-··-·· .. ·--·-·. -

ClH 3~01AGN+64Cl> 

BNE ERROR A 

. -~4--- --0.A-l-"1--··---····-··-----··-··-----~--h-..2.-----····------~--·-·-··- -·- .. ·······-··· - ..... -·-· .. ·-· ............ ··-· ......... . 
0896 4?30 ENZ REG'lJ 

0888 
089A C810 

FFCO 
• 

LHl 1,-64 HHS lOOP IS USED TO TEST 

REG4 
. , _.Q.8_9L. _.484.J.. _____ .R£.il.L. ___ LH. _______ 4 ... DlA.Gt!+.o4.J U. ·-····--·--···---·- - ·- -·-

0Al4 
08A2 4541 CLH 4.0IAGN+64<1> 

OA 14 /:Jl-Z I 



OtS 46 4 ?30 BN t: ERROJU 
018( 

Odf1A OAU AHi< l._2 
08AC 4l:i0 8Nl REG4T 

........... ........ 0.8..'Jf. .... ----.. ----·---···-- ·-····----.-........... - .... .. 
oaBO C8.l0 LHI l, ... (>4 nus l.OOP f'S USED TO JES1 

FFCO 
u8A4 4851 REGST LH 

OAl 4 
0888 4551 CLH 5,nJALN+64<l> 

.. -- .... _ .... .OU~- ...... -·-·-·---......,,.-. ------ --. -·-··· --~--------- ... ------·----~··-··---·-·········· ·-
J 8 BC 4230 BNl ERRORA 

. 018( 
U8CO OAL> 
08 C 2 4 2JU 

03B4 

AHR 
BNL 

1,2 
REGS T 

_Q.8._(.6. ____ c...B..Lo. _____ _ l H l l·-64 ---- _ . .UU.S. JJlQ.f_ JLU5E.IL_IO . .IJ.S.J 
. Ff(O 

08CA 486.l REG6T 

08 CE 4~ 61 
OAl 4 

Ui 

.. CLH 61.DIAGN+64<1) 

" 
OHU.2 42 . .10_ _________ _ _.,B....,N ..... 1-_ __,_E-»-R.u.R Q..._R...._A..._ _______ .. ·-·-------·--------- .... - ... --------.. ----

0.l8( 
(J b 06 OA12 
0808 4230 

08CA 

112 
REG6 T 

08DC C810 LHI 1,-64 
........ -. _f_f.f_Q_ ____ _::_ __ --- __ ,,,, ___ ...... ______ , _______ .. _____ ...... -

U 8 f O 4871 'REG7T LH 7,DIAGN+64<11 
OA14 

08 F 4 4 5 71 CLH 7, 01 AG.N+64 ( 1 , 
OA14 

08t8 4~30 BNE ERRORA 

TttlS l OOP IS u SE 0 TO Tf sr 

REG 7 

--- --- -- ... -.Ol-8..C---~---. ------------------------ --- -- - ·------·---· ... 
08EC OA12 AHR 1,7 
08fE 423u 6Nl REG7T 

08EO 
08F2 C810 

FFCO 
UH nus t..OOP IS USED TO TEST 

wu=& ... ----433-1-----R--~f-.wG-eS-+T---lflM--. - •• 01 AGN•~4 (-1.--l--------UG----&.------·--· ----- -· --· .. -
OA14 

08FA 4581 a .. -DJ AGN+64 < l l 
OA14 

" 08FE 42JO SN~ ERROR A 
018( 

0 -.0~---.04.l+-------.~ .. --JUUL 1. 2 ---------·· 
0904 4230 BNZ REG8T 

08f6 
0908 (810 

Ff CO 
09 oc 4891 

.. · · · - - - -·-- 0 A l 4 
0910 4591 

OA14 
0914 4230 

018( 

REG9T 

LHI 1,-64 

. LH 

9,0JAGN+64<1• 

BNl: ERRO RA 

0918 OAU .!\HR 1,2 
091 A..- -42-lU------------------------8fll.l----- --RE C9 T ---· 

090( 
09H: C810 1, -44 

Ff-(0 

Al-ZZ 

nus LOOP us U~EO TO TfST 

REG CJ 

nns t.OOP JS USED TO TFST 



l)9 2 2 48Al REGlOT LH 10,0IAGN+64(1) REC 10 
OA14 

09 26 45Al CLH l0,DIAGN+64<l> 
0Al4 

. 092A .. .. 4.2J...O._ .. ···-- ...... ______ _B_N.£___ E RR 0 RA_ __ . 

018( 
09 /E OAll 
0930 4230 

0922 
09 34 C810 l.H I 

__ _f_f_CJL_ ----------
0938 48Bl REGllT 

0Al4 
09 3C 45Bl 

0Al4 
0940 4230 

----·----------·-Ollii:.. 
U944 OA12 
0946 4230 

0938 
094A C810 

FFCO 
___ U.2..4.L ___ il.U__ 

OA14 
0952 45Cl 

OA14 
0956 4230 

018( 

REGJ2I 

Q<JS.A. __ o_a ..... 1 __ .z __ _ 
095C 

0960 

0964 

0968 

4230 
094E 

(810 
Ff CO 

4801 
0Al4 

4501 
0Al4 

REGl H 

096( 42.30 

0970 
. -- 09 7 2 

09 76 

018( 
· OAU / 

4210 ---
0964 

C810 
FFCO 

LH 

CLH 

BNt: 

AHR 
. BNZ 

LHl 

l H 

CLH 

... B.NE 

AH~ 

BNl 

LHl 

LH 

CLH 

BNE 

AHk 
ONZ 

UH 

09 7 A 48f 1 
0Al4 

RHi14T. LW 

" -'f.~----4 5 E 1 
OA14 

098.2 4230 
018( 

0986 OAl.2 
09 88 42 J(J 

BtlE 

AHR 
BNZ 

l t 2 
REGlOT 

1. -6 4 

11 • 0 I A GN + 6 4 < 1 ) 

ll,DlAGN+64<ll 

ER RO RA 

1.2 
RE Gl l T 

l .t -:_6 4 

Htl S l 00 P 1 S U SE D TO TE S T 

REG 11 

THIS LOOP IS USED TO Tf ST 

12,D lA.G.N~_D_{t.U_L_ R12 ---·---------···-··-----·-· 

12 • D IA GN + 6 It( l ) 

ERROR A 

__.J...._l_ _________ .. ···--·-- ·-----·· ·----------·-·. 
REGl 2T 

1,-64 TH IS l 00 P IS U SE 0 TO H ST 

13.DlAGN+64<U RlJ 

13,0IAGN+64(lt 

ERRO RA 

1,2 
RE Cl J-l--- -------·-···---·--------·-----··- --····· """" ·-·-· _____ ,, ___ ,,_ 

1.,..64 

l4.0IAGN+64(1) THIS LOOP IS USED TO TEST 

ERROR A 

1 .. 2 
RE Gl 4 T 

..... -·· --- . - --0 91 A ·-··- --------------· --··-·····-------·-·· 
098C C810 

FFCO 
0990 48Fl 

0Al4 
0994 45Fl 

REG15T 

..... ··- __ D.J..l.!t ________ - -·--- --·· --· 
0998 4230 

018C 
09 9( OAl 2. 

LHL 1,-64 TfflS LOOP IS USED TO HST 

LH 15,0IACN•64<1> Rl5 

CL H 15 , D I I\ GN + 6 4 < 1 l 

BNE ERROR A 

AHR 
4 t- Z'-3 



099E 

09A2 

4210 
0990 

(830 
OA40 

BNZ REC15T 

LHf RJ,,HE'SSl 

0'JA6 . C 6.iiL_ .. --------· 
0001 

LH !_ __ . R4, 1 -----·-· _. ·-·-·-·--·-··--· .. -- __ . ___ .. ____ ... _ .... -······ . 

09AA (850 LHI R5.ME5S2-1 

OA':>9 
09 AE C8CO · LHl Rl21l LOAD OEV NUN OF TTY 

0002 
_ 0 'lB.2. _ OfCJl ________ s...IAl.3 QC _ R 1 2 • W 0 A IA_ ____________ J..ll.J.0....1tfUl....LJtOD.f.... . . 

OA2A 
0986 90CE SSR 
0988' 42FO BTC 

0982 
098C OACJ WO 

R12,. Rl4 
x·F· .STATl 

Rl2.0< 3> 

lfST STATUS 6YTE Of TTY 

OUTPUT OK MESSAGE 

.. ---··-----·-·..Qilll.Q________ ----------·-------~-------·------.. -·- ·--··· .. -· ----------·--· ..... 
09 C 0 C 1 3 0 BX l E R 3 • S TAT 3 

09 (4 

09(8 

0902 
4820 

OA70 
4 330 

l.H. R2.SKIPTS 

BZ SKI PEN 
QM 2.--------------------·-· ..... _________ .. _____ - --------.. -· --·- - ---· ..... 

09(( C200 
0900 

LPSW . OKWA IT 

0900 eooo OKWAIT oc 
0902 009A DC 
0904 0001 DIAGN DC 

. 0.9.UO.. ..... 9.J.9.J__--X.!lf..£ ____ ...Jl£.. __ _ 

• 
0908 OOOL DC 

• 

x·sooo· 
Al ZERO> 
x · 1 • 
x·9393· 

090A 0004 DC x·4· 
09 DC 0008 DC X. 8. 

TM I S TA 8 LE I S USE: 0 T 0 

PROP AG TE 
A ONE THRU A f IELO Of· ZE:HO 
A#tO 
A ZERO THRU A FIELD OF ONE 

09-Df- - {}.Q..l.O--····----··---C-'-------X-.:...i.O-:----·-··-------·--·---------------·-· ....... --··--·· --·- ..... -...... ----
09 F O OOlO DC x·zo· 
09::2 0040 oc x·40· 
09E4 ooao De x·so· 
o9E6 0100 oc x· 10-0· 
091-8 0200 DC x·200· 
-0-9EA-- -04 00 -----·--0..C- X. 4 00. 
o9EC osoo DC x·soo· 

1 o9EE iooo oc x· 1000· 
09FO 2000 DC x· ?Ooo· 
09fl 4000 DC X'4000" 
o9F4 Booo oc x·aooo· 

_JJ9-f,.6___f_f__f!;.. _______________ ...QC_ M" FF f.E_: _______ ------···-.. ·----·- __ __ 
09F8 FFFD DC x·FFFo· 
09FA FFFB DC X'fffB" 
09 F C FF f 7 DC X · FF F 7' 
09FE FF~F OC )("ffEF" 
OAOO FFOF oc x·FFoF· 

" --0.A 01--il-aL---- -------0.C....- --X..:..E.E..8.f.:... ----··· -- ..... ---------
OA 04 FF7F OC x·ff-1F· 
OA06 FEFF DC x·FEH" 
OA08 FOH· oc x·Foff-" 

; OAOA FBH- oc x·FsFF· 
OAOC F7ff DC x· F7Ff . 

. OA 0 E._ ___ ff_f_f______________ _ ___ Jl.C _ __ _ ___ _x -._Ef EE: __ 

0Al0 Offf DC x·offf' 
OA12 BfFF DC X"BFFF. 
OA14 7FFF DC X'7fff. 

(.:} 1--24-



UA16 FFFE ALMFX DC X"fFFE" 
UA18 )A5A ALT DC X"5A5A" 
oAlA aooo EIGTH iJC x·sooo· 
OA1C FFFF FOXE') DC X"FFH' 
LlA lE . .0.0.00 ....... JllA..OA. ______ 0£. ____ , __ ...Q. __ ....... ---- . 

UAlO 0001 PLU~l GC l 
UA 22 0002 PL US 2 DC 2. 
OA24 FFFf M[NUS2 DC -l 
OA26 0003 PLUS3 DC 3 
0 A 7 8 FF 1-u 111 NU S 3 0 C - 3 

. _!)A lL ______ .. ____ ..... MINUS l ..EJllJ ____ f_Qll_S ___________ .... ·-·-··-. ___________ .. __ -----------.. -- ....... _ .. _ -·-·--- ·--·-· ...... __ ..... 
UAZA 98A4 WDATA DC X"98A4" 
OA28 RDATA EQU WDATA+l 
OA?C OA5A FSTLOC DC OATAl 
OA .?E OA63 S.E.CL OC DC OATA2 
OA 30 OA 12 THOLOC DC TEHP 

. __ O.A. .12- J1Al..A Faro DC DC IE MP+l _____ -·· ---·· .. ···- ·---........... ·---. ----···------ .. ······-- ·---....... _ 
OA34 808A 

4641 
494( 
555 2 
4520 

ME SS DC X"808A".C"FAILURE· 

_.il.A.J.£. __ ,_ _ _ __....IE,_S..__I N ..... t .... l~D~S.-. ... _ _..,z._. --------·· ....... ···-·------........... -.. --
OA 4 C 8D8A MESSl 0( X"808A" 
OA4l 4745 OC CGE-PAC MOD EL 30•2 IS AOK" 

2D50 
4143 
204D 
4F44-----
454C 
2033 
302D 
3220 

.. _____________ 2041 -
4F4B 

OA5A 
OA5A 808A 

4445 
. 505 2 

------·---· 4 !1 s 3 
5120 

11ESS2 
OAT Al 

EQU • 
DC X"808A".C"OEPRESS" 

·---·------·--------·---·-·-··--·-----·-·----·· ·- ···--· ··--·-···--·--- ··-· . 

OA63 DATA.? EQU •~1 
OA64 4845 DATAJ OC C"KEYS 

595 3 
205 7 

--- --------1-C-5.2....:.---··----·· ----··--·- ----·-·-·· ---·-- .. -·-· 
7C~5 

OAbO OAJA4 EOu •-1 
OA 6E FA I l NO OS 2 
OA 70 SIC IP TS OS 2 
OA72 TfMP OS 32 

-~--------·- SAVli . OS -----~-----·-·---·---·-····------··-·---·-................ - ... ·-··--.. -·-·-......... - ........... . 
0000 ERkOR EQU 0 
0000 RO EQU 0 
0001 Rl EOU 1 
0002 R2 EQU 2 
0001 R3 EQU 3 

... o..o.0-4. ----- --.. ·· ------ ·-···-Jt4------..e..ou ........... -4-.. ·-·-·-·-· -· - .. . .. . . ..·--·-- .. ·-.. .. .. .. . . ... .. ... -- ..... - .. . 
oo os Rs r-ou s 
0006 R6 EQU b 
0007 R7 EQU 7 Al-25 



001)8 ' 
0009 
OOOA 

R8 
H9 
RlO 
Rt°l OOOB 

Jlll..OL 
0000 

______ R J l 

00 Of: 
OOOF 
0044 
0030 
.OA 82----· ··---------

AU1FX OAlb 
ALT OA18 
AROUND 020A 
8RAN2 036C 

... .BRANCH 0360 
BYl 0214 
HY/. 021A 
CHART 05Eo 
CON VR T 019 ! 
0 AT Al OA5A 

Rl3 
. Rl4 

R15 
NI PS.W . 
or Rt> SW 

f Qll 8 
EQU ~ 
EQU X. A· 
~QU lC-8 .. 
f Ot! . _____ X • C. • 
EQU lC .. o· 
f:(~U X- t:. 
E QU X. F .. 
EOU x·44. 
F.QU x·10· 
ENO 

flliJl.L___ _i.lAb_i_ _______ _ 

OATA3 OA64 
DAT A4 OA6•J 
0 I AGN 0904 
EIGHT Olli. 
EIGHJN OJEI:. 

·--·· f--l.-G-l-H-----.0-A-l..A--------· 
l:LEVtN 030.c:' 
tNA BL E 04F 8 
ERROR 0000 
t RR Ok A 0 l 8C 

------ -·-·-· ---- ..... -------· -·-· ··- -. --· --· ... -- -- .... - -----·-· --- -·-· ... 

t: RR WAT 0206 
FAILNU 046t 

--~--------:---------······--·-· ·----------·-- ---·-· --· - . 

FIFTEN 0632 
fINTl 04lA 
FIVE 0166 
fOR!.UC - OA3l 
FOUR 014 A 

· ---1= OURI --..o,_.J..,.So-.i!l.;--. ----·------------------------------------····---------·----· 
FOXES OAlC 
fSTLOC OA2C 
GO 0 34 8 

·1 GOl 0 34C 
HEP E 04F C 

" ... I LL --· OlDt--------------.:·------------,- -------- --··------ -----····· ·---- ----·-······---·----·-------·--- · 
LOC 1 OJAO 
LOO.Pl 04ll 
"ESS OA34 
HESSl OA40 
MESS2 OA5A 

' - -M-1-N lJ~l OAl r 
HINUS2 OA24 
"INUS3 OA28 
HUOVT 040A 
NADA OAU: 
NEX TH 03Eo 
M.lN.£ _______ ...Q.2.5-2-.--------------·---------------·-·- ···---·-·-··· ____________ ···--·········· ________________ _ 
NIN TN 0518 
N lPSW 0044 
OK 0426 

Al-!:' 

- I 



OKl 03(8 
OKWAIT 0900 
ONE OOOA 
ONE~ 0326 

llNf S 1... . .... U.32.tL __ ·----·- -------------------·· -·-- ·-·--·-···--·· .. - ....... - .. ·-···-------------·-· ----·-········ -·· __ . 
UTRP~W 0030 
u VR tc. o~o s 
t'tUSl OA20 
PLUS2 OA?2 
PLUS3 OA2t> 

__ .. _ _R__Q ______ JUllHL ___________ _ 
R 1 000 l 
RlO OOOA 
Rll OOOH 
Rl2 OOOL 
Rl3 OOOU 

___ _R_l!._ __ __j)_Q_O.._.t:~· -- . --------· .. -----·--·--·-------·-···---·-·-···· ····-·-...... _. ···-······". ·-----· 
R l 5 OOOf 
R 2 000 2 
R 3 000 3 
R4 0004 
RS' 0005 

_____ B_t,__ ____ ~o~o ... o-"6 _______ _ 
R 7 000 1 
R 8 0003 
R 9 0009 
RDA TA OA2B 
Rf GOT 083C 

R£.G.l.O.L._c_19_2~2-· -----· -----·---···--------.. --... ------.. -------·-····--· ... ··----···-········-
REG 11 T 0938 
RfG12T 094E 
R FG 13 T 0964 
REG14T 097A 
REG15T 09<JG 

___ R.£~- •-¥0 ... 8 ...... 5-4------------
R EGZT 086C 
HEGJT 0888 
REG4T 089E 
R fG 5 T 0884 
RfG6T 08CA 

... ...R.EG..l..L----OlU...uO------ -------'--·-----·---·---·-····---·· .. ·-·-·--· ---·· .. ·-·····---- ............................ . 

REG 8 T 0-8F 6 
HEG9T 090( 
HETRN3 Olfb .. 
Rf T RN4 0 lf A 
RNO 0090 

. .t(.{)U.llij) ______ o o s·c ___________ .. ___________ _ 
SAVE OA9c 
SECLOC OA2f 
SENS OlCE 
SEVEN vlll 
SFVTEN 0810 
-~-.X----------4.l-8.-J.----------·--------··----·-------- .. -·--·--- ................ -·-·--.. ·-· ............................... . 
~JlCTEN 0718 
SKIPEN OOA2 
SKIPTS OA70 
STAT 3 098 2 
STAT4 0598 

I -- . ~T.A..T.S.. ..... - -!>.$..A..l-. ...... ······--"··-.. ·--·-···- -·- -··-··--·-- --··-------· . 
STAT6 OSCO 
STAT7 0504 
TEHP OA72 ,q1-2 7 



TEN 02qc 
TES TA v55C 
TES rn 05fE: 
TESTNU OAlE 

.... _JJ:lD_L.U C _ .. QAlQ_ _____ --- ·----------··-·--· ··- ------
TH f 1< E 0?2A 
THll<I 033C 
THRH 0132 
T WE l V 0 3 2 A 
T WN TY 05 76 
I WNJI_l __ _J}ll4_ __ _ 
TWO Ol 06 
WO,\ TA OA2A 
WRT~LK 0526 
XOFF 0906 
ZERO ooqA 

. li.RJlJ.L . ___ il.QAb. ______ ·-····------------- -- -···-- ------·----- ·--· ··--- ... ··-··· -

-·-- ·-·--·----··--~--··--------

-------·------~----- -·--------·---------· 



FLOATING-POINT TEST PROGRAM OPERATION MANUAL 

Publication Number 06-046A12 

1. INTRODUC 'I10N 

The purpose of the Floating-Point Test Pro
gram, Program Number 06-046, is to test 
all the floating-point instructions. Refer to 
the Reference Manual, Publication Number 
29-004, for an explanation of the floating
point instructions. Each instruction is ex
ercised thoroughly and the results obtained 
are compared to a table of expected results. 

If there are no failures, the program causes 
a "FLOATING-POINT OPERATIONS OK" 
mes sage to be printed. Should a failure be 
encountered, an error message of "FAIL
URE IN TEST NUMBER" is printed and the 
Processor is halted with the number of the 
test that failed in Display Register 2 (right
most efght bits). 

The test program is divided into six general 
sections. The sections are subdivided into 
specific tests tlaat check the various aspects 
and formats of a particular instruction. 
This is done by manipulating the signs, ex
ponents, and magnitudes of the operands. 
Upon completion of each floating-point oper
ation.. the Condition Code bits are inspected 
as a final validity check. 

2. OPERATING INSTRUCTIONS 

The test program (06-046M09) is an Abso
lute tape and may be loaded with the Abso
lute, Relocating, or General Loader. The 
program occupies memory from X'80' to 
X'AAA', with the starting location being 
X'80'. For more detailed information on 
tape loading and execution, refer to Loader 
Description Manual, Publication Number 
06-025A12. 

The input device, used in loading the test 
program object tape, is taken from BINDV 

(X'78') in the table in the 50 Sequence; the 
output device used in printing the message 
is taken from LISTDV (X'7E'). These lo
cations must be manually set up by the user. 

After either the error message or the "OK" 
m~ssage has been typed, the Processor 
halts with the address portion of the PSW 
loaded with X'80', the starting address of 
the test. The execution time for the test 
is a few seconds. 

3. SECTION AND TEST DESCRIPTIONS 

3.1 Section 1 (Test O - Test 10) 

The two forms of Load (LE/LER) and the 
Store (STE) instructions are executed to 
test for proper normalization of floating
point operands. The G, L, and V bits of 
the Condition Code are used as further 
criteria in checking the integrity of these 
instructions. The test number is placed in 
General Register 2 (ERR) and it is the con
tents of this register that is printed if an 
error is encountered. 

3. 2 Section 2 (Test 20 - Test 2F) 

The two forrns of Addition (AE/ AER) are 
tested in this Section. After each Add op
eration, the Condition Code bits are tested. 
The sum is then tested by comparing it to 
an expected result. 

3. 3 Section 3 (Test 30 - Test 34) 

Both forms of Subtract (SE/SER) are tested 
in this Section. After each Subtract opera
tion, the bits of the Condition Code are 
checked. The difference obtained is then 
compared to a table of expected results. 

1 



3. 4 Section 4 (Teut 40 - Test 52) 

The R.R and RX forms oi: Multiply (ME/MER) 
are checked! in this Seeton. The G, L, and 
V flag·s of the Condition Code are checked 
upon completion of the Multiply instruction. 
The product is then compared to an expected 
result. The normalization before rounding 
feature is also tested. 

3. 5 Section 5 (Test 60 - Test 6A) 

The two forms of Divide (DE/DER) and the 
Divide Fault Interrupt are exercised in this 
Section. The Condition Code is examined 
by Branch instruction as a supplementary 
check. 

3. 6 Section 6 (Test 70 - Test 74) 

Both forms of floating-point Compare (CE/ 
CER) are tested in this Section. The LOAD/ 
STORE and Arithmetic results are checked 
by the fixed-point Compare instructions 

2 

(CLH/CLHR). The floating-point Compare 
instructions are tested by using Branch in
structions to determine the bits of the Con
dition Code. If this Section has been suc
cessfully completed, the program prints 
"FLOATING-POINT OPERATIONS OK". 

4. ILLEGAL INSTRUCTION INTERRUPT 

If an Illegal instruction is decoded, the Pro
cessor will halt with the Instruction Address 
Counter set to X'80'. The instruction that 
caused the failure will be stored in Old 
PSW: Illegal Instruction Interrupt (X'30' -
X'33'). 

Refer to Appendix 1 for the test numbers 
and the restart address of each test. The 
restart address should not be used to initi
ate execution unless the test program has 
been previously started from X'80', which 
sets up appropriate registers. A listing of 
the test with the operands and the expected 
results is provided in Appendix 2. 



Test 
Number 

00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
0A 
0B 
ec 
0D 
0E 
0F 
10 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
2A 
2B 
2C 
2D 
2E 
2F 

30 
31 
32 
33 

APPENDIX 1 
FLOATING-POINT TEST PROGRAM 

Restart Test Restart 
Location Number Location 

98 34 428 
A6 
B6 40 44C 
C6 41 464 
E2 42 478 
F2 43 48C 

102 44 4A2 
llE 45 4B6 
12E 46 4CA 
13E 47 4DE 
14C 48 4F2 
15A 49 506 
16A 4A 51C 
17A 4B 52E 
194 4C 542 
1A4 4D 556 00 - 10 = LE/LER/STE 
1B4 4E 56() 

4F 576 20 - 2F = AE/AER 
1C8 50 586 
lEE 51 59A 30 - 34 = SE/SER 
212 52 5AE 
236 40 - 52 = ME/MER 
25A 60 5C6 
26E 61 5DE 60 - 6A = DE/DER 
282 62 5F4 
296 63 608 70 - 74 = CE/CER 
2A8 64 61C 
2BC 65 630 
2E0 66 646 
304 67 65C 
328 68 670 
34A 69 684 
370 6A* 69A *DVD FAULT INTERRUPT 

. 384 
70 6DC 

398 71 6F4 
3BC 72 702 
3E0 73 7ffC 
404 74 71E 

Al-1 





0080 
• 

ORG x·so· 
" • TE~T FLOATING POINT INSTRUCTIONS: 
• 06- 04 6 

• 
• 
• 
• 
• 

LE/LER 
STE 
CE/CER 
AE/AER 

APPENDIX 2 
Floating-Point Test 

Program Listing 
November 1968 

. ··--·-·- ··-----·-- ---·--- ------ ·----~·· -SEiSER
. HE/MER 

OE/DER 

0001 
OQQ_?_ 
00 03 
0004 
0005 
0006 
0007 
0008 
0009 
OOOA 

0080 4820 
076A 

• 
• 
" 
ONE EOU 1 
ERR EQU 2 -----··16'r---·----··rau· · --3 

INOEX EQU 4 
IN.CR . EQU 5 
LUUT EQU 6 
JUff E QU 7 
DEV EQU 8 --·-sTAlus _____ EQO .. -·~ -
HELP fQU l.O 

" • LOAD/STORE CHECK ANO 
• CONDITION CODE CHECK 

0084 4020 STH ERR,x·34· INST. INTERRUPT. TO 
0034 

0088 4820 LH ERR.STOP-+2 HALT; IF EVER EffCOUNTE:RED 
____ o_r 6C _ _!..____ ______ __ _ _______ _ __ _ ___ _ 

008( 4020 SHI ERR,x·36·..:·· ---------··-------------

0036 
0090 C810 LHI ONE.l 

0001 
0094 C820 LHI ERR,ERROR 

------ -·--···---·- _______ QJ'._§I _______________ . __ 
0 09 8 0 7 3 3 .. - -----HR ---·-faf;toT .... ---zDlfTRROlf-TnTJQ-ClJUNT 
009A 6800 LE O,DO DATA~ TO REG. 0 

083E 
0 0 9 E 0 2 F 2 BT CR X • F • -• ERR CON 0 • CODE = 0 
OOAO 41FO BAL 15,COHPO 

---oo A4--oil~ s. ___________ --··oc- ---Ro·-----·------ ------------- ---- R£s·ucnr-"N111t H'.AlTznr-----------------·-

" . 

OOA6 OA31 
OOA8 ~810 

0846 

AH~ 

LE 
TOT• ONE 
1, Pl 

A.DO ONE TO ERROR COUNT 
OATAl TO REG. O & REGl 

------~g: ~------g~~} .. -------------- -----~~-~: ---i~ ~ ~-~E'R·R~---------------~-~-~~---=---1:_ ____________________________________ _ 

OOBO 41FO BAL 15,COHPO 
0798 

0084 084A DC Rl RESUlfl NOR "'Al. I ZED 

" 
OOB~ _.9A}_l AHR TOT, ONE 

... - ---~-·-··-- ·-··-- -
0086 6820 LE 2,02 

TOT+l > TOT I 
02 :•·1rr · · · - ------

084E 
OOBC 0312 BFCR 1, ERR cc = 1 Ai2-I 



OOBE 02E2 
ooco 4lf0 

07AO 
00(4 0852 

-·-·--o(ft6 . 0 A 3 1 

OOC8 68 30 
0856 

• 

BTCR x·e-,ERR 
BAL 15,COHP2 

DC R2 

----·----AiiR 
LE 

· lor~·m .. jE 
3,03 

OOCC 0322 BFCR 2,ERR 
OOCE 0202 .. BTC'R x·o· ,ERR 
DODO 41FO BAL 15,COHP2 

Rl HOflMAl I ZE 0 

. ·- -·-·-lRJRJJ. -Elrft:.,.. CUUN·r .. 

Ct -= 2 

··-···--···----·--····oril(f·--·----···-·--·----·· ·-·--·-··-· ----·--·--··· ········ ·· ·-·· ····-------------· ····-----·-······-----------·--------

0004 085A DC R3 
0006 280l LER 0,2 
00D8 03.?L BFCft 2,ERR 
OODA 0202 BTCR x·o· ~EPR 
OODC 41FO BAL 15.COHPO 

-·--·--·······-··--·-·o 79·s-------··--·-······-·-·----····--····-··- ··-···· -· -
OOEO 085A DC R3 

OOf 2 OAH 
OOF4 6840 

08'>F 

• 
AHR 
LE 

TOT.ONE 
4,04 

NORMALIZED 
'R2& R3. 'T 0 RO&R 1 
cc =2 

NORMALIZED 

TOT :: 4 

OOE8 0 322 ·--····- ·······-··--sf CR···---T;ffrR -
BTCR x·o· ,ERR 
BAL l5,COMP4 

·--· ··-------c-c-:i:------·--··---··-·----------··--····----·····-·-

OOEA 0202 
OOE:C 4 lFO 

07A8 
OOF 0 0862 DC R4 

• -·· -..... 6 (.j ;:-2-···-(f A ·n·----------------------·- A" HR ___ '"'TO'T ;-o NE . . . ----·---IUT--::s-·------------------·----
OOF4 b850 LE 5,D5 OA TA 5 TO R4 t. RS 

0866 
OOF8 0322 BFCR 2,ERR cc = 2 
OOFA 0202 BTCR x·cV,ERR 
OOFC 41FO BAL 15,COHP4 ·-·-··--····--·- ·-·--·····--·---------------·--·---------······-· ............ ·-··-··---------'----· 

0 "/AS 
0100 086A 

0102 OAU 
0104 6860 

---··-··· ··-·-···- ·- -····-··--0.3.b..E.._. 
0108 0312 
OlOA 02E2 
OlOC 41FO 

0780 .. 

• 
DC 

AHR 
LE 

RS 

TOT I ONE 
6. D6. 

-----·aF c·R···-1·, ei·f ····-·····-···· -
BT CR . )( • E • ., ERR 
BAl 15,COHP6 

0110 0872 DC Ro 

lOT .:6 

cc ;;1 

tmNO-R"al1 t ZED ..... - ... 
R6&R 1 to· R4& RS 

·-------·-

-·------ .. O.UL __ .2.8-5.L .. __________ ... ___ t,,JJ.t ____ _}_!J .... _ .. ____ -· . ___ ... 
0114 0312 BFCR l,ERR cc =1 ---· 

0116 02E2 BTCR X'E',ERR 
0118 41FO BAL 15.COHP4 

07A8 
OllC 0872 

• • 

DC. R6 

-. ·- . o'i'ie""--o-A-Jl-·-------------···-·-·AHR--TOT~-ri'f~E·-·--------fOT .: 1 

0120 6870 LE 7,07 01 TO R6&R7 
0876 

0114 03.U 
0126 OlD! 
012.a .... 41 ~o 

07BO 
Ol 2C 087A 

• 

Bf CR 
BTCR 

.. ____ ltAl 

DC 

2, ERR 
x·o· ,ERR 
1S.~COHP6 

R7 

cc =2 



Ol2E OA 31 AHR 
0130 6880 LE 

087E 
0134 0312 BFCR 
OJ 36 0 2£: 2 BTCR 
0138 4lFO BAL .. 

0 788 
01 3C 0882 DC 

• 
Ol3E OA31 AHR 
0140 6890 LE -- . ----- -o ·as6 ------·--·----··-·--------.-- -_ .. ___ ... 
0144 02F2 BTCR 
0146 41FO BAL 

0788 
014A 088A DC 

014( 
Ol 4E 

015 2 
0154 

OAH 
68AO 

088E 
02F2 
4lFO 
07(0 

• - ----·-------- ----· AH~ 

LE 

BTCR 
BAL 

TOT.ONE 
8,08 

l,ERR 
x·e· ,ERR 
15,tOMPS 

RB 

TOT.ONE 
,9 ,09 

x·F-,ERR 
15, COHP8 

R9 

TOT.ONE 
10,010 

x·f·,fRR 
1S,COHP10 

0158 
··o,s·9·z---· -----··---·· ·· .~ .. --------·~·oc·- ···· -..... if~f-c>· 

• 
Ol5A OAH AHR TOT• ONE 
015( 6880 LE · 11. D 11 

0896 
QJ_6j:) _______ O 3_~_?____ _ ___ __ _ _ -·- .. BF CR 4, ERR 
0162 0282 --1f'fCR- ·x ·a-- .E-RR 

0164 41FO BAL 15,COMPlO 
07CO 

0168 089A 
• 

DC Rll 

016A OAH AHR TOT,ONE -- --·a1-6c ____ 6sco ___________ --- -------LE ___ ----- -Ii~o 1 i 
089E 

0170 0342 BFCR 4,ERR 
0172 02BL BTCR x·s· .ERR 
0174 41FO BAL 15.COHP12 

07C8 · ------o17S-o8A2 _________________ oc · --------iiiT ____ ----- ---

017A OA31 
. 01.7(: 6800 

08A6 

• 
AHR 
LE 

TOT, ONE 
13.013 

TUT = 8 

cc =1 

cc = 0 
POSITIVE 

ll LE GAl ZERO 

cc = 0 
NEGATIYf 

- --r1rr-c·n·--zERu·· 

TOT =B 

cc = 4 

P1JS IT I VE 

U»DERFLOW 

TOT =C 

Ct =.4 

POSITIVE 

-----UNDER Trow·-- --- ----- ··- -----·-- -----

TOT =O 

cc =4 ___ QllJL_QJ_~_i_ _________ ·----~f~R·-~-~_t~-~-- ___ _ •·-•• 0 ••• ·---·--·--~-·-·- ~··-·•••·-··-----· ----·--•M•·-------~--

0182 0282 BTCR x·a-.ERR 
0184 41FO BAL 15,COHPlZ POSI Tl VE 

07C8 
0188 08AA DC .. ~J3 llWOERFlOW 
018A l800 LER 13,13 

-- --- .. O.l.8J:. __ _j)_2fl___ ______ .. ___ au:R ____ ~_:£.:_.!._~_RIL_ -·--···--_cc =_.Q;_ ------------------· --
O l 8E 41FO BAL 15,COHP12 

07(8 
0192 08AA 

0194 OA31 
0196 f,>8E: 0 

08Af 
Ol9A 034.? 
019( O?B~' 

• 
DC Rl3 

AH~ TOT, ONE 
LE 14.014 

BFCR 4.ERR 
BTCR x·s-.ERR 

J.()T =E 

. •····-······ ...... . ...... _ - --- .. --···· .. --····· 

cc =4 
t:1Z-.. 3 



Ol 9E 41FO 
0700 

01A2 0882 

01A4 OA31 
--·-··oTi6 .. 68"f=-<f-

OlAA 
OlAC 
OlAE 

osa6 
0342 
0282 
4lf O 

0 '100 

BAL 

oc 
• 

AHR ·-··---··-·-... ---- .. ··-·-····~··· l-E 

Bf CR 
BTCR 
BAL 

15, COHP14 

Rl4 

:TOT, ONE 
·15;01s ·-·· 

4 ,ERR 
x·s·.ERR 
15-~COHP14 

o i ei · -·o-asi· ----------------·--or ·---·"Rrr--···· ---· 

• 

NfCAT l VE 

u:llOERFUlW 

TOT =f 

.. tc· =4 

NEGATIVE 

UNDE RF rov--------·-······---·-

0184 OA31 AHR . TOT,ONE - lDT :10 
0186 68EO LE 14,016 

08BE 
0 1 BA 0 3 4 2 Bf CR 4 , ERR CC = 4 
·(ffac:-·-··-0282---·-· ---·--·-··-·--·---rrn:R· ·-y·tr·-.t:RR .. --·-----------
01 aE 41FO BAL 15,COHP14 F.:GATIVE 

0700 
OlC.? 08(2 

01(4 4300 
61Ts· 

• 

• 
HATH 

DC Rl6 UllDERH.OW 

B HATH 

LHI SET ERR TOTAL TO" 2 o, Kf"I. 

LE O,AO 

01(8 (830 
0020 

01(( 6800 
08(6 ----- -oin·o- -6s20-------·--·-····-----·-£1:--·--------2~A.--- ·- -- ····---·--·-·o•rA 1 > ·1r2-.n----· 
08CA 

0104 2A02 AER 0,2 
0106 0Jl2 BFCR 2,ERR 
0108 0202 BTCR x·o-.ERR 
01.DA_ .. _ .. 4 lf_Q __ ··-----___ ---------~-!\-~------··_J·~-L~ Q HP 0 

0·198 
0 l OE 09 lE 
OlfO 

DC 
AE 

. EO 
2,AO 

oaf.A 0 + DATA 1 > RO&IU 
CC =2, GREATER THAN ZERO 

_ _..;:DO A .F J X PO I NT _ _f_~_H_P_A_~------

ADDRESS OF CO:RRECT ANS • 
. DATAO +-DAY-A i ·,; .R .. l&R3 6A20 

08~6 
01E4 0322 BFCR 2,ERR .. ·-··c.:-=·r-·--

... 0Lf...b ___ ..Q2J)_2._ ______________ _filp~ _ _r D.~....!.~-~!_ ________ ·--·--
01E8 41FO BAL 15,COHP2 

OIAO 
01 EC 09 lE DC EO 

• . . 
OlEE OAll AHR TOT ,ONE --ltlT·-·:21 .. 

----·--01 F Q --~Jt?.9 _______ . ___ t,,~ ··-----L~-~? .. --·--·--·--···-·--··----· 
08CE 

01 F4 684Q_. LE 
0802 

01F8_ 2424 ---··-- .~JJL _____ ~.t~.. ·SU"> ltZ'&R3 
OlFA 0312 BFCR 1,ERR . ······-..:·c -=·f, [E·ss· ftHN 2"£RO. 

-·-···-0.1.f.t_ __ Ql.£2_ - BTCR x·e- ,ERR · o i Ff 4 lf o -· ·---------·--0i"t:--·--y5·;-t 0'1-Pr·-·····-·---···-------···· -----·-----------~ 

07AO 
Ol02 091.l oc El 
Ol04 bA40 AE 4,Al 

08CE 
04_0, . 031.2 . Bf C~ l,fRR 
020A 0 2 t: 2 BT CR x·c ,ERR 
OlOC 4HO BAl 1S,COMP4 

Ai?-4 07A8 



0210 0922 

0212 OA31 
0214 6840 

0806 
0 218 6860 

08DA 

OLlC 
0 2 lE 
02 ;> 0 
02 ?2 

02 26 
02?8 

o 2 2C 
02 2E 
02 '.j 0 

0234 

oz 36 
Ol.38 

2A46 
0322 
0202 
41FO 

07A8 
0926 
6A&O 

0806 
03 22 
OZD2. 
41f0 

O"/BO 
0926 

OA31 
6860 

• 

• 

oc 

AHR 
LE 

LE 

AER 
BFCR 
BTCR 
BAL 

·-· ------·--··-- -

DC 
AE 

BF CR 
BTCR 
BAL 

DC 

AHR 
LE 

El 

TOT.ONE 
4,A4 

4.6 
2,ERR 
x·o· .ERR 
15. C OMP4 

E2 
6,A4 

2,ERR 
x·o· ,ERR 
15 ;col1Po 

E2 

TOT.ONE 
6,A6 

- - - -------- ---·--··· --·-·----·· .. ···• -
Ol:iDE 

02 3( 6880 LE 8,A7 

0240 

0 2 '· 2 
0 2 4 It_ 
0246 

08E2 
2A68 
031.? 
02£2 
4fFo· 
0780 

02 4A 092A 
024( 6A80 

080E 

AE R 6, 8 
BF CR l, ERR 
Bl CR x·E· ,ERR 
BAL. 15,COMP6 

DC E 3 
AE 8, A6 

BF CR 1, ERR 9?_ '>._() ___ Q}ll. 
0252 02E:2 

.----.. ·-· ---------·-··-·- --.. ·ar·cR. ~-- x·~-~,, ... ER .. R 

0254 41FO BAL 15,COMPS 

0788 
025~ 092A DC E3 

• 
. Q .2.5A-QAJl _____________ . _______ A~R iTOT, ONE 

i a·~-Is ······ ·· 
025C 68AO LE 

08E6 
0260 6AAO 

08EA 
AE lO.,A9 

0264 0322 BFCR 2.~-R 
.... ___ Q.Lt!..L_ 0 .?QL_ ... _. _________ _ _ 8 T CR lC 'O • •ERR 

0268 4lf0 ··1fAC ··-15-.,coiifP.lO 
07(0 

026( 092E 

• 
026E OAH 
QLIO ___ J~_~co --·---·---- -··· ___ _ 

OBCE 
02 74 6ACO 

08EA 
0278 0312 
0 21 A 02E I 
O? 7_c; ___ 4)FO 

07(8 
0280 0932 

• 

DC 

AHR 
LE 

Bf CR 
BTCR 
BAL 

E4 

TOT.,ONE 
12, A 2 

t.ERR 
X'E' .,ERR 
15,COHPll 

DC E5 

TOT -= 22 

cc =2 

cc = 

nn =21 

tC =l 

cc =l 

TOT = 24 

cc =2 

TOT = 25 

cc =l 

A2-..:5' 



0282 OAJl 
0284 68EO 

0806 
0.?88 bAEO 

08E2 

AHR 
LE 

1TOT •ONE 
l4.A4 

AE 14.,A7 

---.. -~-·-·-··"- . -·· ---- .•. ·-·· --- .. 
028( 0312 

----------·---BF CR -·1-;·E-R-'R" ____ ., . ·-- -··---------u-···:-·r-------·· 

028E 0 2E: 2 BTCR X'f',ERR 

0290 4lFO BAL 15.COHP14 

0700 
0294 0932 DC ES 

• -·-··'-oi96··---of:ff _____________ ----------unr ···-···101~-o·N.: · ····-···----·--mr·=rr---·- - -----·------
029s 6880 LE 8,A8 

08E6 
029( 'A88 
029E 0322 
OIAO 0202 

__ ., ·····--.----·-·--·-··-···- ,. .... ·····--·---------~- -
OlA2 4lf0 

0788 
02A6 0936 

'Jd\8 OAll 
O'l\A 6860 

01. Af 

OZB 2 
0284 
0286 

o8f6 
6A60 

08E6 
0322 
0202 
4lFO 

• 

AER 8,8 
BFCR 2,ERR 
BTCR x·o· .ERR 

- 8-AT ... ··rs-·;c OR"P8 . 

DC E6 

AHR TOT. ONE 
LE 6,AS 

AE 6, A8 

BfCR 2,FRR 
BTCR x·o·.ERR 
BAL 15,COMP6 

cc = 2 

- -o rscr·· --------------- , .. '-· .................... ······· --·------·--------··-·--- ·-·--··---------

OlBA 0936 

02BC OAH 
02Bf 6840 

OSEE 

• 
DC 

AHR 
LE 

E6 

TOT.ONE 
4,AlO 

··a2·c:2---·-2i·44----------------·--··iiTR······ .. 4··~·4·· 
02C4 036l BFCR 6,ERR 
02C6 029.2 BTCR 9,ERR 
OlC8 4lf0 BAL 15,COHP4 

07A8 

mr =29 

·----------·--· ilVERFLlTir-T+T·- ----. ------·
CC=6 

CUC:!::. __ _Jl9JA .... ---·- ····-·--·-·--- 0 C E 7 o 2 c E 6 8 4 o --l~F- -· -·-4·;-Afo ____ - ----------· ____ , ____________ --··---

08 E F 
021J2 6A40 

08ff 
0206 0362 

AE 4,AlO OVERflOU l+) 

SFCR 6,ERR 
BTCR 9,ERR _Q.2._Q.B_ __ ,_ Q 2.'l (.____ ------· -·· - ---· ... 

02DA 41FO 
B A·l ·---·-15·;fot1·p4- - ---·--·-···--·--------·-·----···- -·----·------

07A8 
OZDE 093A DC E7 

0 2 E 0 0 A 31 AHR l T 0 T • 0 NE 
.... __ Q2.fL --~6lJL _________ --·--·-- LE _________ ?! ~J 2.. 

02f6 
02 ES 
O~EA 
iJ 2 EC 

O?FO 
02F2 

A 2-0 

08f 2 
2AU 
0352 
02A2 
4lf O 

CHAO 
09"ff 
6820 

08F2 

AER 2,2 
BF CR 5, ERR 
BT CR X. A. , ERR 
BAL 15,COMP2 

DC E8 
LE 2oA12 

OVER FLOM <- > 
CC=5 



02F6 6A20 
08F2 

OcFA 0351 
OiFC 02A2 
QZFE 41F<>-

07AO 
03 02 093£ 

0304 OA3l 
03 06 6800 

08f6 

.. 

AE 

Bf CR 
BTCR 
BAL 

DC 

AHR 
lE 

2,Al2 

5,ERR 
X'A',ERR 
15,COMP2 

E8 

,TOT• ONE 
O.Al4 

o 1 oA 6 sio_________ ----·-cE---··--z-~-lls 

03 OE 
0310 
0312 

08FA 
2A02 
02 32 
4lf0 

0798 
0316 0942 
0318 6820 

08f A 
031C 6A20 

08f6 

_ _,_ ~------· ·-·-· - ... , . 

AER 
BTCR 
BAL 

oc· 
LE 

AE 

0,2 
3.ERR 
15,COMPO 

E9 
2.Al5 

2, Al 4 

0320 0232 BTCR J,ERR . o"3T2 ____ 4iFo _______________ irll ____ "15.-COHP2 .. -

01AO 
0326 0942 DC 

• 
03?.8 OA31 AHR 
032A 6840 LE 

-· - ·-··---·--·-------····- - - ··-----····- --·-· ·----------·- ----· 
OSFF 

0 3 2E 6860 LE 
0902 

E9 

TOT.ONE 
4,A16 

6,Al7 

0332 2A46 AER 4,6 
0334 0232 BTCR 3,ERR 

OVERFLOW 

CC=5 

TOT =28 

lJIDERFU>W 
CC=O 

UllOERflOW 

CC=O 

TOT -= 2C 

'Stiff =O 
CC=O 

{-) 

· _JU 3~ _____ J.J..f_Q_ ____________ B_~_l: _______ l_ ~-!.-~ O~-~~- _ 
0 7A 8 -- ----------······-····--------·-·· --------------------··-----.. 

033A 0942 OC E9 
03 3C 6840 LE 4,Al6 

08FE 
0340 2A64 AER 6,4 
O_J.5_l 0232 . . BTCR 3,ERR o 3 4~-4i"Fo ___ --·------·--a-it-- ---- 1 s .-c-a·Pf P-6 ____ _ 

0780 
03 48 0942 OC E9 

' 

SU" =O 
CC=O 

03 4A OA3l AHR TOT• ONE TOT =20 

- __ Q3_4_C __ ~~j) __________ ___:I_ ~------8-_L~J.~ ·- ----···--··- -·--·--------······-· 
0906 

0350 6A80 
090A 

AE 8wA19 

0154 032 2 BF~ . l,J:R.R 
0 3 5 6 0 2 D 2 8 T CR X • D - , E RR 

ESTABLISH BOU.ORIE S 

CC=l 

-·· __ .O.l.5.a .... _ilfJL_ _________ 8.A1. ___ J 5 • C g_r,P8 ··-·----··----~-----_,...--_, 
0788 

03 5( 0946 
035E h880 

090A 
03 62 6A 80 

03b6 
0368 
OJ 6A 

- __ 0_906 
0322 
0?02 
41FO 

DC 
LE 

AE 

BFCR 
BTCR 
BAL 

ElO 
s. Al 9 

2,ERR 
x·o~,f:RR 

1S.COMP8 

fSTA8ltSH 80UJi!>RIE S 

Ac-7 



0788 
036E 0946 oc 

• 
0)70 OA31 AHR 

___ Q]_!_?__ _ b8AO LE o <iot ···------- . 
0376 bAAO AE 

0911 
037A 0322 . Bf CR 
037C 0202 BTCR 
017E 4lf0 BAL 

ElO 

ITCT, ONE 
10,A22 

2,ERR 
x·o·.tRR 
15,COHPl O ·-·------·--······· ···· ·-· · -- ·· ·o 1-c·o--···----·-------------· -··--· .. ·-------·----·- --···------····--···-~----. 

, ... 

0382 094A DC 

0384 OAH 
0386 b8CO 

• 
AHR 
LE 

El2 

TOT I ONE 
12,A24 

0916 
o3f.fA··--··6i-fi)·---------------------·-1F----·-----,y;··~·-····-····-

091 A 
OJ8E 4lf0 RAl. 

07(8 
0:192 094f ···De Ell 

' 

----· ------. ---·-· ----·-···-·· ..... ··---·--

4 1 o <> · ·-----------·-----·-ir---· ----···· ·--------------------
0394 

0398 OA 31 
03 9A 6800 

039f 
09~ 7 

6820 
09';6 

• 
• 
HATH1 AHR 

LE 
TOt~ ONE 
o.ro 

l E 2 •Tl 

03A2 ?B02 SER 0.2 
03A4 0322 BFCR 2,fRR 

... - ..... t11T-=1;0· 'FORS,OBTRl:-C'f 
IClt.tTIM 

.. __ Ql.Afi ____ it2. 0 2. ____ _____ --· . _ ···- ··-·---~J_<;_~---·--K-~_o__:-__ _._E_~ ~-- ·-·---------
03A8 41FO BAL 15,COHPO 

0.798 
031\C 096A 
03 AE _()820. 

()95 2 
__ . . . .. O.l.B.2... ._JU.,12..,.__ __ 

0384 02E2 
03 B6 41 fQ 

07AO 
OJBA ()96E 

• 
. __ .. _cj 3 BC ___ QA.ll_ __ 

OlBE 6840 
095A 

03(2 6860 
Q9SE 

DC 
SE 

so 
~.TQ . 

_______ §f.f;it.-~-~ RR. _________________ _ 
BT CR l • E • ,_ERR 
BAL 15.COMP2 

DC __ Sl 

LE 6,TJ 

O 3 C 6 ! 8 4~ SER 4 • b 

TO.t =ll 

. __ QJ_~-- - _QJ.1_4-_____________ J~I_<;~---~-·-ER:!. -·-·-·--··--·------------ --· --------· 
OJ CA 0202 8TtR x~n- .ERR 
0 3 CC 41 F 0 BA l 15 •· C Off P4 

0 "f A 8 
0300 09"11. 
0302 6860 

OJ Ob 
0 3 08 
OJOA 

Ac-e 

_Q95A 
031 i 

.02ll 
4lf 0 

.. Bf CR 
BTCR 
8Al 

Sl 

l ,ERR 
M. f. ~,EAR. 
15 .tOMP6 

_ _ _;,,.._,. ________ " ··------·--



0780 
OJOE 0976 DC S3 

• 
O.HO OAJl AHR TOT, ONE TOT =32 
03E2 6880 LE 8,T4 

.. "696"2 -··----·· - . ····- ... .. 

03[6 68AO LE lO,T5 
0966 

0 3 E A 2 B 8 A SE R 8 .1 0 
0 3 EC 0 l 2 l. BF CR 2 , ERR 
03EE 0202 BTCR x·o·,fRR o 3 F·a-·· · ·41.: o · -------·· ···----a-;fL ____ ·--fl>~ c·oH-Ps ·-·-· ··· -- -··-·--·--···-·- · -----· ·· - ··-----···--····--·- -· -·-· · 

0788 
03F4 0972 
03F6 oBAO 

0962 

DC 
SE 

si · 
10,T4 

.93.fA. OJt?. .. ---·-··- -··--·- BFCR l,ERR 
03FC Ol.E2 •ettR- -·,r··t"',E"RR ..... 
03FE 41FO BAL 15,COHPlO 

07(0 
0402 0976 DC S3 

• 
_ .9.~Q-~--- OAH AHR TOT, ONE 04 06 c;·sc:o __________ -·-·--u.=-··- · ·-r2,-1 J · 

095E 
04 OA 68EO 

0966 
LE 14, T 5 

040E 2BCE SER 12,14 
0410 0322 BFCR 2.ERR 

TUT -= Jl 

· 0·4-i-z-·-···0·202--·-------- ----···--at·cR-·----,c--ir" ,EltR······-··· · ···----·-----····--- - ··-······--·· ··-···- -----········-····-······· 
0414 41FO BAL 15,COHP12 

07C8 
0418 097A 
04 lA 68l:O 

095E 

DC 
SE 

S4 
14, T 3 

--·-o41e ____ o312··-·------·--·--8F-tlf ____ 1 ,·ERR - .... ·-· .... ---·--·- ----·------·· ·--·-··-·· -----·---·- -·--·· 
0420 02E2 BTCR x·e· ,ERR 
0422 41FO BAL . 15,COHPl4 

0700 
04 26 097E oc SS 

• --··---o428---oA3_1 _________ AHR··--ror.nN£-·-· .. -·-··-·· ····· 

04 2A 68AO LE 10, Tl 
0956 

·04 2E 6880. LE 8,Tl 
091) 6 

_____ .04 lL_lJ~AA __ , ____ .SER 10, 10 
04 34 07 32 BTCR-3, ERR·---·--··-··-----

0436. 41FO BAL 15,COHPlO 
07(0 

04 JA 0982 ·oc S6 
041c 6B8o s·E·-- ··a ~ff 
~---0_9_5_6_~---~~-0 4 4 O o 2 .32 BT c·~R~-3 ;Hif _______ _ 
04 42 41 fO · BAL 15, COMPS 

0788 
0446 0982 

0448 4300 
044( 

• 

• 
• 

DC S6 

B HA TH2 

mt ·-=-ff"-----·-··--·-·-····-···· -··-··· 

cc=o_ .... ··· ·--- -··---------------

Ct=ir-------



" 

044( 

0450 

0454 

0458 
045A 
04SC 
045F 

(830 
0040 
6800 

0986 

HATH2 LHl 

LE 

6820 LE 

O,HO 

... ··09s-A ---··--··-:-·····-.. ---··- ~ ....... ·- --ri···--·-· .. . 

2C02 HER 
OJ6l BFCR 
0292 BTC~ 
4lf0 lAL 

0798 

0,2 
6,ERR 
9.ERR 

·15, COMPO 

····· - ··o·4-6i ···a9·rz- ··-----· -·-
• 

0464 OAJl .. MH~ . TOT, ONE 
0466 6800 lE O,HO 

0986 ........ . 

04 6A 6COO HE o. ff2 

11Ul T lPt. Y ROU Tl NE 

·cc=6 
OVERFLOV (+) 

---FIXED PD I NT CIJ"PAR . 

ADRS:-uF··--1HE PROOUC r 

···m-i='I 

..... ---- -------·- o98E-------------·-·--· -·· ·· ···- ---·--·--·----------··--·--- ·-----------
046E 0152 BFCR 5,ERR 
04 70 02A 2 BltR x .. -... 'EftR 
0472 41FO BAL 15.COHPO 

0798 
04 76 09f-b DC P2 

CC=5 
---··111ERFtOW l..;.:l 

····-····-··--···- .... -·-·--·---·--------···-----··- ·- -·---··---------··--- ·---·---------·-
04 78 OA 31 
04 7A 6820 

0997 
04 7E 6C20 

098£ 

AHR 
LE 

HE .. 

TOT,ONE 
·2. H3 

-· · -· "<Y4ar-- -,r1·6i ______ -- -···------- ·· ·erctr·-··--6-;TRR _________ -·--
0484 0292 BTCR 9,ERR 
0486 41FO BAL 15,COMP2 

07AO 
04 SA n 9f /.. DC Pl 

• 

TOT=42 

---cc-==-1-6·------ ------ ----------
oYEtt F Lou <•, 

... ... -01t8c ___ o"Aii"··----·-·-· ---·----·-AHR ____ ft-or~-tii"E------------,.-r-=~~3- ---------------
04 8E 6840 LE 4, H4 

0996 
0492 6869 

099A 
LE 

0496 2C4o MER 4,6 -----o-49a ----o·3i2 -·----------------sf cR"~IRR- ····--··--· 
049A 0202 BTCR x·o·.ERR 
049C 41FO BAL 15,COHP4 

___ 01A~ 
04AO 09F.A DC Pl 

ROUHOlftG CHECK 

CC-=2 

9 • ------o4_Ai ____ oi3-1·------··---· ·---------iifR·--1-r·a-r;-cfNe··-----
04 A4 6860 .tE .fol• 116 

099E 
OltA8 6C60 

09A2 
0 4AC. ..... _QJl2 _____________ ._ --· _____ tlf~R_ _____ l..t..~~R _ ···-·--·-- _____ ......f.~.-=_2 _____ _ 
04AE 0202 BTCR x·o-.ERR ROUNDING CHECK 
0480 41FO BAL 15.COMP6 

0180 
0484 09Fl: DC P4 

• 
04.6.6 .. _ ... OA H. ·- _________ ----·---A~~ TOT, ONf 
0 4 88 6880 LE -s~·t1if . 

TOT= 45 

09A6 
04ij( 6C80 HE 8.M9 

A2-IO 



04 c. 0 
04 C2 
04(4 

04(8 

04CA 

09AA 
011,_ 
02E2 
41FO 

0_788 
OAOZ 

OA 31 
04 CC 68AO 

09Af 

• 

Bf CR 
8TCR 
BAL 

l .ERR 
x·e-.ERR 
15,COt1P8 

oc ... P5 

AHR 
LE 

TOT, ONE 
lC.'110 

. 040_() ____ 6C_A_Q ______________________ !1_E_ . ______ !_0, H 9 

1)404 
04D6 
04 08 

040( 

09AA 
0 31.' 
021:1 
4 lf-0 

07(0 
OA06 

- ·--·----- --·-----· .. 

• 

BFCR 
BTCR 
BAL 

DC 

1, ERR 
x-e-.ERR 
15,COHPlO 

P6 

CC=l 

TOT= 46 

Ct=l 
NEGA TJVE PRODUCT 

040E OA 31 AHR IT OT, ONE fOT= 4 7 
04EO 68CO LE 12.1112 

0986 
0 4 E 4 b CC 0 HE 12 , H 11 

0%? -- -o-4T8-- ·o j 2·2· ---------·9f:-fif---·-2;rR R - ---·--------n:·:r------- · --
o 4 E A 0 2 0 2 B TC R X • 0 • , ERR P'OS I T I VE PR 0 00 C T 
04EC 41FO BAL 15,COMP12 

07(8 
04f0 OAOA DC · P1 

• -<f;.-i=--2--··oA"n-·---- --------l-tfR·----n-oT .-owr - -- - - -- -----TIJT:-,.g---- ---- -- ----------- - -

04f4 68E:O LE 14,1'114 
09BE 

O 4 f 8 6 CE O 11E 14 , H 1 3 
09BA 

. ___ 0'.Lf ( ____ QJ_4l_ ______________ -~f _fg __ ---~-!-~~-R CC =4 
04 FE 0 ZB2 BT CR · x. s-. ERR ··- ----------(j"if"jj(fifKat-fZ-E"D tfNDl:lfFl.-0\f --
0500 41FO BAL 15,COHP14 

0700 
05.04 OAOE OC P8 

• 
__ Q5 06 O.AJl ___________ ·-----~-t!fL TOT, ONE 0508 68CO LE ----1i.Ht5------------------------------------. ·--------······------···--

TOJ=49 

09C2 
050( 681:0 LE 14.1116 

09(6 
0510 2CCE HER 12., 14 

______ 05 12 _ 0 3 4 4 _____________ ~F_q~---~..!!_R~ _____ . CC=4 
0514 02B2 BTCR x·a· .ERR 
0516 4lf0 BAL 15,COHP12 ZERtl PRODUCT 

0 fCB 
05 lA OAOE oc P8 . 

• 
_Q 5-J..(_ __ _o A_Jj_ ________________ AH R ___ _!J) T .,_Q_NE ______ .. ___ __!9T = ..!!---·--------------------
05 l E 68EO LE 14.Hl8 -

09C[ 
0'; !. 2 6(f 0 HE 14.Hl7 

09CA 
05 ?6 0 ?.f I RTCR x·F-,ERR CC=O 
O'J ?8 4HO BAL 15,COMP14 ZERO PRODUCT 

0700 
05 2 c OAOI. DC P8 

• 4Z-ll 



OS 2E 
0530 

05 34 

-··--o5J"ff 
05 3A 
05 3( 

05 40 

OA31 AHR TOT,ONF 
6800 LF. (),H19 

090.? 
6COO HE O,M20 
0906 o"iri·· --··----·-----··-.--·-·BF CA . -f;TRR -·- ... 

02E2 BTCR X'E" ,ERR 
41FO BAL 15,(0HPO 
0798 
OAl.2 DC p·9 

• 

TOT=48 

·--····--- cce 1 ········-----·· ··-·""··- ····· -------· ···-·-·· ··--· ·----
NEGA TI YE PR01>UCT 

····· (f5·4·2 ····-c).fjT----·-·· -·--·--·-·ARR _____ ·rr-cT;-oNE -- ·----- tut =u:--·-·---·.-····----------- ---
0544 68l0 LE 2,H21 

09DA 
Or.i48 6C20 HF 2,H22 

090f 
054( 0312 BFCR 1,ERR CC=l 

··--(f5-4E-·-·02rr·-·---- ----------gr(lf ····--rt- ' ERR··---· - .... ·--·-·---,lllE-G ..... A,....T ... 1-, .. ,-..,Pl!'lllRIW'OIHID!tJ-cl---···-·--·-· ...... ---- --

05'i0 41FO BAL 15,COHP2 
07AO 

0'->54 OA16 OC PlO 
• 

O') ', f. OA 31 AHR TOT, ONE TOT= 40 
o'.J s R I) (oo-· -- ---- ·····-------- HE·----ir;·Klr -·- -- -------------·-·-·---·--··· -··----·--------------

055( 
OS 5f 
05 60 

o 9o A 
03l2 
0?02 
4lf0 

0798 

... Bf CR 

8TCR 
BAL 

·2,-ERR ... 
x·o .. ,ERR 
f5 ,C OHPO 

CC=l 
POSITIVE PRODUCT 

··05-(;-4--·oiiA- ----------·ric- ··---- -ri1·--- ----------·-----------··--- ----··-···----- --
.,. 

05fl6 OA H AH~ ITCT, ONE 
U568 6(20 ME 2,117.0 

0906 
.. 0.5 6{... ___ Q.J.J 2 _________________ J~£..~R ____ J.!_t~~ 
056f O?E2 STCR x·e-.ERR·······-· 
0570 41FO BAL 15,COHPl 

OlAO 
0574 .OAU 

• 
DC Pl2 

TD1'= 4E. 

CC=l 
NEGATIVE PROOOtT 

-·-· .... -~;-~~---~~~---------·--·---~~B- ~~ kz~~~c ___ _______ !~T= 4£_·--------------------··---- ': 

090f 
057( 0322 
057E 0202 
0580 4 lFO 

BFCR 
JHCft 
BAL 

2,ERR 
~ ·p· .• l~R 
15, COKPO 

cc~2·-···--- · 
POS. PRO. 

_____________ Oll1L_ 
osa4 0A22 -----··-----o-c··------·f>i3- ---··--·---- --------- ------------·--··---

• 
0586 OA 31 AHR TOT, ONE TOJ=SO 
OS.88 6CZO "~ 4?, "H 9 ... 

090? 
-_Q5.K_. ___ Q.1IL ____________________ BF qt ___ .?.1.~BJ~ ________ -------~C = .?_ ___________ ----· 

058E 0202 BTCR x·D· ,ERR 
0590 4HO BAL 15,COHP2 

0'> 94 
05<16 
05'18. 

O/AO 
OAll. 
?B02 
02.Jl 

O'i9A OAH 
0') 9( 68 40 

4 ('"' 12 

• 

DC 
SEW 

·-· __ 8 T CR 

AHR 
lE 

Pll 
(). l 
}, ERR 

!TOT, ONE 
4, Ml 3 

Ct=O 

TOJ=5l 



" 

091: 2 
051\0 6(40 

09E: 6 
0~/14 0322 

HE 4,H24 

BfCR 2,ERR CC-=2 
05~6 0202 BTCR ><·o-,ERR PBS. PRO. FOR CROSS HLT • 

. -05.AS ... 4lf_O_ 
0 7A8 

05AC OA26 
05AE . OA3l 
OSBO 6840 

09EA 

·1n1 ··-· 1s;coHP4. 

DC 
AHR 
LE 

Pl4 
·TOT, ONE 
4,1125 

TOT-=52 

... o ~84-·---i,-f4 o--- ----- - - -------·tir ····-----4·~-i12 6 · · -···-.fl01t"MllTZE1r1.-oumnwc··· ·-·· ----

05 88 
05BA 
C5BC 

09EE 
0322 
0202 
4lf0 

0 7A8 

BFCR 
BTCR 
BAL 

2 ,ERR 
x·o·.ERR 
lS,COHP4 

o·s·c"(f-- a·A-iA--·-------· .. --··-···---o·c .... --Pf~- .. 

oscz 4300 
05C6 

• 

. -
• 

8 HATHl 

05 (6 (8f6-----.,.-HA-TH_3 _CifC'·-101-;x--6·0 .. --- '----sET "TITT"·-·ro---fio· 

OObO 
OSCA 6800 LE 0,80 

OA2f 
05 CF 68l0 LE 2 ,81 

OA32 
05-02···· · 1002-----------··--·------oe-i-c---·-o;r- · -·- ·-·--···------..,.------ ··-- --------·-·· .. ·---·-········-······-· ··· ···-
o 5 D 4 0 3 2 i BF CR 2 , ERR CC= 2 
05 06 O 20.? BT CR ll ·o· •ERR 
OSD8 41f0 BAL 15,COMPO 

01qs 
.. ___ Q.5_QJ _____ 0 ft .~L. _ ---·----·-- .. __ ·-··-·--_Q~ _____ £9__ .. __ .. -··--·-·· -·-----~----··-----·~·-·- ·······--- ·-------·-·-·---·· ··- -- -·-· 

05 OE OA 31 
051:0 6840 

OAJA 

• 
AHR 
LE 

JOT,ONE 
4,93 

05 f4 6860 LE . 6, 82 

JOT=61 

2.A.16 ··-·-·--·os-E8--20b4 -----··------···----·-·-0E_R_6;4-----··--------~------ _,.----·-· .. ---······-··--·--·· ·-·--·--· .. -· ' 
05EA .. 0312 BFCR l,~RR CC=l 
05 EC 02E2 BTCR x·E .. ,ERR 

· 05E_E ____ 41FQ__ __ _BAL 1_5,COHP6 
0780 

05 F2 OA72 

OSF4 OA_ll 
05F6 6880 

()A3_E 
05FA 6080 

·-··- _______ OA42 
05FE 0312 
0600 OlEi 
0602 41FO 

0788 
0606 OA 76 

_____ P.! ______ ~J -------··---- -
• 

• 

AHR 
LE 

OE 

TOT ,ONE 
8,84 

8,85 

-----BF.Cif--f' ERR _________ _ 

BTCR x·E ... ERR 
BAL 15,COMP8 

DC C.2 

TOT=62 

CC=l 

·· - -0-6-08--oiJi ___ ·------·--·------ ·· ··.htR···--·;nrr~tfNE .... ·-·· -- ...... -·11JT:£6l' ____ ....... -·--·--- .. ·-----·-··-···- ----·······-·····---

060A 68AO LE 10.86 
OA46 Fl z. -1.:J 



Ob OE 

0612 
Ool4 
0616 

--·---··--··----~-._·-- . 

061 A 

06 l( 
OblF 

6DAO 
OA4A 

0322 
0202 
4 HO 
07(0 

OA lA 

OA 31 
68{..0 

OA3?. 

• 

Of 

Bf CR 
BTCR 
BAL 

oc 

AHR 
LE 

10.87 

2.ERR 
x·o-,ERR 
15 • C OH Pl 0 

C3 

TOT, ONE 
12, B 1 

06 ?2 ·6·0-co·---· ---·---rrE"·--·-- ·-·1r.-ai-··-

06?6 
06 28 
06 ?A 

062f 

o A 36 
0312 
OJ!.:2 
41 FO 

07C 8 
OAH 

06 30 0431 
06 p 68[0 

J6l6 
0;' 4 F 

68(0 

• 

Bf CR 
BTCR 
BAL 

AHR 
LE 

t.ERR 
K - E - , ERR 
15,COMP12 

ilCT. ONE 
14 ,88 

LE 12,8'9 
. ·----· ---- --- --~-- ---····- ., ... ___ ._ _________ ~···~~------.- -·-·--

061A 
Oo3C 
Ot.>3E 
06 40 

0644 

0 A'>., 

!DH. 
0 362 
0292 
4lFO 

0 7[)0 

0646 OA31 
0648 6830 

OA56 

• 

DER 14tl2 
BFCR 6,ERR 
BT CR 9, ERR 
BAL 15.COHP14 

AHR 
LE 

TOT, ONE 
3, Bl O 

TOT=64 

CC'=l 

+ OVERFLOW 
CC=6 

·--- ·-. --·-----.. -·~----

mr=66 · 

. _ _Q6_~-~----ti~ 50 LE 5, 89 o·ils ·T--·--··-·· .. ----·-·······-··-.. --·-·· .. -··- .. ·-----·-.. ····-···-- ... ---------. ------· --~------· 
06'i0 ?D24 DER 2,4 
Ob52 0352 BFCR 5.ERR 
0654 02~l BTCR x-A-.ERR 
0656 41FO SAL 15.COHP2 

07AO 

- OVERFLOW 
·cc=s 

---06~; A:-···--0Aa_6 _____________ o_c __________ c6--···--.. --.···-··-----·----··-·--···---· -·-------······----------

06 5 C OA 31 
06 SE (>860 

OA'.>6 

.• 
AHR 
LE 

!TOT, ONE 
6,810 

______ 0662 __ .J>J)pO ___________ Qt _________ .fJ. __ !_l!JA ____ _ 

0666 
0668 
066A 

OA5A 
03 62 
0292 
4lFO 

0780 

Bf CR 
BTCR 
8Al 

6.FRR 
9.ERR 
15 • COttP6 

·rot~67 

-+ OVERflOW 

CC=6 

. , ____ Q.tL~L __ Q_A~L .. ______________ J>.~--- ·-----··---~-?_........... . --·--·-------·-·-····----·-------------------~---.. 
06 70 OAH AHR TOT• ONf TOT:-::68 

061? 6880 U· 8.812 
OA'• f· 

0676 6080 OF 8.813 UWOERFUJW 
OA t,2 

Ob 7A 0142 Bf CR 4 .ERR CC=4 
.,. , ... ·--··-.,·· ... 

06 7( OlBl Bf CR x·s·.ERR 
06 lf: 4HO ft Al 15,COMPS 

,qz .. 14 



0788 

0682. OA8A DC ( l 

• 
06'14 OA 31 AH t< TOT,ONf TOT-=69 
()(, .\ (, f)Rl\O IF 10.B\4 

0/16(, 

oh:-\ A 1)R1.. 0 LF l t. , R l 'J 

OA6A 
()(,. ~ ~ 20 AC DER 10. l 2 NORMALIZED UNIOERf-l O~ 

Ubr)O 0342 Bf CR 4, l:R R ((-::4 

U692 02(52 BTCR x·s-,t:RR. 

0694 4 lFO BAL l'i.COMPlO 
0 7(0 

Ob 98 OA8A oc C7 
• 

06 9A OA31 AHR TOT, ONE TOT= 6A 
061( r: (00 LPSJ.I lH TS UP BIT 5 Vlll BE SET 

08 H) 
() b L\0 C8AO DVD LH l H EL P , 0 VO f I A 

06BA 
06A4 40AO STH HELP.,x-2E· FAULT INTERRUPT ADRS 

002E 
OoA8 07AA XHR HELP.HELP ZERO OTHER BITS OF 
06AA 40AO SfH HELP,)(' 2C NEll P"Sll ·nFI 

002( 
06 .n.f 6860 LE 6,813 

OA6.2 
0 6R 2 6880 LE · 8,C7 Cl IS 0 

OABA 
06B6 I() 68 OE f{ 6,8 
0088 0302 BFCR O, ERR 
06 BA 41FO ovrn 1 A BAL 15,COHP6 OPERANDS SHOUl.0 NOT 

om o 
06BE 0.1\62 DC Bl3 HAVE BEEN CHANGED 
06(0 2888 LE R 8,8 SHOULD fl E ZERO 

06(2 0232 BTCR 3 'FRR SHOULD BE. ZERO 

06(4 czoo LPSW BI TS NO RESET 81 TS OF PSW 

oa 3/l 
06(8 40.~0 DVDl STH ERR,x·;n:- STOR ERR AORS IN Ofl 

002E 
ObCC .. ~ 06.8 .... DE K 6,8 AJO 
06 Cf 4lFO BAL l5,CUMP6 Nt:J c HANGE IN OPE RA-NDS 

01BO 
06 D2 OA62 DC 013 
0604 2888 LER 8,8 R8=0 

06[)6 0232 BTCR 3, f RR 

• --- -~~ - .. -
0608 4300 B CECE R FLOAT! Nt 

·pr_. COMPUfF __________ 

06DC 
• 

060( (830 CECER LHl rnr.x·10· TOT= 70 
0070 

06fQ 680()_ LE 0' f 0 ,_._ -~·-··- ···-· 

OA8f 
OoE4 6820 LE 2,Fl 

OA92 
06f 8 2920 CE R 2.0 2>0 

06EA 0322 BF CR 2, ERR CC=2 
06fC 0202 BTCR x·o- .ERR .. -·.' ··---···---·· ···-- •... 

Ob FE ?.9 01. CE R 0,2 ·01·2 · 

06 FO 0392 BFCR 9, ERR CC=9 

06 != 2 0262 BTCR 6,fRR AZ-I:) 



Ob F'4. 
Ou F6 

06fJ\ 

() f) ~· f 
07 ()() 

07 ()/ 
0 I <H 

0 l 08 
0 I OA 

010( 
0 l OF 

0712 
0 l 14 
.Jl 16 

0 A l l AHR TOt,ONf 
61\4 \) LE 4.Fl 

OACJb 
6 '/4 (J CE 4, F I 

OA92 
() l 9. BF rn 9, ERR 
11 2 61 BT Cl< 6, ERR 

• 
UAJl . .. ... AUK_ lDLJL.0.NE. . 
6 8 tJV LE 6,FJ 

OA9A 
2966 CfR 6,6 
0 2F) BTCR x·F• .ERR 

• 
0 A. Jl. _______________ -'lHR ... __ 1111_._Q.Nf 
6960 Cf 6,F4 

OA9E 
'.)) /2 
0202 
6380 

OA<Jf 

BFCR 2.FRR 
BTCR x·o~.ERR 

LE 8,F4 

lOT= 7l 

CC=9 

_JUI .::11. .. ___ ..... . 

. . - ·--···· ______ IOL_:_J.1_ ___ _ 

cc ::2 

Of IA J986 Cf R 8, 6 8>6 
CC=9 U/ lC () {9/ 

,. 
0 I l E 0 A 31 
IJ I ,> 0 6RAO 

O.AAL . -- ... 
1) 7 ( 4 68(0 

OAJ\6 
Ol/8 ,> 91\ ( 

01 2A 0 ?f-1 
07?C /9(A 
Ol/I 02Fl. 
0 ( i 0 69AO 

OAA6 
0 I 34 () 3 2 l 
0/16 0201 
or l 8 69(0 

OAAJ 
0 I iC 0 3 92 
0/ H /9AA 
Of 40 0200 
0 7 '• 7 016/.. 
or'· 4 () 2 F2 

\' _ • .A..Q.J(_"_. 
,. 

l) 7 4 6 (860 
OOlF 

Oft.A 0144 
014( () 8 5 1 
0 / 4f f) l80 

00/F 
0 I<, l OE:80 

OClF 
OlS6 9089 SfN~f 
01'>8 4 i'F-0 

0 1'>6 
0 ( 'J ( [) 1 7 4 LBl 

0 rr: 8 
0?60 'llH f 

D n, ! (140 
A2.-16 

BFCR 9,ERR 

AHR 
LE 

TOT.ONE 
10.F'> 

LE l2,F6 

CEH 10.12 
BTCR x·F· .ERR 
CU< 12.10 
81CR-. X ~.f· .tRR 
CE lO.F6 

BFCR 2,fRR 
STCR x·o-.fRR 
CE l2,f5 

BFCR 9,fRR 
CER 10.10 
NOPR 
BTCR b,ERR 
BTCR X'F' ,ERR 
OUTPUT Rnu r 1 Nf 

TOT= 74 

10=12 
((::0 

12-=l 0 
_(_(_=:Q 

Ct=O 

UH LIMI T,ME':>Nl-HESBl HOM HANY BYHS? 

x 111< 
urn 
lB 

0( 

I lllDEX, f NOi X 
INCR,ONF 
O.f Ii• l I STO V 

DEV.Ll';TDV+l 

SS!< DEV, STATUS 
RTC X'F' ,<;FNSE: 

LB OUT,ME:<;BH INDEXl 

\.-JCK DEV.Our 

8 X l E: I I\· D t X , SI: NS E 

0 INOE: X 
I l NCR 
~u:cr DEVIC< 

o·uTPUT COHHAM> 

LOAD BYTES tNro OUT 



0756 
07b6 (200 LPSW STOP Hl T. 

07bA 
076A 8000 STOP DC x·aooo·.x·so· 

0080 ......... ·---·· 

• 
• ERROR OUWUT ROUTINE 

• 
076E C860 ERROR LHl LIHIT,HESN2-"tSB2 HOW HlNY BYTES? 

0018 
_ O}]J __ ~7_'!_~ _______ _ XHR !INDEX, INDEX ZERO INDEX REG. 
0774 0851 

-------·c;:nf ___ TfN(R,CfNE" -- - . --- . 1 lNCR" .. - ------ ··- ---------

07 76 0380 LB DEV,LISTDV SELECT DEVICE 
007E 

077A DESO 
007F 

QC DEV.LISTDV+l 

_ _<)_7_ 7~------ ~Q-~J ____ ___ SEN S SR DEV, STAT US 
0180 42Fo --- --,··01c- -----;c·F-..- .snr -

077E 

OUTPUT COMMAND 

0784 0374 l82 LB OUT, HE SB 2 < I NOE X > LOAD BYTES INTO OUT 

0818 
0788 9A87 WOR l>EV,OUT 
078A Cl40 BXLE lNOEX,SfN -·· ---------·----011E"__________________________________ --· ··· 

078f 0873 LHR OUT.TOT 
0790 0881 LHR DEV.ONE 
0792 9A87 WDR DEY• OUT 
0794 C200 LPSW STOP 

076A 
.. -· ··----· ----------·-··-----·-~·-·- -·--····-·· ---·--··-----~---· 

0798 6000 
0832 

079C 4300 
. ____________ o 1 oa 

07AO 60~0 
0832 

07A4 .. ~300 
0708 

• 
COMPO STE Q,COt1 

B COM.PAR 

-- ------------·------------------ .. . -
CQ11.P 2 

... 8 COHPAR . -

OUTPUT TEST NUMBER 
AD'RS. ''DISPLAY REGlSTER 
THAT FAILED 

- .. --D£P~ESS .. EX. --TD BEGTN OVER 

·----·-·-----------

·nns ROUT UJE M Ill STORE 

THE 32 81 T RE'S ULT 

. ---· ... -----··uir4~SUCCESS'"T\r£ ________ . ------- --

BYTES IN t1E"OltY 

------- 01Aa 6-040-- co11P-4 ___ sri..,.---4;-coi1 ___________ -·-----·----------- -------------------------------
os32 

07AC 4300 
07D8 

• 

-· 
8 C011PAR 

________ Q7 BO M>~ 
0832 

07~4 43_00 
0708 

COM P~ ____ S T E __ ~6_,__,_ ~~UL ___________ ---------- ---·------ .... __ -----------· 

• 
0788 6080 COHf 8 

___________________ 0_8 3 2 

07BC 4300 
0708 

07(0 60AO 
083? 

07C4_ _~JOO_ .. 
0708 

07C8 bOCO 

• 
C0'1Pl0 

• 
COH.P12 

~-----· 

8 COMP AR 

STE lOwCOH 

B COMP AR . ... . .... .. ... ~--· .... 

STE 12wCOt1 rt:JZ-.17 



08 32 
07CC 4300 B COMP AR 

0708 
• 

0700 601:0 COMP14 STE 
-· -· 

14,COH 
0832 

07 ()4 4300 B CO HP AR 
0708 

' 07D8 48EF COHPAR lH 14,0<15> C<R15> Rl4 
0000 o 1 oc·-- 4-ifct - ------ --·--·-··- -- nr -· ·· ··T2 ;·a crt.-, 
0000 

OHO 48DE LH 13,2<14> 
0002 

07E4 45CO CLH 12,COH cun2nt<cmn 
0832 ·01Ta·--- -4 ifa-···--- -- ·- -··-- ·· 1rNE·-···--:-rRlfoR·-··· ····· -·-
0 7 6f. 

07fC 4500 (fH 13~COM+2 . ·c (R l lf:"C-<C0"+2 l 

0834 
07FO 4230 BNE ERROR 

0 It> E 
- - - - -·-·-· - - . 

07F4 4lOF 
·- --,r--·- ·-- --rrrs 1 · 

0002 
• 
• 

07F8 ODOA HESBl DC .. x·oooA· 

. _QJ_f.~ _____ 4 64 C _ ___ _ _ __ Q_(_ ·-----~.:~.-~_OAT IN_~_. _ -----~-£!-~~T _ _!lP~-~-A T-~-~NS 0 K. 4 F 4 1 -·· ·--····- ·-·r-·-"-·--------

544 9 
4E47 
2 050 
4F49 

---····--·---·---. _4_t_?_~---···--··· ......................... -........ ------·· __ .. , ........ . ?.04f -- -~--· ______________ ...._ _______________ ~- -~------ ----

5045 
5 241 

. 544 9 
4f4F 

. - . -- - ___ ?,)_~Q_ . .... ------- ---- ---·· ---- ·-·-·---- - . ----- ·--. 4 F 4 B ..... ------···----·---·-·· ..... ------·-·------··-·--·--··--..~--

0816 ?OlO . MESN l DC 1<·2020· 

' 0818 000 A HES.a 2 DC .. IC. OOOA. 
081A 4641 DC C-FAILURE ·-lN TEST NUMBER' 

494( .. ---------------· 5· 5 c, :)- ·- -------·-··-···-· --·-----·----· . --··· -- ---·---- -· -·-·--·----·-- .... ·-.. ··-----·--------.,..----------------·-·--·----~ 

4520 
494E 
?054 
4 55 3 

-~-- --···-----·-·- ___ 5.~f __ () ________ _ 
4 [ c,; 5 
404? 
4 r , .. ' 

) J ' 

08 3 0 2020 Ml SN I 

• 
00 7[ LI\ l OV 

• 
083.? COM 

Ii ~:'--18 • 

(){ )(. 20£0' 

f OU x. 7£ • 

oc; 4 



0836 0400 
06AO 

083A 0000 
06l8 

08 3E 0000 
0000 

0842 0000 
0000 

BIT5UP 

BI15NO 

• 
• DATA-
• 
DO 

RO 

- --- ------·--··-- ... --- ~-· -·- ···-

08 46 0010 01 
0000 

084A 0010 
0000 

084E FFlO 
0000 . - . . ...... .. 

0852 FflO 
0000 

0856 7Fl0 
0000 

08 SA 7F 10 
0000 

Rl 

02 

R2 

03 

R3 

DC 

DC 

ArrO 

DC 

DC 

DC 

DC 

oc 

DC 

DC 

DC 

x·o400·.A(DVD) ENABLE DVD f A:U l T l NT RU.PT 

O,A<DVDl> DISABLE ovo fl T. I NTRUPT 

1rt:SULT TABLE FOR LOAD A NO -S TORt 

o,o CONDITION CODE = 0 

o.o ZERO VALUE 
...... ·-· .. ··-~·" ..... _ 

)( • 001 0-~ • 0 

)("0010".' .o PCS I Tl VE NOR HA l I Z E 0 

X"fF10·,o cc = l 

x·1F10·.o cc ::: 2 

X"' 7F 1 O., 0 PN 

oasE 0101-------,r,---- ··- (>'t - --x·-crt or·. o 
0000 

0862 0010 
0000 

0866 4200 
1000 

R4 DC 

05 DC 

08 6A ___ -4oi·o-·-----·sr5···· ---- -- ot: 
0000 

086E F300 
OlfF 

0872 FOlF 
FOOO 

06 DC 

R6 DC 

x·oo10·,o POSIT I VE UNNOIU1AL I ZED 

x·4200·,x~ iooo· cc = 2 

---·--l'Ulf-- -·· ---- ------·· --------------- . ······· 

)('FOlF" t x· Fooo· NEGATIVE UNN!JR,.AL I ZED 

-·oa-76- - --4 4<fo ________ trr---- -·- --- oc -- - -- -11c~ 41; o er· • x" o (lFs- ... ---cc· -= -- r·--
o oF 8 

081 A 4 OF 8 R7 oc PUN-

0000 
08 7E C500 D8 DC x·csoo·.1 cc = 1 

0001 · ·- -os82---c:·01a·- --ifs·------------··-c,-c-- --- -x-·co10· ;o--· · ---N:uw- ----- -- -- ---- - --- · - -
0000 

0886 4600 
0000 

088A 0000 
________________ Q_QQO. 

088E C600 
0000 

0892 0000 
0000 

0896 0001 

09 

R9 

RlO 

011 
__________ J>OOO __ _ 
08 9A 0000 

0000 
08 9E 0100 

1000 
08Al 0000 

0000 
081\b 0300 

0010 
08AA 0000 

R11 

012 

R l '2 

013 

RI 3 

DC cc = 0 

DC . o,o PO S I T 1 VE IL l eG Al Z ER 0 

DC o,o NEGATIVE llLE'GAl Z•ERO 

DC · l, 0 cc = 4 

DC x·o100·,x·1000· cc~ 4 

DC o,o PU 

DC j"61~0·,x•oo10· cc = 4 

0( o.o A?-/..:> 



0000 
08AE 8008 014 

0000 
0882 0000 R14 

0000 --,·--·----- . --·-·--·· ... -···-·--··--··.-··· 
0886 8200 

0800 
08 BA 0000 

0000 
08BE 8400 

0008 

Dl5 

R15 

IH6 

DC cc. = 4 

oc o,o tiEGA Tl YE UNOE'.Rf LOW 

oc 

DC o,o 

DC cc = 4 

·· · -oat 2 · - -o-o trn·----Rr6·- ---·-·--or-··-·--o-;-o--·-- · ····- · · ... _ ··-·---- . ...,..,. .... ··-··-·--····· .... ·-----·---·-----·--·- ··--

0000 

• DATA AND RESULT TABLE fOR ADD 
• 

08(6 0640 AO DC x·o64o·.x·ooAo· DATA. .TABLE 
- -···- --·---:-- --CfOA(f_ .. ________ . ·---····- --·- - --·---·-·-· .... -· .. · -- · ·-·-·-·-··--···--- · ···---··---· ··---··-·- -·--·-··· · -· -- - · --·- -·· ---

08 CA 0630 Al 
OOAl 

08Cf C080 A2 
OOA2 

o80l 4oso AJ DC x·4oso·,x·ooA3" 
- ·o·oA~J---·-----·--·------· ---·--·-·--.... -------·-·-- . .. ·-- . . . .... ··----·- --·-··-· .. ·---- ·-·------.. --·--·--. -----·-·--- --·--·-·-----~----~----

0806 co50 A4 oc x·coso·,x·ooA4" 
OOA4 

08DA 4080 A5 DC x·4oao·,)(·ooas· 
OOA5 

080E 4050 Ab oc x·4oso·.x-00A6' 
·--- ····---··-···--·--·-·-·- ·ooA-·6·--···-·---·-·--··--··-·· ---· - ··--·----·------- - ······ ·-- ·---- · ···-··--·--------·-·-·----------·--·-·---

oa F 2 coso A7 oc 
OCA7 

08Eo 4080 
OOA8 

A8 DC 

oseA coso· .A9 DC x·coso·,x·ooa9· 
--· ·····---------------------·-·-··- ---·-----·· .. -· ~------·--·----·--·-·. -·-···--·--··-·· ··----... ----·---·---.. ·-··--.. -----.--------

OOA9 
08EE 7F80 

0000 
08Fl .FF60 

0000 

A.10 DC x. 7f 80. '0 

DC 

______ ·-- Q_8_f_6__ __ _Q Q_~_Q..._____ Al 4 DC X • 0 0 8 0 • ., 1 ·----·----·---------·-··--·· .. - ~·-------· -·-··---·---·-~--·----------·-·-----·-----·--·-
000 l 

08F A 8080 
0000 

08fE 0560 
·. 0000 

Al5 DC .. x "_8980"., 0 

AH> DC x·_osso· ,o 

, _____ Q902 _8580. ____ A1'1 ________ Qj: ____ . ____ JC:_.~5l<?..~ .. !.~--OOOO .... ---.. -·-----~-----··----·-···---. ---------------

()9 06 0680. 
0000 

09 OA 0180 
0000 

> ----~ • .0.9..0.E ___ __Qj.f_f __ _ 
Ff f-F 

0912 06f-0 
0001 

09lb 0010 
8000 

091A .. 0010 
8000 

091E 0670 
/:Jc-zo 0141 

Al8 oc 

A.19. [)C .. x·_o1so·.o 

A22 Il_C X"05ff·.x·ffff• · 
, -;·----·- --· --------·-···----- -··- -··--··--·~-. -·-·------------·--------------

A?. 3 DC X'06FO".l 

A24 DC x • 0010. ' x • 8 000 • 

...... Q.C x-_0010· .x· sooo· 

EO oc X'0670",X'Ol41' S~t4 TABLE A0•.\1 



0922 C02F El 
FFFF 

09 26 4030 E2 
0001 

092A C030 E3 
- - ----- ···---· 

0001 
092E 402F f4 

FHF 
0932 CODO ES 

Ol'tB 
- _Q~J_6_ - 4110 E6 ---·- ... 

0015 
093A 7Ff F El 

F FF F 
09JE r FF 1- E8 

FHF 
0942 0000 f 9 -- ,, ----------.- - -····---- - - -- . 

0000 
0946 0680 ElO 

0008 
094A 0710 El2 

0000 
094E 0021 El3 

. ·--· -- - --~- ---· ___ .__ 0-000--· -· ____ ., ------------·· - .. 

• 
• D.ATA 
• 

0952 0640 TO 
0000 . ______ ,. __________ - ·---------···-·--·-------~-----·---· 

0956 0620 Tl 
0000 

095A 4080 T.? 
0000 

095E C060 T3 

·--···------ _()_9_0Q --- --------
0962 4060 T4 

0000 
0966 coso TS 

0000 

DC X. C 0 2 F •• X - FF ff · Al+A3 

DC x·4030·,x·ooo1· A4+A5 

DC x. c 0 3 0 - ' x . 0 00 l. A6+A 1 

DC x·402F·. x- FF Ff. MS+A9 

DC X ·COD 0 •• X • 0148. A2+A 9. A4+A7 

DC x·4110·,x·oo1s· Al+A8 
- -· " 

DC X. 7f FF - • )( • Ff ff -

DC x·FFFF·.x-FFFF' Al2+Al2 

DC o,o 14+15,16+17 
-· 

DC x·o6so·.x·ooos· A18+Al 9 

DC x-0110· .o A22+A23 

oc x·oo21·,o A24+A25 
-- __ _._ . .,. ____ ·--·---·-- .. - -

ANO RESULT TABLE 

DC x"'064o·,o 

DC X~408o·.o 

oc x·cooo· .o 
DC ···--·· -··y;·406"C», 0 

DC: 

FOR SUBTRACT 

.... --·······--··· 

096A 0620 SO DC X"062010 

. ···------· ___ Q_Q_QQ ____ ·-·--·-- ·-·-·--·-----········-·--·--·-·--·· 
096E 8620 Sl DC X"8620',0 

DIFFERENCE TABLE TO-Tl 

r i ..:rcr--·· -··- -· · 
0000 

0972 40EO S2 DC T2-T 3, T4-T5 

0000 
0976 COEO SJ DC x·coEo·,o T5-T4, T3-T2 

______________ _Q_QO Q-·----··-···---·- ······--- ·-··--- -~-· - ····-- ······ ..... ·- -·-
097 A 4020 S4 DC x·4020·. 0 ·11-fs····--

0000 
097E (020 SS DC x·co20· .o TS-Tl 

. OQOQ 
0982 0000 56 DC O.O tt~T1 
____ --2..QQ . ..::.0 ___________________________________ ,_ 

• 
• DATA ANO Res ULT TABLE FOR MUl TIPL Y 

0986 7F98 
7654 

O? 8_ ~--· -~ ?.t2 
3456 

098f (21/ 
1456 

• 
MO 

Ml 
' ... ,_ ·--- ····--· . --

H2 

DC x·1F9s·.x· 7654" DITA TABLE 

DC x·421r. x· 3456' 

DC x·c212·.x· Hs&· 
Ac-21 



0992 FF98 
7654 

0996 36 FF 
F FFF 

099A 2 210 

HJ 

114 

M5 

DC 

DC 

oc ------- __ .. · cfoo o .. ---·----- --· -- --· .... ---··-- ··· --------· ----·- --
099 E 4 711 

1111 
09A2 42f0 

0000 

116 

H7 

DC 

DC 

o9A6 2210 "s oc x·2210-.o - ·-- -- -··-cfaoo _________________ -----· -----· ----·-------· ----·-----------------
09AA A080 H9 DC x-A080',0 

0000 
09 AE 4020 

0000 
'110 DC 

DC 

x·4020·.o 

x·co6o·,o _________ q__~_~_?__ __ ~_Q_t;, o.~--"11 0 00 0 --·------ --.------·-·-------" ·--·~···-··--------

0906 8440 
0000 

09BA 8210 
0000 

098E 

09(2 8662 
1058 

09(6 8497 
6':>43 

'112 

Ml5 

1116 

DC x·s440·.o 

DC 

oc x • 86 6 r . x • i oss • 

DC 

__ Q_~_i_A __ _4_9J_O ___ f'1_1 7 ___ 0 C 
0001 ------·--- -----··----·----·--------

09 CE 0200 Hl8 DC x· 0200·. X* F • 
OOOF 

09D2 _C4lQ x·c410-.o 
- ---- - -DC 

0000 
______ o 20 6 __ A.1 ..... 2 o=--_ ___;.'UJL. _______ __Q_L ____ !.:__4 3_2_Q~_!...._q_ ________ _ 

0000 
09.0A 82 lO. l'tZJ.. DC 

0000 
090E _ 4640 __ JtlZ _____ Q_C _____ X._!f,40·, O __ _ ____ _ __ ··-·------ _____ _ 

0000 ' 
__ OllL_~JJlO.._.........lt.z__1 ______ J>.~--- _ x·43so· .x' sooo· . . . _ ! 8000 ______ ._ _________ ._ ________ ,,, ___________________ . _____ ... ___________ ' 

09E6 4280 - __ HZ_4 - Q<; x· 4280'. x· 8000' 
8000 

09EA .. J45_5 
5550 

DC 

__ ,. _____ Q2_£._( _____ 2._UQ. ___ H 2 ~--------DC ___ 2_:_U._JQ_~_.!_~-~-~-OO} • 
0003 

• RESUl T TABLE 
09F2 7FFF _ __PL __ QC: __ ----~=7FFF"_.x·FFf_F_· +OVERFLOW O•l 

f FFF 
--- __ .J)_<lf_L ___ EEf_t_ ____ ___e.z_ ___________ p C_~ _ __J_:._f_fff ~ L>!.:_J.f F £__· ::. 0 VE R_'f_t_O_W_0_•_2 __ _ 

FFFF 
09FA l 7f- F P3 DC >C-17FF",)("ffff" ROUNDING PRO Bl EH 4. •5 

F Hf 
09Ff 4 RI- f- P4 DC )( • 48 ff . • X • FF f F • ROUNDING f'R08t.. f" 6. • 1 

r I- H· 
OA OZ. 8180 PS DC x·s1ao·,o + PRODUCT 918•"9 

0000 
OA 06 AOlO P6 DC ><·1010·.o - PROOUC T M9•"10 

!-! 2-Z<'- 0000 



OAOA 0418 P7 DC x·o41s·,o 
0000 

OAOE 0000 PS DC o.o UNDERFLOW 13•.l4, 15•16.1h1 
0000 

. _O_AJ ? __ C 620 P9 DC x·c620·,o 
0000 

OA16 87CO PlO DC x·s1co·.o 
0000 

OAlA 0760 Pll DC x·o160,o 
0000 

OAlE 8Al8 Pl2 oc x·sA1s·,o 
---·~----·· ·-------------·-- ---- '" ··---------·--.-· ·---------- ····--·---···-·-·------· 

0000 
OA22 0018 Pl3 oc 

0000 
OA26 454 0 Pl4 DC x·4s40·,x·so40· 1121•H2 '-• CROSS t1Ul T IPL Y 

8040 
OA2A 1810 P15 DC x·1e10·.o ____ ,. ________ -----···-

0000 
• 
• DATA ANO RESULT TABLE FOR DIVIDE ., 

DAZE ?480 BO DC x·24so·.o 
0000 

. --··-- --·-· - . OA 3 2 2 02 0 . a1·· --·-·-- --- DC --- ---··x··;.;-20 i·o· • () 
0000 

OA36 A020 82 DC x~A020~.o 
0000 

oAJA 2480 B3 oc · x·24ao· ,o 
0000 

O-i-3e- -·21.2-<f --·------9-4 -- oc · -· --x-;t·n. 2 o .... ~ n--
o oo o 

OA42 A080 85 DC x·Aoso·.o 
0000 

OA46 A080 86 DC x·Aoao·.o 
0000 

.. ---···-··------ -··--------·-- _ ... ·-·--·-··----·· -·--·-··- ----·····~~· -OA4A A420 87 DC ---···-j(-,;-A42()"' ;er . 
0000 

OA4E 4680 88 DC X'4680', 0 
0000 

OA52 0240 89 DC x·o240·.o 
··---------·_Q_Q_9_Q ____ -----····· 

o As 6 c 6so e 1 o --- ·oc--- -- -·x-~c6 so· ;-o 
0000 

OA 5A 8240 
0000 

OA 5E 0080 
0000 

Bl 1 

Bl 2 

DC rs240· .o 

DC x·ooso·,o 
0 A 6 2 7 F 8 o-------1ff3"" --- --- fft- - -- x:.--.:r-F-80 ~- ; 0 

0000 
OA66 0300 

1000 
814 DC )(. 03 00 •• x. 1 000. 

OA6A 4240 815 OC X~~240,0 

----. ·------· ---·---, __ Q.!lQ_Q__ __ ····-··-·--·--·--··-··---····------·-·--···----·-··---~ ..... ··-· . 
• 

OA f>E 4540 CO 
0000 

OA72 BC40 Cl 
0000 

.. Qf!]_~--- ~_4_4 o_. __ -······ ... C .. ? .. 
0000 

OA7A 3040 CJ 
0000 

DC x·4540· .o 

DC x·ac40· .o 

DC 

DC 

DATA TA'BlE 

80/81 

82/83 

B(t/85 

86/87 



OA 7E C 110 C4 oc x·c110· .o 81182 
0000 

OA8 2 7FF F C5. 
FFFF 

OA86 FFFF Cb 

DC 

DC 

x·7fff·,x·FFFF# 81/8,,8101811 

X"Ffff",X.FFFF" 8l0/B9 
------·---· -F-fFF - -------

OA-8A 0000 C7 

... -·-.... --i.-·------·· ;.._ ......... ··--·---. ......__ . .:..~-~ ....... _ ............. - .. -

DC 8121813, 814/815_ 
0000 

• -- .-- T AifLE -USED fN-"F.lOAT INC POINT COMPARE -·-----

• oA se oo i o ___ --;:(f _______ oc -----··-· R • oo 10 .. -~··0----

0000 
OA92 ooi() "Fi DC ·x...-00107 wl"""- - -

0001 
oA.96 8010 · -·-i=2 · -oc - --x·-... 1-onr.T --

0001 
-----·-OA9-A-4I40------n--- OC ----X • 4140" , O 

0000 
OA9E Cl40 - ----p. . ·- o-c- Y:-:tl~O .... , 0 -

0000 
OAA2 0800 FS -- ·nc -X"lJ800 •• o - - ---- ·-···· 

0000 
---- --6i-A6 ____ 8 8 crn- ----~---ire·------x • 8 8 00··9-u···-·-- ---

o oo o 
• 

OAAA ENO 

_______ _!Q___ 08C 6 
A 1 0 8 CA ------------··---·-·-··-·. --~ ·-·---....... 

A,10 08EE 
Al2 0-8f2 
.A lit . ___ 08~ ~----- __ 
A15 08FA 
A16 08FE ------------------------...------
Al7 0902 
Al8 0906 
A 19 o9o-A - ··-- · - -- ----- -- ----- -- -
A2 08CE A22 ·-o<i-oI· -------- ·-----------:----------------

- -- __ ft. 2 3 -___ 0~9'--=l-=2 __ A 24 091 b -------~-------------------------------- ·-"----

A. Z5 09l~- __ _ 
A3 0802 
A .. ~- 080t>. 
A5 080A 
A6 08DE 
A 1 08E 2 
A& 08£; ~ 
A9 08EA 
BO OAZ~------· .. 
Bl OA32 

_________ B..lJL ____ _Q=A.:..56=---- ----~--- __ _ 
. 8 11 0 A5 A - ---------------

8.l2 QAS~ 
813 OA62 
814 OA6(>_ 
815 OA6A 
.82._ ______ ... OA16._ _____ -----------·------··--------------· 
83 . OAJA 
84 OAJt 
85 OA42 

Ac-24-



B6 OA46 
B7 OA4A 
88 OA4E 
89 OA52 

.. __ JU .. I ~J~_o o 8 3 A 
BlTSUP 0836 
CO OA6E: 
Cl OA.72 
C 2 OA 76 
C 3 OA7A 
C4 OA7E 

-·---------··------·------·-" ·---·-····-------------------- . --------··- ·---·--·- ----- -· ------- ·---··--· 
CS OA82 
C6 OA86 
C7 OASA 
CECER 060C 
COM 0832 

__ C_QM_f_C ____ Q 7 '?J~ _ _ _ ---··-- _ -·- _ _ _ . ---··· . ----·· .. _. _ 
COM Pl 0 07(0 
COM Pl Z 07C8 
COHP14 0700 
CO"P2 07AO 
COHP4 07A8 
COMP6 0780 -forfi>s -- cftiflf _______ --·---·--· ---- ···· · ·-·--·-
c OH PAR 0 708 
DO 083E. 

01 0 846 
010 088E 
011 0896 --o-f2·· --· ---os•fE:-·-·· --·-----·-·----·-·----··-·---·-
o 13 08A6 
014 08Af 
015 0886 
016 088E 

- --- _fil_ ___ ·---· _Q_~-~L ___ . __ ..... _ .. ______ ··-·----·-------·---···-·-· 
0 3 0 85 6 
O 4 0 85 E 
05 0866 
06 086E 
D 1 0876 

: ________ o 8 ___ _Q 8 7 L-----------------.. -----·--· ........ __ --··--- __ .... ____ .. _______ ~ .. 
09 0886 
OEV 0008 
DVD 06AO 
tlVO l .. Q6C:Jl 
OVOFIA 06BA 

E 0 ______ Q_2.ll_ __ ·-.. -----·--------·-·~---------·-····-------"--.. -· -,------~----.. ---· -·---
fl 0922 .•" 

.flO 0946. 
El2 094A 
.El.1 . 094E 
E2 0926 

E 3 .0 9 2 A --·---------- ·-----· .. --·-··-------------. --·-·-· ---~ 
E4 092E 

.ES 0932 
Eo 0936 
E 1 093A 
E8 09JE: 

____ LL ______ ... o9~-~ ___ _ . ... '" . . ... ~ .. -··· •. _.,._ ..•. -··· .. •·•·· ·----·····--·· . ··--~· •• . ..-··-·--!··· ···~--... -.. -·-·········--'·-·- -----~-~---···-

ERR 0002 
ERROR 076E 
F 0 OA8E ,e::>2-2s 



Fl OA92 
F 2 OA 96 
FJ OA9A 
F4 OA9E 
FS OAA2 ----·r6-· "(fAl6 ____ .. ----····-.. ··-·· .... ·---·---·-·· ---------··· ···· ········----· ···----------.. ·- -.. ··--·-····-.. ·---------- .. - ------

HELP OOOA 
I NCR 0005 
INDEX 0004 
lBl 075C 
LB2 0784 ----LTHTr-·-cm'Ob---.. ---· -----····------------·-· --·- -· ......... · --. ----·--·---·-··· ·····-···--- --·-
L 1 s ro v 007E 
.HO 0986 
Ml 098A 
HlO ()9AE 
Hll 0982 ··-------·-iirr··--···-o 9 B 6-----------------·----···------- ....•. _ .... _________ - ---·--···-.----·----
tH 3 09BA 
1114 098 E ... 

Hl5 09(.2 
Ml6 09(6 
Ml7 09CA · ---·· ·-- -H-f a - ------·o-9cr--------·-···-~~ ~·-·-·- ----····· ~-.. ·· ··--····-··-- __ ,._ _________ _ 
1119 0902 
M 2 098E 
M 20 0906 
H21 09DA 
1'122 090E ---· 
M2J 09E2 
l"t24 09E o 
H25 09EA 
H26 09EE 
M3 0992 .. ·····--· 

·- -·-!~·-·--·-· ~ ~: -----·----------------------·--·-----------.----------------
M 6 _()_9_9E 
H 7 09A2 
M8 09AQ 
H9 09AA 

-· __ ... 11AIJL ____ o 1 C 8 ---- . -----------------------------
HATH! 0398 
MAT Hl 04~1: . 
HATH3 05C6 
Hf S..Bl JHf.8 
f1ESB2 .0818 
MES N 1 ___ JHl.l.6. __ ··-----------·-----·-·--·-··---- --·------
HESN2 0830 
ONE 0001 
OUT 000 7 
P 1 0 9F ~-- ___ _ 
PlO 0Al6 

. __ f..lL. ______ .QA l A-----···-----·-·-··-------·------· ---· ···------
Pll OAlE 
PlJ OA22 
Pl4 OA26 
PlS OA2A 
P 2 09F 6 
P) Q9F ~- ... 
P 4 09F [ 
PS OA Ol 
P6 OA06 

,qz-2~ 



P7 OAOA 
PB OAO-E 
P9 0Al2 
R 0 084 2 
R 1 084A 
RlO 0892 
Rll 089A 
R12 08Al 
Rll 08AA 
Rl4 08B2 
R 15 0 8B A --- .. ···--·· ·----·. . .. ...•. .. . . ----· 
k16 08(2 
R 2 085 2 
R3 085A 
R4 0862 
RS 086A 

_____ R~---·· -- - . . 9~??. 
R 7 087 A 
R 8 0882 
R9 0~8A 

SO 096A 
Sl 096E 
S2 097?. . ·-·.. -··--... - . - ... ··-·· ·---.. --.. -··-· ........ -.... -- - ....... , .. _ ... ---·· .. . .... . 
S3 0976 
54 097A 
S5 097E 
S6 0982 
SEN 077E 

-~E-~ .. ~E._ -·· .9..!~.~---·-··- .............. ··-· ......... -·----- ... _ 
STATUS 0009 
STOP 076A 
TO 0952 
Tl 0956 
T 2 095 A 

. __ J_J ____ - . __ Q9~.f ___ --··- ·- .... - . - .... ·---· ...... ------- --·· ·····-·· ·-··-···-··-- •... ____ ...... , -··-:·-··- ·····-. - '-·-·- -········--- ... 
T 4 096 2 
TS 0966 
TOT 0003 

.-.-- -~----------- .. ---.,-.· ----·--·---·---·-~ ·-. -------~--- ------·-··-····---- .. •.. .......... . ... -.... --· ..,_ .... ------- .. ·-·--·--·· ... ·-· 

-----··-·--- ---·-.. ----------·--... ----·------·--~ ·- .... ------·-·····-·-:···~-~--··---·· ........ --·-~--- ·-···- .... ---·---------.---.. -·-

---·- .. ·-·--·---
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MEMORY TEST PROGRAM 
OPERATION MANUAL 

1. INTRODUCTION 

This manual describes the operation 
of the Memory Test for standard 
GE-PAC 30 Processors equipped 
with a display panel. 

The Memory Test writes various 
test patterns into each memory cell 
and compares the readout to the 
pattern written. If a failure occurs, 
the program prints the address of the 
failing location on the teletypewriter, 
followed by the data transmitted to 
memory, followed by the data actually 
received from memory. If no failures 
are encountered, the program per
forms the next test specified. 

The Memory Test Program Tape 
(Part Number 06-003R04M14) is to be 
loaded using the basic 50 Loader 
described in Appendix 1. 

2. OPERATION 

The following paragraphs provide 
operating procedures for loading the 
Memory Test. Select the appropriate 
paragraph depending upon the equip
ment complement of the Digital System 
to be tested. 

2. 1 Teletypewriter Reader 

Use the following procedure on systems 
with a Teletypewriter Tape Reader as 
the input device. 

1. 

2. 

Manually insert the 50 
Loader or 6 8 Loader. See 
Appendix 1. 

Set location X'78 to 
X'0294 1• 

3. Select address X'50 1 

or X 168 1 • 

4. Load the Memory Test 
Tape on the reader with 
the first character over 
the read fingers. 

5. Depress the INITIALIZE 
pushbutton. 

6. Rotate the MODE CON
TROL Switch to the RUN 
position, and depress the 
EXECUTE Switch. 

7. Set the Teletypewriter 
to the Remote Mode. 

8. Start the tape reader 
running by moving the 
switch lever to ST ART. 
On the Model 35 TTY, 
the MODE Switch should 
be set to the TTr position 
in addition. 

9. Stop the reader once 
blank tape begins to 
pass over the read 
fingers. 

As soon as the last character on tape 
is read, the test program is automati
cally executed. 

2. 2 High Speed Paper Tape Header 

Use the following procedure on systems 
with a High Speed Paper Tape Reader as 
the input device. 

1. Manually insert the 5 0 
Loader or 6 8 Loader. See 
Appendix 1. 

1 



2. Set location X 178' to 
x103991, 

3. Select address X 150' 
or X 168 '• 

4. Load the Memory Test Tape 
in the High Speed Paper Tape 
Reader such that the blank 
frame in front of the first 
character holes on the tape 
rest over the photo-diodes. 

5. Rotate the latching lever to 
lock the paper tape in place. 

6. Rotate the MODE CONTROL 
Switch to the HALT position 
and momentarily depress 
first the EXECUTE push
button and then the INITIA
LIZE pushbutton. 

7. R.otate the MODE CONTROL 
Switch to the RUN position· 
and depress the EXECUTE 
Switch, 

The above step starts the tape moving 
through the High Speed Paper Tape Reader, 
loading the test program into memory. 
As soon as the last character is read, 
execution of the Memory Test is immedi
ately begun, and the Tape Reader is 
stopped. 

3. PROGRAM DESCRIPTION 

Immediately after loading the tape, or if 
execution is started at location X 180', the 
Memory Test will determine the size of the 
specific memory under test, generate the 
following printout, and HALT. 

MEMORY SIZE nnK - SET DAT A SW 

If this printout does not occur immediately, 
the memory test is not functioning properly. 
Using the listing provided in Appendix 2, 
verify the first few locations to insure they 
were loaded correctly. 

2 

Starting execution of the Memory Test 
at location X 184' will cause the memory 
test to be relocated to location X 1500' 
so that the locations originally occupied 
by the memory test (X180 1 - X 14FF 1 ) 

can be tested. After the test has been 
relocated, the following printout is 
generated and the program halts. 

LOW CORE TEST - SET DATA SW 

The restart location for the memory 
test after it has been relocated is 
X 1500 1 • 

In either case, after the program 
has halted, Data Switches 8 - 14 on 
the display must be set to indicate 
which tests are to be performed (see 
Figure 1 ). If all tests are to be per
formed, depress all Data Switches 
8 - 14. Data Switch 15 should not be 
depressed if all messages are to be 
printed. To continue, depress the 
EXECUTE pushbutton. The data 
switches can be changed during the 
running of the test. These changes 
in the data switches are detected by 
the program whicp will stop or begin 
executing the tests specified by the 
data switch settings. 

0 1 2 3 4 5 6 7 8 9 10 1112 13 14 15 

NOT USED 
TEST 1 __ __. 

TEST 2 ---TEST 3 ___ _, 

TEST 4 ___ _, 

TEST 5 ___ _. 
TEST 6 

TEST 7 
SUPPRESS PRINTOUTS 

EXCEPT ERROR 

Fig. 1. Data Switch Meanings 

If Data Switch 15 is not depressed, the 
following printout is generated prior to 
each test being performed: 



TEST n 

where "n" is the number of the test to 
be performed. At the completion of the 
last test, the data switches are read and 
the specified tests are executed. 

If during the execution of a test a defective 
memory cell (sixteen-bit halfword) is 
found, an error count in Register 11 is 
incremented, and a message in the follow
ing format is typed: 

FAILURE 0300 0001 0000 

The above message indicates that at 
location X 1300 1 , the memory test attempt
ed to write the value X 10001 '. During the 
reading of this location, however, the 
data actually read was X 10000 '. This 
shows that bit 15 is the bit in error and 
was the reason for the error printout. 
It is possible that the expected result 
and actual result will be the same. This 
is due to the fact that the memory cell 
is read a second time for the printout, 
and the second reading may be success
ful. This should still be regarded as a 
problem, as it indicates a marginal 
memory cell. 

Depressing Data Switch 15 causes all 
test identification printout to be 
suppressed and the error count to be 
compared with a limit. If the error 
count is equal to or greater than the 
limit, error message printouts will be 
suppressed. The count of errors will be 
maintained in Register 11 (maximum is 
32, 768). This feature is particularly 
useful when it is desired to test memory 
over night or over a weekend. The limit 
is normally set to X 150 1 , but can be 
modified by changing location X 1044C 1• 

The error count is cleared whenever the 
test is started at X 180' or X' 5 00 1. 

To suppress all printouts, turn the 
teletypewriter off. An error count is 
maintained in Register 11. 

4. TEST DESCRIPTIONS 

The following is a description of 
the tests contained in the Memory Test 
Program and which data switch 
is associated with which test. 

TEST 1 - Depressing Data Switch 8 
will cause Test 1 to be 
executed. This test loads 
the address of each loca
tion into itself until memory 
is full; i.e. , location 
x 1100 1 is loaded with 
x 10100 1; location x11021 
is loaded with X10102'; 
lo cation X' 104' is loaded 
with X 10104 1; etc. until 
the top-of-core is reached. 
Then each location is 
checked to see if any errors 
have occurred·. When an 
error is detected, the 
error count is incremented 
by one and an error message 
printout is generated. 

TEST 2 - Depressing Data Switch 9 
will cause Test 2 to be 
executed. This test clears 
memory and walks a word 
of all ones (X 1FFFF 1 ) 

through memory. After 
each cell has been tested, 
it is cleared and tested to 
insure it is zero before 
going to the next cell. For 
each error detected, the 
error count is incremented 
by one and an error 
message printout is gener
ated. 

TEST 3 - Depressing Data Switch 10 
will cause Test 3 to be 
executed. This test clears 
memory and walks a test 
word through memory. The 
test word contains all zeros 

3 



except for one bit which is 
shifted left one bit position 
starting at the least signifi
cant bit position each time 
through memory; i.e., each 
halfword is tested with 
X 10001 ', then X 10002 ', then 
X 10004 1 , to X 18000 1 • Each 
cell is cleared and tested to 
insure it is zero after it has 
been tested. When an error 
is detected, the error count 
is incremented by one and an 
error message printout is 
generated. 

TEST 4 - Depressing Data Switch 11 
will cause Test 4 to be ex
ecuted. This test fills mem
ory with all ones (X 1FFFF 1 ) 

and walks a word of all zeros 
through memory. Each cell 
is again filled with X 1FFFF' 
and checked after it has been 
tested. For each error de
tected, the error count is 
incremented by one and an 
error message printout is 
generated. 

TEST 5 - Depressing Data Switch 12 will 
cause Test 5 to be executed. 
This test fills memory with all 
ones (X 1FFFF 1 ) and shifts a 
zero bit, starting at the least 
significant bit position, 

4 

through a test word of all 
ones. The test word is then 
walked through memory. 
Each cell is then restored 
to all ones (X1FFFF 1 ) and 
checked. When an error 
occurs, the error count is 
incremented and an error 
message printout is generated. 

TEST 6 - Depressing Data Switch 13 
will cause Test 6 to be executed. 
This test fills memory with 
x 1cccc 1 and walks a test 
word of X 13333 1 through 
memory. Each cell is re
turned to X 1 CCCC' and 
checked after it has been 
tested. For each error 
detected, the error count is 
incremented by one and an 
error message printout is 
generated. 

TEST 7 - Depressing Data Switch 14 
will cause Test 7 to be ex
ecuted. This test fills mem
ory with.X 13333 1 and walks a 
test word of X 1 CCCC 1 through 
memory. Each cell is re
turned to X 13333 1 and checked 
after it has been tested. For 
each error detected, the 
error count is incremented 
by one and an error message 
is generated. 



APPENDIX 1 

50 LOADER FOR LOADING MEMORY TEST 

5¢ 
. 52 

54 
56 
58 
5A 
5C 
5E 
6¢ 
62 
64 
66 
68 
6A 
6C 
6E 
7¢ 
72 
74 
76 
78 
68 

C82¢ 
¢¢8¢ 
C83¢ 
¢¢¢1 
C84¢ 
044D 
D3A¢ 
¢¢78 
DEA¢ 
¢¢79 
9DAE 
¢BEE 
423¢ 
¢¢64 
DBA2 
¢¢¢¢ 
c12¢ 
¢¢64 
43¢¢ 
¢¢8¢ 

LOAD 

SENSE 

LHI 

LHI 

LHI 

LB 

oc 

SSR 
LHR. 
BTC 

RD 

BXLE 

B 

¢294 BINDV DC 
Loader For Loading Memory Test 
(For GE-PAC 30-2 1s only). 

3,1 

1¢,BINDV 

1¢, BINDV+l 

1¢,14 
14,14 
3,SENSE 

1¢, ¢(2) 

2,SENSE 

(Note that the 6 8 Loader will bypass leading blanks. ) · 
68 C830 LHI 3, 1 
6A 0001 
6C D3AO LB 10, BINDV 
6E 0078 
70 D500 AL 
72 044D 
74 4300 B 
76 0080 
78 0294 BINDV · DC X 10294 

The device definitions above are for a Teletype with Device Number 2. For other 
input devices, use the following: 

High Speed Paper Tape Input ¢399 
Mini Tape Input ¢595 

Al-1 



, .. _,,. ... ,,,,.~,~---··---.~~·-~-·~-.- .. ··--·~ ' ~ 

OPT PASS21PRINT1PUNCH1STOP 
.ORG _J{_°.8D .. ~------- .. _ ··-· ···-·--·----·--

******************************************************* 
* 
* MEMORY TEST 

*. 06-003R04A13 
. ···-. -·--··-·--·-··- ·- ·------·· . ___ '.!'. 

* JUNE 231 1969 

******************************************************* 
--------------· ·-· .... ·----:9:. ··- ... ·-·- '". _. ___ ..... .. .... ·-··· ····-----···------ ~-··-------~---·-- ··--·------·-·--·-· --· -----.. ---··---------------

* ____ j}OQ3____ ___ __ __ ____ __BIAS . EQU 

0006 TSTWD EQU 
____ .. OOQJL____ .. TTY EQU 

3 
6 
8 

TEST WORD 

0009 HCLIM EQU 9 HIGH CORE LIMIT 
-· ___ Q.O.QB__ ._CE.RR. _____ . .EQU 11 -----------------c..GMPARE._ .. _ERROR ... .Clil:R... __ _ 

OOOC DISPLY EQU 12 
. __ 0000 ___ BE(Ul'L. __ E_QU 13 ____________ ··----·--AD.DR TESTl.N.G_ TJl. START 

OOOC ONE EQU 
____ OOOB TWO __ .. _EQU 

0500 START EQU 

_ _ OQS.O . A&300 
012E 

* 

* 
* 

B. 

DISPLY 
TTY 
x•soo • 

- -

MENTRY 

... ------·---------·-····-------· . --*****-**·*§ljl_****************--!tt*.?IC!fc.~~~tt::fc.~.~it!.;t;*******-~****L .... 
* 
* 
* 
* 
* 

THIS ROUTINE RELOCATES THE BODY. OF~--THE. . .MEMORY TEST 
TO LOC X'0500' AND HALTS PRIOR TO EXECUTING THE 

.TES.T.S.SPtCIFIE!D IN. DATA SW 8-1.4 .... -···----------

·---.. -···---· ________ i.£ll! . .!t!*-H-*:t!.!=*******·*****li=******~!t!itc*Y11.c.~.!1!3C.~~!IHl~************* 
0084 C830 RELOC LHI BIAS.11START-EXEC 

0.3.6C ___________ _ 
0088 OB77 SHR 717 
008A_ .C890. . -·-·--·-···LHl_.. 9.tTEBM-EXEC 

026A 
OQBE _llE,.U. ______ B.P..'I. ... ______ .. l..H.. ___ .... 4 .. EXECC1.l 

0194 
__ Jl022___.AQ47_ __________________ $.TH .. 41STARTC 7 l 

0500 
____ Q.Q.26 ___ 485.1 .......... --------·- __ _l.H_ ..... ..5.1.EXEC+2 C 7) 

0196 
__Q_Q,2A._ __ Q8.0l.t _____ ·---·--·-·-----·--.l.HR.-... o .. ".. ·-

009C C440 NHI 4;x•oooo• 
. __ ... _DOOO _ 

OOAO C540 
COOO .... 

OOA4 4330 
0100 

Al-2 

CUiI 4.,x•cooo• 

BE RSCHK 

·- ---·-- -- .. -·----·-·----~-· -----

..•... --·----- --------

ISOLATE OP-CODE 

IS INSTR RS? 



~""''~"·--~~" ',_, ' 

OOA8 C440 
...... __________ !lOQO 

OOAC 4330 
_________ QOBJt .... 

NHI 

BZ 

OOBO OA53 RX AHR 

41X'4000' IS INSTR RR? 

RR 

MUST BE RX 
__.0 .... 0 ..... a .... 2._ _ _.0...,AL..&7 ..... 8.__ __ _BS,,._.... .... ., ....• AHR 

51BIAS 
.7-t 8 . I NCR INDEX __ BY_.a_ 

OOB4 4057 STH 
·······---·--··----o_so_o __________ . ·-··- .. - . 

OOBS C170 RR BXLE 
008E 

OOBC C890 LHI 
_____ o .... 2 .... BcwS~---··--·····--··-···-

OOCO 481&7 
0194 

OOC4 401&7 

DATAl 

0500 ---------- -·· ... 

LH 

STH 

s .. sTARTC7> 

9 .. LIMIT-EXEC 

l&..EXECC7> 

OOC8 C170 BXLE 71DATAl 
ooco --------·- -····· ··-·····-··· 

OOCC 4813 LH 1 .. LOOP+6CBlAS> 
_______ . _ 0.2-tiL__ _ ______ ... ··--·-··--·---·-· ..... ___ ... 

OODO 4013 STH 1 .. c1+2CBIAS> 
. -- ·--·-·······-·Jll.E.E____ -----------------··-----·-· - -·-·· 

0004 4013 STH l1LOOP+2CBIAS> 
__ "'___ 020C _ ---···-··· ······-·~- _ 

OODS 4013 STH l1Z+2CBIAS> 
_________ J}..32_8_ -----·· -·---·-···----·······---·-----··· ···---····-··· 

OODC C8DO LHI BEGIN1X'80'-START 
FB80 __________________________________ · ______ ·· ...... - . 

OOEO OBD3 SHR BEGIN1BIAS 
OOE2 C89D .J.JU _____ JiC~.lM.tX.'47E.' (BEGIN> 

047E 
---'lOL6.. OBBB ____________ ..S.H.R. _____ CERR1 CERR 

OOE8 C810 LHI 1 .. LOWMSG 
_____ o 11_0 _____________ -------··----·------ ·-···· 

OOEC C830 LHI. 31LOWEND 

...... __ _._ ____________ _ 

0 1 2 D ... ----··-----···--------·-·· .... ·--·····'" . .. ., .. --··-------····-,. .. .... ... _ .. ----------. .. . ... _ ... 
OOFO 41EO BAL 141TYPEIT 

----~0~3~6~6 __ -·-------------····--····--··· ..... 
OOF4 C200 LPSW WAIT 

OOF8 -------------·-----·- ______ . --·---··-·---··-------····--··----------------·------·-· --··-···· ...... ·····---- --···-
OOF8 8000 WAIT DC x•sooo' .. AC*+2) 

____ _.o ..... o .... F ..... c..____ ·-··---~---·----~- .... -- -
OOFC 4300 B START 

0 500 ---- ---- - . . .. 
0100 C400 RSCHK NHI Q,X'DFOO' 

---·---·--__llEOO --- ·~-~----·-----------... ·-·-··~·~.... ---·~· -- -
0104 csoo CLHI o .. x'C300' 

c 300 ·-·-~=--~~~-_., ........ : .. ~-~--~'"' .,_.~~-~..,,..,,-,.,. 
0108 4280 BTC 81RX 

----------·--··--.O.OBO__ ______ ·-----·-·-····· .. ······--·····-----------····------···· ····-·· -··-·---··· ....... . 
010C 4300 B RS 

______ ,, __ ............. 0082. ------··-····-·--·----···-·--···-·-··--·-·-·--··---···-·········--·- ...... _ .. 

* 
--~-Q.U..O ... 4C4f _____ ,kOW .. MS.G ...... D.C . -· ~--c.•i..ow. __ . ______ C..ORE .... I.ESI.. ... -::'.'. .... ..S.ET ... .DAIA SW' 

Al-3 



5720 
------ ___ 43.4F __ 

5245 
-------------- .. 20.S!l_ ______________ ---- ---- --·-··· -----·····-

4553 
-·- ··-·----- 5420 -··---·-•• •--•·•rn-•---·-- -----·· •••• -•••u--n-••----- •••• -. ••••••• 

2D2D 
____________ 2.Q5__3 _______________ -- --- ------- ··- -- ----------- -· .... 

4554 
___________ ao.~4. __ ---------------- -·- -- -- ·- -- ---- ------ --

4154 
_______ ..Al.2.Q _________ --·- ---------· -· ··-···- .. ···--·--------------··· . --

5357 
..0 l2C_ ___ OllQA. ___ D_C _____ X'ODOA' _ 
012D LOWEND EQU *~l --

* 
* 

- ----. ---- __ _j< _____ ---------·-··--·-·· ·--------------------- --
012E C880 MENTRY LHI TTY12 

0002 
0132 C8CO 

0001 
LHI DISPLY1l 

0136 082C LHR 210NE 
_____ Ql3JL. QB.D.Jl___ __________ ... _______ ._ SHR .BE.GllJ.rBEGIN 

013A C200 LPSW *+4 
-- 01.JE._ 

013E 0000 
- ----- ----- -- .0.142. .. 

0142 OBBB 
0144 _.Q.89.,9.._ _______ -----

0146 OB33 
_ 0.148 _ C860 __ 

BOBO 

DC 

SHR CERR.11CERR 
. SHR __ ..... .HC LI M.r.HCLl.M.. ___ _ 
SHR 313 
LHI 61.X'BOBO' 

·------·--------------------

-- ·--·· ------~----------------

CLEAR CURRENT PSW INTINB 

CLE.AR ERROR CNTR 

CLEAR REG 3 
MEM SIZE PRINIDUT•OO 

_____ Ql!iC__ ____ QAJ.C ______ Nl'_ _ AHK ___ 3~12 ______________________ COUNT_ .OF K~s. _ _ru:_ MEMORY 
014E CA90 AHI HCLIM1x•400• INDEX IN MOLTS OF 1024 

__________ OAOO -----------
0152 4280 

.. ----- --- . -- 0162 ---------
0156 4099 

_________________ QQQ()_ __ -- - -- --

O l 5A 4859 
oaoo 

015E 4230 
Q.lAC. _______________ --··· 

BC 

STH 

LH 

BNZ 

0162 CB90 FOUND SHI 
------------ ----..0.50.J-____ ------- ·--- -------- ---.-

0166 CB30 CONV SHI 
------- OOOA -·-·-·--,.- . _ 

016A 4210 BM 
-- ________ Ql.16_ ---- -

016E CA60 
0.100 

0172 4300 
-- ---------· ..... ···-· .... -- ..... Q.1 .. 6 6 .. -·~- ···--- --·--·--··-----------

Al-4 

AHI 

B 

FOUND FOR 64 K OF MEMORY BUG OUT 

HCLIM10CHCLIM> STORE TEST WORD 

TEST IF DATA RETURNS 

NT NO -- TOP-OF-CORE FOUND 

HCLIM1X'503' •. -
SUBT OUT TENS 

UNITS BRANCH IF GONE NEG 

INCR TENS DIGIT 

CONV CHECK FOR MORE TENS 



0176 CA.30 
QQQA. 

017A. 0663 
. _O 17C ... 906.0. 

041A. 

UNITS A.HI 

OHR 
STti 

3,.10 

61' 3 
~" NQ'~ll~fL_ . 

BA.CK POSITIVE 

INSERT UNITS DIGIT 
STORE INTO PRINTOUT. 

--· .... 0 ltlQ ..... ~6.10 . ._ ... _______ .. ______ J •• .Hl. .1 ~MESS·--··----~---·---. 
040C 

_______ O 18_4 .. ____ C-6-3.0________ _______ . ---""Hl. -··· 3" ~Nit·-·--·--·----····-
042F 

__ JUJ3Et ___ 4_.lt;;Q _________ --·· _ BAL .J.4~J'YPfil.'.t ______ p_ijIN1' QVT .. ME:!'1_ SI..Z.E:._ ······------···--··· 
0366 

_ .... __ Ql8.C_ ... ~O.Q _____________ . ... _.LP.SW __ .. HALI .•... ,, ______ __HAL..T ... SO ... S.Wl.Tc.HE.S ... .CAN..B.E_ ___ _ 
0190 

__ . ___ ..O l.9.Q _____ 80JliL __ .... HALT. . .. DC 
0194 

-·----- ............. ---------- ·------~-llc.:l=_'!~~-~-ll<=!C** *** ll<** ** *-*'.1''.l'>tc..~~**-~--*--~*~-*--~ ** * * ** ** *-* ** ** ** ** ** 
* -.-... -···-···------..!=-~ .. - EXECUT.I VE .. -:- - DETERMINES ... WHAI_.IES TS A.RE ... T.O .. BE ......... ---------· 
* . PERFORMED A.ND CALLS THOSE TESTS 

******************************************************* 
_____ Q_l.9.4 ___ .9RCG_ ____ EXEC ..... RDR .. DISPLY,.Q ___ READ. SW.8'.'."15 .FO.lLTESIS __________ _ 

0196 CDOO SLHL Q,.9 TO BE PERFORMED 
______ QDQ.2 ___ ,.•-·•••·-• •. »•»•><-»•••>••••••• •••• ., •••--··••·•• •• ._.,_., -•-· ·-•••·•-·••»>•>•»m«•-»>>•-• •·•--·-•·---·--

019 A. 4380 BFC 8,.*+8 
01A2 ·-------···---··--------·-----·-··· 

019E 41AO BAL lQ,.TESTl SW8 SET" GOTO TEST 1 
________ _Q_lEE ------------ _________ _ 

01A2 CDOO SLHL Q,.1 
~-----~......OJlO.l_ ____ . _____ ~-·----·----·· ...... -....... -··· ·-· 

OlA.6 4380 BFC 
________ O__lA~----------_ ....... __ ....... ··- .. ___ _ .. __ .. _ ..... - ........ _______ _ 

OlA.A. 41A.O BAL 101TEST2 SW9 SET" GOTO TEST 2 
·----------··---·J22_2_Q __________ ----------. -··-·--- ·- - ---------- -----

01 AE CDOO SLHL Q,.1 
_DOO.l .. ------~------- .. -- -·-···--·---- ... --··---...... 

0182 4380 BFC 8,.*+8 
---~---Jll.BA __ -------·------· .. ·--------··· __ ................ .. 

0186 41AO BAL 10,.TEST3 SWlO SET" GOTO TEST 3 
----- ------. ... 02.4..8_ ..... ,, __ ----- ..... -- ·-·· ------ ......... - ... -........ -.. --·- --·----------.. -· ···-··-····--·-·----

01 BA CDOO SLHL Q,.1 
-~· ____ _.QQQL ____ . __ .. .,_ .. - ___ ............... ,_ ......... ___________ _ 

OlBE 4380 BFC 8,.*+8 
Jll.C6. .... _ .. _________ .. ___________ -·- ._ ....... -- -- ........ .. .. ............. --·-·-- -----------------.. --

01C2 41AO BAL 10,.TEST4 SW11 SET" GOTO TEST 4 
________ .JlZZ.6 _____ ·------ ----- -- -·--- ....... _ ··---· --·· ... ..:.. ------ ----·-----· -------

01C6 CDOO SLHL 0,.1 
_____ 0_0_0 ...... 1_ -------·--·-.. -·--·-·····--·--· ----·----··---· ....... . ...................... -~··------·-·--·---------

OlCA 4380 BFC 81*+8 
---· ___ -·--· ___ O_l D.2 _________ ... ··--- __________ ... .. ... -·-----· ________ . _ .. . ......... ----·---·-·--

OlCE 41A.O BAL 10,.TESTS SW12 SET" GOTO TEST 5 
----·----·--- -- _0.2.2.i _______________ . -·· .... -··· -· .. .. . ......... ··-· 

0102 CDOO SLHL 0,.1 
___ . ______ Jl0...0..1_ ··--------·--·--- ............. ..... . .. .. . ,,_" ......... -··. .. .. 
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] 
'"""""""'""'"""""-&'-"~'-~«'""'' ~-···· _ .... 

01D6 4380 
-------·- _____ OJ.DE 

OlDA 41AO 
______________ Q2P4. 

OlDE CDOO 
------··· ... _ . JHHlL..... .. 

01E2 4380 
_____________ 01.E.A.. ..... . 

01E6 41AO 
--··----- _________Q _2E.E 

01 EA 4300 
---·-·-··-------0-1.2.4 ...... . 

OlEE C810 
2031 

01F2 4010 
0408 

01F6 41EO 

BFC 8.,*+8 

BAL 10.,TEST6 SW13 SET, GOTO TEST 6 

SLHL Q,1 

BFC S,*+8 

SW14 SET1 GOTO TEST 7 

B EXEC 

******************************************************* * .. -------- ------------------------------·· -------·-·· 
* TEST 1 -- LOADS EACH MEM LOC WITH IT'S ADDR AND 
* CHECKS EACH LOC • --· ... -------------·------·. --·····-·-···· 

* 
*****************************-****-U·*-************~:f***l.I!* 
TESTl LHI l1C' .1' 

STH 

BAL PRINT TEST ID 
------- ···-----------0 356 .......... ____ - ----------·-

OlFA 087D 7,BEGIN START ADDR OF TEST AREA 
O.lFC .... C.867. ___ Cl 

LHR 
LHI TSTWD .. STARTC7) 

0500 
________ 020.0... .. A06_1. _________ ..... STH TSTWD,,STARTC7) 

0500 
......... 0.20A.-~.Cl 7.Q __________ ---··· ........ .BXLE 

OlFC 
0201L. . 0.8 7D 
020.A C867 
- - - ------0500. 
020E 4567 

----------- ------0-SOO ..... . 
0212 4330 

. 021A 
0216 41FO 

------- ------ 0380 
021A C170 

LOOP 
LHR 
LHI 

CLH 

BE 

BAL 

BXLE 

7,,BEGIN START ADDR. OF- .TES.1'--'\REA 
TSTW1J.. START< 7 > 

TSTWD,STARTC7> 

---- --02.QA ···-- .. - . 
021E 030A 

0220 

0224 

0228 

Al-6 

C810 
2032 
4010 
0408 
41EO 

BR 10 RETURN TO EXEC 
-***********:CC***-*****-**********-**-*-'.fc*-***--*-*_!E·**~******-*-**** 
* 
* 
* . :cc 

TEST 2 - - CORE IS CLEARED. AND A woan __ O.E ___ ONES l.5__. ----
. .. . WALKED THRU MEMORY 

******************************************************* 
TEST2 LHI l1C• .. 2'. ______________________ _ 

STH l1TSTNO 

BAL PRINT TEST ID 



0356 
. O?g~ __ QB5~·-·· ___ _ ____ .. . _5HR_ 

022E 0870 LHR 
___ Q~30 ---~-Q_~1 ___ ........ ·-·-···--··-·····- ____ STH 

0500 

5,, 5 -
7.rBEGIN 
5.rSTART<7> 

_QJ~~~~L_.C_t1Q ____ ··-·· ___ ,. ______ E,UC_~J;;. _7 ,.! ... 4 
0230 

0_236. Q_fi_6_Q __________________ Ll:l.l __ TSTWP.rX'FFFF'. 
FFFF 

02:3_C. JH,rlP. __ . -·--···-------· ---~-liR ... 7 "~~(llJ\l 
023E 41FO BAL 15.rTEST 

. 032.8 .. ···-· ........ _____ . _______ _ 
0242 C170 

023E .. 
0246 030A 

BXLE 

BR 10 

CLEAR REG 5 ________ _ 
START ADDR OF TEST AREA 

CLEAR, MEMORY 

START A.DDR OF TE;ST. AREA. 
TEST LOCATION 

RETURN TO EXEC 
~~~11clll:.*."'**-l!C*****-l!C**********"'lfc**·*ilt****************.'.l<.lfc*llc'ic . .!<~---
* ...... _ ..... ! ____ 'IE.SI. .3,_ CORE lS CLEARED AND ... A .ONE B.l T .. l.S ... SHlFlElL.. .. __ 

* 
* 

... THRU A WORD OF ZEROS AND THE WORD IS 
-··-···-. -- ---·-····. WAL~tD TttRU MEMORY. 

* 
.. ***~*.:tc****·**********************itc_~**.***.-~-•'1'*.**-!***.:t'.~*..!*.:L. __ 

0248 C810 TEST3 LHI 1.rC' 3' 
--·--·- ,. ___ . __ e_Q_~3 ... . 

024C 4010 STH 
__________ _Q_4_QJL. ______ . __ _ ______ _ 

0250 41EO BAL 
-- ·- ------ ____ Q_ 3 5 6_ . ... . - - . . .... --

0254 0855 SHR 5,, 5 
... ____ 025.6. ___ OJllJ.L ..... _____ -~-· ___ J..HR. .. ... 7..!S.E.GlN . 

0258 4057 STH S#STARTC7> 
________________ Jl.5.00 _____ . -----·. -·····-·------···---····--··· 

025C C170 BXLE 7a*-4 
___________ _qa~.6 ......... ______________________ _ 

0260 086C LHR TSTWD.r12 
__ 0262 . ........0.8.1.D ...... REPEAt __ .J.HJ.L ___ j~EGIN 

0264 41FO BAL lSgTEST 
--~-----.Jl3.2.8. .... ___ ... .. ·-------·---- ··--------· ·- ._ ____ : __ ··- .... 

0268 C170 BXLE 7.r*•4 

" -

PRINT TEST ID 

CLEAR MEMORY 

LOAD TEST WD WITH X'0001' 
.SJ'.Alll .... AD.D.R_QL.I.ES.I. .... AREA.._: __ 
TEST LOCATION 

_______ Cla64 ....... ··--··-. ··- ····----· ···----··-·--···---··---·-----------···--· ........ ---· -- "-·----.................. - --·-··-------
026C CD60 SLHL TSTWD1l SHIFT 1 THRU WD OF ZERO 

--·- 0001.. . ., .. ,,_," ... .,,,.,.,., • ••"'-" ,.,,.., __ ., _______ ~--.-·-·---•w-""'""'""--""'""""•'-" • • •••• •--•·•"-'•-••••·.,-

0270 4380 BFC 81REPEAT CONT UNTIL CARRY OCCURS 
____________ 026~L. .. -·-·-------··-··-··-·········· ···---·--·--·-··m . __ ·-· ·-----------

0274 030A BR 10 RETURN TO EXEC 
--·---··--------· .. ~-ll<~***'.i'*llc:t'.!*llc*~-'!C*~~~~*~•-~-*--!-~:l'~*~~*lle~~~~*~~ljc!_!_*!.'ic .. !_*_~****--· 

* --· *--·-··- ..... .. ....... OF. .. ZEROS ... ~.S.....WALKED THRU MEMOB:Y .... _. _____________________ _ 

* ---·----------·-- *.******~*~*.~.~_llc-*l!Cllc*..:tc*lll_*.**~-***~-!~****-*.**~~~~~?!'.~*..'.l'>!Clfc_~_!l'.:tc_~*~---
0276 C810 TEST4 LHI 1.rC' 4' 

• ,_ _________________ ,, 2034 "' n '·----" •••• "•••P - ._ •• •• ·-·-·-•••"""'""-"""' 

027A 4010 STH 1.rTSTNO 
..... ________ Jl4Q..8_ ______ . __ .. __ ........ 

Al-7 



-·-·--·----··-----····· ··-· 

,,_,.,.,." ___ ----·· ... ·----~·--····----·--·-----+-----

027E 41EO BAL PRINT TEST lD 
·-----· _Q 3.5..6 --·------·--···· .. 

0282 087D LHR 7.rBEGIN 
SiX'FFFF• 

START ADDR OF TEST AREA 
______ J>.2.BA .. __ .C.8.5.0 ___________ ........ ..... ..LHl ·- -.. FFFF 
_ 0288 4051-----·--·-------S..tH .-5..a-5.l'.ARTC7 > 

0500 
_____ ...Q28C Cl 70_ .......... __________ BXL.E ... 7..1.*-~A .. FILL. CORE .Ji.UH. ONES----·--··· 

0288 
... . . .. 0.29.0 ___ 0..8.7.lt. .. L_HB . 7.rSE.GIN START ADDR OF T.ES.'L AREA .. ·-·-·-··--

0292 OB66 
.... ~ . .Il.29.A. _ _JlU'.Q_ __ ...... ,..~ .•. 

SHR TSTWD.rTSTWD 
. BAL- --15.a.TEST 

0328 
0 2.<18 ....... Cl..7.0. .... . 

0294 
029C 030A 

029E CBlO. 
2035 

02A2 4010 
0408 

02A6 41EO 
0356 

02AA C850 
FFFF 

02AE. 0870 
02BO 4057 

0500 
02B4 C170 

- ---···-- ··-··· ····- "' 0.2BQ . 
02B8 C860 

_____ _ . F.FFE . 
02BC 0870 

____ .Q2BE. .. ... 41FD __ 
0328 

BXLE ... 7 . .i.-.-4 

BR . J.O RETURN TO EXEC 
******************************************************* . * -·· ............ ~---"'-
* TEST 5 

* 
* 
* 

CORE IS FILLED WITH ALL ONES AND A ZERO 
Blt .. l.S .. SHlFTED THRU A WORD OF ONES. AND. ___ _ 
THE WORD IS WALKED THRU MEMORY 

******************************************************* 
... TESI5 LHI 11 c' . ---~-- ·- --···· 5 I '""- . 

AGIN 

STH 

BAL 

LHI 

LHR 
STH 

BXLE 

LHI 

LHR 
BAL 

. L1TSTNQ ____ . 

7.rBEGIN 
5.rSTARTC7> 

7" *-4 

TSTWD,X'FFFE' 

7.rBEGIN 
151TEST 

START .ADDR. OF TEST ARE.a 

FILL CORE WITH ONES 

ZERO BIT IN WD OF ONES 

START ADDR OF TEST AREA 
_TES't_ LOCATlQN... _____ -----·-· 

02C2 _fil_1.Q_~-nm ... '"'' ....... -BXLE 
02BE 

02C6 .. CD..6.0. ··--··· 
0001 

... __ .Q.2CA_.D3 .. 8A 
02CC C660 

SLHL 

· BFCR 
OHI 

TSTWD11 SHIFT ..... ZERD_IHRU .. DNES .. _. __ _ 

8110 
TSTWD.r x •ooo 1. SET BIT 15 = 1 

---·--· ................... 00.0.1 ........ ····-.-···-·---- .. -·--·~------- .... , .. 
02DO 4300 

02BC 

Al-8 

B AGIN 

******************************************************* 
---* * TEST 6 -- CORE IS FILLED WITH X'CCCC' AND A WORD OF ~ 

.:!= X' 3333' IS WALKED THRO MEMORY. 



* 
~*****************************************************~ 

0204 C810 
.. 2036. 

0208 4010 

TEST6 LHI l1C' 6' 

STH l1TSTNO 
0.40fL .... _. .. .... .. . ·-·- .. ...... -

02DC 111EO BAL 141PRNT 
. 0 3.5.6 ... ······· 

02EO C850 LHI 5,x•cccc• 
cc_c_c_ ... - -

02E4 087D LHR 71BEGIN 
02E6. .... 4057 -··- --··- __ ---· ·-- .... STK... .SiSTART! 71. 

0500 
02EA Cl 70 __ 

02E6 
.02.~~ .... 0871> 
02FO C860 

BXL.E ... 71~ ·L! 

.. ··-·-·----·· -----· -· .... .3 3.3..3: ... 
02F4 41FO 

----- --- .. __ _Q.32.8. .. 
02F8 C170 

-- ··-- - -- ... ..0.2.F 4_ - . 
02FC 030A 

LHR 
LHI 

BAL 

BXLE 

BR 

7_ .. _BEG_U'1. _ .. 
TSTWD1X'3333' 

-· -· 
151TEST. 

10 

PRINT TEST ID 

--·~ -··-·-· ·---·~ --·-·-- - _,,_ .... -····--------------.. -
START ADDR OF TEST AREA 

FILL ... C.ORE JtllTH x•_cccc_ • ... ------. -
STA.RT ADDR Of TEST.AREA 

TEST LOCATION 

RETURN TO EXEC 
-···--·---·. ··----···· -----~------~-.. l!' ~ * * * * * * * * * * * * * * * * * itt *'.!'>le*** '!C. lf'..>1< !* ~-*'!C::tc_ii' .... ! ... ~. ! ?fc_lf' ... **!!<.'fe_lf!_!!'_it:f!.:t:.:t: ___ _ 

* --··---·-··-·--·--------·-~-- .TE.ST 7 -- CORE IS FlL..LEILWlIH .. X.!.3.333 .. ' ... AND AJtlO.RD ... 0.F ....... _ * x•cccc• IS WALKED THRO MEMORY 

* -··~· ---------------------------- -

******************************************************* 
- 02FE.__k81jl___'.IESI1.. LHI l 1 C' , 7'•••• '-••••-~··----•·•- • •m•-•M •-.•--• -• •••--••• 

2037 
__ 0302 AOJJL _____ .. _________ STH 

01&08 
. 0306 _AUQ____________ __ _ .. SAL. 

0356 
__ o_a_oAo.a....---.c .... s_so __ . -------- ·-·-·-· L.Hl 

3333 

laTSTNO 

51X'3333' 

030E 087D ______________ .. l..HR 71BEGIN 
0310 4057 STH S1STARTC7> ______ os.oo ________________________ . __ . 
0314 C170 SXLE 71*-4 

-----· 0310 
0318 087D LHR 71BEGIN 

.031 A ___ C.66.CL ___ --·-----------------...lJil .... _tSIWD1 X' CCCC' 
cc cc 

_ ....... 0-31.E ___ 41.l'O.. __________ . ----------·--··-.BAL ... __ 15.t.TEST 
0328 

___ 0322 __c J 70 

031E 
03.2.6. ...... 0.JOA _______________ .. ___ _.BR _____ . __ 10 _ 

PRlNT __ l'EST l D . 

START ADDR. O_F_ tESI .AREA ... -----

FILL CORE WITH X'3333' 
- -

START ADDR OF TEST AREA 

REIUB.N .. TO. EXEC.----··---------
******************************************************* 

............ ··-··-·-· -----------·- - .. :itc ....... ··-···----- ... ----····--·- .... , .... -- - .... ,. ·-··-----------·-------·-·-·--
* TEST THE CONTENTS OF TSTWD IS STORED INTO THE 

TES.I .L.OC & READ FOR CliECKl.NG . .. . - . -··------~--·----·-
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] ···········•· ·····-····· .. ···-··-··· - . 

__ ,..,..,,,, ...... ,,. _ __.. ............... _, ,,., ·""'""""'""·' .. ~ .... , ... , .. 

* ---------- -----·-··-----·-·"······!.!.!.!J!c~-···~-······~~!•******•-•*·J!il.~:tc•••~····~-~~~-········~··----
0328 0844 TEST SHR 4.,4 

______ _Q.3.2A_ ... .1.2.40.________ _ _ ........ J;TB 4~ STATUS 
0402 

--·- .... 03.2E-&06.2 .. -----· ~- ......... _ ... STH. . .. tStliD1 START.( 7.2 .... 5.IQBE... TEST WOBD 
0500 ' 

_______ ..03.3.2.._.A.SA.7 ___________ .... ·-· .. 
0500 

- ___ J).3.3.6. _____ 423.0 BNE. .... FAlL _ 
0348 

___ Q3.3L. . ...D2C.0 ... __ ···-··-- -· ... •.•. . SIB.... . .. O.NE.t S.tA TUS ·-
0402 

_____ 033E. . 40-5.7 .. .. 
0500 

S.TH .. s.,STARTC7> RESTORE.LOCATION 

... 0342 4557 
0500 

..... 0346 .. 033F 
0348 40FO 

. 0400 
034C 41FO 

··----·· .. .. 0380 
0350 48FO 

__ .. ----- --·-----·-- QA.QQ_ ····· 
0354 030F 

FAIL 

- .. * 
__ 0.3.5.6 . __ 9BC 1 
0358 041C 

-- .... 0.3.5.A..-... -42.30. .. ·-· -
037E 

035.E.. .... C810 .. ---·- ... 
0404 

___ 0362. __ C83.0 .. 
0408 

CLH 

.BF.CR 
STH 

BAL 

LH 

BR 

R.DR ... 
NHR 

. .BNZ .. 

LHI 

LHI 

_Q.3..6.6.._llE8.Q. ____ ... TYPE IT OC 
0403 

036A DDB.O. ........ STATl SS 
0402 

036Jt I.la.to._ .......... . .. . BTC 
037£ 

0372 4980 -----·-·· .BTC 
036A 

_Q.376.__JlA.81._ ___ -- ---·--···· . WD 
0000 

_ _o.3.7.A_ ____ c..u_a_ __ --- . . ... .... .: BXLE 
036A 

_ Q.3.7 E-.Q.3.Q.E_ __ --.EX.lT •.......... BR ... 

s.,sTARTC7> 

3.#.l.5 
15.,RETURN 

15.tERR 

15.tRETURN 

15 

_RES TOBE._ C.OBRECTLY? 

YES - EXlT ··-------
SAVE TEST RETURN ADDR 

GO TO ERROR ROUTINE 
···········------·-·-·------~ 

RESTORE RETURN ADDR 
···-············-····------

RETURN TO CALLING PROG 

DISP..l.Y.#.l____ READ BITS 8-15 ................ . 
l.tONE . BIT 15 SET 
EXl y __ ··---···-·-·· _ .......... YES .~.EXIT 

l.1TSTMSG .. ------· . 

3, T 5 TEND.. . .................. _ ___ .... _ 

TTY 1 STATUS .. ·······-----------·····---"'·--····-------- ···-··---·-····. ··-··· ----·-

1.,EXI T --- .. DElLU.NA\lAlLABLE.~EXl T ... -·--

a, STATl .... ···---··----DE.U....BUSY-J.OOP 

TTY.10Cl> ... OU.'tPUX. CHAR ---------------------··· 

1.,STATl 

14 RETUlUL..T.0..-CAI..LING PROG ------

******************************************************* 
. ··---··-·--···!l!.·--···· - ··- ... - ............. -··-··-····-.. ---·-···-----·······-··-·--* ERR -- DATA FOR THE ERROR MSG PRINTOUT IS ASSEMBLED 

-·- __ .ii____ ··-·- ____ :~ AND CONVERTED TO ASC 11 .... --·-·-··-------··-- .. --··· -----· 

* --- __ :£.:t.*-it.c:f..it***·***************************************:lc.~ .... =t.c._>lc:f_* ..... . 
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0380 
0382 
0384 
0386 
0388 

.. QJ6A ... 

08BB 
02JF 
OABC 
9BC1 
041C 
4330 
0394 

______ Q.3.8E. A5J30 
044C 

039g ,, .. ()~~f.-
0394 0822 
0.396 .. C637 

0500 
.. .Q39A 41EO 

03D2 
.Q~9.~., J)836 
03AO D340 

- --·-·-- .... _.~J)402 
03A4 0844 

__ Q 3A6 _4_3__3Q.. ·---- _ 
03AC 

ERR LHR 
BTCR 
AHR 
RP.R 
NHR 

...... _____ ....... J3Z .. . 

CERR,,CERR 
1 .. 15 
CERR,,QNE 
DISpi.,.y,, 1 
1,,QNE 
*.+.UL 

_z;_ 

______ ··-- ~fCR. s .. 15 
SHR 2#2 

______ 1.,JU_.. 3~START< 7> 

BAL. 

~HR __ _ 
LB 

LHR 
~z 

14,,CONVP 

31.TSTWD 
4iSTATUS 

03AA --1!6.3_5___________ LIUi . 3,, __ 5_ . 
03AC 41EO BAL 14,,CONVPl 

____ _,0....,3.._C,...,8...___ ·--···-· .. ·--·--·-----·--"... . .... --~·-· ... 
03BO 4837 LH 3,,sTARTC7> 

----- 0500 _________ -----·------ ··-· "''··--- .. ----- .. ··-· 
0384 41EO BAL 14,,CONVPl 

--·--·- 03C8 . ----------..----- . __ __ _ .... ------
03B8 082C LHR 2,,QNE 

_ _.Q38A C810 ____ rn .. _J,,Hl .. t#C.MPERB 
0430 

__ 03BE C830 
044B 

___ 03C~ .~4~1E~O~---· 
0366 

_ _..0 .... 3.__C6 030F 

INCR ERROR CNTR BY 1 

ERR_c_Nt.R_ ~----·-1..-.I MIL&&..I I..__ __ _ 

YES __ : ___ EXIJ' __________________ _ 

.. 1,.0/llt . .FAILING ADDRESS 

CO~V .t.O ... ~Zil_ ____________ _ 

RESTORE FAILURE? 
··-··--· ........ ··- _____ ,, ___ _ 

YE:S 

CONV TSTWD TO ASCII 

CONV FAILED DATA TO ASCII 

RESTORE CONSTANTS 

PRI~T ER.RQR __ ~.fill __ .. ____________ _ 

.BETURN ... T O .. _CQJ.J.ll'il.G._EB_O_G __ 
******************************************************* 
* * THE CONTENTS OF REG 3 ARE CONVERTED TO ASCII AND 
* STORED. ... lNTO DATA AREA OF .. THE ERROR ..MS.G. ................. ----------

* ------·"-· ******~*****"-~-.. .:1:*~'.f:t::fc*****"'**~ ... -~~··~-~.~ll;.!.:tc.:tc~*-.. ~-********* 
03C8 C840 CONVPl LHI 4,,x•2020• 

............ ____________ 2020 _____ ,, _______________________________ ,, ___ ,,, ........ "' ... , . ' ... - "".. .. .. .. "---··---.... -
03CC ·4042 STH 41DATAC2> STORE SPACES 

..................... , .......... ..oA.3A ... _. ___________________ ................. :.. ___ ,.,,, ,,, ... ""'" " "'" "' "' .............. ----·------·---
03DO OA28 AHR 2,,5 INCH INDEX BY 2 

--- _..0.3.Il2___CalQ CON\lE -- LHl --1..t..l..2._ ____ ,,, __ -- .... SHIFT .. _coum ____ _ 
oooc 

___ .0. 3 D6. ... Jl.8.43_ _____________ ..... .LHR_.-----1Lt.3 ... ___ ---------·-·· ___ ... . __ .. 
03D8 CC41 _ SRHL 410< 1 > 

-- -·· ________ _o.oo.o _________________ _. __ ------·-··-----·---···' 
03DC C440 NHI 41X'F' MASK DIGIT 

_________ ,, _ __QQ_Qf ___ ---·--···------------,·-------------·"•""'"••"->• '" "' ...... ----·-" --·-------------·"· ··----------------------·-·· 

----------------· .. ,,, _______ - .. --·--·-----··-·---·--------·--·-------··-----·---------·--- " .. --··-··--·-----
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03EO C540 CLHI 
_________ _ OOOA __ 

03E4 4280 BL 
___ __ _____ _ _ 0 3Ec__ _ _____ __ _ ____________ _ 

03E8 CA40 AHI 
---- ------·-- --- ----·-- ___ jlQ.01 _________________ --------------

03 EC CA40 AHI 
- -- ______ Q_Q3Q ___ - -- -----·- --- - ---- ·• 
03FO D242 STB 

_ -· __ __()A3A __________________ -· 
03F4 OA2C AHR 

_____ Jl.3.E.6. .... ..c.B.Ul ...... ________________ SRl__ .. 

0004 
0 3EA _43-10 __ __ ___ _______ _ __ B.NM 

41X'30' 

210NE 
11/l ._ 

CONVP+4 
03D6 

03FE 030E .TEB.M ___ .BR ___ 14 

0400 
0402 
0403 
0404 

0000 
0098 

5445 
5354 
0000 
ODOA 

* 
* 
* RETURN ___ DC 
STATUS DC 
TYPEO EQU 
TSTMSG DC 

TSTNO 

__ x•oooo • 
X"0098.
*.; 1 -
c·.-TEST' 

- -
x•oooo• 
X"ODOA" 
*.;l 

CHAR < X'A' ? 

YES - DO NOT ADD 7 

ADD 7 TO CHAR 

ADD X'30' TO MAKE ASCII 

STORE INTO DATA AREA 

INCR INDES BY ONE 
DECB SHIET __ CQllNT. ...... ..B ...... Y__..4..____ 

RETURN .. TO CALL.lNG.J?BOJL __ 

0408 
040A 
040B 
040C 
040E 

ODOA 
4D45 
4D4F 
5259 
2053 
495A 
4520 

TS TEND 
MESS 

DC 
nc 
EQU 
DC 
DC 

X'OOOA' ___ ..... ______ . __ . __ . 

041A 3030 
-----·-··- --4820 

202D 
2D20 
2053 
4554 
2044 

---A.ls.A ... 
4120 

. ----·- -- ---- 5357 
042E ODOA 
.042.F _ 
0430 4641 

-- ______ Jl94C ..... 

043A 

5552 
4520. 
2020 

044A ODOA 
0.44B 
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NUMBER 

END 
CMPERR 

DATA 

END CE 

C"MEMORY SIZE ' 

DC 

DC 
- EQU 

DC 

C'OOK 

X 'ODOA' 
*;; 1 .. 

C'FAILURE 

DS 16 
DC X'ODOA' 
EQU .. *.;1 

... ---- -------------- ----
SET DATA SW' 

--------~-.. -----~ 

' 



-·--·-, 

044C 0050 
__ Q~!l~. 

_____ 8,_GllL _____ Qg:13-_c 
BEGIN OOOD 

LIMIT 

.12.l~.S __ Q.QQ=l ..... 
Cl 01 FC 

·- . _C_F;ilR _ _ QQO_e 
CMPERR 0430 
COr.JV . 0166 
CONVP 03D2 

... C.ON!ZP1._ ..... ll3C8. 
DATA 043A 

____ _DATAl __ .OOCO 
DISPLY OOOC 

____ j;NIL. ____ ... 0-42.F. 
ENDCE 044B 
ERR .Cl.3.8..0 .... 
EXEC 0194 

-~_I__ ___ Jll_LE__. 

FAIL 0348 
_____ F._QUND_ ___ Ql.6.2 .... -·····. 

HALT 0190 
_____ liCl..l.M~---·Jl..00.~L ...... . 

LIMIT 044C 
____ J"'QOP ______ Q..2.QA _______ _ 

LOWEND 012D 

DC 
END 

... _ I,.QWM.S.(L _Q.lJ.Q__ ____ _______ ____ _ _____ _ 
MENTRY 012E 

x. 50' 

... ~...MES.£ __ _jl.4QC _______ , ... _ ..... ~.·---·-·-·-··--····· 
NT 014C 

__.N.UMBER __ _Q!l.lA__ _______ ___ ______ _ ____ _ 
ONE OOOC 

____ P..BNT ____ .0.356 _____________________ _ 
RELOC 0084 

__ ,,,_ REPEAi ___ Jl26.a ___________ ... " -··--·-"···· ---· .............. ____ ,, ________ _ 
RETURN 0400 

____ _RP_L___ 008E _____ _____ ... ____________ -
RR OOB8 

____ __BS _______________ OQB2 ......... ------·-----------------·-----··· ........ . 
RSCHK 0100 

· BX----~ ooao --------·-
START 0500 

___ ..SIATl ___ .. _.036A __ -·----·--·--------------···-· .. --------------------
STATUS 0402 

__ __I.ERM ... __ Q.3EE______ .. ___ ·-------··· .. ____ __ 
.. --------- -·-·----· - ---- ·---------

TEST 0328 
_ _.Iu.Eu.1.SI 1 0 1 EE 

TEST2 0220 
__ ...... T.ES.T.3 .... ___ ..o.2.!lS. ·------·-···-···-· -----··-------------··-----·--- .. -------------··- --·-·-··--·-· ·----· 

TEST4 0276 
--·--·-·-T_ES_T 5 ·---.~-----·~02_9_E" ~·--· . -"· ·-~----~-, ···--···- ~--,. _ .. ~---·--- ·~··--~~------. o----- ... __ .. ··---.. ---·--·~--~ "-·~-- . . . . ·-~----·---------~·----·~--~~-

TEST 6 02D4 
·-·. _llSI.7 .... . ..... 0.2EE ................ -----····· .. -....... -·····--··-.. .. . ... ., .... ···-·- ___ ....... ~ - .. -. - --···· ........... _. ___ _ 
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TSTEND 040B 
. · ___ T.SIMSf.L .. Jl..40.4. __ _ 

TSTNO 0408 
TS T :\lD Jl0.0_6.. _____ _ 
TTY 0008 
TWO ___ Jl{Ul8 __ ,, __ ··--·-·-·-m··--- . ·-· 
TYPEIT 0366 
TYPE(l ______ o_40.3_ 
UNITS 0176 

__ .wAI.'.L. _____ O_OF.8 
z 0396 

--------- ------- -·--·-. --- .. 
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OPERATING INSTRUCTIONS FOR THE ASR 33 AND ASR 35 

TELETYPEWRITER TEST PROGRAM 06-004R03 

1. Fl! NCTION 

This program stores teletypewriter 
characters that have been inputted from 
the keyboard, checks the parity on each 
character, punches the characters on 
tape, and then reads back the tape com
paring each character with the original 
input. The action of the BREAK key is 
also tested. A detected error causes 
the program to halt and Data/Address 
lamps 8 through 15 on the Display Panel 
light. 

2. PROGRA:.lVl 'f 1\PE. 

The teletypewriter (TTY) test program tape 
(part number 06-004R03M14) is punched in 
Binary and is loaded using the basic loader 
listed in Table 1. 

3. LOADING TEST TAPE 

1. . Manually insert the basic loader 
beginning at location X'50'. When 
finished, reselect address X'50'. 
Set mode to ADR. Push 
EXECUTE.-

2. Load the teletypewriter test tape 
on the reader with the first char
acter over the read fingers. On 
the ASR 35 set the MODE Switch 
to KT. 

3. Rotate the MODE CONTROL to the 
HALT position and depress the 
INITIALIZE pushbutton.· 

4. Set Mode to RUN push EXECUTE. 

TABLE 1. BASIC LOADER 

LOCATION 

0050 
0054 
0058 
005C 
0060 
0064 
0066 
0068 
006C 
0070 
0074 
0078 

*BINDV 

OP-CODE ADDRESS NAME OPERATION OPERAND 

C820 0080 
C830 0001 
C840 034D 
D3AO 0078 
DEAO 0079 
9DAE 
08EE 
4230 0064 
DBA2 0000 
Cl20 0064 
4300 0080 
0294 

TTY X'0294' 
HSPTR X 103991 

SENSE 

BINDV* 

LHI 2,X'0080' 
LHI 3,1 
LHI 4,X'34D' 
LB 10, BINDV 
oc 10, BINDV+1 
SSR 10,14 
LHR 14,14 
BTC 3,SENSE 
RD 10, 0(2) 
BXLE 2,SENSE 
B X 1 0080• 
DC X'0294' 

COMMENTS 

BEGINNING LOAD ADDRESS 

FINAL LOAD ADDRESS 
DEVICE NUMBER 
OUTPUT COMMAND, MOVE 
SENSE STATUS 

BUSY 
NO, READ A CHARACTER 
INCREMENT LOAD ADDRESS 
BRANCH TO PROGRAM 

1 



f>. Start the tape reader running by 
moving the switch lever on the 
reader to the START position. 

(l. Shlp the reader once blank tape 
begins to pass ov<ir the read 
fingers. 

As soon as the last character on tape is read, 
the loader will transfer to the start of the 
test program and halt with the Wait light lit. 

4. TEST PROGRAM DESCRIPTION 

The TTY Test Program is divided into five 
sections. Each section is described in the 
following paragraphs. 

Section I stores characters that are inputted 
from the keyboard in the interrupt mode. 
Before each character is stored, it is checked 
for even parity. The device number and 
status arc also tested. The inputting of a 
carriage return, or more than 72 charac
ters, causes the test to print out 11PtJNCH 
TAPE" and the system halts with the Wait 
light illuminated. This allows the operator 
time to load blank tape. 

Section 2 punches a tape (with blank leader 
and trailer) containing the characters re
ceived in Section 1. This operation is also 
done under interrupt control. The device 
numbpr and status are again tested. After 
all the characters have been punched, the 
program prints "READ TAPE" and halts 
with the Wait light illuminated. This al
lows the operator to remove the tape from 
the punch, and place it in the reader. 

Section 3 reads the characters from the 
punched paper tape and compares them with 
the character that was originally inputted. 
A mismatch causes a branch to error. In 
this section and the next, the status bits are 
used to decide when to read and write tele
type characters. 

Section 4 prints the characters read from 
the tape, allowing the operator to inspect 
the printout. 

'"f 

Section 5 tests the operation of the break 
key. The message "DEPRESS BRK" in
structs the operator to depress the BREAK 
key. When the BREAK key is released, the 
program prints "BRK OK". 

At the end of the test, the program prints 
"END11• 

5. OPERATOR INSTRUCTIONS 

On the ASR 35, set the MODE Switch to K. 
After the Wait light comes on,·· rotate the 
MODE CONTROL to HALT and depress the · 
INITIALIZE pushbutton. Next, rotate the 
MODE CONTROL to RUN, and depress the 
EXECUTE pushbutton. If the teletypewriter 
status byte reflects a correct initialization 
pattern, the program outputs a carriage re
turn and line feed. If not correctly initia
lized, the program halts and Data/ Address 
lamps 8 through 15 are lit. In each instance 
where the program halts due to error, Reg
ister 15 contains the failing address plus 
four bytes. Therefore, to obtain the actual 
failing program address, subtract four 
from the address in Register 15. 

Type in each character until all letters, 
numbers and symbols (both upper and lower 
case) have been entered. Do not hit the 
BREAK, HERE IS, or any of the Tape con
trol keys (X-ON, X-OFF, TAPE ON, TAPE 
OFF). The receipt of 72 characters, or a 
carriage return terminates the test section. 
The program outputs the message "PUNCH 
TAPE" and halts with the Wait light on. 

Next load a supply of perforator tape. The 
test program will provide a leader and 
trailer on the test tape. 

On the ASR 35, set the MODE Switch to KT. 
Depress the EXECUTE pushbutton. All 
characters that were inputted in Test Section 
1 will be punched on the tape and also typed 
on the paper copy. After all the characters 
are punched on the tape, the program types 
out the message "READ TAPE". The test 
program then halts and the Wait light is 
turned on. 



Load the test tape in the reader in the blank 
area. On the ASH ~l5, set the MODE Switch 
to T. D<'prPss the EXECUTE pushbutton to 
start the reader. After ihe tape is read, 
the test program prints the contents of the 
tape. This alJows the oper-ator to compare 
the rcE-mlts with the characters which were 
original1y inputted. If an error is detected, 
the program prints "TAPE ERROR" and halts 
with the Wait lamp lit. Depressing the EXE
CUTE pushbutton causes the program to pro
ceed to the next test. 

This completes all tests. The message 
"END" is typed, and the program halts 
with the Wait light lit. 

Upon completing the reader test, the test 
program instructs the operator to "DEPRESS 
BRK". Upon releasing the BREAK key, the 
message "BRK OK" is typed. If the BREAK 
key is inoperative, the program hangs up in 
a loop between locations X'28E' and X'294'. 

To repeat the teletypewriter test, depress 
the EXECUTE pushbutton. 

The Starting address of the teletypewriter 
test program is X'80'. When executing the 
program from this location, it is necessary 
to depress the EXECUTE pushbutton twice. 

The TTY Test program assumes that the· TTY 
device controller is wired as device number 2. 
If the TTY controller is wired for another de
vice number, write the device number of the 
TTY controller under test, in hexadecimal, 
into location X' BA'. 

A listing of the teletypewriter test program 
is provided in Appendix 1. 

3 





/ 
GE 29-033R01 

MAHK III MEMORY TEST PHOGHAM OPEHATION MANUAL 

I. INTRODUCTION 3. 1 Standard Tape, Teletypewriter 
Reader 

This manual describes the operation of the 
Mark III Memory Test for standard GE-PAC 
30 Processors, as well as Processors with 
the Autoload option. (GE-PAC 30 Pro
cessors equipped with the Autoload feature 
are not normally equipped with a Display 
Panel.) This memory test also tests 
Processors equipped with the optional 
parity check circuitry. 

The Mark III Memory Test writes various 
test patterns into each memory cell and 
. compares the readout to the patterns writ
ten. If a failure occurs, the program 
prints the address of the failing location on 
the teletypewriter, followed by the data 
transmitted to memory, followed by the 
data acutally received. If no failures are 
encountered, the program prints that the 
memory was found to be in good operating 
condition. On Processors that are equipped 
with the optional parity detection circuitry, 
the program also prints those locations 
where parity failures occur. 

2. PROGRAM TAPES 

Two Mark III Memory Program Test Tapes 
are available. The standard Memory Test 
Tape (Part Number 06-003R03M14) is to be 
loaded using the basic 50 loader described 
in Appendix 1. A special memory test tape 
(Part Number 06-034M14) is also available 
for those machines that have the Autoload 
feature, and hence do not require an addi
tional loader. 

3. OPERATION 

The following paragraphs provide operating 
procedures for the Memory Test. Select 
the appropriate paragraph depending upon 
the equipment complement of the Digital 
System to be tested. 

Use the following procedure on systems with 
a Display Panel, when the Teletype Tape 
Reader is to be used as the input device. 

1. Manually insert the 50 Loader 
beginning at location X'50'. See 
Appendix 1. 

2. Set location X'78' to X'0294'. 

3. Select address X'50'. 

4. Load the Memory Test Tape on 
the reader with the first charac
ter over the read fingers. 

5. Depress the INITIALIZE push
button. 

6. Rotate the MODE CONTROL Switch 
to the RUN position, and depress 
the EXECUTE Switch. 

7. Set the Teletypewriter to the 
Remote Mode. 

8. Start the tape reader running by 
moving the switch lever to START. 
On the Model 35 TTY, the MODE 
Switch should be set to TTr position 
in addition. 

9. Stop the reader once blank tape 
begins to pass over the read 
fingers. 

As soon as the last character on tape is 
read, the test program is automatically 
executed. 

1 



3. 2 Standard Tape, High Speed 
Paper Tape Header 

Use the following procedure on syHttJms 
with a Display Panel, when a High Speed 
Paper Tape Reader is to be used as the in
put device. 

1. Manually insert the 50 Loader 
beginning at location X'50'. See 
Appendix 1. 

2. Set location X'78' to X'0395'. 

3. Select address X'50'. 

4. Load the Memory Test Tape in the 
High Speed Paper Tape Reader 
such that the left edge of the first 
character holes on the tape rest 
over the photo-diodes. 

5. .. Rotate the latching lever to lock 
the paper tape in place. 

6. Rotate the MODE CONTROL Switch 
to the HALT position and momen
tarily depress first the EXECUTE 
pushbutton and then the INITIALIZE 
pushbutton. 

7. Rotate the MODE CONTROL Switch 
to the RUN position and depress the 
EXECUTE Switch. 

The above step starts the tape moving 
through the High Speed Paper Tape Reader, 
loading the test program into memory. As 
soon as the last character is read, execu
tion of the Memory Test is immediately 
begun, and the Tape Reader is stopped. 

:3. :l Auto load 

Use the following procedure on Au.to load 
systems (no Display). 
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1. Load the Autoload Memory Test 
Tape on the reader with the first 
character over the read fingers. 

2. Depress the INITIALIZE pushbutton. 

3. Depress the AU'fOLOAD latching 
pushbutton. 

4. Depress the EXECUTE pushbutton. 

5. Start the tape reader running by 
moving the switch lever to START. 

6. Stop the reader once blank tape 
begins to pass over the read 
fingers. 

7. Depress the INITIALIZE push
button. 

8. Depress the AUTOLOAD push
button, releasing it from its 
operated position. · 

The memory test is then started by momen
tarily depressing the EXECUTE pushbutton. 

4. INDICATIONS 

The first action of the Mark III Memory 
Test is to determine the memory size of 
the specific Processor under test, and to 
generate the following printout: 

MEMORY SIZE K. 

If this printout does not occur immediately, 
the memory test is not functioning properly. 
Verify, using the listing provided in Appen
dix 2 or Appendix 3, that the first few pro
gram locations were loaded correctly. 

After the memory size printout is finished 
being typed, on those Processors equipped 
with a Display Panel, lamps 8 through 14 
of General Display 2 being to flicker. If 
the memory test fails to start, or stops, 
some of the lamps will be lit at normal 
intensity. 



If all of the memory cells are found accep
table, a printout occurs. The time from 
execution to printout varies depending upon 
the size of the memory that is being tested. 
The message printed is as follows: 

GE-PAC 30 MEMORY OK 

The Processor is then halted and the Wait 
Lamp is illuminated. The test can be re
peated by depressing the EXECUTE button 
again. The memory size, however, is not 
typed out on subsequent passes. 

The Autoload Memory Test does not stop 
after the ok message is typed out. The test 
is repeated continuously with the ok mes
sage being typed each time the end is 
reached. 

If a defective memory cell (16 Bit Halfword) 
is found, a message in the following format 
is typed: 

FAILURE 

The above message indicates that at loca
tion X'300', the memory test attempted to 
write the value , X'OOOl '. During the read
ing of this location, however, the data ac
tually read was X'OOOO'. This shows that 
bit 15 is the bit in error and was the reason 
for the error printout. It is possible that 
the expected result and aCtual result will be 
the same. This is due to the fact that the mem
ory cell is read a second time for the print
out, and the second reading may be success
ful. This should still be regarded as a trouble, 
as it indicates a marginal memory cell. 

On those Processors equipped with the 
memory parity detection circuits, a print
out in the following format occurs if a 
memory reading resulting in a parity error 
occurs. 

PARITY FAILURE 0300 0001 0000 

The printout has the same meaning as de
scribed in the preceding paragraphs, except 
that the error was detected by the parity 
check circuit. 

The memory test prints all errors it en
counters until all possible memory locations 
have been tested. After all locations have 
been checked once, the ok message is typed 
as an indication that the test is complete. 
Of course, if any er~or me·ssages precede 
the ok message, the memory failed the test. 

5. CONTINUOUS RUNNING FEATURE 

The standard Mark III Memory Test, 06-
003R02, can be used to continuously test 
the Processor for extended periods (for 
example, overnite) and allow all other peri
pherals to be turned off. This feature can 
be enabled anytime by releasing all Data/ 
Address switches 8 through 15. In this mode, 
any failures that occur are.tallied in Register 
11, and any parity failures that occur are 
tallied in Register 4. The maximum count 
stored in either register is 32, 767 errors. 
Once all switches are released, local power 
can be removed from the teletypewriter. 

To again restore the printout, turn local 
'power on the teletypewriter, and depress 
Switch 8 with the program running. After 
the program prints the ok message, the 
Processor is stopped and registers 4 and 
11 can be read on the Display Panel. 

Appendix 2 contains a listing of the standard 
Mark III Memory Test. Appendix 3 contains 
a listing of the Autoload Mark III Memory 
Test. 
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APPENDIX 1 

50 LOADER FOR LOADING MEMORY TEST 

50 C820 LOAD LID 2,X'80' 
52 0080 
54 C830 LHI 3,1 
56 0001 
58 C840 LHI 4,X'2Dl' 
5A 02Dl 
5C D:1A0 LB 10, BINDV 
5E 0078 
60 DEA0 oc 10, BINDV+l 
62 0079 
64 9DAE SENSE SSR 10, 14 
66 08EE LHR 14,14 
68 4230 BTC 3,SENSE 
6A 0064 
6C DBA2 RD 10, 0(2) 
6E 0000 
70 c120 BXLE 2,SENSE 
72 0064 
74 4300 B X 1801 

76 0080 
78 0294 BINDV DC X'0294' 

The device definitions above are for a Teletypewriter with device number 2. 
For other input devices, use the following: 

High Speed Paper Tape Input 0395 
Card Input 0420 

Al-1/Al-





0080 

0084 

0088 
00BA 

008 E 

009Z 

0096 

009A 

009E 

00A2. 
00Ai! 

00A8 

00AC 
00A£ 
0080 

0034 

0088 

00BC 

00C0 

00CE 

00 D2 

C800 
0002 
C8C0 
0001 
0844 
4040 
0et3 c 
42140 
02CE 
C8et0 
0236 
4000 
003 E 
C200 
009 E 
0000 
00A2 
0BBB 
C860 
8080 
C890 
0400 
0933 
0A3C 
4099 
0000 
4829 
0000 
4330 
00C8 
CA90 
0400 
4280 
00C8 
4300 
00AE 
0890 
CR30 
000A 
4210 
ri0DA 
CA60 

APPENDIX 2 

STANDARD MARK III MEMORY TEST LISTING 

OPT PASS2,PRINT,PUNCH,STOP 

* * 06·003R03 r-'ARK 3 MEMORY TEST 
* NE 11 ME MO RY TEST I NC L UD ES-
* 1. PRINOUT ON FAILURE 
* 2 ENABLES rw'ACHINE f'>YILF'UNCTIONS INTERRUPT F'OR PARITY 
* F'AILURE DECTION 
* 3. IMPOSES A !YORE SEVERE TEST PATTERN 

* 
* 
* MEN TRY 

NT 

FOUND 
CONV 

ORG x·s0. 

LHI 

LHI 

SHR 
STH 

STH 

LHI 

STH 

LPSW 

DC 

SHR 
LHI 

LHI 

SHR 
AHR 
STH 

LH 

sz 
AHI 

BC 

B 

SHR 
SHI 

BM 

A HI 

13, TWO 

12,0NE 

4,INTF'LG 

0,!NTSER. 

0.,X'3E' 

0,AC*+2) 

1 1 ' 1 l 
6,X'B0Br2l' 

9,X '400' 

3,3 
.3' 12 
9,0(9) 

2,0(9) 

F"OUND 

9,X'400' 

F"OUND 

NT 

9,13 
3'10 

UNITS 

6,X'l00' 

PROG ORIGI~ED AT x·s~· 

DEVICE NUM OF' TTY F'OR MSG 

DEVICE NUM OF' DISPLAY 

CLEAR FOR PAR! TY I NT C NT 

CLEAR I~TERRUPT FLAG 

STORE ADDRS Or INTR SERVIC 

ROUTINE 

CLEAR CURRENT PSW INTINB 

CLEAR ERROR COUNTER 
MEM SIZE PRINTOUT-00 

INDEX IN MULTS OF 1024 

CLEAR REG 3 
COUNT OF' K'S OF MEMORY 
STORE TEST WORD 

TES T I F' DA TA RE TUR N 5 

NO, FOUND LAST ADDR 

ADD 1024 TO COUNT 

F'OR 64 K OF' MEMORY BUG OUT 

RESULTS LAST MEMORY ADR 
SUBTRACT OUT TENS 

BRA~CH IF' GONE NEGATIVE 

ADD TO TENS DIGIT 
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0 I 00 
00 06 4300 

00CA 
0" DA CA30 

00eA 
00 OE 0B3C 
00 E0 4210 

00EA 
0elE4 0A6C 
00 ES 4300 

00DE 
00 EA 4060 

el2C6 
00 EE C810 

0288 
00 f2 C830 

02C9 
00 F6 41 rn 

?1220 
00fA 0880 

00 i:-c C200 
010r. 

01q,0 2000 
0104 

0104 085C 
P!l06 4lA0 

012A 
010A 4280 

0112 
~16E 43910 

0106 

"'112 CS50 
FF'F"E 

611 6 41 A0 
e!l2A 

0llA 4E521 
02CC 

011E C550 
F'FF'E 

0122 4330 
0148 

0126 4300 
0116 

012A 0865 
012 C C870 

02.IE 
flll3el 41 F0 

025A 
0134 CD61?1 

ei ~rn 1 
('! 138 4 ~60 

2 

B CONV 

UNI TS AHI 3' 10 

SHR 3, 12 
BM PRNTS 

AHR 6, 12 
B UNI TS+4 

PRNTS STH 6,NU~ER 

LHI l, MESS3 

LHI 3, NU~ER+3 

BAL 14,PRNT 

FI ND A NY MORE TENS 

BACX TO POSITIVE 

SUBTRACT OUT UNITS 
BRANCH IF ·GONE NEGATIVE 

ADD 1 TO UNITS 
F'I ND A NY MORE UNI TS 

STORE TO PRINT OUT 

PRINT OUT MEM SIZE 

LHR 8, J 3 CONSTANTS F'OR LOOP 
•TH IS TES TS A ONE THRU A F'I ELD@OF' ZEROS 
F'I RS T LPSW *+4 

DC X'2000',AC•+2) ALLOW MATCHINE MALEF'UNCTIO 

LHR 5~ 12 
CWIT0 BAL 10,TESTS 

BC NEXTl 

B CWI T0 

INTERRUPTS 
F'I RS T TEST IAIOR D 
EXECUTE I THRU ZEROS 

TEST IF' FINISHEn 

START ACTUAL TESTING 

*THIS TESTS A ZERO THRU A F'IELD OF' ONES 
~EXT! LHI 5,X'F'F'F'E' F'IRST TEST 

CW0Tl BAL 10, TESTS 

ACH 5,ZERO 

CLHI 5,X'FF'F'E' 

BE NEXT2 

8 CW0Tl 

TESTS LHR 6,5 
.LHI 7,START 

STORE BAL 15,TEST 

SLHL 6, I 

ACH 6, ZERO 

EXEC UTE TEST 

. ADD LEST SIGNIFICANT BIT B 

TEST IF FINISHED 

GO TO NEXT TEST 

START ACTUAL TEST! NG 

LOAD TEST WO~D IN WORK REG 
ADDR OF F'IRST AVAIL LOC 

TEST MEMORY S.U8R 

REPLACE SHI F'TED OUT ONE 



02CC 
0l 3C 9AC7 JUMP2 \I.ID R 12,7 Fl.ASH LA MPS ON DI SPLAY 
013 E Cl 70 BXLE 1, STORE NOT FINISHED TEST NEXT LOC 

0130 
0142 CD50 SLHL 5, l SHIFT BIT TO NEXT POSIT I ON 

0001 
0146 030A BR 10 RETURN TO CALLING ROUTINE 

*. 
0148 CB70 NEXT2 LHI 7,START 

02~ 
014C C860 LHI 6 , X • F' FF F' ' 

F'F' FF' 
01 50 41 F'0 ZAOT BAL 15, TEST TEST MEMORY SUBR 

025A 
0154 0766 XHR 6,6 
0156 41 F0 BAL 15,TEST TEST MEMORY SUBR 

025A 
015A C860 LHI 6,X.FFFF'' 

FFFF 
015E 41 f0 BAL 15, TEST TEST MEMQqy SUSR 

025A 
el 1 62 9AC7 WDR 12,7 
01 64 Cl 70 BXLE 7, ZA OT 

01 50 
*THE FOLLOWING TEST WRITES THE ADDRESS OF EACH LOCATIO~ 

*IN THAT LOCATION 

* 0168 C870 LHI 7,START 
02 02 

01 6C 0867 STORE2 LHR 6,7 
016E 41 F'0 BAL 15,TEST TEST MEMORY SUBR 

025A 
01 72 9AC7 JUMP WDR 12,7 FLASH LAMPS ON DISPLAY 
0174 c 1 70 BXLE 7,STORE2 TEST IF FINISHED 

~16C 
V'l l 78 9BC0 OK MSG RDR 12,0 ANY DATA/ADDR SWITCHES 
01 7A 0800 LHR 0,0 OPERATED, NOT CONTINUE 
017C 4330 BZ F'I RST+B 

0104 
0180 C810 LHI 1 , MESS I START OF OK f¥E G 

0274 
0184 C830 LHI 3, EMESl -1 El l 

0289 
0188 41 F.0 BAL 14,PRNT GO TO PR I NT ROUTINE 

0220 
018C C200 LPSW OKWT THEN HALT 

0190 
'111 90 8000 OKWT DC x' 8000' 
0192 00 F"C DC A< F'IRST> 
019 4 9BC0 ERROR RDR 12,0 
~ 196 0800 LHR 0,0 A NY SWITCHES OPERATED 
0198 4230 B~Z ERRCON ON DISPLAY PANEL 

01 AS . 
019C 0888 LHR J I , I I TEST Ir SIGN BIT SET 

3 



019 E 4210 BM OVER MEANS REACHED ~X COUNT 
01A4 

01 A2 0ABC AHR 11 , 12 
0lA4 030 F' OVER BR J 5 RETURN TO TEST ROUTINE 

01A6 C810 ERRCON LHI I, MESS2 
028A 

01 AA C830 LHI .3, EMESS2- l 
0295 

01AE 41 E0 CTYPE BAL 1 4, PR NT 
0220 

0182 0822 SHR 2,2 
0184 083 7 LHR 3,7 
0186 41 E0 BAL 14, CON VP PRINT OUT ADDRESS 

01 F2 
01 BA. 0836 LHR 3,6 
018C 4 t rn BAL 14,CONV?l CONVERTS NUMBER TO ASCII 

01 E8 
01 Ce! 4837 LH 3 '0 ( 7) 

0000 
0JC4 4 l B'! BAL 14,CONVPI CONVERTS NUMBER TO ASCII 

01 E8 
01CR CR10 LHI I, TEMP 

0296 
01CC C830 LHI 3, TEMP+l 7 

02A7 
0100 41 E0 BAL I 4, PR NT 

0220 
01 04 4830 LH 3,INTF'LG 

02CE 
01 DS 4330 BZ TIP 

01 E6 
01DC 0833 SHR 3,3 
01DE 4230 STH . 3,INTF'LG 

~2CE 
01 E2 C2~0 LPSW X' 38' 

0038 
01 E6 03'7J F' TIP BR I 5 
01 ES C800 C ONVP l LHI 0,X'2020' 

2020 
01 EC 4002 STH 0, TEMPC2 > 

'11296 
01 F'0 0A2 D AHR 2'13 
01 F2 C810 CON VP LHI I , 12 

000C 
01 F'6 0803 LHR 0,3 
01 F'S CC0l SRHL 0,0(1) 

0000 
01 FC C40"' ~HI 0,X'F'' 

000 F' 
0200. C50'1! CLHI 0,X'A' 

000A 
0204 4280 BL *+8 

020C 
0208 CA00 AHI 0,7 



0007 
020C CA00 AHI 0' x • .30 ' 

0030 
0210 !1202 STB 0,TEMPC2> 

0296 
0214 0A2C AHR 2' 12 ADDS ONE TO REG 2 
0216 CB10 SHI 1 '4 

00'114 
021 A 4310 BN~ CONVP+4 

01 F'6 
021E 030E BR 14 
0220 082C PRNT LHR 2'12 LOAD ONE INTO REG 2 
0222 DEOO oc 13,TYPEO 

02 00 
e226 9DD0 STATI SSR 13 ,0 TTY READY TO RECEIVE 
0228 42 F'0 BTC x•r• ,STATl NEXT CHARACTER 

0226 
022C DA DJ WO 13,0(1) SEND CHARACTER TO TTY 

0000 
0230 Cll0 BXLE l,STATl HAVE SENT ALL CHAR~CTERS 

0226 
0234 030E BR I -4 RETUR~ TO CALLI~G PROG 
0236 9BC0 INTSER RDR 12,0 EXAMINE FRONT PANEL 

* SWITCHES 
0238 0800 LHR 0,"' ANY SWITCHES OPERATED 
023A 4230 BNZ PAR ERR 

024A 
023 E 0844 LHR 4,4 TEST IF' COUNTER OVERF'LOW 
0240 4210 BM OVERI 

0246 
0244 0A4C AHR 4' 12 INCREMENT COUNTER 
0246 C200 OVERI LPSW x '38' RETRN TO PLACE BEFORE I NTR 

0038 
024A 4070 PAR ERR STH 7,INTF'LG 

02CE 
024E C81121 LHI 1, MESS4 

02A6 
0252 C830 LHI 3,EMESS4-1 

e297 
0256 4300 B CTYPE 

01AE 
t'.!25A 4067 TEST ,STH 6, "' ( 7) SEND OUT TEST TO MEMORY 

0000 
~25E 4567 CLH . 5,0(7) TEST IF REPLY MATCHES 

0000 
0262 43.30 BE *+16 

0272 
0266 40 F'0 STH 15, PET URN SAVE RETURN AQDR BEFORE 

02CA 
026A 41 F'0 BAL 15,ERROR BRANCHING TO ERROR 

0194 
026E 4 ~ Fl1l LH 15,RETURN RESTORE RETURN ADDR 

02CA ! 

0272 030 F' BR 15 



0274 8 D8A MESSI DC x•sosA • 
0276 4745 DC C 'GE•PAC 30 r-l:MOR Y OK ' 

2D50 
4143 
2033 
3020 
4D4F' 
5259 
204F' 
4820 

028A EMESI EQU * 028A 8 OOA MESS2 DC X '8 D8A • 
028C 4641 DC C •rA !LURE 

494C 
5552 
4520 
2"'20 

0296 EMESS2 EQU * 0296 TEMP DS 16 
02AG 808A f1ESS4 DC X '8D8A' 
02A8 5041 DC C'PARITY F'A I LURE ' 

5249 
5459 
2046 
4149 
4 C55 
5245 
2020 

!.'1288 EMESS4 EQU * 0?88 8D8A r-ESS3 DC x·sD8A',C'MEMORY SIZE' 
4045 
4D4F 
5259 
2053 
495A 
4520 

0:? cs NUMBER DS 2 WHERE MEM SIZE IS STORED 
02CR A0C9 DC ~ X'A0cs• PRINTS SPACE K 
02CA RETURN DS 2 
02CC 0000 ZERO DC 0 
02CE 0000 IN TF'LG DC 0 STORAGE LOC F'OR I NT F'L G 
0001 ONE EQU I 
0002 TWO EQU 2 
0200 9898 TYPEO DC x '9898. 
02~ STA.RT END 

CONV 00CA 
CONVP 0 I F2 
CONVPI lil l EB 
CTYPE 01AE 
C'4'0 Tl ~ 11 6 
cwt r0 "'106 
EMESI 028A 
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EMESS2. 
~MESS4 
ERR CO~ 
ERROR 
FIRST 
FOUND 
I NTFLG 
I NTSER 
JUMP 
JUMP2 
MEN TRY 
MESSl 
MESS2 
MESS3 
MESS4 
NEXTI 
NEXT2 
NT 
NUMBER 
OK MSG 
OKWT 
ONE 
OVER 
OVERI 
PAR ERR 
PRNT 
PRNTS 
RETURtJ 
START 
STA Tl 
STORE 
STORE2 
TEMP 
TEST 
TESTS 
TIP 
TWO 
TYPEO 
UNITS 
ZAOT 
ZERO 

0296 
0288 
01A6 
0194 
00 FC 
00C8 
02CE 
0236 
0172 
0l.3C 
0080 
0274 
028A 
0288 
02A6 
0112 
0148 
00AE 
02C6 
0178 
0190 
0001 
0IA4 
0246 
024A 
0220 
00EA 
02CA 
02 !YZ 
0226 
0130 
0 l 6C 
0296 
025A 
012A 
01 E5 
00"'2 
02 00 
00DA 
0150 
02CC 
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APPENDIX 3 

AUTOLOAD MARK Ill MEMORY TEST LISTING 

* 
OPT PASS2,PRINT,PUNCH,STOP 

* 06-034 MEMORY TEST FOR AUTOLOAD PROCESSOR 
* NEW MEMORY TEST I NC LUDES-. . .... ··*-· r ~ '"P"RTNO or mr F'ATLURE"- ...... - .. --···----- --·--

* 2 ENABLES ~CHINE MALFUNCTIONS INTERRUPT FOR PARITY 
* F'AILURE DECTION 
* 3. IMPOSES A :'ttJRE SEVERE TEST PATTERN 

* 0050 ORG X'50' FOR A UTOLOA D PROCESSOR 
- ···----- ·----·····---···--··-·-···-···----······--· ---·-·-······ -·--·· ----- --- ·------·----··--·-·----··-----· ·-----

0050 C8 Dl2l 
0002 

~054 C8C0 
0001 

* ME:NTRY LHI 

LHI 

13,TWO DEVICE NUM OF TTY FOR ~SG 

12 ,o~ DEVICE NUM OF' DI SPLtlY. 

-·--0--0"5"R'··-""0944--·-- ---·- -- ------·-smr ··-4-,-4------------------------n-rmr·· FOR PAR I TY- I ~T c ~T 
~05A 4~40 STH 4,X'3C' 

003C 
005E C800 

01DE 
LHI el, I NTSER 

0062 4000 STH 0,X'3E' ··-·· - . ···- -- -- ·-·0"03"c ···· ···----·------ --···--·---··-·-·-· -···--·------· --------

0066 0888 SHR 11,11 
0068 C860 LHI 6, X •B0B0 • 

8080 
006C C890 un 

0400 

STORE ADDRS OF INTR SEqv1c 

ROUT! NE 

CLEAR ERROR COUNTER 
MEM STZ E PR1~Tour~ uo 

-~"0"10"" 

~0 72 
910 74 

~83T-- -·------ ---· ···--- ··-SR11·----3~ ------------ - · ----n.unr·lIT"CJ-s 
0A3C NT AHR 3,12 COUNT OF' X'S OF MEMORY 
4099 STH 9, 0 ( 9) STORE TEST WORD 
0000 

~078 4829 LH 2,0(9) TEST IF DATA RETURNS 
0000 

·001c-···4sJ?f ___ -------·-g-z·- -·-Fmnm·--------~-;-- F OOND LAS r ADDR 

008C 
0080 CA90 

0400 
0084 4280 

008C 

AH! 

BC 
· -- ·00 88 --:r300· -- - ------------·s ---

0012 
00gc 0s90 
008 E CB30 

000A 

FOUND 
CONV 

SHR 
SHI 

9,X.400' ADD 1024 TO COUNT 

F'OR 64 K OF MEMORY BUG OUT 

-~~---------------······--····-------------

NT 

9' 1.3 
3, 10 

RESULTS LA ST MEMORY ADP. 
SUBTRACT OUT TENS 

__ --~0.9.2 .. 42J.0 ___ . __________ . f1_tt1_ ______ l}~_LI~---------------~_f5_A._:~.g_H_J_[ __ G.Q~_L~_!:GAT !~~--
009 E 

0096 CA60 AHI 6 ,X 'H2J0' ADD TO TENS DIGIT 
0100 

009A 4300 B CONV FI ND A NY ~RE TENS 
008 E 

___ . 0.09E ____ C.A:i0 .. UNI.JS ______ A HJ .. ____ 3 _ _,__1_~_ __ __ ______ -~_B_9K._IQ_PO~J_U Y~-- ----· ·---------··· 
000A 

00A2 093C SHR 3,12 SUBTRACT OUT UNITS 
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00A4 4210 BM PRNTS 
00AE 

ernA8 0A6C AHR 6t12 
00AA 4300 B Ur.JI TS+4 

-~--- .. --- ... ------- -- -·-0·0-A·2·~ _____ .. ----· .. ------ ···-·----···· ·--·-- -·-·- . -- .. -·---·-- ·---- ... -~·-· --------- - -- ·- . 
00AE 4060 PRNTS STH 6,NUMBER 

0256 
0082 C8 l 0 LHI 1, MESS3 

0248 

BRANCH IF' GONE NEGATIVE 

A DD I TO UNI TS 
F'IND ANY MORE UNITS 

STORE TO PRINT OUT 

PRINT OUT ~M SIZE 

----~0_1L6_ __ _g~3~----------------~-~_I_ -- }__,_Jg.l_~-~~-+l ___ ----------------- -
0259 

00BA 41 E0 BAL 14,PRNT 
01C8 

00BE 088D LHR 8•13 __ _ CONSTA~TS FOR LOOP 
*THIS TESTS A ONE THRU A FIELD OF tE.ROS-

____ _00_G.0_ ___ C2 __ 0_0._ __ _ _ __ _fl RSJ _____ J,P_$_W ____ :+=±!L ______ _ 
00C4 

0r2JC 4 2000 
00C8 

DC X'20"'0',AC*+2_) ALL0'41 !V'r\TCHINE ~LEFUNCTIO --- ---- -- -- -- ·-- ------------ ---~-- - -- - ----· 

* INTERRUPTS 
e!eJCR 085C LHR 5' 12 -F'IRS-f" 'fE-St --WORD 
021CA 4..LA0 CJ~_l_ I@ ___ _]_~_L._ ____ l_~__._lf;:~ TS _______ ~~EC U T_E 1 T ~RU ZEROS 

00 EE 
00CE 4280 BC NEXT! TEST IF FINISHED 

·----~---··· -·. 

00D6 
00D2 4300_ B C WIJQ) START ACTUAL TESTING -·- - .. --··-·-----·----- ·-- ·-----------·-··--- .. --.---·· 

00CA 
______________________________ !__TILL$ __ _T ES_lL11.. Z ER 0 THR U A FI ELD OF O_:_N__:E_S __ _ 

00D6 C850 ~JEXTl LHI 5,X'FFFE' FIRST TEST 
FFFE 

00 J~. 41 A0 
00 EE 

er~ DE 4E50 
025C 

CWlilT I BAL 10, TESTS 

ACH 5,ZERO 

00E2- ·- css·0---· --------------------·-cI_Hf _____ 5-;x • F FFE • 
FFFE -

00 E6 4330 BE ~EXT2 
0leJC 

00 e.A 4 S00 
00 DA 

B CW0T1 

--- ·-00 EE ___ --~fi'.f65" ---- ---TESTS ____ LHR ___ 6;5 ___ _ 
00 F0 C870 LHI 7 1 STA RT 

0260 
00F4 41F0 

01 FA 
STORE BAL 15, TEST 

00 FR C 060 SLHL 6 1 -----------" - - ------ ·-·--------------------- ------------------- ---- ____ _.__ -----
0001 

00 FC 4E60 · 
025C 

01~:rn 9AC7 
01 02 c 1 70 

00 F4 

JUMP2 

ACH 

WDR 
BXLE 

6 1 ZERO 

12,7 
7,STORE 

------- ~~,-r0 6--- c ns0 -- - -------- --- · -sIH"C ---5-;.-------
00 01 

EXEC UTE TEST 

ADD LEST SfGNfFICANT BIT 8 

TES T- I F FI N I SHE D 

GO TO NEXT TEST 

stART ACTUAL TESTING 

LOAD TEST WORD IN WORK REG 
ADDR OF FIRST AVAIL LOC 

TEST MEMORY SUSR 

REPLACE SHIF'TED OUT O~E 

F'LASH LA MPS OM DISPLAY 
NOT FI NI SHED TES 'f NE:XT LOC 

SHIF'T BIT TO MEXT POSITION 



010A 030A BR 10 RETURN TO CALLING ROUTINE 

* 010C C870 NEXT2 LHI 7,START 

-·-·- -·- ·----·---~-~-§-~'-._ ·-
0110 C860 LHI 

-- 6 ;x-··-F'-·FFif•. --- -----·-·-··--·-· --· ·-----·----·-------------- r 

FFFF 
0114 41m ZAOT BAL 15, TEST TEST MEMORY SUBR 

01 EA 
0118 0766 XHR 6,6 s ' 

011 A __ 4.l_f0 ___________________ ~A_l.. _______ 1 5-_._If;?l _______________ TE~_l_l"'EMORY'---"'S-=UB=-'-R~-----
01 EA 9 

01 l E C860 LHI 
FFF'F' 

0122 41 F'0 
01 EA 

BAL 

6,X'FFFF' 

15, TES:t'_ 

___ 0 l 2 6 _____ 9_A ql_ ·---·----------·-·---· WD R ___ _lg_J_ ____ _ 
012~ Cl 70 RXLE 7,ZAOT 

el I I 4 

I. 

TEST "1EMORY SUBR 
8 

6 

*THE FOLLOWING TEST WRITES ·rHE .ADDRESS OF -EACH" LOCATrcrn. 0 

*I~ THAT LOCATION 

* ___ JU_g_Q_ ___ .9-B1~----· -·-·····-----··---=LtfJ _______ 7, STA f!!_ __ , 
0260 

0 L3r 086 7 
0132 41 FeJ 

01 EA 

STORE2 LHR 
BAL 

6 7 ... f ..... _________ ·-

15, TEST 

-------------- l 

0136 9AC7 JUMP WDR 12-, .. , ·····-F°LASJ.fLAMPS o~rnrSPlAY"''' 

.0J_3 __ 8. ____ c_J_7_~ __ --·--·--------- ------~-l(L E 7, ST 0 R E2 _______ TEST __ _!! n __ N_I S_H_E_D _____ _ 
0130 

"13C CRl0 
et2Q!4 

~I 401 C830 
0219 

OK MSG LHI 

LHI 

1 , MESSI START OF OK "1ESSAnE 

3,EMESl-1 El 1 

·-- ~L4_4_ ___ AJ ~--·-·- _____________ _MJ,. ___ J_h_f>R NT ___ _ GO TO PRI~T ROUTINE ------
211 C8 

01 48 c2ri0 
014C 

LPSW 

~14C 0000 OKWT DC 
211 4 S: 00 C0 DC 

... J?.l 1_5r.. __ _c.BJL __ ·- _ER.Rt.filL __ J .• JU __ _ 
021A 

01 54 C830 LHI 
0225 

0J5R 41E0 CTYPE SAi., 
01C8 

OKWT 

x ''11000. 
AC F'l RS T> 

THEN HALT 

1 , MESS2. _____ _ 

3, EMESS.2:- 1 

14, PR~T .. 

.0J 5_C ___ .0822._. _______ ··--·--·-·------·-···SHR_ ... _.z_.z_ ________ ··--.. -·-------·-··-·- --------
"'I 5 E 083 7 . LHR 3, 7 
ell60 4IE21 BAL 14,CQNVP 

019A 
01 64 083 6 
0166 41 El' 

0J.9~L 
M 6A 4837 

0000 

LHR 
BAL 

LH 

3,6 
14, CON VP I 

3 '0 ( 7) 

PRINT OUT ADDRESS 

CONVERTS NUMBER TO ASCII 



0 

016E 41~ 
01 90 

01 72 C810 
----·- ___ Jl22~. ·--

01 76 CR.30 
023_J 

017A 41EE 
01C8 

01 7E 4R.3!21 
---·-··-·. 0024 

0182 C430 
2000 

0186 4230 

BAL 14, CONVPl 

LHI I ,tEMf> 
---------- ·------

LHI 3, TE~P+l 7 

BAL 

LH 

· NHI 3,X'2000' 

BNZ TIP · 
ei 1 8 E 

018A C200 LPSW. ~·~~~ 
___________ .0_0M_ .. _____ , _________ .... _,, _____ .. __ _ 

018E 030F' TIP BR 15 

C ONVE:RTS ~UMBER T'O ASCII 

0190 C800 CONVPl 1,.HL 0_.x·~~..2-0~- .... -------·-··-· ______ .. __ -..... _______ ........ . 
2020 

0194 ""'02 
0226 

0..lS.8.. . 0.A2.D.. _______ -----· , __ p. H,_,_,R_-'2"'-IL-'1..,,3=-----------'-------------
019 A C810 CONVP LHI 1,12 

000C ....... -·-.. ·-·- .............................. - ....................... _ ..... _ ..... .. 
019 E 0803 LHR 0,3 
01 A0 .. CC0J .SRHL ..... 0 .~HJ) 

0000 . 
____ .... .0~ .... CA.0 . .0 ___________ , ... ____ . __ . __ NHI 

0'110 F' 
0lA8 C500 

000A 
01AC 4280 

0184 

CLHI 0 ,_X 'A' 

BL 

.......... 01B0-- CAfill ____ ~------------·AliL ......... 0, 1 --.. --------.. ··--
0007 

:?JlBil CA00 .AHI ..... 0.,X.'30' .... 
0030 

0188 ~02 STB 0, TE.:MJ=> (.2 > 
0226 

0.1.B..C. _ .~..A2 C _ ____ ____ __ A HR __ 2__,_,, 1 ........ 2..._ ____ ,_....:..:..A =D D=S:__.:Oo.....:~=E'---"'T-O=---:..R-=-=E=-=G:..-=-2 ____ _ 
01BE CAl0 SHI 1,4 

0004 .... 

01C2 4310 BNM CONVP+4 
01 9 E 

••• --· ·- ¥- .. ·--

01 C6 030 E BR 14 
9 __ JU_CfL ....... 0..82..C __ .. P.R.ll_ ____ ..LHB.__._. _..,2 ..... , ..... 1, 2"'", -------=L=O~A=D--:-.;O N;.;..::E,,--=l..:..:N-.:.T.;::...O_;Rc..:...:;E~G;,;__.:::;2 ____ _ 

01CA DED0 
025E 

01 CE 9 !)00 
01 00 42 F'0 

01CE 

STA Tl 

OC 13, TYPEO 

SSR 
BTC 

13,0 
X'F' STATI ..... .. ' .... 

TTY READY TO RECEIVE 
NEXT CHARACTER 

0 -- .. 0.UH ... - ..... M.UL ................. _______ --·-·--~ll __ l 3, 0_U_> ________ SS:ND _CHARACTER TO TTY __ _ 
0000 . 

2!1 !)8 Cl 10 BXLE l ,STATl HAVE SE~T ALL CH~RACTERS 



QI l CE 
01 DC 030E 
01DE C810 PARERR 

BR 
LHI 

14 RETURN TO CALLING PROG 
1, MESS4 

---------. 0.2~§ ____________ -··--· 
01 E2 cg30 · ·-1wr·- 3;t~N1E:-ss-4:.;r---------------

0241 
01 E6 4300 B CTYPE 

0158 
01EA 4067 TEST STH 6' 0 ( 7) 

0000 ---0-1E""E--4 56'7 ___________ c ur--- 6, 0 c 1 > 

0000 
01 F2 4330 

0202 
01 F6 40 F0 

025A 

BE *+16 

STH 

--,n FA -4Trn ________ ·----BAC--15;"ERROR 

0150 
01 F':!: 4 8 F0 

025A 
0:?02 030 F BR 

DC 
rs -
X • 8D8A • 

SEND OUT TEST TO ~EMORY 

TES! IF' REPLY --~M=A~TC.,.,.,H~E~S~---

BRANCHING TO ERROR 

_____ ei_g~ ~--~Q~~ ___ --~;ss1 
0206 4745 ---c·aE:-;;iiA.c-ao ----ME-MO--R-Y_O_K_-r----------DC 

2D50 
4143 
2033 
3020 
---- --------------------------- --------------- ··-·· -----
404 F 
5259 
2et 4F 
4B20 

02 l A EMESl EQU 
_ 021.A __ fi_~A __________ --~~s52 ___ J~_c _____ _ 
021C 4V41 DC 

494C 
5552 
4520 
2020 

______ 0.22.6_ ________________ EMESS2 __ EQ U 
0226 TEMP DS 
0236 8D8A MESS~ DC 
0238 5041 DC 

5249 
5459 

* X '808A • C' FAILURE ______ _ 

* 16 
X'8D8A' 
C'PARITY FAILURE 

- ------· _____ 2_0 ~5.--~--------------······--·-· --------------------------
4149 
4C55 
5245 
2020 

l'l248 EMESS4 EQU * 
___ 02....4.L-8J}8A ______ J'1~$_$3 ___ JJQ ______ ~~_8D8~_~_MEMORY S 1-=Z-=-E_• ___ _ --- ··-·----------· 

4045 
4D4F 



5259 
.. 2053 
495A 

-------~---·----
02 56 WMBER l)S 
0.2.58 .A~CB DC 
025A R"E:fURN ·os 

_____ 0_25C. -~~00.. z;~Q_ _____ DC 
0001 ONE EQ iJ 

. 0 002 _____ ·-------=T...;..:W-=-O __ EQU 
01 50 ERROR EQU 
01.0E lNTSER EQU 
025E 9898 TYPEO DC 
0.26-0 $_TART END 

r.nMV __ 008E --· ------·-
CONVP 019A 
CONV?l 01~0 
CTYPE 0158 
CW0 Tl 00 DA 
CWI T0 00CA 

___ ... £.MES L _ .... .02.lA_ __ ··-
EM ES 92 0226 
EMESS4 02 48 
ERRCON 0150 
ERROR ~.l 50 
FIRST 00C0 

2 
x•Aeics• 
2 . •' 

0 f --- - -·-.' 
2 
ERRCON 
PARERR 
xi9s9s' 

___ . _ FOii ND ____ MB_c_ ____ ._______ ----· ---------· 
I ~JTSER 01 DE 
JUMP 0136 
JU~2 0100 
MENTRY 0050 
IWIESSl 0204 

--- - M.ESS2. . __ .. .021.A__, --------- ·------·-
"'1ESS3 0248 
MESS4 21236 
NEXTI 00 06 
NEXT? 0J 0C 
NT 00 72 

2 -- .... fill.MB ER__.-02.2.~-·----------·· 
OKMSG 013C 
OKWT 01 4C 
ONE 0001 
PARERR 01 DE 
PRNT 01CR 

WHERE ~fl! SIZE IS STORED 
PRINTS SPACE K 

·· -----· _P..B~IS. _____ OOAE_ ____ --·---·------------------ __ 
RETURN 025A 

8 START 0260 
STATI 01CE 
STORE 00F4 
STORE? 0130 

,., ______ JE!W ___ ' 0225 ·--··--·---·----.----·-··----------
TEST 01 EA 
TESTS 00 EE 

6 



TIP 
TWO 
TYPED 

__ IJ~l T $_ -· -
ZAOT 
ZERO 

01 SE 
0002 
025E 
009E ··-----· . ··~-· ····-------· 
01 I 4 
025C 

... ---··---·--··-- ---·-·-· ----·-------------------

·---··--·-···--· -----------

·----·-·-·-----··-·--··-·-------------------

. ···----· ---------- ----· --- --------· 

-------·--·--

1 





GE-PAC 30 
OPERATING INSTRUCTIONS FOR THE 

TELETYPEWRITER/TERMINET TEST PROGRAMS 

1. DESCRIPTION 

The KSR programs store characters that have been input from the key
board, check the parity on each character, and print each character. 
The action of the BREAK/INTERRUPT KEY is also tested. The ASR ver
sions also punch the input data on tape and read back the punched 
tape, comparing each character with the original input. 

2. LOADING INFORMATION 

All tapes are Ml4 tapes which are loaded with the 50 Sequence Loader 
or the 68 Sequence Loader. For the KSR programs, change location 
X'5A' or X'72' to X'200'. For the ASR programs, change location 
X'5A' or X'72' to X'34D'. 

The TermiNet 300 keyboard must be set up as follows: 

ONLINE, READY pushbuttons on (lights lit) 
TRANSPARENCY switch to ON. 
INHIBIT switch to PRINT. 
RATE switch to 30. 
LINE FEED to 1. 
AUTO LF to OFF. 

For an ASR 35 Teletypewriter, set the MODE switch to KT. 

Load the program tape as follows: 

1. Load the tape on the reader with the first character over the 
read fingers~ 

06-004Ml4 ASR Teletypewriter Test 
96-004Ml4 ASR TermiNet Test 
06-083Ml4 KSR Teletypewriter Test 
96-083Ml4 KSR TermiNet Test 

2. Enter X'50' or X'68' on the console switches, set the MODE 
CONTROL dial to ADDRESS, depress the EXECUTE button. 

3. Depress the INITIALIZE button. 

4. Set the MODE CONTROL dial to RUN and depress the EXECUTE button. 

5. Start the Teletypewriter reader by moving the START-STOP-FREE 
switch to START. Start the TermiNet 300 reader by depressing 
the RUN button. 

6. Stop the reader once blank tape begins to pass over the read 
fingers. 

1 



As soon as the last character on the tape is read, the loader will 
transfer to the start of the test program and halt. 

Set the TERMINET 300 TRANSPARENCY switch to OFF. 

3. OPERATING INSTRUCTIONS 

Whenever an error occurs, the program will halt with console lights 
8 through 15 lit. Register 15 contains a program address. This 
address minus 4 bytes points to the location in the program where 
the error occurred (Appendix 1 contains listings of the test pro
grams). 

1. Rotate the MODE CONTROL dial to HALT and depress the INITIALIZE 
button. 

2. Rotate the MODE CONTROL dial to RUN and depress the EXECUTE 
button. The program outputs a carriage return and line feed. 

3. Enter characters on the keyboard. Do not hit the BREAK, HERE 
IS, or any of the tape control keys. The receipt of 73 charac
ters or a carriage return causes the program to terminate key
board input. 

The KSR test programs will print the characters just read in from 
the keyboard, then go to Step 6. 

4. The program outputs the message "PUNCH TAPE" and halts. De
press the EXECUTE button. The characters just read in from the 
keyboard will be punched on tape and printed. Leader and 
trailer tape will also be punched on the tape. 

5. The program outputs the message "READ TAPE" and halts. Load the 
tape just punched in the reader, with leader tape over the 
read fingers. Depress the EXECUTE button. The tape will be 
read and its contents printed. If an error is detected, the 
program outputs the message "TAPE ERROR" and halts. Depressing 
the EXECUTE button will cause the program to proceed to Step 6. 

6. The program outputs the message "DEPRESS BRK". Depress the 
BREAK/INTERRUPT button. The message "BRK OK" will be printed. 
If the BREAK/INTERRUPT button is not functioning properly, the 
program will hang up in a Sense Status loop. 

7. To repeat the test, depress the EXECUTE button. Or restart the 
program at X'80'. 

The test programs assume a device number of X'02'. Location X'8A' 
contains this number and must be changed if the device being tested 
is not X'02'. 

2 



!Q!!: 

To read the program tape on the TermiNet 300 at 120 characters/ 
second, the following changes apply (see LOADING INFORMATION): 

Set the RATE switch to 120 (the keyboard will automatically go 
to STAND-BY). 

Change location X'0078' (BINDV) to X'0297'. 

When the tape stops, set the TRANSPARENCY switch to OFF, the RATE 
switch to 30, and depress the ONLINE button. 

3 



20 

. ·.t: ..... . 

---------"""""""---------------------o'PT"'--"PA s S2 .i'P'R'!N"T':it'JtJ'Pt<tertrS"t'fr?---------"''"' _______ " _________ , __________ _ 

* '''''* ... * 50 SEQUENCE LOADER 
-----------··--"'- -·*- ···--·----·-·····roR·---··A.LL····-----GE-PAC'''30·······p·rocESSORS _____ _ 

* "CfO"S'U' _____ "'"""'"' ________________ "' _____ "'"''-"""""""'"'""""'"O''R'G __ " ____ "X""''SU""r-"'·----· '"·---------"·-------------"·---------·-""-"'""""·----"------·""'"'"'"'"'"'""""'"'-" ___ "' _____ " __________ _ 

0050 C820 LOAD LHI 2,X'80' LOADS TAPE FROM X '80' 

0054 C830 LHI THRU-X'CF' 

0058 C840 LHI 4, X 'CF' --""""'""-""""" _______ " ______ ocYc"F'"'""""'"""""'""'"""" ______________ " ____________________________ "' ____ "' _________ " ________________ " ___ "'_"_""·-----"-----------"""'"""'""'""-----"--"-""'"' _______ " ______ "'-~"'--"-

oo s c D3AO LB 10 .. BINDV NOTE THAT LOCATION X'SA. 

0060 DEAO oc 10 .. BINDV+l MUST BE CHAN GED FOR ALL 

0064 9DAE SEN SE SSR 1 o, 14 M 1 LJ TEST PRO GRAM TAPES 
6666 -··osEE-----··"' ''''-"'"""-'"T; HR-"'Tlf;"'f"li-"'-"'-""'"'"""""'-""""-"''""'"'"-""""""'"'"'-""'""'"--"'-""""'"'""'"""'""'"'""'"""'""''--"''"-"""'""'"'""""''"'""""""''' 

0068 4230 BTC 3 .. SENSE 

006C DBA2 RD 10 .. 0<2> 

0070 C120 BXLE 2, SENSE 

0074 4300 B x '80 I 

0078 0294 BINDV DC X'0294' 
Ob?A --···· 0298 ·:soU'flYO'- DC----··········---- X'029B' 
007C 0294 SINDV DC X'0294' 

DEVICE DEFINITIONS ARE 
··FoFfTTY 

.. ···ac'f?E:' ···02·9"rf"''"'"'""'"'soTiTn_v_i5c""''''"""'"""x···0·:~rn8--"'"'""'"""'"'"''''""''' "''"""'""'"' ·-- -·-"'""'''"'"'"'""''' "'"''"''" ___ ----------- --------

* 
* 68 SEQUENCE LOADER ......... ·····-- ............................ * ..... FOR-30;;;2 PROCESSORS ONLY - - - - "'" - -

* """""'"'"'"""'5"()"6-8"""""'''"'"'"'"'"' __________ "' ____ " _________ o R'G------)("'''68--,-- ---------------"'"' ___________________________ "'_"' ____________ "' ____ " ___ "' ___________________________ "' _____ "--

o o 68 C830 LHI 3,1 LOADS TAPE FROM X '80' THHU 

006C D3AO LB 1 o, B INDV X'CF'• LOCATION X'72' 

19 0070 DSOO AL o .. x'CF' MUST BE CHANGED FOR ALL 
18 -"'"" _______ "'"""''-'"'"'()"()'(';"'F'''" '"''"'""''"'"""'''"'"'""'"" ____________ "'"''--"''-"'"'"""''-'"_'_'"'""'""'--"'"'-"''"""'""'"-""-"""' _____________________________________ , _____________ """"'"""'"''"''"""'' 

17 0074 4300 B x '80. Ml4 TEST PROGRAM TAPES 
16 

15 * DEVICE DEFINITIONS ARE SAME AS FOR 50 SEQUENCE 
--"'-"'''"-"' _________ , ____ ,,~~''"'"''"'-"'""_www_www~,--,~--••"'--"www'"-"'"''"'"'"'-www"-"""-'""""''"'www ___ """'""""""'"'"www-"~'-'"'"-"""''-www"~-"'""'"'"'"'""'-""' 

14 

13 * 12 ""'"'-'"'"'""'""'""""'"''"'"''"-""-'"-~--"---*"I5'EFINTf1(fiiJs"'-F70R""'fEillif1N'E''f''"''A]rE"""sME"'"''A's-"''F't'.fR"''T''f':?""""'""'''"'"'"''"'"'"''"'""""'"'"' 

ll * HIGH SPEED PAPER TAPE READER= NN99 CBINDV,SIND\J) 
lo ...... . . . . . ··-························--·--···--··-· -- -- - __ * ____ HIGH 51SEE'i5'"'i?APER '1'A::PE'''PUt\J'CH::-"NN'9A "CBOU'r'D\T) "" -- -

* CARD READER= NN20 CSINDV> ............ ···········-·-·- "" -* ~THERE 'I\JN;;· -DEVTCE" NUM'BE'F!- ---

* "'~'~""'"""'""'"-'"'""'"-""""'~'"""""'"'"'""""'"'"'""""''"'""""'-'""'"'""'"'""-"""'""""'"''"'""''""'"'""""'"'"'"""'"""'-"""""''""""'"'"'""""-'"""''"'"""'""'""""'"""'"'""'"''"'"'~'~~----·-~·-·-·------·--·-·-·- '"'"'"""""'""'"'"'""""'"'""" 
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0080 

0080 C200 
0084 

0084 8000 
0088 

0088 C8DO 
0002 

008C OBll 
008E 4010 

0044 
0092 C820 

02BA. 
0096 C8BO 

0001 
00 9t\ . ... .9.PJJO 
009C C700 

0008 
OOAO 4330 

OQA6 
OOA4 01F2 
OOA6 C800 

02BA 
OOAI'.\ 40QO 

0046 
OOAE C8FO 

OOBE 
OOB2 . DEDO 

0342 
OOB6 C200 

OOBA. 
OOBA 4000 

OOBE 
·OOBE DA.DO 

0347 

OOC2 C8AO 
0300 ... 

OOC6 C8CO 
0301 

OOCA. 41FO 
02Ct\ 

OOCE C800 
OODC 

APPENDIX 1 
/ 

j 

OPT PASS2,PRINT,PUNCri,STOP 
* A3A TELET'x'PEWRI TEH TEST PROGHAM 

* * 06-004R03 

* * COPPER TELE TYPEWRITER INTERFACE CONTROLLER 

* 
* ORG x' 80' 

* 
START LPSW *+4 

DC X'8000',AC*+2) 

LHI 13,2 

SHH 1 , 1 
STH 1, x' 44' 

LHI 2,ERHORA 

LHI 11, 1 

SSR 13,0 
XHI o,8 

BZ *+6 

BALR 15,ERROR 
.. J,.HI O'ERRORA. 

S.Ttt o,X'46' 

LHI 15,NOINT 

QC_ .13, WRTB1,.K 

LPSW INIT 

!NIT DC 

.{\JQINJ.' .. ___ WD ... J.3.?IAPEOF 

* 
* 
* LHI 

LHI 

BAL 

LHI 

10, ~'1ESS 1 

15,TYPEMG 

START PROGRAM AT LOG 80 

HALT UPON ENTERING 

PROGRAM 

LOAD TTY DEVICE NUL''1BER 

CLEAR CHAR COUNTER REGISTE 
TURl,\J-OFF Exr PSW I NJ,E.:BI\U.P.T __ 

CONTAINS ADDR OF ERROR ROU 

Rl l ALWAYS CONTAINS 1 

TEST IF TTY AVA l L.asl-.E ·-
CORRECTLY INITIALIZED 

ONLY BSY STATUS BIT =1 

LOAP NE_W EXT .PSW ... JN.L ...... 

WITH ADDR OF ERROR···- _ 

ERROR ADDR FOR NO INT. 

WRITE,8LOGK .. DISABLE .... _ ~···.. -- .. -~·--

SEND TA.PE OFF TO.TTY 

AND SHOULD NOT GENERATE 
EXT PSW INTERRUPT ...... -· 
SENDS CR A.ND LF TO TTY 

END ADDR OF MSG 

SUBROUTINE TO TYPE MSG 

BRANCH LOC AT INTERRUPT 

A..1:1 ____ _ 



OOD2 4000 
0046 

OOD6 

OODA 
OODC 
OODE 

OOE2 

OOE6 

ODEA 

ODEE 

OOF2 
OOF4 
OOF6 

DEDO 
0343 
01F2 
9FOO 
csoo 
OOF2 
4000 
0046 
C200 
OOEA 
4000 
ODEE 
4300 
OOEE 
9FOC 
050D 
4330 
OOFC 

OOFA 01F2 
OOFC 08CC 
OOFE 4330 

0104 
0102 01F2 
0104 9BDO 

0106 
0108 
OlOA 

OlOE 
0110 

0114 

0118 

011 c 
011 E 

0122 
0124 

0128 

OSCO 
OBEE 
C840 
FFF'7 
OA4B 
4330 
0122 
cc co 
0001 
4380 
OlOE 
07EB 
4300 
0 lOE 
08EE 
4330 
012A 
01F2 

012A C500 
008D 

012E 4330 
0144 

0132 ll201 
0352 

Al-2 

CLEAR 

STORE 

* 

STH 

oc 

BALR 
AIR 
LHI 

STH 

LPSW 

DC 

B 

AIR 
CLHR 
BE 

0,X'46' 

15,ERROR 
o.,o 
Q,STORE 

o,X'46' 

* 

BALR 15,ERROH 
LHR 12, 12 
BZ *+6 

BALR 15,ERROR 
RDH 13,0 

STORE IN NEW EXT PSW INT 

NO INT,GO TO ERROR 
G hE.M.1 .. ftTTJ;:~ FLOi:>_. ___ ·-·-···-· 
BRANCH LOG AT INTERRUPT 

STORE IN NEW EXT PSW INT 

ALLOW EXT INTERRUPTS 

WAIT HERE FOR INTERRUP 
-.... 

ACKNOWLEDGE INTERRUPT 
.. I.~SI FOR Sfil'1J~; ___ PEV I...Q.!L.~T,JMB:E. _ 
Rll IS LOADED WITH DEVICE 

TEST FOR STATUS_BYT_J;: Z:EJW 
NOT,GO TO ERROR 

RE.AD TTY CHARACTER 

*FOLLOWING LOOP TESTS FOR EVEN PARITY .. 

* LHR 12,0 
SHR 14,14 
LHI 4,-9 

NXTBIT AHR 4,QNEREG 
BZ TESTP 

SRHL 12, 1 

BFC 8,NXTBIT 

XHR 14,QNEREG 
B NXTBIT 

TESTP LHR 14,14 
BZ *+6 

BALR 15,ERROR 

* CLHI Q,X'8D' 

BE PNCH 

STB Q,BUFRCl) 

J"'QQo .. Q.H.t\JL UL TE.SI. tlEG.1.SI~.R __ 
PARITY COUNTER-EVEN 
INITIALIZE LOOP COUNT 

DECREMENT LOOP COUNT 
FINISHED WHEN ZERO 

TEST BIT FOR ONE OR ZERO 

BRANCH IF ONE 

ADD ONE TO PARITY COUNT 

TEST FINAL PARITY COUNT 
EVEN PARITY WILL iYlAKE 

R14 EQUAL TO ZERO 

TEST FOR CARRIAGE RETURN 

SIGNALS END OF INPUT 

STOHE CHARACTER 



0136 OAlB AHR l , O•\JEREG INCREMENT REGISTEit 
0138 C510 CLHI 1,72 TEST FOR MAX OF 72 CHARS 

0048 
Ol3C 4380 BNL PNCH YES GO TO NEXT ROUTINE 

0144 
0140 C200 LPSW X'40' RETURN TO WAIT LOOP 

0040 
0144 C8AO PNCH LH! 10,MESSl STRT ADDR OF PNCH TAPE MSG 

0300 
0148 C8CO LHI 12,EMESl END ADDR OF MSG 

030B 
014C DEDO oc 13,WRITE WRI TE.~BL09~, ENABLE 

0344 
0150 41FO BAL 15,TYPEL"lG SUBROUTINE TO TYPE MSG 

02CA 
0154 OBlB SHH 1,0NEREG ADJUST CHAR COUNT 
0156 9FOO AIR o,o ALLOVJS WAIT LAMP COME ON 
0158 C200 LPSW LOCl 

015C 
015C 8000 LOCl DC X'800Q',ACNEXT> WAIT FOR NEXT DECISION 

0160 
* 

* *THIS SECTION PUNCHES TAPE 

* 0160 C800 !'JEX T LHI O,PCHAR LOAD NEXT EXT PSW I.NT 
0182 

0164 4000 STH o,X'46' WITH A.DDH PC HAR 
0046 

* .. - ,. ~-· .. . ~~·-. 

0168 DEDO oc 13,WRITE WR!TE,BLOCK,ENABLE 
0344 

016C DADO WD 13,TAPEON SEND TAPE ON TO TTY 
0346 

0170 41FO BAL 15,LEADH PUNCH BLANKS ON TAPE 
.Q2EO 

0174 OBAA SHH 10,10 CLEAH CHAR COUNT REGISTER 
0176 C200 LPSW LOC2 

017A 
017A 4000_ LOC2 DC X'4000',AC*+8> ENAB.LE EXT.DEV INT 

017E 
· Ol 7E . 430.0 E * .. WAIT HERE f~.OR . I NTRUP_T ...... 

0171;: 
0182 9FOC PC HAR AIR 0, 12. AGKND 1~LED GE . 1 NT EHR UP.I 
0184 050D CLHR 0,13 TEST IF DEVICE NUMBER SAME 
0186 4330 _____ .BE .. _ *+6 RU ... lS LOADED WITH DE.V1CE 

018C 
.. Ol 8A 01F2 BAL.R 15.?.ERROR. ·~·-··-·,..·-·~~·-·~-·-··· '•'-. •">••, •. -- ···-~·---.-•· -- ··-

* OJ8C DADA WD _ 13,su.r~Rc 10> PUNCH .NEXT ... CH.AR_ ..... .. ···-----~-"-·-·-·-"-· ·- -

0352 
0190 9DDO. SSR .13_,Q_ . OBTAIN STATUS BYT __ FROl"l._'LI.Y ·--
0192 C500 CLHI Q,8 TEST BUSY BIT SET 

0008 . ·······-"' --- -·~--

... ---·----·--·-···· ·-·-· 

Al-3 
... -·-·-·· - ..... --- --



0196 4330 
019C 

019A 
019C 
019E 

01A2 
01A4 

01A8 

01F2 
05Al 
4380 
OlA.8 
OAAB 
C200 
0040 
41FO 
02EO 

OlAC DADO 
0347 

OlBO C8AO 
030C 

01B4 C8CO 
0317 

01B8 41FO 
02CA 

OluC 9FOO 
OlBE C200 

01C2 
01C2 8000 

01C6 

01C6 OBA.A 
01C8 40AO 

034E 
OlCC DEDO 

0344 
OlDO DADO 

0348 

01D4 

01D8 

OlDC 

OlEO 
01E2 
01£4 

01E8 
OlEA 

OlEE 
OlFO 

Al-4 

DEDO 
0345 
C8EO 
020C 
40£0 
OlEC 
9DDC 
08CC 
4230 
OlEO 
9BDO 
4300 
020C 
OSAl 
4380 

BE 

BALR 
.. G.~HR 
BNL 

' "·' -
AHR 
LPSW 

PUNOFF BAL 

WD 

LHI 

LHI 

15.tERROR 
10.tJ 
PUNOFF 

' "'~ ." 

10.tONEREG 
X'40' 

15.tLEADR 

13, TAPEO:f 

10.tMESS2 

12.tEM.ES2 

BAL 15, TYPE.MG 

AIR O.tO 
LPSW LOC3 

IF NOT SET 

GO TO ERROR 
J'F,:_$1 IF .. ALL.. CHAR.$ SF;NT 
FINISHED GO TO PUNOFF 
·--~¥.---~-----<-• '---------~--·- ·"" ·- ·•·""·"-"'~~-·· ---
INCREMENT COUNTER 
f{EJ_Qf:\N TO wAIT LOOP 

PUNCH BLANKS ON TAPE 

SEND TAPE OFF TO TTY 
~ ~ ,., ,A, - ' • _,. 

END ADDR OF M.$G 

ALLOWS _wfU T LAMP GOME Ol\l .... 

LOC3 DC X'800Q',A<*+2) THIS HALTS PROG TEST 

* *THIS SECTION READS PUNCHED TAPE 

* *AND PRINTS THE CONTENTS OF THE TAPE 

* 
****PLACE PUNCH TAPE IN READER*'.".* 

* RDTAPE SHR 

* 

RETH.Nl 

THRO 

STH 

oc 

WD 

oc 

LHI 

STH 

SSH 
LHR 
BNZ 

RDR 
B 

CLHR 
BNL 

10,10 
10.tECFLAG 

13,WRITE 

13,XON 

13,RTAPE 

14.tTEST 

14.tTHRU+2 

13,12 
12.tl2 
RETHNl 

13,Q 
TEST 

10,1 
FINT 

CLEAR COUNTER REGISTER 
CLEAR ERROR FLAG 

WRITE.tBLOCK,ENABLE 

SEND XON TO TTY 

READ.tBLOCK.tENABLE 

SET SWlTCH TO TEST . 

FOR LEADING ZERO CHAHS 

ACCEPT CHAR WHEN 
BUSY IS EQUAL TO ZERO 

TEST IF ALL CHARS SENT 
BRANCH WHEN ALL CHAR READ 



022A 
01F4 D3EA 

0352 
01F8 050E 
OlFA 4330 

0202 
OlFE 41FO 

02FA 
0202 D20A 

0352 
0206 OAAB 
0208 4300 

021E 
020C 0800 
020E 4330 

021E 
0212 C8EO 

OlEE 
0216 40EO 

OlEC 
021A 4300 

OlEE 
021E 9DDC 
0220 C5CO 

0008 
0224 4330 

OlEO 
0228 01F2 
022A DEDO 

0344 
022E 9DDO 
0230 4290 

022E 
0234 DADO 

0349 
0238 C8AO 

0300 
023C CBCO 

0301 
0240 41FO 

02CA 
.0.244 OBAA 
0246 DADA_ 

0352 
024A 9DDC 
024C 4290 

024A 
0250 .08CC 
0252 4330 

0258 
0256 01F2 
0258 C8AA 

0001 
02~C O.~J-8 ... 

LB 141BUFRClO> 

CLHH 0114 
BE *+8 

BAL 151ERRFLG 

STB 01BUFRClO> 

AHR l010NEREG 
B RT CHAR 

TEST LHR 010 
BZ RTCHAR 

LHI 141 THRU+4 

STH 141THRU+2 

B THRU+4 

RTCHAR SSR 13112 
CLHI 1218 

BE RETRNl 

BALR 151ERROR 
FINT OC 131WRITE 

SENSl SSR 1310 
BTC 91SENSl 

LHI l0.1MESSl. 

BAL 15.1 TYPEMG 

SHR 1 Q., lO 
TYCHAR WD l3.1BUFRClO> 

NEXT2 SSR 13.112 
BTC .9.1 NEXT2 

.LHR 1.2d2 .. 
BZ *+6 

BALR 15.1ERROR 
LHI 10.1.lJ lO ~ 

C~H.R J. d .. O ..... 

TEST FOR CORRECT CHAR 

TEST FOR FIRST NON-ZERO CH 

AS SOON AS 
RD COMMAND IS SENT 

BUSY SHOULD GO TO A ONE 

READ STATUS BYTE FROM TTY 
LOOP UNTIL BUSY=O 

SEND XOFF TO TTY 

SENDS CR AND LF TO TTY ..... . 

END ADDR OF MSG 

SUBROUTINE TO TYPE MSG 

CL.EAR BUFR C.OUNTER 

TEST FOR BUSY=.O_ 

INCREMENT BYTE COUNT 

Al-5 



025E 4380 
0246 

0262 4800 
034E 

0266 4330 
0278 

026A C8AO 
0336 

026E 

0272 

0276 

CBCO 
0341 
41FO 
02CA 
01F2 

0278 C8AO 
0318 

027C C8CO 
0327 

0280 41FO 
02CA 

0284 9DDO 
0286 C700 

0024 
028A 4230 

0284 
028E 9DDO 
0290 C700 

0024 
0294 4330 

028E 
0298 C8AO 

0328 
029C C8CO 

032F 
02AO 41FO 

02CA 
02A4 C8AO 

0330 
02A8 C8CO 

0335 
02AC 4(FO 

02CA 
02BO DEDO 

0345 
0284 9FOO 
0286 4300 

0080 
02BA 9F44 
02BC DABO 

034A 
02CO C200 

02C4 

.. 
BNL TY CHAR TEST FOR ALL CHARS PRINTED 
····-· 

LH TEST FOR ERROR IN 
···- ··- ... --- - - -- ··-. ··~------------ ·-------·-···--

BZ BREAK READING TAPE 

LHI 

LHI l2.1ETRMSG END ADDR OF MSG 
... 

BAL 15.1TYPEMG SUBROUTINE TO T¥PE MSG 

BALR 

* .. ····- - .. ----------- '""---·-··--·····------------··· 
*THE FOLLOWING TESTS THE OPERATION OF THE BREAK KEY 

* BREAK 

SENS2 

SENS3 

LHI 

LHI 

BAL 

SSR 
XHI 

BNZ 

SSR 
XHI 

15.1TYPEMG 

SENS2 

BZ SENS3 

LHI l0.1MESS4 

LHI 12.1 EMES4 

BAL 1 5 .1 TYPEMG 

LH I . 1 0 .1MESS5 

BAL 15.1TYPEMG 

OC 13.1RTAPE 

AIR 0.10 
B START. 

ERRORA AIR 4,4 
WD ONEREG.1ERDSY 

LPSW HALT 

.. .. ..... '"'" . '-¥ ~' """ 

END ADDR OF MSG 
·-·- ....• ·---------------·-· 

SUBROUTINE TO TYPE MSG 
- -·-·· ---- --- ---- ··-· ·----

READ STATUS BYTE FROM TTY 
TEST. ~_)~A~ ANP._ ,88..~~K--·----

LOOP UNTIL BRK=l 

R_EAD STATUS B_YT.:E FROM .JJY ___ _ 
TEST EXAM AND BREAK 

LOOP UNTIL BRK=O 

THIS ROUTINE PRINTS 

END ADDR OF MSG 
..... . .... .. . .. -~ .... --····~-----· ~--.. --

SUBROUTINE TO TYPE MSG 

THIS ROUTINE PRINTS 

END ADDR OF MSG 
. . .. . ---···----~~ ----.... "·-·--", .......... ,_._. 

SUBROUTINE TO TYPE MSG 

CHANGE MODE TO READ 

RESET ATTEN FLOP 

CJ,.._EAH A TTEN FLOP 
DISPLAY ONES ON 

PANEL WHEN ERROR OCCURS 



02C4 8000 HALT DC X' 8UOQ,1.\C NEXT:>> 
02C8 

02C8 0301'' .NEXT5 BH 15 
02CA 9DDO TYPEMG SSR 13,Q READ STATUS 
02CC 4290 BTC 9, TYPEi.ViU TEST BUSY /\.ND DU 

02CA 

* rn rlEAD W.HEN BSY=O 
02DO DADA ~m 13,QClO> Sbi\iDS ONE CHAR TO TTY 

0000 
02D4 ClAU BXLE 10,TYPEMG TEST FOR END OF 1~•SG 

02CA 
02D8 9DDO END.MG SSR 13.10 READ STATUS - WAl TI NCi ... FOH 
02DA 4290 BTC 9.1ENDMG LAST CHAR TO BE DIGESTED 

02D8 
02DE 030F BR 15 RETUHN TO CALLING ROUTINE 
02EO OBAA LEADrl SHR l0.110 
02E2 C8CO LHI 12,40 ALLOWS 10-0H FOHTY BLAN.KS 

0028 
02E6 9DDO LEADRl SSR 13.10 
02E8 4290 BTC 9.1LEADRl 

02E6 
02EC COAO BXH l0.10VER 

02F8 
02FO DADO WD l3.1ZERO 

- .. -····- ·~ ·-··---·-· -~ ~ 

034C 
02F4 4300 B LEADRl 

02E6 
02r~8 030F OVER BR 15 
02FA 40EO ERRFLG STH l4.1ECFLAG 

_Q_34E 
02FE 030F BR 15 
0300 ~D8A MESSl DC X'8D8A' 
0301 MMESSl EQU *.;.l 
0302 5055 DC C'PUNCH TAPE' 

4E43 
. 4.820 ·-··· ~- ~ -·-

5441 
5045 

030B EMESl EQU *-1 
030C 8D8A l"1ESS2 DC -0,' 8P8A' 
030E 5245 DC C'READ TAPE' 

414~ 

2054 
4150 
4520 

0317 EMES2 EQU_. .*-1 
0318 8D8A MESS3 DC X'8D8A' 
031A 8D8J'.\. DC .X '_8D8A' . . .. .. -- ..•.. , 
031C 4445 DC C'DEPRESS BR.i<' 

5052 
4553 

.5320 
4252 
4B20 

Al-7 



•••> 

0327 
0328 

.. ~ ... -· -·~·-- . 
032A 

8D8A 
4252 
4B2.0 
4F4B 

.. _ .. ,. 03.2.L . "-----. .. 
0330 8D8A 
0332 454E 

4420 
0335 
0336 
03~H~ 

0341 
0342 
0343 
0344 
0345 
0346 
0347 
0348 
0349 
034A 
034C 
OOOB 
0002 
034E 
0350 
0352 
039A 

BrlEA.K 
BUFR 
CLEA.R 
ECFLA.G 
EMES 1 
EMES2 
E1'1ES3 
EMES4 
EMES5 
ENDi'1G 
ERDSY 
ERRFLG 
ERROR 

8D8A 
54.41 
5045 
2045 
5252 
4F52 

9864 

5854 

1214 

1113 

FFFF 
0000 

0278 
0352 
OODC 
034E 
030B 
0317 
0327 
032F 
0335 
02D8 
034A 
02FA 
0002 

ERR ORA 02BA 
ETH"MSG 0341 
FINT 022A 
HALT 02C4 
!NIT OOBA 
LEl'.\DH 02EO 
LEA.DH! 02E6 

Al-8 

EMES3 EQU *-1· 
MESS4 DC x•speA' -· . - . ·-·· ,. ... __ ·-····--··· 

DC c•BRK OK' 

EMES4 EQU *.-1. .. 
MES SS DC X'8D8A' 

DC C '~ND'. 

EMESS EQU *-1 
TRMSG DC x•sosA' 

DC C 'TAEJ!.: ERROR' ........ __ --·- --·-· ________ . _ 

ETHMSG EQU *-1 
WRTBL.K DC X'986_4• 
RECV EQU WRTBLK+l 
WRITE DC X'5854' 
RTAPE EQU WRITE+l 
TAP EON DC X'l214' 
TAPE OF EQU TAPEON+l 
XON DC X'l113' 
XOFF EQU XON+l 
ERDSY DC X'FFFF' 
ZERO DC 0 
ONEREG EQU 1 1 
ERROR EQU 2 
EC FLAG DS 2 ..... -~ ~~"-~ .... - , .......... . . 
STATUS DS 2 
BUFR DS 72 

END 



LOCl Ol5C 
LOC2 017A 
LOC3 01C2 
MESSl 0300 
MESS2 030C 
l"lESS3 0318 
MESS4 0328 
MESS5 0330 
MMESSl 0301 
NEXT 0160 
NEXT2 024A. 
NEXTS 02C8 
NO INT OOBE 
NXTBIT OlOE 
ONEREG OOOB 
OVER 02F8 
PCHA.R 0182 
PNCH 0144 
PUN'tiFF CHA.8 

... -- ..... _ ........ -~- ·-

RDTA.PE 01C6 
RECV 0343 
RETRNl OlEO 
RT APE 0345 
RTCHA.R 021E 
SENSl 022E 
SENS2 0284 
SENS3 028E 
START 0080 
STATUS 0350 
STORE OOF2 
TAPEOF 0347 
TAPE ON 0346 
TEST 020C 
TESTP 0122 
THHU OlEA 
TRMSG 0336 
TYCHA.R 0246 
TYPEMG 02CA. 
WRITE 0344 
WRTBLK 0342 
XOFF 0349 

·XON, .. 9;3~8 
ZERO 034C 

Al-9 



9 

* .... .. .. * ASH TEEM I NET TEST FF.OCEAIV: 
6 

* 01 ............. AUCUST,·······1970 ..................................................... *. 9·f;;.;Uff4RO 3 
LI 

* .................. , ""'"'''"'"'-"""' ·-·;r··-·coPP'E]~'"'1'FIETYPTV'Fi'TI'TF'TNTFEF'l-lCF.,. CONTROTt:'EE"""""-""'-'"----· """'""'''"'" l I 

Cl 

··················ooBo·· 
OOOB 

················0002·· 

0080 C200 

0084 8000 

* .... ..... . OhC ······ 'i'.'Fff' ... 

ONEHEG EQU 11 
·······r:RhOh ·········F:QU ................ ~, ........................................ . 

5 TAh'l 

DC :X'800Q',AC*+2) 

hALT UP01\l FNTEHIN C PRO ChAiv, 

!>I 

>'l 

91 

LL 

Bl 

61 

............................................................................................................................................................... Ol 

0088 Ct'LO LhI LOAD TTY DE~ICE NUMEEE 

oo~c 

·aa·t<·r 
Ob l 1 Shh 11 l CL FAE ChAh CO llN1 
4 0 1 0 ' ........... ,,, ... , .. , .. , .. ,, .. , "'"""'"" 's"i':h-"'""-·r;-~:- 1"4'2J"'T""""'""'""''"'"'''"-"'""""NE"i:~·-·E5"1";'"Ii\l'r'"'Fst:·--··"""'"""'""""""-"''''' 

00 Ljl.J 

. 00 92 C tC:O 
02bA 
cr:Eo 
0001 

'609A: ... 9DDO 
009C C700 

OOAO 4330 

OOA4 
OOA6 

02bA 
db.A.A 4 d()(f .. 

0046 

,,.,, Ei····r= ''''CUl'iJ5T''(i.i\TT····r 

...... , ........... "" ...... ,.s.s'i~·--·-""T3 ;·cs--·· ... --···--············r·F· ... ·s··r· .... "1 ... 'f;:·· ······1:"1·-~·:·i········;;.y\/A"I·r:·t\'EI:··E~-- ............................................. -

11.hl 01:X.'lb' CO h h EC TL) INITIALIZED 

BZ ONLY bUS) bIT SET 

l51EhhOh 
--·cr;--E~_-hRO"h~ii:--·---... -----·---·---- ... _ .............. __ ..... N .. E.-~---· F.··,x--1:-"'"''"I'N"i· ""'"P"S'"t:~""""' '""""'"""""''"""'""""'"""'"""""""""~"--·---·-

··ooA.E.. CP:FO , .. , ... ,,.,, .. , ...... ,,,,,, ................ , ............... LE1···· ·········· rs;NOIN1' ..... , ........ , ,,. NO TNT FF.TfADDEFSS ' 

OOBE 

0342 
··oo:Bf. c~mo .... ·········· ............ LFS\.. Ti\Jrt .............. ' , ..... , ....... , .. ,., .. ,, .. i\iOT1\i1' SFiOULDEETENEEATED'' 

OOBA 
···············oaBA 4666 ···············11\lTi ........... DC }.'40Qo•;Ac¥+2T .. 

OObE; 
"'"'"'"""'"'CYO~B E:""'"""""J5Af50'~""~· 

03LJ 7 

OOC2 Ct\AO 

OOCf CECO 

OOCA 41FO 

OOCF Cf'OO 

001J 2 LJ ()(J () 
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* Lhl l01fv;ESSl 

Lhl 

bAL 

Lr1 I 01CLFAr. 

Slh 

OUT.i-'Ul Ch1LJ• 

NFV.. F} T I'.\lT PS\·. 



OODf DE:VO OC l31hr.C\· F:NABU~;1 UN l:LO C.k 1 hr AL' 
····················0343·· 
OODA 01F2 EALh 151EhhOh NO INT- E~~OR 

....... oobC 9F66 ...... ······ CLIAh .............. Alfi 010 ......... ........ - ··················CL.FAE A1':\l' . 

OODE CbOO Ll-ll 01STOhE Nr.\>. E}:l INT P5\I F .............................. - ........................... ~---·-·-·--···-- ... .. 

OOE2 4000 Sll-1 ...................... '6646'''' 

OOE6 C200 ~All FOk IN1FhhU~1S 
············································aaE:A ... 

b * 

01 

II 

~I 

Cl 

... ~I 

~I 

91 

61 

OOEE 4300 O .. bEE.: .................. ">········ ········· ........................................ ..... .......... ......... . .......... oi 

OOF2 9FOC STOhE: Aih 0112 AChNO\ILE.DlE1 ChECk DE.\ICE .................... Cl"6.F"·4·· .......... crs·a·n .............................. __ " ........... · cLrh o;r3 ···· ·· ·················· ........... ······· ·············· 
OOF6 tf~30 BZ /. 'l OL1 ' Oh 

0104 
OOFA 01F2 BALh l51EhhOh BAIJ OOFC ... 68cc .................................................. L~h' ·········r2;·1·2· ........... sTAi'Tfs"'EYf'[ iKF:0'1 ''''""'""' .... 

OOFE 4330 Bl *+f YE.S 

NO ··· · ·Bf:'At5 fEt .. ··c: nAEA c·;nnr .. -.... -.... -.................... __ 
* ................................... * .... TEST cFARACff:h fok E..\.IN FAFit'i 

* o 1 06 08c0 .. .............................................. U-!R . T2;6 

................. QJ .. Q .. § ....... _Q~ EE~····--·-----·--- ?J..:J.~..... 1 4 1 1 4 
OlOA C840 L~I ~1-9 

FFF7 
01 OE ... (fA4E. 
0110 4330 

0122 
0114 ccco 

~~ .. ------~·-'-""'""""'~""~'-"'-·~~-~~--~ 
0001 

0118 4380 

N);TBIT 

. ' ................................. ._ ........... .. 
OlOE 

OllC 07EB ......................... " ............................... . 
OllE 4300 

AhB···· 
BZ 

BrC 

4;0NE.RE'C 
TESTP 

~Hh l410NEhEC: 
B....... . i\i};tETi········ 

li 1 2= chAFACf:F.E 
PALITY COUNTEh 
LO 0 r c·auf'll·l ·· ........... . 

DE Ch LobF CdUNi' 
DON!' v,J;-jE:l'J ZE.hO 

BiiANCh If ONE. 

INCh PARIT~ COUNTEB 

.................... _ .......................... Q .. LQJ::_ ........ .. 0122 08EE TESTP --·-Lh_h_ ....... _ ...... f4;Tl4 __ ......................... - ............ _ ... _ffs'i'-""}i"'i"N'AL' PAfar·r·colJi\J'f""'"""'' __ _ 
0124 4330 BZ *+f Oh 

0128 01F2 .......... '5"r2A.--·-c·saa-·--
oo eD 

012E 4330 
0144 

BALh 151EHhOh BAD c L'FT"'"'"'(f;-}:""if:\ D ... , .... - ............................................. TS'"'""CRA'Fi" cn7·-·--·--·-· ... ----·-...................................... . 

BE 

0 .. ················aT3~r··········1520T"""'""""' ___ .......................................... S.'i"".Ef''''''"'""'"'()"';"BtTF"'f~Tf"'Y"'"'''''''""'''"''''"''"''''''''' . No···;;.; .. ·····s"tO'EE'"'"''HJ""'EUFFER'•• .. 

9 0352. 
.s ... .......... 5··1··36 ...... 6ATB ............................................................ _ .. AH"F~ ............. T;-CrN·l!:'FUtG ............... . 

72 Cl-.AB? 01 8 C510 CLhl 1172 
........................................ 0 .......... - ................ c.. ..... .,;; ....... ___________ ;;;;..,;;.... ........ - ............. - ....... - ........................... ---· .... - ..................................... - ........... - ....................................................................................................... , __ , ___ , 
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02Ff. 030F OvER Bfi 15 .......................................... * ................... -........................................ . 
02FA 40EO EHRF'LG STH -------.. ---0 34E ____ .... 

______ .. _______ .. _________ _ 
02FE 030F' BR 15 

··············· ..... ·······················- .......................... ·····-····*······· ............................................................ -.................. - .. -·········--····-· .. ·-··-·-····· 

* 
* 030 0 8iS-t:A:·""''''"- t-'J E·-_:s"'""s-1,---D-C..,......---x-,-8--D-8-A-·--

0301 ~MESSl EQU *-1 ..................... 53·cr2·····-5 .. (y5··5············ .............................. -........ ·----·-f5c:---.. -·-·-·--c-·····P-0N'(;'}r-·····-·· ... -······-................................... T'/U5'E"'f'''"" __ .. , ...... -----·-.. -----·--··-· .......... -...................... -........................................ . 

s 4E43 
4 ............... ---·-··---4s 2cr-----·-·--··· .. ······-·-· .. -· .. ·--· 

5441 --................................... _ .. __ 50 45· .. ----.. ·---···-···· .................. ____ _ 

030E Elv;ES 1 FQU *-1 
a·3a··c ···········snEA ........... -···1.;rn'-s-·:s·2·····················15c················--··-x-TB1J81P--·-·-·----·-··--·------·--··-------·--· .. --------· .. -·-··---·-·-·--······ .......................................... . 
030E 5245 DC C'READ TAPE' 

. ···········4···1···4· 4 ···············--··-···-·····-··-·· .......... -........................... ·························-·····-· .... --···---· .. ····-.. -·--·--·--·--·-··-·--··--···---··-·--·---·--··· ---·--·-.. ---·---·-·--·-----··-·--.. ··-··············-··--·--··-······-.. ·-·· 

20~LJ ·--·--·-.. ·-··-....................... . 
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0317 

4150 
4520 

0318 8L8A 

9 

E.i'JF.:s2·· E:oU 
MESS3 DC X'8DbA' .... ········ o3T.A ········ bbbA . .. ···········oc ·················x 'HDBA' 

. l 

031C 4445 DC C'DEPRESS bRh I 
''"""""""'""'""'""'"'-'"""'"'"""""""'"' '""""""'""""""'""'"' '"'""'"""""'""""~"""'"'"'"'"' ...... ,. ___ .......,,.,~~--·"'"'""""'"""- ........... ._. ""'"" . ., .... _ .. _. 

5052 
4553 

··········· 5320···· .............................. ··························. ............. ............................... I 

4252 
....................................................................... ····················· I 

0327 EMES3 EQU *-1 ··········03·2·rr ····-s15si.\ ....... ___ ........ i.Vf:Ess4 .. ---·15e:---· .. ·-x'sD 8A, .. ----·-··................ ····· ··· ········ ...... ·- .. ··-·-·---···--·----~----·-········-- 1 

032A 4252 DC c 'BEK 0¥. I 

4F4B .... 632F ······································ - .. EME·s·21···-·EQU·········· *-:;r· ······················································· ··--································· 
0330 8D8A MESS5 DC X'8D8A' 

'"'"''"""'"''""'"'"""""'"-"""'"'"'""""'-"""~·--.. ~~----A·-~----~~---------~··~-~---~~---··------·-· .. ---.. --............. '''"''°'"'"'"''""'"'""''"'"'"""'"--~--~-····-··- ,,,_,,,, __ ,_ .. __ ,, ........ , __ ,_ .. ~_,,._,_"'"'"""""·-~·--· 

0332 454E DC C'END' 
4420 o 3 3 5 .. . ... -- ... EME55 l!:.GiU ·········· *::r· 

0336 8D8A TR.MSG DC X'8D8A' ... ····a338 "544T ........................................................... BC . C 1TA.i5£ .............................................. Eft1CfF' ·················· .. ·-............ _ .. .. 

5045 
'''"""'""'""''" ............ _,_"""'""'""""""""'""~·------------~-----~--·-·-·-·-·-·-··-----.... --.. ----·--·--.... --.. --------·~·---............... _.. ""'""""""""'""'""'"""'"''""""'"""""'""'""'""'"" ... _ ... , .................... .. 

2045 
5252 

0341 ETRMSG EQU *-1 
0342 ········· 9864 ······ ~J"R1;13Lfc BC··················· x'9trELi • 
0343 RECV EQU *-1 

""""-"""""'"""'""'-""'' """""'"'"'""'-'""""'"""-----.. ~·--·~------·----·-·-----·-·---.................. -........ -.. . 
0344 5854 wHITE DC X'5854' 
0345 RTAPE EQU *-1 
0346 T2T4 ······rAPEON nc·· ··x 1T2T4' 
0347 TAPEOF EQU *-1 

.... 6348 .. TTT3 .... xdN ······················ bC ... x'IIT3' 
0 34 9 XO FF EQU * - l ·-·"·a3·4·A-....... _F .. F.~FF..... ··-· ... E .. RDS_Y __ .. ___ ,15c-·····--·-·x ··F'I·~·fi;: .. ,--... -... ···---·-----·-·---·-·-·-·-···-······--· .. ······-·---·--· .. -·-
034 C 0000 ZERO DC 0 

... . d34E E:CJLAG ....... bs . ··············· 2 

0350 STATUS DS 2 
20 

0 3 5 2 BU F R D S ........................ ;i2.. .. .... ,, ................................ -.... -........ _ .... . 

19 __ ... _~_Q..;3 9~ .. ---.. ------· .. ·--·-......... -·--····---........ .¥~ .. !2_ ___________ .. __________ _ 
18 

17 BREAK 0278 . . .......... _......................................... -· ........................... ...... ............ ......................... . .......... -........................ _................... .. ................................................................... -..... ... .......................... -................................ -........... . ...................... -............................................................. .. ........ _ ............... -...... , .............................. . 
16 BUFR 0352 
15 CLEAR OODC 
14 ......... ___ ... EC1~'[A-G- .. -·o3·2TE .. --·--·-· .. ·-····-···-·····-·--·-· .. ····-··------.... -- .. ·· ·----·--··· .. ··--··-· .. ·------·---··----····-··-------··· .. ·-·· .. ·-----··-··---·--·----
13 EM ES 1 030B 
12 ......... --.. EME: 52-03-r7·--.. --.. -·-··--·····-······-·-· .. -· ............ -... -................. -·-··-·-.. ·· .. ·-·--·-.. ------·-·----·-
11 EM Es 3 0327 
10 ······ £ivf'.E:s·zr .... ··032r-·· 
9 

7 

6 

5 

4 

EMES5 0335 ·················ENDMG ········0·2rsir·-······· ...................................... . ............... _ .. - .... -................................................. . 

ERDSY 034.A. 

............ .A.L'.:'.'..17 ........ . 



20 

19 

18 

17 

16 

-····-···"l!'.J{'.f{Fl,··c··· ······02F1t--·-···--·--·-···-·----·-··-·----·-·---·-········--·----·--·-----·--·-·--·----·-----·---···-------···---·--·-··-·-···-·------·--··--·-----···---· 

ERROH 0002 
......... ERRORA 02BA . 

ETRMSG 0341 

HALT 02C4 
f'.i\J'·I--T" """""--":"'"'"'Cl"CYB'A" """"'"""""""'" .......... -.,, ..... , ....... "--"·· 

LEA DR 02EO 

LO Cl 015C 

LOC3 01C2 
···11£·ssT"""''"Tf3cYO 

MESS2 030C 
MES.S3 ········· .... ()31 tr ..... . 
MESS4 0328 

......... MESS$ 0330 
MMESSl 0301 t.J Ext :;o:--,-·--,-"'.--·---·-·--·-···------·------·--................. --·--·---................ ----·-·---·--·-···----·------·-·--·--··--·---------------·------------···-·--·------------.. --·--·-··-------·--·--··-·· .. ---· .. 

NEXT2 024A 
.. NEX't5 

NO INT OOBE 

ONEREG OOOB ................... cr'UE:J~·--·--···--·--·---cr2·1·~-8-· ... -...... -.-.... _ ....... _ ............. ___ ...... _______ ._ .. _···----..... -.............. _ ......................................................................................................... _ ....... _. _________ --···-------·-······-·-········--···--.. -··--·-.. --·· 

PCHAR 0182 

PUNOFF 01A8 

REC\i 03LJ3 
.RETRi\JT··· 
RTAFE 0345 

SENSl 022E 

SENS3 02bE ········· ········· st A Hr··· · oo'Bo --- ---·-·----·-------------·-·--------·--------·-------· .. ··-.. -·--·-------·-·-·------···-··----·-------·-------------·-······---·--·-·-·····-·--··-· .. ---------·---··-
s TAT us 0350 
sTo 
TAPED F 034 7 

TEST 020C ··········· ·1·E"sr:P·---···- a··1···2~r----·-··-----·------------------·---···-·------------ -·-·-·-·----···--·---.. -- .. ·-·-.... --------------·-··--....... ______ ............. ________________ _ 

THRU OlEA 
............. '~""''''"···············~·~·~·, 

1s TYCHAR 02LJ6 
14 .... . ... ·····-·ryJS"f''.I;;ri:T"" '""('f2'C'A"' ...... _ ....................................... ---------------·-------------------.. ·---.. -----·--------................. _ ........ __ , ......................................... _ .............................. . 

13 \>.RITE 0344 
12 .. .. .. TR1:I3IR 6342- ---····-----------------·-·-----·-----------------------------------.. ·--··---·····-·--··---------·----·-·-··-·-··-------··· ... 
11 i.0 f F 0 3 4 9 
10 .... )D [\J 
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* ......... *. KSH TELETYFEv:R I TEE TEST PEOCTiAlVi 

* .. . ...... * ·u6..;.DF3HOO···· .. ························ 01 

* ""'''''"''''''"·--··-··-· ·-·-·-·--·····-····-··········-····-········-···· ''"'''*'''''''''C(j''l5P'E'J~·········1···E[''E:·1;·;y··15·r·~.:·r~·11'F~f:--"'fN"1~E-;.,:·F·AC"E:·····~co··~·1·:--r::rJ·[L''E"'F{''" 

* 

ll 

ll 

CI 

·······················oom:r 
OOOE 

....... ························· ...... ~I 

ONEREG EQU 11 
~l 

··cmo2··· .. . ERHOH ........ EQU 2 . .................................... 91 

OOf'O C200 START LPSW *+4 hALT UPON FNTFhING Ph6GRAM LL 

··· ............................................... ··--·cro·s-zf ···················-····-·-·····-··--···~···--·-·---········-·-·-······-······-·-·--·-····-·······--······-··········-········-····················· · ............. ..... ........... . .......................... .: ....... _ ...... - ............... - .•...•. ._............... B l 

0084 8000 DC X'800Q',AC*+2) 61 

... ........ ............. Ol 

00 88 C8DO LHI LOAD TTY DE~ICE NUMBER 

008C OBll SHR 1,1 CLEAh ChAh COUNT 
·· ··· ········· a·as:E:····2!Trrcr········· · ······--------···s'fFr---··--r;1c•44....--·--·--···-··········--NE~t~:···E·x1······ ·rNr·····p··s·v.;········· ················-····· ················ -·· 

0044 
0092··· ······ce20··· ·········· ....... ··················i:HT". 2;ERHOTi:A. ADDRESS OF EEEOR HOUTTNE. 

OlBO 
························0096 C8i3a·· 

0001 
····· ··············aa·97f · ··~H5Y5cr--··---····------·-···--····:s-slr-·····r:r;u ······················· ··· · ·· ·· ···· ················· ···········1·r··st· ·r1~······-r,.··,r·1rvA·n::AELE··· .............................. . 

009C C400 NHI Q,7 COhHECTLY INITIALIZED 

OOAO 4330 BZ *+6 ONLY BUSY BIT SET 
························ooA6 

OOA4 01 F2 BALH 15, EEEO R 
.. ·······crn"A6···-·c·soo-··---··---·-----·---·-·-·-L Hr· ···-····a;·E:RRo·hp,······ · 

0180 
6oAA. ·· 4666 - .. ·--- -·················srH 

0046 
66A.E C8FO .. .. ·--··············r:Hr "'"T$:J NOlNT . ············· ............. NO TNT ERR A:DDREss·· 

OOBE 
--···-·-·ac5'8'2·-·····15E:·rscr··--·--·-·---- ····-·o c;·-·-----r3;··tv1'{'fl1LK'''''''''··· ............... t\'Ftrr·K;TiLO' .. C}\~-TIT:S1H1t:E---·--·-·-····-·-

O l F' 6 
·· oOB6 ···c200 ······································································cpsw ········rNr1· · 

OOBA 
........ OOBA. 4000 ....... TNr't .............. DC ... ){1 4000';:Ariii<+2J'' 

OOBE 

* OOBE C8AO NO INT LHI OUTPUT CR, LF 

. OOC2 C8CO LHI 12,J.V!f•ffSSl 
···········--·······-·····-·····-·-···-c:rT"IT"r·-·-·········----·-···--··········--··-·-··--····-·-·-···----········--·····-····------·---·········-········--···-·--·--·----·-·-·-·--·-·-····--·-···-······--· 

OOC6 41FO BAL 15,TYPEMG 
......................... ---oTccr··--··-··--···--······················-··-···-,··-·····---···-·-·-············--------·-··-·-·--··--··--,---·-·-------·····-··-··-

OOCA C800 LHI Q,CLEAR NEw EXT INT PSw 

OOCE 4000 STH o,X'46' 

ENABLE, UNBLOCK, HEAD 
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OOD6 
.... dbb8 

OODA 

01F7 
01F2 
9Fda··· 
C800 

··aoEE: 
OODE 4000 . . "''"'""'~"'"'- ""'"""""'""'"'~---·-··_,..,,_., ___ """ 

0046 
OOE2 C200 ........... 6dk6 . 

OOE6 4000 

BALR 15, EBRO R 
cI.EAH ....... A I 11·· .......... o;o 

LH I Q, STO l\E 

STH o,x'46' 

LPS1.v 

DC 
.............................. " ............... .. 

OOEA 

OOEA 4300 B * 

NO INT- ERROR 
..... CLEA:RATN··· 

NEW EXT INT PSiN 

it.AIT FOh INTERRUPTS . 

FROM OPEhATOE TYPING 

.. ,. ........................................................ 0.Q'EA ............................... ~ .. --.. ~----.. . ................... M_, ................................... -----·-·~-------·--·-·-·-.,~-·-·----·----....... ,." ........ ,.. 

/ 

OOEE 9FOC · STORE AIR 0,12 ACKNO~LEDGE, CHECK DEVICE 

20 

19 

18 

.... ·a·O"FO .......... ---0 .. 5"(5·0 .. ---·.. . ...... ..................... c.L··:ffR ............ cs·;" .. i .... !~.'.f""·"· .. ,. ..................... "" ..... "' ............................. -- ............................................................. .. 

OOF2 4330 BE *+6 OH. 

OOF6 
OOFb 
OOFA 

01 F2 BALR 15, EHhO }~ BAD 
Cl. bc·c:·· .. ·····················-····-------------I-HR- --T2;·T-2-- '" -- ····---·-·--·--·---~;-1::A:rus--·13y;fi'.:··-z:E:'Ro?"·-·· 

4330 BZ *+6 YES 
0 

OOFE 01F2 BALR 15, ERROH NO oTdb ..... 9BDO .......... ............... ·- "FnR···· 13;0·····- --·· 'EEAD THE CHAJiACTER .. 

0102 obco 
0104 OBEE 
o 1o6 · c84o 

OlOA 
OlOC 

0110 

Fl' F 7 
OA4B 
LJ330 
0 
cc co 
0001 

OlOA 
011 6 0 7EB 
0 1 1 A t~j(j() 

OlOA 
011 E 
0120 

ObEE 
LJ330 
0126 

* 
* 

N},JBIT 

... LEff ....... r2;0 
SHH lLh 14 
LHI ... ········4;:9 

················ .............. hT2; cHARA.Ci'E:R .. . 

PARITY COUNTER 
. Toop cdU.Nr 

""""' '"""'"'"'"""""" '"""'""'"'""'"""'"'"""""""""""'""" """""""""""'""'""'"'""'"'"" 

AHh LJ,QNEREG DECR LOOP COUNT 
BZ TEST? OONE vJHEi\l ZERO 

SHHL 12,1 TEST B IT FO h 1 0 R 0 

BFC BHANCH IF ONE 

INCR PARITY COUNTER 

TESTP .............. LHR ·················r4;14 ····································· - . TE'.ST FINAL .PAF{IfY ····coUNt 

BZ *+ f Oh 

17 0124 011'2 BPiLh 15, EhHO H Bf\D 
16 ······ oT2E: csoo .. ..... ..................... cCHI ···········o;}::•Fi:i' . rs CHAR"CH? ........................................... . 

15 008D 
14 6T2A 4336 
13 01 LjQ 

12 0 l 2E D201 
11 0200 
10 of32. ()fl.TE................. . ..... ·················· AHE 1;cfNEhEG .. , ................. , ........ 'INCirC~.Art ·cuUNT .. . 

0134 C510 CLHI 1,72 7~ CHAR? 
0 () ···························-······································-······································································· 

lj 3 PR Il'~ T 
································-·················· 
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-·---.. --... ----·0140-·-· .. ··--.. - .... -.... ·--··""'"~ .... -......... - ... - .... - ........................... ---........... _____ ......... - ........ --.. ·------·--··--------- ......... --............ , _______ .... _. __ 9 

013C C200 LfS1r. i,'L;Q I i~O- \\•AIT l'Oh NEJ-.T Cl-.i:\h 
... 0040 ............................................... ......... .............................. ................................ ............................................... . ........ . 

* 
6 

········'* 'FRINT ··cF.A'R .. IN EUFF .. ER' .................................................................. - ............................... _. ___ ................. . 01 

* 
II 

··-···---·-ur2nr~-rxr- .... --.FRTN1_ .. __ u-c--··-·-·r3,-·\\'.R 1 TE 'wHTTEl"13LO CR1 F.NAE5LE. 
........................ _ ...... ZI 

OlFt: 
Cl 

cr1zr4 .............. c .. sAo······ .. - .... ········-······-·r:;Hr·-......... Tff#'J.Vl'E'S'ST .................. - ..... -......... -··-·-·· OUTfiUT ·c-n:. .. -· .. t"F·····... ............................. ...... - t 

o 1D6 
····ar4s··••"C"8'Cff:'·" .......................................... . ......... LHr-- .. ·-··1· .. ~zl"MNKSsr·--.................................. . 9 

01D7 ----.. ·onl c-41FC) ______ _ EA[ --r5'1"TYPEM G 
OlCO 

_6 

···················cn··5·cr·""'"''"'CiBAA'""" ............... -............................... SHI\'""-"'"""TO-:i"'l"'()""'"_" _______ , ...................................................................................................................................... _ ......................................................................... 0 

0152 DADA TYCI-!AR \\11 131BlJFF:ClO> OUTPUT 1 CHAR F'HOM BUFl'Eh .......................................................... 0'2"0''()"'' ............................... -............ -... -.-....................... -............................................................................................ _ ...... -............................................ __ ..... _ .................... . 

0156 9DDC NEXT2 SSR ................... en s 8---4 2 §()·-- ---.,B=r=-c 
0156 

13 .. 12 
91NE>:T2 

WA IT F'Oh BUSY= 0 

............ ········c:r1···5c·········"·'0'8C'C" ................................................................ T]Tf,''''''"'""''"T2";"r2""'"'"""""'"--'-"'"'"'""'" ................................................................................................................................................................................................. . 

015E 4330 BZ *+6 ......................................................... crr61r .... -............................. _ ....... ______ ................. _ ................................................ -·-.. --.--.. --....................... ---..................................................................... _ ......... -.............................................................. - .... --·--·--·-....... -.... ·-·--·-·--
o 1 62· 01 F2 BALP. 151 EBRO R E.khO fi ·-··-·-·-.. cH .. 64C-8AA._ .. ______ L'H r--ro ;rno > _______ ................ --··nrc1i--BY·n~:-··rnTfN't"'-···-··--------.... -

ooo 1 
bT68 .... {)SAT' .................. - ......... -....................... CIJ1R ..... 101 1 ··········--·-·-······················-····-···-·ANTS T"ES'r FOE 'DONE 

016A 4280 BL TYCH.AR NOT DONE ......................................................... c.rr·s .. 2··-..................... _ ............ - .......... ____ .. ___ ......................................................................................... . 

* 
* ......... crns·E·""''"'Cl3AO ...... --BREA'R_, ............ I:'Hl'' ······--······-···1··o;·tvI·Ess··1······- .. 0U1' P'UT"_ .... MESSA'GE ................................................................................... ... 

01D6 
·-·······-········5r1·2····· ···c·Bco············-·· .. ···· 

01E7 
01 76 41 F'O 

OlCO 

.................... L'HI ..................... r2·;--f~IV'.ES .. 3 ................................................................................................................................. - ........... -......................................................................... .. 

BAL l S1 T"X'~P~E=:M-i G,,......-------···---· .. ··-----.. -----------

................ ,n ... ·71r·-·•"""9tmo····-·············--··---···s--EN·s2·"············- 'SS'Ff" .......... r3;0 ...................... -.... -................................ ~;ATT'''"'"FUR'"'"BREAK'"''BTT=·T·-··-···-······-""""'""""-""'" 
017C C700 :XHI o .. x•24• 

20 ....................................................... - ..... "0'0"24 __ ................ .. 

19 0180 4230 Bi'JZ SENS2 
1a 01 7A 
17 0184 9DDO SENS3 SSR 1310 WAIT FOR BREA:H BIT=O 
16 ··-·- .. ··-·01rr6----c1c:ro-----·-···· .... -....... _._ ..... -....... _ ............ -x1n·-·-·· .. ·-·-tr;-·:x•21r...---·-............ --... -......... -... --............... _ ......... _ ............................. _ ............. _ .......... _ ................... _ ...................... -.... - ... -.... --.-·-·-
1s 0024 
14 ~-OTBA-~4~3~3~0~-----~g~z~-~5-E~N-5-3--- ----··---
13 0184 
12 01 BE C8AO LhI l01ME:SS4 OUTPUT MESSAGE 
11 01 E8 
10 .... ------·oT92··--c·eco·--------·-·-·-·-·---·-r:Er-···--·T1~;-£1~rn:sir-------· .. ·-.................................................. _____ .... _ .... ______ ................ .. ........................... - ... ·---.. 

9 OlEF' 
8 --·-"-·"'t5'r~r6"'-"41 FCf _________ B.Ar-·-- l 5 .. TYP"EM'"IT"---.... ---··--·-.................. -·--------...... ------·---............. - ................... -·----··•"""--" 

. 7 01 co 
6 

5 

4 

3 

' 

--.. ·-----.. -·---·---------

.................... AJ .. ::.2.1 ................ . 



* * END 0 F' TEST 

019A C8AO 10,MESSS 
.... " ·--·· .................. .,.-....•... 

019E C8CO LH I 12, EMES5 """"'""""""'""'"'""" "" .. " .. .. .,,, .. __ ... .,O_i."FS-""~---""-~ 
01A2 41FO BAL 15, TYPEM G 

01A6 DEDO oc 13,RTAPE CHAN C:~E MO DE TO FiEAD 

OlAA 9FOO Alh Q,Q RESET ATN 
············a'T'Ac'"""4"~f5(f' ............................................. _ ......... ·····13·"'''""''"_ ... ,_,STAR 1~ ........ - ......... --........................ (5"''''\(ifi"Ir'"''F(fff""o:PE: RA r"(fR''"''""'""''"" 

OlBO 
01B2 

0080 

9F44 
DABO 
01 FA 

* 

o 1 B 6 c 2 o o ... .. . . . . .. .... ....... . ....... .. LP St~ ······· hAL'C ························ ................. . 
AND STOP 

OlBA 
01 BA 8000 

OlBE 
""""'•• """"""""""-'"" 

OlBE 030F 

bTtb 915156 
01C2 4290 

0000 
OlCA ClAO ···· orco 

NEXT5 

* fY.PEl.YlG ··········ssi{ ·13;() 
BTC 9,TYPEME 

tvArr FOE .. BUSY= 0 ANr····· 
OUTPUT 1 CHAE 

FROM Rl 0 

BXLE 10,TYPEMC: LOOP 

...... . ... . ......... c 

OlCE 9DDO ENDMG SSB ·Dre 
13,0 v;AIT FOR Ll~ST CHAR DONE 

OlDO 4290 
OlCE 

"'""""''"""" """'"-·"""'-""""""' 

OlDL.! 030F 

* 
* 

9;ENbl\fG 

Bh 15 RETURN 

>o 01 D6 8D8A MF:ssT DC ... ········ x'8J5HA i 

19 01 D7 MhESSl EQU •-1 
"""""""""",_""""'-• "'"' .. ""'"""'""""'''''-"'-""'""-'"~---~""~'"'-"''-""''""'"""""'"''""""""""'-"'"'-'"""'~---·~""'""~""'"'"""'""'"----"'"' '""'"-""''""'"""'" "''"'"'""'"'"'"''""""'""''"~'"'"'"""'""'""--· ·"-""""'"""'"'""'""""'""' """"'""""'"'"''""""''~'""""' 

01D8 8DBA MESS3 DC X'8D8A' 
17 01 DA 8D8A DC X'8D8A' 
•6 ·· oTDc 4 4 4 5 ................ ............................................. i5C .......................... C .. --' .. DEP"R·E··s·s ......................................... b}~·~\'" .. , ................. _. ..... ._ ................ . 

5052 
·4 

1rn20 
0 1 E 7 .... ·············· ... .. ......... . ....... ...... .EME.53 EQff *::-r--·- ... .. ""' .. . 
01 FE5 Em BA MESS4 DC X '8D8A' 

......... ·01 EA .. ·4~52 ............ ··········· DC c·'BEE ................. ······················· .... OE' 

Al-22 



9 

01 E:F EMES4 EQU *-1 
·oTFO ·····sDBA. ..... I':'ESss···· DG ......... X'8D8A:*•••• 

01F2 454E DC C'END' · 4zrnu···· ...................................................................................... ·· " 01 

01 F5 EI,1ES5 EQU *-1 
................. ,,.,'lJTFF''"""9'fr()lF ···-·····-v:ETBix·---·-nc-·-····-·--x-rggf·-4~·----·····-·····--······ ····-·-····-·--·-.. ·-··-······--··"--··-----··-···-·--··-··--··-·-··-·-··········· 

01F7 RECV EQU *-1 

II 

ZI 

£1 

······· .... OTFB 5854 ........... WHITE nc· ···x•·5g54··t .. ........................................................................................................................ l'I 

01F9 RTAPE EQU *-1 
SI 

OTFA FF'FF ... , ......... ,ERDSY ·················nc ·-xTFF''FF'' .......................................... 91 

01 FC 0000 ZERO DC 0 
LI 

···················orFE""'''"'"-········"·······-·-·· ··"-STlfT1l-S--1y5----2·-- -~-·---··-.. -----·-·-··-••>< .. ······ ,._ ...... -.~--··-.. ~---·-·-· .. ·----·--·--·--·-·-·-·~·---....... _ .. _,._,_,.. 81 

BUFR DS 72 
61 

0200 
02Zf5 

....... ......... ............... .. . ·- . END . ................. ............... . ... . .............. 0( 

BUFn 0200 cLE'A.rl · -- · oob8 __________ -···------· .... -·-·---------- ·------·------·------- ------ ·- - · .......... ·· ................................................................. . 
EMES3 01E7 ··············· :EM:Es4· ..... ·aTEF ..... ········································· ...................................... . .................. --··--···-------····-··········-······························ 

EMES5 01F5 
····· ····· ········ ·· E:NbMt'r orc"E··················· ·········--·---- ········································· .................................................................... ·-······················ 

ERDSY OlFA ......... £:Fn::~crR··---···-cn5cn3·-···--·-·· .. -----·-·---.. ·-------..... --.................. ________________________ .... _................................................. . ............................ _______ ........................... . 
ERRORA OlBO 

IN IT OOBA 
...... "f~;fE"S'"S"i'"''"' .... '""•···cr·I"'D'6"'"''''' .. . .... ··-. ·····-·""''''''''''"'"""''''' 

MESS3 01D8 
._,_ .. _________________________ , ............ ,--·~-~"'""~"'"''"""'~--~---·--"'~'-""'-·~-~-,--.--..... _ .... , .......... , .... _._ ...................... '"' ............. ,, ... . 

MESS4 01E8 
MESS5 OlFO 

........ MME55T bTfS'f 
NEXT2 0156 

.. . . NEXfs .. bTBE 
NO INT OOBE 

---~"""-"NX~fB IT ................ 6TOA ~---·--·--~·-.. ·-------~· .. ··--..... - .... -~·-·--.... ,_ ... , ... _ ........................... _ ..... _ .......... - ....... -~ ... --.-...... ____ .. ,_, ___ ,, .... , .. _____ ~----.... - ...... -.---.. -·""" 

ONEREG OOOB ············· PRINT oT40 .................................................................... ···················································· 

RECV 01F7 
20 . RTAPE dTF'<J . . ... .. .. 
19 . SENS2 017A 
1s ·-·--SEN s 3--<5_1 _8_4 __ 

17 START 0080 
16 ............. STATUS .. ·or'it''.E'"''••····--·····-··············· 

15 STORE OOEE 
14 ·····--·T-E STP-··1:rITE .......... ____ ,, _______ .... ______________________ ,, ______ .. __ ................................ .. 

13 TYCHAR 0152 
12 ._ .. _____ fif>EM G on::0-·----------------·---·------------------.... --------
11 wR 1 TE 01F8 
10 · · ··~nrtEI:R·- ·arF6 ·····-·· ---· ···· ···-···· --·-·· ............................. - ............. __________________ ·· · · 

9 

7 

6 

4 

ZERO 01 FC 

·-----.. -·--·--



··----................. - ............................. 0·µ1········· ····PAs":S~r;-rYrr1'N·r;·rim-rrn;""STUP1t:·AE=·1rs KTRw··-·--·-----·-·-----· 

* ............... ········* KSR TEF.M.lNF.T TEST PRO GRAM 

* ......... '*'96;;;083ROO············ AUGUSTI 'T970 .... .. .................. ........ ................. . 

* ............ ···-------..,--......................... * ···coJlp'ER'·····rELE"TYFE"''VJHT'l'ETf"Tt\f'rE'RFACE"'"CUNTROI:L'E'R"""··-·-· .... ·--···-··-------·--

* 
OOOB ONEREG EQU 11 

··········0002 ....... ....... ............ ERHOR ....... EQ u· . 2 ... .. ............ .... .. . 

0080 C200 START LPS~ *+4 

00 84 8000 
'''''0088 

0088 C8DO 
.... 0002 

BA.LT UPON ENTERING PRO GEAM 

LOAD TTY DEVICE NUMBER 

00 bC OBl 1 SHR 1, 1 CLEAh CHAR COUNT 
oo 8E L16f6 ···---· ·-------s"fff7 --.. T;x·r44r···· ·---·-······----rrE·-vr .. Exr··Tf\J"r··p51T·-·- ..................... . 

0044 
0092 C820 

OlBO 
00 96 C8BO 

0001 

................. ADDEESs····oF·······ERRO··n··· ROUTINE······· . 

""''" '''''''I:'Hl ''''''''''''''''''TT>I ,,,,,,,,., ....................... , ,,,, ·nr·r=·····coN'STANT''''''l 

oo 9A .. "9i'.>'no· ........ ---------·---·-- ·-·55·1~- -- -- f ~J;·o- .. ....... TEST.IF···Tr'Y.AVA:Tt:A.ELE" 
CORRECTLY INITIALIZED oo 9c C400 NHI o,x'E7' 

OOAO 4330 

OOA4 01F2 
oo'A6····· c·BaEr 

OlBO 
66A.4 21000· 

0046 
oo~l'.\E:. ·csFo 

OOBE 

BZ ONLY BUSY EIT SET 

BALR 1 5, ERROR · .. ·-----·-··---.. ··-----~-~, ... L H r-·~----.. " ·-cr;--EJ:~.-Rcr&A"""'""" ................. _ ............ ""''""N'l~:"t~.i .,,.E.5i"1:.- "'"It~r1·: ..... F ... s-r """ ............ """"'""""' '"""'."'' ""'"""'""'""""'""" 

··········· stH ········· o;x 1 46' 

•·················' ........................ LHT ········ ······rs;NOlNt ......... ''' ······· NO INT EEE ADDFESS''' 

OOB2 DEiSo"''"' "''"""-··--- ""o c''"""·--··13:;-tvR";rBLR 
01F6 

..... bbB6 . C2()(f 
OOBA 

. ········ LP5tT TNTT ....................................... .. ...... NO INT-SHUDLL FE GEi'JET-iATFD 

20 ... ''''''''''6bBA 2100()'''''' ' .... ·······1Nr1· ..... DC ··········· x•2moo•;AT*+2·y·· 
19 OOBE 
18 

17 OOEE C8l\.O NO INT LHI 0 UTPUT Cb LF 
16 

·············--·····················oTb( 

15 OOC2 C8CO 
14 

13 OOC6 L~ l FO BAL 15, TYPEM G 
12 

11 OOCA C800 LhI o,cLEAH 
10 

OOCE 4000 STh (),)S'LJ('.:' 

OC 13,RECV ENAELE,UNBLOCh,fEAL 
............ , ............................................................................................ , ....................... , __ """"""""'"'""""-·'· ''""'""'"'""""'""'-'""'"""""""'"""''""'""'"""'" ................ ''"""""'"'"'"""'""'""""""'""" ""'""'"''""""""'"'" 



------·--·---·---··ol F 7-·----------------·----··-------·---·-··-·---·---·-··---- ...... --·---·-·---· .. ·-------------·-···-·-··-··· ..... ··-··--------·--···---·--

00D6 01 F2 BALR 15.1 ERROE 
···············cfOI5ff" ·········9·F·tso ...................... c1::··EA"Ff". A I Ft ...... cr;·"O"'"" .. ·························· 

OODA C800 LHI 0.1 STORE ··--···· ... OOEE""" ...... --········- - ""''" .............................. . 

OODE 4000 STH 0.1X'46' 

,\HJ LIJ T- EJ-lhO h 
CL.E'.AH ····1r1"~r···-········ 
~F.:\I' E)<.T INT PSvj 

............ ______________ O"C) 46'"""'"''"'""""'-""""'-•""'"""''"'-""'"''""'-·-.. -·--·-·----·· -----····· ..................... ------·-· 

OOE2 C200 LPS~ *+4 ~AIT FOR INTEHRUPTS 

OOE6 4000 DC X '4000 ',AC*+ 2 > FEO?-i OPERATOR TYF IN E - ............................. ,._ ........................... "" ... .............................................................. ,,,,,, ............ . 

................... Q_Q_~~--4 ~OQ ____________ _E__ ___ *--------
OOEA 

OOEE 9FOC STORE AIR 0.112 ACMNO~LEDGE.1 CHECK DEVICE ·················aa·F;·a· ·-··O"s·crn· ............................................................... eL Hfr--···cr;T::r··-·-··-··---·--··········· 

OOF'2 't330 }'. '100 ' Oh 
0100 

OOF6 01F2 BALh 15.1 E:dEO H · BAD _ ............. ocfFs-..... 0-8cc ___ _ ·---LHFf--T2'--n~-. --------·-·---5-fA'tUs""'''}?.'{tK '''ZE:fi()'?'''"'---------.. --·---· 
OOFA 4330 BZ *+6 YES 

OOFE 01F8 BALR 15.1EHROR NO 
'cffod"". "i:il3i:55"" -·---- --- ...... --·-·-·-----·-Eb}~ .... T3·;-(f. -··--- - ---·---------·--·REA])"' Tl!K-·cP.AhACTER"----·-· - .............. . 

* * TEST CHAMCTEh ""j:"(fff'"EvE·~r'PARIT_Y _____ , .. ,_,_ .. _____________ _ 

* ........... oro2 08CO "'LHH' 12;0 ............................... "'"'.RT-~I='CHAE4CTEH .................... . 

0104 OBEE SHR 14.114 PARITY COUNTER of6"6 ...... C.840 .......................................... LHI . ·4;::9 ........................................... nrnF·CcfON'f.... . ........................................ . 

FFF'7 
-··~----------· 

OlOA OA4B NXTBIT 
OlOC 4330 ..................................................... 0-·1· .. -1 .. E· .. ---·····-··· .. -··-···· .. -············-······--... ·-· .. ·-

o 11 o ceca ... -·· .................. 66oT··-·· ........................ .. 

__ .QJ 14 L!380 
OlOA 

AhR 
BZ 

SRHL 

BF'C 

··4-; .. Q"f.:fE;}t-E" G ---·--.. ·------·15E:·c"H---ccrcfii-c·ouNT""-------·----·· 
TESTP DONE 'tvHEN ZERO ..................................................... 

TEST BIT FOR 1 OR 0 
. ...................................................................................................... ,_ 

8.1NXTBIT BRANCH IF ONE 

0118 07EB :XHR l4.10NEREG INCR PARITY COUNTER ..... ············-ci .. i····1--A-·· ......... Li·3··a·o· ...................................................... -.......... ~-- .... B ........ ____ ............... f\f}{fB .. 1··1 ........................................................................................................... -...................... 1 ............................................................................................................ .. 

OlOA 
20 oIT£"""'''6'8E:E' ................... ,.E.s'fp"'' ............. Lim ............ r4-;"I-ZC""•"••• ............................................... 't"E"ST'"'"''F'TN'A["''PifffI"f'Y"'""COUL-JT'""''-'"""''• 

19 __ __Q_!_g_Q__~_?30____ BZ * + 6 O_:__K _____ ·----
1s 012 6 
17 0124 01 F'2 BALR 15.1 ERROR BAD 
16 ········ ···-ar26·-· .... -cscso ......................................................... c.L"fiT·-·--.. cr;-x···mS"''_ ... _ ... ___ ...... _______ ........ Ts-·-cHAR··cR-r--.. -·--.... ---··-.... -...................................................... ... 

1s 008D 
14 ...... ---···012A--·-4·335--·-·---·-·-----BE""'"' PRINT -----·--·- YE 5 
13 0140 
12 ----0-1 2E D20 1 STB 0.1BUFRCl> N(f.;;.-·"sro RE IN BUFFER 
11 0200 
10 ......... oT:rn··--·o'AT'B"''"'""'--.................................. 'A'HH"""'"'-··r;clNEffE"G ____ .. ____________ ... ''''IN en· "GHiffi-CO"UN"r'"""'"' ' ' ' .................................... _. 

9 0134 CS l 0 · CLHI l .1 72 72 CHAR? ........................................ -0. o 4·s···--.................................. -...................................... -......... -.... ·----·--·--·--·---·-·-·----.. -· · ··· .......... _________ ............ _ .. ________ .............. ·· 

7 0138 4380 BNL PRINT YF.;S ---··-.. ·--·-·---------· ----..... --·--·--·-·-·-......................... , __________ .,. __ .. __ , __ 

6 

5 

4 

3 ............ :. ............ Al ... ::::.2 .. 5 ........ . 



--------urirn .. ____ ,.. ___ ................ _ .......... _ ... _, __ _ .......... _____ .. _________ ,.._..,,,_, ___________ _ 
013C C200 LPSlN X'40' NO- li.AIT FOR NEXT CHAR 

.... ........ "'0040 

* ............ .. .................................................... ..,fi ....... PRINT ·····cHAR ... "lN····BUFFE:R ............. - ........................................................................................ - ........................................................................................... . 

* _ ................... OTlH'.f Df:D{)'"'' ___ .PRIN't""'-"'"'"'"''"'"'O'"C"'""'"'""'''"'"1:r;wm .. rr---
O l F8 

cr1 4 4 ·c··sAo······· ··· ····· ................................................ L'Rr--·-· ... rcr.;·NE·ssr··· .. ······ ............ ···········ou-rp·uT··-cp,;·····r;F ........... .. 

01D6 or2rn· ·········c··ec·o······ · ···· ·············-···-·-·-.................. T;Hr-.. ·-·-T21NNF.s·sr··-··-.. ···--······ .. ································ ............................................................................................................................ . 

01D7 
_ .............. -6TZic-·-411;:0--· 

OlCO 
....... OTs'O·· OEAA 

0152 DADA 

0156 9DDC 
... d 15£~.· '1.1::>.96 .. 

015f 
b15C 0200 
015E -4300 

.................. ··oT64 

0162 01F2 
.................... OT62!·-c 8A1C······· 

0001 
······· OT6e ···osA:r 

Ol 6A 4280 .............................. -- ........ .......... 0 .. 1· .. 5·~····· 

····· ................................. - ...... SHR ____ .. ___ ro:;·ro-·--.. -·-·- .. ·-·····-.. -.......................................... ·················· ·················· ............................................................................ .. 
TY CHAR wD 13, BUF'RC 10) OUTPUT 1 CHAE FROM BUFFEH 

NF>T2 WA I T FO H B tJ SY= 0 
. . ., ............. .... 

........................... N'O-F>".R_ ..................... - .................. -................................... - ......................................................................................................................................................................................................... . 

B ·*+6 

BALR 151ERROR EBROR 
LH 1 -ro.;nnr>_ ........... -.... ·---··1wc-i:r·~-cuuN'r--.. ·-·--...... _ ..................... _ ....... .. 

..... ····c1:;H1r ···ro;r·····-· ................................. ············· Al\1D TEST FOR IXJNE ....................................... . 

BL TYCEAR NOT DONE 

* ~--··-----~---··--~------·--·-·· ................ .... * .. -···-1~ .. E·sr-· .. cr PEhAT .. 101\f"'"OF7'"'BnEA'lZ--f{EY-·~~-~ ..... _. .... -----·-·-----·--_....--·---·-·---· ... 

* 01 6E CEA(f .. . .. BREAR . t:HT .... ro;MESS1 
01D6 

·····················a··r·12····· ·····ceco 
01E7 .... ___ Of'fo 4 1 FO 

OlCO 
.......... OT'IA .. '9J5lYO 

017C C700 

···········-·····--··-···················· ··········r::·'.fi··1··· ··············1···g·;···F~M-·F.··5··3 

. SE'N"S2'"'"'"'"'"S"SR"'"''"'"'r3·:;"Q"'""''"'"''""'""''"""""''"" ........ "1]A:TT"'F(JFf'""BREJH'\"BTT=r·'"'"'""''""''"'"'"""'"'' 
XH I 0, x I 3ll I 

20 · ········· ·····································--u·o··321 ··· ................................................................. .. 

19 0180 4230 BNZ SENS2 
ls ·····----.. -oT·?A··-· ... 
17 0184 9DDO SENS3 SSH 13,0 v1AIT FOH BhEAil BIT=O 
16 ···············crrB"'6''"''''"'''C"70 o· .................................................................... XHT"'"'"'""'""'""Q"';·-~(''T3'4'"''''"'"'"'''"'""'"""""'"'""'"" __ ............................................................................................................................................................................. . 

15 0034 
14 ·• ............ 0T8A-·4·::r3'cr ......................................... -·----sz-·--"S"EN~---------.. ·--·-
13 o 184 
12 ·-·--· .. --ffi"8E-C eAo ·--··--· .. -·--·--.... L Hi OUTPUT MESSAGE 
11 01E8 
10 ........ _.c5T 92 ·e: 8c·a .... ·· --- --- ..... · · · ... 'LHr-· ......... nr; EFrn~s2r--·-·-.... ·.--... ·--··--· -·-·------.. ---.. ---·-·---· .. ·--·---·--·-· ·-- ··--------- -·· ·· 

OlEF 
........... TfI9·c; ..... 2i··1···F·a······ ............................................................... BAL"' ............ ~.T!:i"':;-ri'P-EK"G--·----·--·--··-·· ...... : ........................................................ --·---·-.. ·-···-··-·-···--· .. --.................. .. 

OlCO 
---····--··--.. ---··-·--· .. ·----·-------... 

6 

Al-26 



""""""""""'""'" '"" "'""""'"'"" "'"" ""'"' "'"'"""'' '""' '""'"''"~'"" '"" '"''"'"'"'"""·-~-·--"""''"' "' """ ""'""""'''"""""'" '"' ,,,. ........ """""'"""'"""'"'""""'"""''~~--·"'""'""-""·--- ............... """'"'"'' """"'""""""~"-""'""""""" """"' ... . 

* * END OF TEST 

0 l 9A CbAO 
············aTF'o 

019E C8CO 
"" .. """'""""'"''""'"""'"'"""'""'"- '"'"-"'""""""'""'"'"'"""' 

LHI 
"'"""""'"""""""'"" 

12.rEMESS 
·························· ~ 

01F5 
01A2 L\ l FO BAL 

. 6TCo 
OlAE: DEDO oc 13.rll.TAPE Cl-iAN CE MO DE TO READ 

··········································· I 

OlAA 9FOO 
OTAc·-... 2i'3 o o 

OObO 

* 
OlBO 9FL!LJ 
o 1 B2 i5ii:Ei"o 

01 FA 6TB6 C26t5 . .......... ............................. LP.St/ HALT . .. ..... AND sf0'15 

OlBA .. ---... ......... CfT .. bA' ....... .... 8"<5·o·o·- ......... ,, .......... HAL'T" ..... _ . ..... -..... Dt; ........ ...... .......... -x····•"ffC5'CYO .... ,.~ .. A ... C"N .. E:5~·1~ .. 5 .... 5 .. ............................... _,. ............ _ 

OlBE 
'"''''''''''''(5'T''BE"'"''"'""'"(5"3"(J''F"'""'''"'" '''''"'1~"'E'~}:·~i~5 .... ,,,, .... ,, .... 'B'h'''''"''"'""''""''"''"'i"'S~''"'""'""''"' ''''''"''"'·-·······ca··sj·;F''i''N't.T'E''''"''" .... , ........... , .. ,,.,,.,,. ' 

* bTCb 9bbo ······················ TYPEfotf .. ssff . 13; b 
01C2 4290 BTC 9.rTYPEMG 

ta:i.rt·····:rofi .. bUSY= ··a AND 
OUTPUT 1 CHAE 

... -...... QJ_~_§ __ .... J2B:.!2B: ............ - ........................... v.J .. 1.?.... ... . ... J _3, o c 1 o > F hO!'J id 0 

0000 
OlCA ClAO BXLE 1 Q, TY:PEtvi C LOOP 

OlCE 9DDO ENDMG SSR 13.rO \>jAlT FOh LAST CHAE DONE 6Tb6 4296 ........................................... BTC ....... 9;£NDMG 

OlCE 
~--.. --------·~--.. ----~"~'"'"'"'~----"'""""'-"'"'-~"" ____ .... , .. , ..... ~.-·----·""'""'""-"'"'"'"""-"' """""""""""'"'""""""""""'""'"""'""'"""""'"'"""'"'"""'"" '""'"""'"""""'"'""' ....... "' .................... ,~"'"''"""''""'-""""""""""'"'"'""""-'"'""~'"""'"'-'"""'""""""'"' 

01 D4 030F BR 15 RETUBJ.\j 

* 
* 20 6Tb6 8i58A ·············· MESST .. . tsc ....... x '8b8A' . 

19 01D7 MMESSl EQU *-1 
................. ,.,-.. ~--~--·-·----·-·-~----~-------~-----·-"""-""""'""'""""""'"'--""----· .. ·~"""'"""""""""~------~~-.. --........ ~ ....... ~ ............ ~ . ., .... _,_,_,~·-"""'-'"'~·-·-·-"·"""''·•-""'"-~-----""""'-'"'"'"""-"~"'""'"' '""""' .... ~ .. , .. , ......... """'""""" 

10 01 D8 8D8A MESS3 DC X' 8D8A' 
11 OlDA 8D8A DC X '8D8A' 
16 ofbc .. 44"2.!5 ......... ··· ·oc .... c·•t5E?I=rn.:·:s:s· BRR...-· 
15 5052 
14 

13 __ ,_,,, ___ ,, ___ ,,,, __ ,, ___ ;> 3 ? 0 
12 4252 
11 4B20 

,.,_ '""'"''"''"'""""'"" 
10 o 1 E 1 · ·- ............. _E'r;rE:s-:3· .. ···:Eo.tr *::T........ .. . 
9 0 l E8 8D8A · MESS4 DC X '8D8A' 
a ············· ····· ·a···1·E:A ···········42~rn·- ....................................... f5c ·······- .. e-;·Ert't:K.... ................. · 

6 

5 

4 

OR r ·-···-· ... .. .......... . 

............. Al.:::::.27 



--... ----· .. 4FZiE·---------- ....... _ ...... --.. --

01 EF EMES4 EuU *-1 
..... ··················01FO 8D.8A. ············-···r;1ESSS'··················nc ...... ·········x•8IJ8'A"'•·········· ... · ··············--·-----···..,. ............. _, __ .... _ ................ -... ·-----····· .................................... - .............. _ .. _ ..... ,_ ............................. . 

0 llSl./·E. DCC'END' 
'l'f 2..0 ... - ........... 0-IFS .... ········· ........... -............ - .... EM.ES5 ............ ''EQU' ... .. ....... r-··-........................................... -·--·~ .. ·--·-.. -.... ·-·--------.. --.......................... _ .. __ , ............................. _ .. , __ ,, .... __ .............. . 

01F6 9864 WRTBLK DC X'9864' 
--.... OTF...,-.-- "R~---e'QU_.... il<-1· ---~--·------· 

01F8 5854 WRITE DC X'5854' 
.. ·orF9""""'""""'"''"' '""'HT'APE"""""""''EQU"""""''-""*;;;T''"'"'""-""'"'' ,.., .. ,_ .. ____ .. __ , _____ ,,. .. _.,,.................... .. .......... _ ................................. - .................................................................. _ ..... .. 

OlFA FFF'F' ERDSY DC X'FFFf' "D'I"F'C ......... 0 .. 000···· ............... Z.E'RO" .......................... DC ...... _ .. _ ......... O ................................................ ____ ........ -........................................................................... --....... c ............... - ................................................................. . 

OlFE STATUS DS 2 .............. -... ·0200_ .. __ .. ______ ........... BUFR --·DS 72 -----~-.. -·----·-----......... .. ~----·" ,_,, _____ .. 
0248 END 

BRE:AX Ol 6E ............... BU"F''Ii 0 2 0 o· . .... . ............................................................... ____ ...... --... _ ............................... -.......................................................................................................................... _ .. _ ..... _ .... _ .. ___ . ___ .................... -.......................... .. 
CLEAR OODb ................. E:J.V1E:s·3- · · orr·r ........ -....... - ........ -.... 
EMES4 01 E:F 

............ EM.ES5 ....... ·01 Fs·· 

ENDMG 01 CE 
E :r"n·sy- ........ ·orFA.··- ··········-·-·····-· .................................................... -·-·---·---·----·-.... - .................. --·------·--------·-··-··-... ·---.............. ----·-·--·-·-·---·---·-------·------....... __ ... _ ....... . 
EJ~hOH 0002 
·E~:f!O H.A ............... OTBO ______________ .. __ 

}JALT OlBA 
··············· 1Nit OOBA 

l'-1ESS1 01D6 ..... ..... MEss·3·····. OTDB ················ ......................................... ....... .. ................ . ............................ . 

MESS4 . 01 E8 .............. r:-1E:sss ................ o 1 Fo 
MMESSl 01D7 ........... ·t\rE·xr·2·· ····0··1···5··6·· · ·· ........... ··· · ................................................................ · 

NEXT5 OlBE ............... SJ6fi\Jt. ···cfdBE··-
N:XTB IT 010.A. 

-·--........ oi\J.E'fiE:~ooi5:s· ---.. -·---·---···----·-·----·-----· .. ---------------
PRINT 0140 ············· ·······Etc··v ······················a·rF·7 ...................................................................... _ ........................................................................................................................................................................................................................... _ ...................................................... .. 

ETAPE 01 F'9 
20 ····· ............... sl!l\i·s2 ················a··1·11f ········ .......................................................................................... --······--............................................... _ ....................................................................................................................... ·· .................. _ ....................... -................................. . 

19 SENS3 0184 
10 -·-·-START--... :Qo8c)""·------------------
17 STATUS OlFE 
16 ......... . ... sT6J'Dt-- ............. o·o E';E ................................. _ ...................... - ...... -......................... - ...................... _ .. __ ................. __ ................. --·-·-·--·-----.. -·--··· .. -··-···--.. -· ........................................... -.................................. -.................................... . 

15 TESTP OllE 
14 ........... - ...... tYcEAE ......... crrs2· .......... -... ·-··-·· 
13 TYPF:tvi G 01 CO 
12 -·-··--·-\,h·I-TE o i"'F~S------·----
11 \i,hTBLH 01 F6 
10 

.. 'Z. .. E:h:o ····cn·F·e·-.. --.... _ ..... _ ........................................................ --·-----·--·-·---... --··--............ __ -·------·--............. -...................... - ......... ,_ ............ -.......... _ .............................................................. . 

---··-·----·-· 
6 

··· Ar::2a 



OPERATING INSTRUCTIONS FOR THE 
HIGH SPEED PAPER TAPE READER TEST PROGRAM 

Publication Number 06-016A12 

1. FUNCTION 

The test program checks the validity and 
accuracy of the High Speed Paper Tape 
Reader. 

2. TAPE FORMAT 

The object tape (Program Number 06-016 
R01M09) is in an absolute format. For 
easier handling, the specially prepared test 
tape is included on the same tape as the ob
ject program. They are separated by two 
fanfolds of leader. 

3. LOADING PROCEDURE 

The object tape may be loaded using the Ab
solute, Relocatable, or Gene~al Loaders. 

Control is automatically transferred to the 
starting address (X'80') of the test upon 
completion of the load. 

4. PROGRAM DESCRIPTION 

The program reads the specia i ly nrepared 
test tape and makes a comparison of what 
was read from the tape to lmown values. 
The leading or trailing zeros are ignored. 
If an error is made in reading the tape, th~, 

program halts with the erroneous character 
read just past the sense lights. Register 9 
contains the character that was read and 
Register 8 contains what should have been 
read. To continue reading test tape,depress 
EXECUTE. The tape motion will halt just 
prior to reaching the end of the tape. This 
is because an erroneous character was 
placed there to cause this stop action. 

Appendix 1 is a listing of the program. 

1 





APPENDIX l 

·~ OPT PASS2, PRINT, PUNCH 

* * HSPTR TEST PROGRAM 06-016R01 12- 2 6- 68 

* 
0080 ORG X'80' 

* 
0080 OB66 RSTRT SHR 6, 6 INITIALIZE 
0082 C830 LHI 3, 1 BXLE INCREMENT 

0001 
0086 C840 LHI 4, 7 BXLE LIMIT 

0007 
008A C8AO LHI 10,3 HSPTR DEVICE NUMBER 

0003 
008E DEAO oc 10, MOVE 

OOD8 
0092 OB22 STAR Tl SHR 2, 2 BXLE INDEX 
0094 OA63 START AHR 6,3 INCREM Sl!IFT REGISTER 
0096 9DAE SENSE SSR 10, 14 
0098 08EE LHR 14, 14 
009A 4230 BTC 3, SENSE 

0096 
009E 9BA9 RDR 10,9 DATA IN R9 
OOAO 0899 LHR 9, 9 IGNORE LEADING ZEROES 
OOA2 4330 BZ SENSE 

0096 
OOA6 9386 LBR 8, 6 ONLY RIGHT MOST BYTE 
OOA8 0589 CLHR 8, 9 COMPARE 
OOA.~ 4230 BTC 3, ERROR ERROR IF NOT EQUAL 

OOC4 
OOAE CD60 CONT IN SLHL 6, 1 SHIFT PATTERN LEFT ONE 

0001 
OOB2 C120 BXLE 2, SENSE REPEAT SEVEN TIMES 

0096 
OOB6 CE60 SRHA 6, 7 RESTART PATTERN +1 

0007 
OOBA 4220 BTC 2, START! 

0092 
OOBE OB66 SHR 6, 6 
ooco 4300 BFC 0, START! FINISH ONE CYCLE 

0092 
OOC4 DEAO ERROR oc 10, STOP STOP READER 

OOD9 
OOC8 C200 LPSW WAIT HALT 

oocc 
oocc 8000 WAIT DC X'8000 1, OUTCOM 

OODO 
OODO DEAO OUT COM oc 10, MOVE RE-ISSUE OUTPUT COMMAND 

OOD8 
OOD4 4300 B CONT IN CONTINUE TEST 

OOAE 
OOD8 99A9 MOVE DC X 199A9' 
OOD9 STOP EQU MOVE+1 
OODA END RSTRT 

A 1-1 



CONT IN 
ERROR 
MOVE 
OUTCOM 
RSTRT 
SENSE 
START 
STAR Tl 
STOP 
WAIT 

A 1-2 

OOAE 
OOC4 
0008' 
DODO 
ooao 
0096 
0094 
0092 
OOD9 
oocc· 



HIGH SPEED PAPER TAPE PUNCH TEST PROGRAM 

Publication Number 06-037 A12 

t. Vt'H.POSE 

Ti,c Punch Test Program (Program Number 
1 1\;_ 0::7) is dnsig1wd to test the operation of 
U:c l!i~~h ~;peed Paper Tape Punch. 

2. TAPE FORMAT 

The tc::it program is in an absolute format 
with the origin designated as X'80'. The 
prograrn occupies 58010 or 1EA16 bytes of 
rrH·rnory. A listing of the program is pro
v idcd in Appendix 1. 

:~. LOADING PROCEDURE 

The object tape is loaded into memory using 
tht• /\hsolute Loader (Tape Number 06-
02'.)J\UO). If further information is needed, 
refer to !-oader Descriptions, Publication 
Number OG-025A12. 

4. PHOGHATv'I OPERATION 

The pror~ram is designed to perform four 
separate tests. It has four different start
ing locrrtions which determine which test is 
to be performed. Table 1 is a description 
of each test and its corresponding starting 
address. 

TABLE 1. 

Test Starting 
Number Location DescriI~tion 

#1 X' 80' Reads and punches 
whatever data is ex
pressed by the right
most eight Data/ Ad
dress switches (8-15) 
on the Display Panel. 
The test runs until 
manually stopped by 
the operator. As 

#2 X'84' 

#3 X'88' 

long as the test is run
ning, the switches 
may be changed to form; 
any combination. 

Same as Test 1 except 
Interrupts are used 
instead of Sense Status 
to control data outputs 
to the punch. 

Punches six distinct 
patterns allowing a 
visual confirmation as 
to the correctness of 
the punch. Each pat
tern is repeated 20 
times; however, if 
SW15 is depressed, the 
current pattern is re
peated until the switch 
is released. After all 
six patterns are com
pleted, the program 
halts. To repeat Test 
3, depress the EXE
CUTE button. Figure 
1 is an example of the 
_eix oatternE!.._ 

l 



TABLE 1 
(Continued) 

Test Starting 
~umber Location Descrip_tion 

41=4 X 18C 1 Punches all sixty-four 
ASCII charact.ers fol~ 
lowed by a Carriage 
Return, Line Feed and 
ten blanks. This test 
also repeats 20 times 
and will repeat indefi-
nitely as long as SW15 
is depressed. Upon 
completion of this test, 
the program halts, but 
the test may be repeat,;,. 
ed by pushing the EXE-
CUTE button. 

The power to run the High Speed Punch is 
turned on by program control. The only ob
ligation of the user is to be sure power has 
been supplied to the punch motor. 

The device number and output commands for 
the punch are taken from X 17A', the Binary 
Output Device (BOUTDV) specification in the 
50 Sequence. The GE-PAC 30 high-speed 
punch is normally assigned Device Number 
3. To use the high-speed punch, the loca
tion at X' 7 A' should be set with the following: 

PATTEltN I ltATTlltN a PATTlltN 1J ......... • • • • .. • • • • • • • • • : • : ... . . 
• • • • •• • • • • •• • • •• •• • •• : ... a:.; • • ::: : 1:. • • • •• ......... • • • • • • • • • • • t-::•-a • • • • • • • • • • I = I • • • .. •• 11: : ........ •• • • •• •• . :: : • • 

······~·· 
• • • •• • 

Figure 1. 

2 

: 

BOUTDV spec Meanin_g_ 

1 
X'0392' Device Number 3, dis- · 

X'0352' 

able, run, and write. 
This command is ap
propriate to Test 1, 3, 
and 4, in which inter
rupts are not required. 

Device Number 3, en
able, run, and write. 
This command is re
quired for Test 2 which 
uses interrupts. 

This test can be used with a teletype
writer to exercise the teletypewriter 
punch unit. In this case Test 3 should 
be avoided since the data contains 
control characters, such as form feeds 
and vertical tabs, which wreak havoc 
with the teletypewriter. Teletype
writers are conventionally assigned 
Device Number 2. The device table 
codes required for the teletypewriter 
are: 

tBOUTDV spec Meanin_g 

X'0298' Device Number 2, dis-
able, block, and write. 

X'0258' Device Number 2, en-
able, block and write. 

PATTEltN 4 PATTIJIN I PATTEltN 8 

-• • • ••••• - ..•. -
• • ......... •• I) • 

• . ........ •••• • • ••• • • • • • ••• • •• • ••• • •• • .... 
• • • .. ·1·· .. .. 

• • ::: 11 ...: • • •• • • ... ...... • ••• • • • ••• • • • . ... 
• • • ... . • • • • •• • •• . ........ •••• •• . ........ •::: . •• • . ........ • ••• 

Tape Patterns 



{)000 
-000 l 
0002 
-0001 

. -----4-044-..... 
0005 
000.b 
0007 
.0008 
0009 

._,O(.)OL 

0008 
oo.oc 
0000 
<OOOE 
OOOF 

...... . .OO.lA.. 
ooao 
ooao 4100 

OCIJO 
0084 4100 

OOCA 
. 008-3- .. 4)00. 

0110 
ooac 4100 

0204 

0078 
0.018 
OM 0 A200 

0092 9024 
0094 42-fO 

0092 
009-3. 4-200.. 

0000 
00-JC CJA2ti 
009E OJOF 

OOAO 
. O.OA.O. . -4.200. 

0000 
OOA4 4200 

0000 
OOA8 4200 

0000 

t 

-.0.0AC 410.0 .. 
0000 

OPT PAS'SZ.PRUtT ,PUNCH,. STOP 

·• 
• fflGH SPEED PUNCfl TEST PJt!lGRAK 
"BINARY OUTPUT DEV IN x·1a· DEFINE~ DEVICE• NUMBER 

. .11 Ob:'.'."..0.37 . 

• 
SOEV EQU 
SCN·T E OU 
DEV EW 
ONE EQU 
S.JA.l . . EQU 
DATA I EQlJ: 
WREP EQU 
a1 EQU. 
as EW 
R9 Eau 
A EW 
8 EQU 
c EQU. 
0 EQU: 
E E QU 
F EQU 

. 8.0lhl Dlt. EQU 
ORG' 
B 

B 

.B 

8 

• 
OSABlt: E QIU 
£JIA8l..E E.W. 
~TOP I oc 
• 
PUWCHI SSR 

BTC 

0 
l 
2 
3 
4 . 
s 
b 
1 
8 
9 
10 
11 
12 
ll 
14 
15 
X-1 ,_-
x·so-
TES1Tl 

TESJ2· 

TES:Jl. 

TE'i:1"4 

x·1e· 
x ·1a· 
X"A200" 

oev·.srAr 
F,.P·UJlCH 

Wl>ll OE V,.DA tA 

• 
• 

BR · F 

DO 4 
JUJP 

Appendix 1. 
Program Listing 

PllN~ff I> ATA I 

• TE St ti READS DATA ·fRO" DISPLAY' PAlfEU SWITC_.E S 
• ANDI PUNCHES THE OATA. ust,... SE•SE STATUS LOOP 

. ·If 

0 OB 0 D 12 0 TEST l: l B VEV.80UTOV 
007A i 

0094 DElO DC OEV.DSABLE At -1 



OO'lB I 

0088 C8.10 
0001 

OOBC 9024 
-OOU.E 42-f.4 .. 

OOBC 
.ooc 2 98:15 
OOC4 9A215 
OOC6 4300 

OOBC I 
.. .. ·- ~ .. 

OOCA D320 
007A I 

-·~-£- .. D-E-20--
0078 

0002 C-830 
0001 

.0006 0844 
aooa 4040 

-9044 
oooc C8SO 

OOF4 
00.E 0 40~0 

0046 
O<JE 4 0811 

· -EHlE6 ~---
OOE8 <JAJ4 
&M.A CJAl-5 
OOEC C200 

{}{)F-() 

OOf 0 cooo 
&eE8-·' 

LHJ OME.,.l 

Tl SStl OEV,.STA.f 
81C F.Tl 

ROR OIE.,OATA 
WOR oEv ... OATA 
8 Tl 

..... 
·• TEST2 READS OATA. FROM .. AMO· PUNttUS THE DATA. 
• 
JES 121 LB DE V!eBOU1'DV 

12 
:f2E 

• 

. OC DE"..Elil&..£ 

UH 011£.l 

SH« 
STH 

Sf Al.STAT 
ST Alf• 'X • 44. 

LH'I OATA.Tll 

S TH DA T'A,X- 4&. 

SH~ 
SHR 
W DR 
WOR 
Lf'S.w 

SC#T,SCNJ 
s.D£.V ,.SD.EV .. 
OME. STAT 
OEV.,.DATA 
••4 

oc x·cooo·.12 

OM 4. 9f!>4 f2 I AIR DAT.A.,S.TAT 
OOfb OS152 
O&f8 42:)0 · 

0108 
-6-&F-C· .. ---ff't."4--- -

CLHR DA TA-. DEV 
BN:E TlP 

·---!:AA -- - ST M..-S-J-U-
B NZ T2 

0 lSPl A 1' P AaEL SWITCHES 
US 1 NG IMTERIUPTS 

SET NEU EXJ PSW 

l>l'S.PlAY• 8A0i STAT 
UDI PURC ff DA f;A 
EJU8-l.E EXT &lillT ' 

ACX! I•Tt 
TE 'S·T If PIJ Nt:U 

... '.fES T ll- S IA.:.IU.S . O.K 
OOF E 4230 

09£8 
0102 98.15 
-Ol04. 430{} 

OOEA I 

RDR ONE.OATA IF ~o. REArn SWITCHES 

0108 
OlOA 
OlOC 

0805 
OA.l 1 
4JOO 
Oot:8 

8 T2E 

.... _,_.._ __ . - ·-·- .... ···--···· -..... 
·- -· 

-J2P LHR 
AHa 
8 

SDEV,OATA 
St N.f" DNf: 

REH EftBE·R SIP UR I 0 US OE V 
BUMP SPUR 10.US C UUNT 

Tl 

• 
·· • · U S1f ~ . .f!U.lle.ff.E S.. o -V 1-SUil. .. U'ITEU St 
• FORl VISUAL VERIFICATION. 
• EACH PAlU:ll.N lS PUNCH.ED 20 TJME.S. 
• THE PROGftAH PUNCHES ·rHE CURRE8T: PATiTERN 
•CONT UIUOU'Sl Y (f WITCH 1 S l.S Of PRES.SEO. 

·0110 · ·t-8M .J.ESJJ.: tHI 
016E 

Oll4 48BA I f}A. lH B • Oi A) SET t>A,-•.YERN POI NfER 
0000 



Oll8 4130 
0162 

011 c 012-0 
001A I 

-- -- -..0.l l () . . -Oi .l~- --
0078 

012 4 C360 
0014 

0128 (830 
0001 

-. 0-1-2- c 4.8.(.8 

0 ()00 
0110 CSDS 

0002 
Ol l4 qo24 • 
0116 42f0 

·- 0-lJ.4 
OlJA OA20 

011E 
0140 
0142 

0000 
OAD1 
08(3 
42.10 
01.3.4 -

0146 0866 
0148 4))0 

0152 
014 c 0861 
Ol4E 4230 

0 ls 2 
015 4 
015 6 

01.U-l 
9815 
0453 
4230 
012( 

015 A CAAO 
0002. 

OlSE 4300 

() 16. 2 

Ol6A 

0114 

DE.LO 
0090 
U.0.0 
016A I 
8000 
0110 

Ol6E 018C 
--0.U-0- -

0182 
0174 01C4 

OlllE 
OlfO 
0000 

-0-l--U. 
018( 
Ol8E 

0192 

0198 

0009 
fFOl 
0204 
08.10 
2040 
8000 

OlAO 0008 
OlA2 1824 

Bl T1Ellf> 

LB DEV .BOU'TD V 

- -· OC - · . 0£ V.J>.~A.81. E 

LHI NREP.20 

LHJ 011£,..l 

TJLOOP LH C ._o tRJ 

0.2<8> 

T3TES1" ·SS& 
BTC 

DEV.STAT 
F.T3TE5T 

f JR 

• 
TlE·ND 

• 

WO 

AKR 
SHR 
BNZ 

LHR 
az 

SHR. 
BNZ 

ROR 
JUUt 
BNZ 

OEV.,O<O> 

o.oBE 
C.ONE 
T3 TEST 

NREP. NREP 
TlR 

NREP-.ONE 
TJLOOP 

ONE,DATA 
DATA.ONE 
TllOOP 

AH I A. 2 

8 TJA 

OC OEY-..STOP 

DC X'BOOO"wTESTl' 

TABLE DC PAT1.,PAT2 ,f>Al'..J 

'SET BYTE COUNT 

READ SWITCH: 

POWfR OOWN 

VA liT 

REPEAT ON f-Xl.CU!t 

DC PAI4.PAI5.PAth,O 

PA Tl 

PATl 

-- - -OS. -- - .l6 -- .. -· 
DC 9 TRIA-GLES 
Dt X"ffOl'wX"0204' 

OS 
DC 
DC 

8 
8 DIAMOND\ 
x·1a21t.,x·42a1· A 1-3~ 



4281 
01A6 8142 DC x·a142·.,1·2 .. 1s· 

2418 
OJ A A DS 8 

- O-Ul-2- ooo.a 'l'AJ.J , DC 8 SGllARB 
0184 FF89 DC X • FF 8'1 • , I • 8 98 9 • 

4989 
0188 FF89 oc x·Ff8<J" .,JC-8989" 

8989 
OlBC OS 8 
.ot.C4 . -.O.OHL ·- - PA fit DC .16 SANlTEE TH 
01(6 0102 oc x • 0 l 0 2 ..... 040'8 • 

0408 
OlCA 1020 DC )(' 1020· .x "4080" 

4080 
OlC E 8040 oc X • 8 04 0 • ., I • 2 01 0. 

----.2~ 
010 2 0804 oc x . 08 04 •• J( • 0 20 l • 

0201 
0106 OS 8 
OlDE 0008 PAJ5 DC 8 BlOiCKS 
OlE 0 f Ff F ~ oc X • f Ff F • 9 X • f Ff f · 

Fff.f.-- -· -· . -~ ·-·- - -

OlE 4 0000 DC o.o 
0000 

01 E.8 OS 8 
Olf 0 -0-00-A- ~ PAT6 0( 10 VORif'tS 

OlF 2 070E DC X • 01 OE • ., X - 1 C 3 8 • 

1~13-· 

OlF 6 70EO 0( x·10Eo·.,1·101s·.x·1coE· 
7(H8 ' 
lCOf 

Olf C -OS 8-

• 
-- ..._.-f.f"5-.J.4--P U#C-ff-.E 'S--·--l-HE-- d 45.c U . .C. HA R S£ T 

• f OL.LO WEO BY CR/l.f AND BlA NK TAPE. 
• HfE SEQUE-NCE IS -PUNUUO 20 TIMBS 
• AN~ THE PROGRAM HALTS • 
• THE PROGR'-AK PU--NCMES cn•TlfJUOUSl '( 
• IF SWlTCH 15 IS DEPRESSED. 
• --f-ff-E-· -tU~-lJl ll-~- t.U-E-- -C-A..1'¢ -BE- -l.1.Sl£0 nit.. A TIU __ . _. _ 

• 
02iH &J2{) TESl-4. LS OE V .. BOU-TD V 

007A I 
0208 Df2-G - 0-C Of V -.DSAB1- E 

0078 
·ttt-OC ·····- C--&l-&· - -- ·· -·-··--· -·· - --·--· t+H· - -~l 

0001 
0210 (860 uu NRiP .. 20 

0014 
0214 C8SO T•lOOP ·-UH DA TA .. X. A~· 

OOAO 
&218 ~t-f {)- -l-~fES.f <8-Al. - - f-.-P~CH-

0092 
-(}l l -C OA-53 ' Atta D-AT A.ONE 
021 t cs so cuu DATA.,lC·Eo· 

G-OEO 
0222 -4280 Bl l4 fE'ST 

t>l-l-8- --

0.?2 6 C850 lHl OATA-.X#80" 
0061) 

A-1-4. 022A 4lf0 8Al f.PUNCH 



00~2 

022E (850 
003A 

0212 41FO 
·--~9.2. 

0236 0855 
0218 C8CO 

OOOA 
021C 41f0 

00192 
.. ()..l.4JJ. -OOC.l. 
0242 4230 

Ol3C 

0246 0866 
0.?48 4110 

. -- 02-Sl. 
024( 0863 
024E 4230 

0214 

I 

' 

T4LEAO 

I 

• 

025 2 9835 T4R 
025 4 0451 

- ·-· {)2'>.6 -42 }.{) 
0214 

• 
025A OE20 

0090 
025f (200 

.. o..242 
0262 

.0266 

A 
8 
BOUTOV 
c 
D 
DAiA 
Df.V.· 
OSA BLE 
E 
ENABLE 
F 
NR£P 

·····- 0-NE·- . 
PATl 
PAT 2 
PAf;3 
.PA.fi4 
PATS 
~-U..6--
PUflCH 
R7 
R8 
tl9 
SCllT 
-s.o.E:U- -
STAT 
S TO:P 
Tl 

8000 
0204 

00-0.A 
0008 
007A I 
oooc i 

ooou 
0005 

.4-()0l 
0078 
00.0E 

'0078 
OOOF t 

0006 

• 

.. -0-00 .. ).. '··· -
018( 
OlAO 
0182 
O!C4 
OlDE 

·- .O.lf 0 
OOCJ2 
0001 
0008 
0009 
0001 

- 0.40.0.-. -· 
0004 
0090 
008( 

L HI DATA.x·aa· 

BAL FI PUN(tfl 

SHR OATA,OATA 
LHI C.10 

Bil F.PUNCH 

SHR c. OBE 
BNZ T4l EAD 

LHR NREP.NREP 
Bl T4R 

SHfl NREP. OM 
Bill T4lOOP 

RDR ONE'uOATA 
NHR OAT A, ONE 
BJ\ll .l4L.OGP 

oc OEV,.STOP PO MER DOWN , 

LPSM •+4 UA UT 

DC X- 8000. • TEST4 ltEPEAf ION EXECUTE 

ENO 

Ai-b-



Tl OOE8 
l 2.f OCJEA 
T21 OOFA 
T2P 0108 ' 
f..}.A... -·- . 01-l-4 
T 3ENO 0162 
T JlOOP ·. Ol2C 
T JR 0152 
Tl.JEST :oll4 
T4LEAD l 021C 

. -··. . - -~-ODP---'--02-1-4- .. 
T4R 0252 
T4TEST f 0-218 
T MILE Ol6E 
TES -Tl -0080 
TEST 2 OOCA . 

-----------TESTJ ---Oll0-
TEST4 ozor. 



CARD READER TEST 

Publication Number 06-038A12 

1. INTRODUCTION 

The purpose of this test (Program Number 
06-038) is to inform the user or service-
man when the Soroban (SCCR) Card Reader 
is not operating correctly. This is deter
mined by reading a card from the test deck 
and then comparing what was read to a pre
determined master image which is stored 
in an area in memory referred to as the 
TABLE. The TABLE consists of 1601 o 
bytes of Hollerith coded data, or 2 bytes per 
each column. The contents of the card 
read is stored in an area in memory called 
the Buffer. So it is actually the contents of 
the Buffer that is compared to the image 
contained in the TABLE. Because blank 
columns on the card are read as zero data, 
there should always be 160 bytes of data 
stored in the Buffer. It is important to 
note that each card of the test deck is 
punched exactly the same, which is a neces
sity since the master image cannot be changed. 

2. TAPE FORMAT 

The object tape (Part Number 06-038M09) 
is an absolute tape with the starting location 
designated as X'80'. The program requires 
84416 or 2, 11610 bytes of memory. 

3. LOADING PROCEDl'RE 

To load the Card Reader Test program, the 
50 sequence must be manually entered into 
memory. The 50 sequence is then used to 
load the Absolute Loader, Part Number Ofi-

023M10, which in turn loads the object tape. 
For further information on tape loading, re
fer to Loader Descriptions, Publication 
Number 06-025A12. 

4. SWITCH OPTIONS 

The Card Reader Test program is designed 
to sense designated Data/ Address switches 
on the front of the Display Panel and initiate 
special operations based on the switch set
tings. The switches are sensed after each 
card has been read. Thus, the switch set
tings may be changed while the test is in 
operation. Data/ Address switches 12 through 
15 are sensed. Table 1 is a list of the switch 
coding. 

5. SWITCH PRIORITY 

Because more than one switch may be de
pressed at any given time, a priority of 
switches has been set up within the program. 
Table 2 is a list of switch priorities and 
their uses. Figure 1 is a flow chart which 
illustrates the operation of the program. 

1 



TABLE 1 

Depressed Depressed 

Switch Meaning Switch Meaning 

.Kormal (l'o Compares each card read Switch 14 The first card read after 

Switch Set) to the master image and SW14 has been depressed is 

prints all error messages stored into an area in mem-
ory referred to as IMTABL 

Switch 12 Does not make any com- (New Image Table). As long 
parison of cards read. as SW14 is depressed,every 
Every printable character card read is compared to the 
read from each card is new image instead of the 
output to the device speci- I master image. If a compari-
fied by the contents of lo- son error is detected, an 
cation X'7E' (LISTDV) of error message is printed 
the 50 sequence. This and a list of that card is I 

option allows any form of automatically given. No fur-
punched card to be listed. ther comparison will be 
Note that blanks on the made with that card. The 
ca rd are typed as spaces new image formed does not 
and non-printable charac- destroy the master image 
ters are skipped. with which the normal test 

deck is compared. As soon 
Switch 13 Suppresses all error mes- as SW14 is released, the 

sage printouts while the next card is compared to the 
tC'st deck is being read. master image. 
When the input hopper be-
come::; empt.\·, messages 
are typed to indicate any Switch 15 Prints a listing of the card 
errors encountered. after the comparison test. 

TABLE 2 

Switch Switch 
Number Meaning Number Meaning 

SW12 SW12 has the highest priori- Note, this will not suppress 
ty. Hcgardless of what other a listing caused by SW12 or 
switches are depressed, a SW15. 
listing of each card is the 
only function performed. SW15 After a comparison has 

been made and all error 
SW13 SWl 3 surpresRes a 11 error messages printed, this 

message printouts during setting causes the card 
the reading of thf' test deck. to be listed in its entirety. 
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6. ERROR MESSAGES AND THEIR 
MEANINGS 

There are seven error messages. Four 
messages will be typed during the reading 
of the test deck, if errors are found, and 
three will be typed when the card reader 
input hopper becomes empty. If no errors 
are detected in running the test, a message 
of "A OK" will be printed. Table 3 is a list 
of error messages and their meanings. Appen
dix 1 provides a listing of the test program. 

Error 
MessaJte 

Column Error 

New Image 
Comparison 
Errors 

TABLE 3 

MeaniJ!g_ 

If 80 columns of data are 
not read from each card, 
this message is typed. 
No comparison is made in 
this case. 

When SW14 is depressed, 
and a comparison mis
match is found, this mes
sage is printed. A listing 
is automatically given a11d 
no further comparison of 
the card to the new image 
is made. SW13 suppresses · 
this form of error listing. 

Was Read As.. If SW14 is not depressed, 
and there is an error in 
comparing a card from 
the normal test deck to 
the master image, this 
message occurs. Follow
ing this message is a print
out of the number of each 
row (12, 11, 0, 1 ... 9) 
where the card reader 
read a punch. 

Error 
Message 

Should Have 
Been ... 

TABLE:~ 

(Continued) 

Meanin__g_ 

This message follows the 
"Was Read As ... " message 
and prints the row number 
where punches should have 
been read. 

Hopper Empty Messages 

Error In Bit 
0, 1, 8, and/ 
or 9 

Column Error 

Bits 0, 1, 8, and 9 of the 
16 bit halfword formed from 
each column of Hollerith datal 
should always be zero. If 
while performing the test, 
one of these four bits is 
sensed as a "1 ", it will be 
masked to a zero. A com
parison is made of the en
tire card, but this message 
is typed upon completion of 
the test to indicate the 
malfunction. 

If 80 columns of data were 
not read from every card of 
the test deck, this message 
occurs when the test is com
pleted. 

Data Compari- If at any time a mismatch 
son Errors is found when comparing 

the cards from the test deck 
to the master image, or the 
new image, this message is 
typed when the input hopper 
becomes empty. 



,.------
COLUMN ERROR 

ERR 3 

NO 

ftltlNT Eltlt 
llHIA81 

I 

ADD I TO 
Eltlt I 
l'LAI 

YIS 

-----1 
ftlAO 
ONI 

8TAltT 

r- - -
I HltO ALL 

lltltOlt 
l'LAll AND 

COUNTI 

I 
I HT lllAH: 

I 
l'LAI TO 
llAITllt 

L-
NO 

LllT 
CARD 

YIS 

:il 
~I l'ltOll 

Tl 
IHEIT 

2 

~I 
A 

~I 

• 
TO IH!IT 

I 

NO 

HT IMA8E 
TO NEW IMA8E 

ANO CHANGE 
IMAGE l'LA8 

I 
I 
I 
I 

_.... __ ....___._~ ____ ..___ __ ~ 
LllT 

I I I CAltO c 

L.!:: - I TO SHEET 2 - NO SWITCH I I NO ERRS 
I 

I 
TO SHEET 2 

FIGURE 1. TEST FLOW CHART, SHEET 1 OF 4 
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FROM SHEET I 

Yl!S 

COMPARE 
CAlllO TO 
CUllllll l!lllT 

I 
NOl--EXTRABIT E'RR I 
I I 
I AOD I TO l!lllR I I 

f'LA8 AND 
llAIK OUT I EXTRA ., Tl I 

ERR l_J ---
I 

IMA9E I ......__,____, 

_// 

)1-------1 
FROM SHEET I 

ADD I TO 
COLUMN 

COUNT 

ILiSTA'No_I_ 
I COMPARE va 

I 
I LIST I 
I CARO I 
L---r-

YES I I 
I I 

NO 

I I 

I 
-·i I 

A 

TO 
SHEET 

I 
1 NO SWITCH 

L ~~R!..JL 

YES 

MASTER 

PRINT ERR 
lllESSA8ES 

I AND 2 

ADO I TO 

NEW 
lllA9E 

PRINT ERlll 

llEISAeE 
4 

LIST 
CARD 

COMPARISON ERROR 
ERR 2 ------

FIGURE 1. TEST FLOW CHART, SHEET 2 OF 4 
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FROM SHEET I 

r----., .--. - ------, 
I A OK I I - HOPPER EMPTY I 

I ERROR I I MESSAGES 

I I I 
I ftlltlNT I I I 
I llEllAIE 

I I I ., 
I YU PRINT 

I I I ERllt 5 
MISS 

I ZllltO I I I 
I 

ERROR I ltHllTIR I I ZERO 
STORE ERR 

COUNTI I COUNT 

I RESISTER IN REI. 

I I I IT Oft I L _ ___ .J 
I YES 

PRINT 

I 
ERR 8 
MUS 

I 
I ZEltO 

STORE ERR 

RHIS'tl!:R 
2 COUNT 
IN RH. 

I 
2 

2 

I 
I YU PRINT 

ERR 8 

I MISS 

I Zl:RO 
STORE ERR 

I RE81STER 
S COUNT 

a IN RH 
8 

I 
I STORE TOTAL 

I 
ERR COUNTS 

IN REG 
4 ' 

L_ -- _ ___ ..J 

FIGURE 1. TEST FLOW CHART, SHEET ;; OF 4 
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NOTES 
MESS 1 - ''SHOULD HAVE BEEN"(WJLL PHrnT ROW J\.1TJ\1BERS WHERE Pl 1NCHES SHOl:LJ) 

HAVE BEEN HEAD) 

MESS 2 - "WAS READ AS" (WILL PRINT ROW NUMBERS WHERE PUNCHES WERE HEAD) 

~rnss :~ - "COLUMN ERROR" ( 8~ COLUMNS NOT READ) 

. MESS 4 - ''NEW IMAGE COMPARISON ERROR'' 

MESS 5 - ''ERROR IN BITS 0. 1, 8 AND/OR 9" 

MESS G - "DATA COMPARISON ERRORS'' 

MESS 7 - "A OK" (NO ERRORS _.. ___ _, 

ERH 1 MESS 5* 

ERH. :2 - MESS 2 - MESS 1 - MESS 4 - MESS fi* 

ERR:~ - MESS~~* 

NO ERRORS - MESS 7 * 

UPON COMPLETION 

REG. 1 - EXTRA BIT ERR COUNT 

REG. ') - COMPARISON ERR COUNT 

REG. 3 - COLUMN ERR COUNT 

REG. 4 - TOTAL NUMBER OF ERR COUNTS 

MEANING OF SWITCHES 

SW12 - UNCONDITIONAL CARD LIST (NO TEST) 

HOPPER* 
EMPTY 
MESS 

SW13 - SUPPRESSES ALL ERROR MESSAGE PRINTOUTS UNTIL HOPPER IS EMPTY 

bW14 - ESTABLib1I.ES A NEW IMAGE AND MAKES A COLUMN COMPARISON 

SW15 - CAUSES LIST OF CARDS TO BE GIVEN UPON COMPLETION OF COMPARISON 

NO SW- COMPARES AND PRINTS ALL ERROR MESSAGES 

FIGURE 1. TEST FLOW CHAHT, SHEET 4 OF 4 
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7. ERROR COUNTS 

Wh,ile reading the. test deck, a count of each 
of the three types of errors is recorded if 
any should occur. Upon completion of the 
test, these counts are stored in General 
Registers for easy accessability by the 
Serviceman or user. Table 4 explains this 
feature. 

8. USER NOTE 

It is suggested that if this test is being used 
to test the validity of the Card Reader, that 
No Switches be depressed. This will speed 
the process up if there are no errors and it 
will also give the serviceman a good working 
guide from the error message printouts, 
should there be errors. 

After verifying that the Card Reader is 
operating properly, this same test, with 
SW12 set, can be used to check the speci
fied list device (X'78'). 

9. TEST DECK 

The cards required for the test deck are 
as shown in Figure 2. 

General 
Re~ster 

Register 1 

Register 2 

Register 3 

Register 4 

TABLE 4 

Error 

''Error in Bits 0, 1, 8 and/ 
or 9" 

"Data Comparison Errors" 

NOTE: If SW14 is depressec 
and SW13 is released, this 
count will not be entirely 
accurate. As soon as the 
first comparison error is 
encountered, the message 
"NEW IMAGE COMPARI
SON ERROR" will be typed 
and a listing of the card will 
be printed. The program 
has been designed so that 
no further comparison of 
that card is made. 

"Column Error" 

This register will contain 
the total count of all errors. 

0123456789 ABCOEFGHI JKLMNOPQR STUVWXYZ IIII898989 !+$%011+,-,/• 

0000000000000000000001111111100000000000000010000100101 
I I l • I • 7 I ' 18 II 11 !] I I II 17 II " 1121 27 n 14 n 1117 111111 lt JUI,. u JI 17. JI .. " 41 u 4U5 .. •7 411 .. II 51 12 13 M 15 II 17 II 1111111 ll u BUI. 171111 11 71 271 74 "ll 77 1111111 

11111111111111 111111111111111111111111111111111111111111111111111111111 1111111 
I 

221222222222222 2222222222212222222221222222222222222222222222222222222 21212121 
' I I • l I 7 I I II II 11 ll " ll 1117 II 19 1111 n n 14 ll 11 71 11 ll. )1 1113,. JI! 11117. It .. " •l u 4445." ... !Iii !I u 13 M !5 1117 111111111 ll 113M15. 1711 II It 71 2 71 " "II 77 1111 II 

333l333333333333l3333l333333 333333333 3333333333333333333 333331313333 3131313 
' ' 

4444144444444 44Q I 414444444 1414141 
I 114II7It111111111 I 111111 113Mli!lllllllll171l 737'751117117'1!1 

5555515 55555 555B 555555555 5151515 
' 
6666&&1 66&6& &&66 6616666666& 66666666& 66666&1&&G666666666666l&&66l&&&l61&1&1 
I l I • I I 7 8 I II II 1111 1 1 II 17 II " 1111 n n,. n II 71 JI II 1111 n n,. :II 1117.,. .. " II Q .. 41 .. 41 ...... 11 Iii u M !5. 17 II. 1111 1211M •• 1711 M 1111 7 7l 74 "1111 71 ll II 

7111117 777777777777l77777777777l777777777l77771777777777l77 7777777777 1111111 
~~~~~~~··~~ii' I ~~~~~il~;;;i:;~~;;1;;;;;;;;;1;;;;;;;;;;;;ilililiill~l;1!1 ii;iiiil 
9999999 1999 9999999l99999999999l99999999989llll9l9l9l9999999999999999l9l9l9l9 
I I I • ' I 1 I I 1111 11 !] •• I 11 17 II II 21111 n n M 111117 II 1'1211111213 .. :II, 21117 JI !'1411" Cl 4144 41. '7 ... 9151u13 N. 9157,.H .... ll113 ..... 17 M II 1111 ! 73" "117J111111 

I 1 l • ~ ' I I ' 10 ll 11 IJ ... I~ 11 17 111121111nlJMna1111 2't JI JI lJ lJ J4 l5 )Ill 38 lt., Sl 41 43"' •5. 47 48"' SI 51" u !M ~ 5557,.st16 511713IM15 .. 1711 .. 7111121J 1.f 1~ 1111.,. 1t IG 

FIGCRE 2. CARD IMAGE FOR TEST DECK 

8 



I APPENDIX 1 I 
CARD READER TEST PROGRAM LISTING 

OPT PASS2,PRINT,PUNCH,STOP 

* * CARD QEADER TEST WITH SWITCH 

* 0080 ORG X'80' 

* 0000 DEVNUM EQU 0 
0001 ON~ EQU l 
0002 INDEX EQU 2 
0003 INCR EQU 3 
0004 LIMIT EQU 4 
0005 STAT EQU 5 
0006 TEMP EQU 6 
0007 ERRCNT EQU 7 
0008 CHECK EQU 8 
0009 R9 EQU 9 
000A t NDEX2 EQU 10 
0008 INCR2 EQU I I 
000C LI MI T2 EQU 12 
e000· OUT EQU 13 
000E RI 4 EQU 14 
000 F Rl5 EQU 1 5 
0008 ERRI NC EQU I NCR2 
0004 R4 EQU 4 
0003 R3 EQU 3 
·0002 . R2 .. EQO 2 
0001 Rl EQU l 
000A Rl0 EQU 10 

* * SET NEW I !'WIA GE F'LA G TO ·l 
* * ROtJtlNE to ZE:RO ERR FLAGS, 

* 
* SET 

* 0080 C820 START 
FFFF - . 0084-- 402·0- -- - ·-
8528 

0088 0877 
008A 4070 

0522 
- -- -~~~~- - ~~__?@. ______ ------ - --

0524 
0092 4070 

0526 
0096 C840 

009 E 
009A C830 --00·02·-. - .. -·-··-· --·· ·----. ---- ---

* 

UP CONSTANTS 

LHI 1 NDEX, •1 

Sl'H -INDEX, l~F'l.AG 

SHR 
STH 

STH 

STH 

LHI 

LHI 

ERRCNT ,ERRCNT 
ERRCNT, ERRI FL 

ERRC NT ERR2 FL 
. -- ···- -··'·· .. ··-- .. . ·---· 

ERRCNT, ERR3 Fl 

LI Ml T, 158 

J t«'.:R 1 2 _ 

* CARD INPUT ROUTINE 
* 009E 0822 NXTCRD SHR I NOEX,I NDEX 

OPTIONS 

A1-1 



.. 

fHJA:et C880 
8191 

00A4 C800 
8004 

08A8 DEIJ0 
052A 

00AC 9005 
QHJA E' 0sr5···· 
0080 C4121 

0028 
0084 4230 

0334 
0088 0855 
10'BA - .f230 -

00AC 
08BE 0802 

03 F2 
"0C2 0802 

03 E3 
cn•c6 Cl 20 .. 

00AC 

00CA 0808 
00·c-c-- . 9B05 
00CE 0865 
00 00. C450 

0008 
00 D4 4230 

010 E 

00 M C520 
00A0 

00DC 4230 .. -- . ·- ----0lf£4 .. 

00El:'I 4300 
0140 

LHI ICR2, I ...... ----- - ·-

,LHI D£VNUM,4 

oc DEVTfUM, FEED 

SENSE SSR DEVNUM,STAT 
...... LHR -ow£,-STAT ......... ····- ·-·- •··· 

NHI ON£,X '20' 

BNZ EMPTY 

LHR STAT ,STAT 
BNZ 'SENSE. 

,_ - - .. ·- ·- ···-

RD DEVNUM,BUFFC I WDEX> 

RD DEVtfUM,BUFF+I tiftDD) 

.. trxr:r-·1lfOEX9 SENSE 
.. - . ... -·-·-· -·- .. ····-----····-·· 

* * ROUTINE TO CHECK SWl2 FOR UCONJ>ITIOMA'L LlST 
* 

LHR DEVNUM,I NCR2 .. -R'DR· ----rr£VNU1'f;STAT ___ .... -· -·-- .. -----·-·····-····--·· ·· 
LHR TEMP, STAT 
Pill STAT ,8 

BNZ S~ 

* ROUTINE TO INDICATE COLUMN ERRORS 
* 

, CLHI INDEX, 160 

BNE ERR3 

8 SWCH 

* * f€SS3 1s· ERROR MESSAGE WEN 81 C(l..UMRS 
* WERE: NOT READ FROM INCOMING CARD 

- - ... '• 

-·- .. --···--··-~ 

.... --··· -----·--. 

. ·- ........................ ----.. --- ..... -- .. ·-----.. - .. . ...... ·--· ...... -............... . .......... - --------------~ ..... ------- ............... -----

00 E4 4870 
0526 

00 E8 0A 78 

* ERR3 . tH ERRCNT ,ERR3 FL 

A HR ERRCNT, ERRI NC 
00EA 4070 · · 0 ·s~ ·6----- ·-·- ... STH ERRCNT ERR3FL 

.............. ------------.. --. ---- .. _ ,_ .. - ........ _____ ,. __ ., __ ----- ---~- ·-----~· ·-· - ............. ___ -----~-----~--

00 EE 0856 
00 Fl! C450 

0004 
00 F"4 4230 

A 1.-2. 

LHR 
tfU 

BNZ 

STAT, TEMP 
STAT,4 

SWl 5 



014E 
00 F's 4300 

00FC 

00 F'C csc0· 
000E 

0100 0BAA 
0102 D3 DA 

084E 
0106 4190 

03CC 
010A ClA0 

0102 
010E C800 

0000 
0112 4190 

03CC 
0116 C800 

0A0A 
0llA 419eJ 

03CC 
0llE. 0842 
0120 ··0022 
0122 48A2 

03 E2 
0126 41 F0 

0286 
012A 4300 

0134 
012 E 08M 
0130 4190 

03CC 
0134 Cl20 
--- ---- -~J_2_~ 
0138 C840 

009E 
0l3C 4300 

009E 

0140 0856 
01 42 C450 

0002 
0146 4230 

025E 
01 4A -4-300 ___ - -

015C 

B SWl3 NO 

* 
* 80/80 LISTING 
* A ND ROUTt NE TO INDICATE COLUMN ERRORS 

* ·-s-wt:s No LHI LI MI T2, MESN3•MESS3 

SHR I NDEX2, I NDEX2 
SWl LB OUT, MESS3 <I NDEX2 > 

BAL __ R9"'-STATUS 

BXLE I NDEX2 ,SWI 

SW2 LHI OU T , X ' 0 D0 D ' 

BAL R9,STATUS 

LHI OUT, X '0A0A' 

BAL R9,STATUS 

LHR LI i-11 T, INDEX 
SHR I NDEX~TNDEX 

SW3 LH RI 0 ,B UFFC INDEX> 

BAL R15,HTASCV 

B SW4 

LHR OUT,Rl0 
BAL R9,STATUS 

SW4 BXLE INDEX, SW3 

LHI LIMlf ;t58 

8 NXTCRD 

* * SWITCH CHECK! NG ROUTINE 
--~ "'-~- . 

* SWCH LHR 
NHI 

BNZ 

* 

STAT, TEMP 
STAT,2 

IMAGE 

COMPAR 

* 8fJ /80 LI ST! NG •• 
A1-3 



-- -
01 '1E 0856 
0i~0 C450 

0001 
0154 4 .33 0 

009E 
0158 4300 

010 E 

015C C850 
F"F'FF 

0160 ll2 50 
- - - 8"5"28 

0164 C850 
052C 

01 68 4050 
017E 

016C 0822 
- 0'l 6E 4gg2 

03 E2 
01 72 0858 
0174 C450 

C0C0 
0178 4230 

0l8C -

01 7C 4582 
052C 

0180 4230 
019 E 

0184 CJ20 
016E 

0188 4300 
014! 

0l 8C 4870 
0522 

0T90- -0A7B 
0192 40 70 

0522 
0196 C480 

3 F'3 F 
019A 4300 

- 01 7c 

S\1115 1..HR STAT,TEMP 
NHI STAT, 1 

BZ NXTCRD 

B S\re 

* * COMPARES CARDS TO ""STER TO DETERMINE ERRORS 

* COMPAR LHI STAT,-1 

STB STAT,IMFI..AG 

LHI STAT,TABLE 

STH STAT,MASTER+2 

Cl SHR INDEX, INDEX 
C2 LR - - -CHECK,B urrcrwnrn 

LHR STAT, CHECK 
NHI STAT, x·cec0 • 
BNZ ERRl 

* * COMPARES CARD READ,COLUMN BY COLUMN, TO CURRENT 
* I MAGE TO DETERMINE IF THERE WERE ANY READ ERRORS 

* ~STER CLH _CHECK, TABL EC INDEX> 

BNE ERR2 

l'1 BXLE INDEX, C2 

B SWI 5 

* * ROUTINE TO INDICATE EXTRA BIT ERRORS 
• 
E'RRI LH ERRCNT ,ERRI Fl.. 

A HR . - ERRCNT, eRlH -~ - - --- -
STH ERRCNT ,ERRI Fl.. 

NH I CHECK , X '3 F3 F' 

B ~STER 

* • ERROR fWESSAGE OUTPUT FOR CARDS THAT DO NOT COMPAR 
• TO THE CURRENT I MAGE 

* 



' ) 

019 E 4870 
0524 

01 A2 0A7B 
0lA4 4070 

0524 
0JA8 0856 
01AA C450 -- ···--··-. -- -- ··008 .f .. 
01AE 4230 

0184 
01 B2 4850 

0528 
0186 4210 

01BE 
01 BA 4300 

0248 

01BE C8C0 
000E 

01 C2 0BAA 
01C4 D3DA 

. 083E 
01C8 4190 

03CC 
01CC CIA0 

01C4 

ERR2 LH ERRC NT, ERR2 Fl 

AHR ERRC NT, ERR I NC 
STH ERRCNT, ERR2 Fl 

LHR STAT,TEMP 
NHI STAT ,4 

BNZ Ml 

LH STAT, I MFLAG 

BM ~S2IN 

B f'ES4 IN 

* * M£SS2 IS F'OR *STER IMAGE COMPARISON ERRORS 
* .• - "Rl:AO AS" 

* f'ES2 l N LHI LI Ml T2, MES~ •MESS2 

SHR I NDEX2, I NDEX2 
i-EST2 LB OUT, MESS2 CI NDEX2 > 

BAL R9,STATUS 

BXLE I NDEX2, MEST2 

* ···-RoU'rHiE-- tHA·t DEtERMIN£S IM WHAT ROWS PURCRtS .WERE READ 

0100 CBE» 
2000 

01 04 0811 

* 

_______ 0 l 06 ___ 0 8 fi. .... ___ l\f)8 F;_ . 
01 08 04F8 
01 DA 4230 

F'I N 

LHI Rl4,X'2000' 

SKR ONE,ONE 
LHR .. Jn 5 1 RI 4_ ... 

·-· NHR RI 5, OiECK 
BNZ PUNCH 

AHR 
SRHL 

ONE, I NCR2 
R 14, 1 

01 F4 
01DE 0AlB 
01 6' CCE0 

121001 
---01Ef--438ff-·-------------- . -~FC - ... 8, MORE 

0106 
01 EB 4850 Uf ST AT , I MF'LA G 

8528 
01 EC 4210 BM "'ES 11 N 

0218 · - -·0 fF'0--·-4390-·-- ·-------- a DONE 
0240 

* 01 F4 0801 PUNCH LHR OUT,ONE 
01 F"6 0ADD AHR OUT ,OUT 

A.1-6 



01 F8 4800 LH OUT, HOLE< OUT> . 
. -··-·· -···-- -·- ·-

05CC 
01 F'C 08FD LHR Rl5,0UT 
01 F'E CCD0 SRHL OUT,8 

""" 8 0202 4190 BAL R9,STATUS 
03CC 

···· 0~·06·--·~sor·· l.HR OUT,RJ5 
0208 4190 BAL R9,STATUS 

03CC 
020C C800 LHI OUT, X '2 D' 

002 D 
02UI 4190 BAL R9 1 STATUS 

0'3CC 
021 4 4300 B F'I N 

01DE 

* * ~SSI IS F'OR MASTER IMAGE COMPARISON ERFfOR3 

* -.- ·sHOULD HAVE" BEEW 

* 0218 08AA MESI IN SHR l NDEX2, I NDEX2 
021A C8C0 LHI LI MI T2, MES NI -MESSI 

001 4 
02 l E !)3~ r-ESTI LB OUT, MESS! CI NDEX2 > 

l!l~2·g---· ·-- ·--- -- ···-···--·- ·····. ····----- -- -· --· - - ---·-----· ... --

0222 . 4190 BAL R9,STATUS 
03CC 

0226 Cl A0 BXLE INDEX2 ,MESTI 
021 E 

* J!r-ROUTHfE TO.lNDlCATE IN WHAT ltOVS--PUNCH£S--SlfOU[D HAVE_B __ _ 

022A 08A2 
022C CDA0 

0002 
0230 C8CA -· ---------·-- 00·0,--

02.3 4 D3 DA 
05EA 

0238 4190 
0.3 cc 

023C CIA0 

LHR INDEX2,INDEX 
SLHL I NDEX2 ,2 

_ ~~J. --~~~IT?.~_7< ~N-~~~-> __ .. 

LODBYT LB OUT,VALUE+2CINDEX2> 

BAL R9,STATUS 

------··-·----0234··-- ··- -·-···· - - BXLE I_ND~X2 ,_! .. OD!3~T ... -----·· _ ..... 

0240 Cl20 DONE BXLE INDEX,f'.2 
016E 

02 44 4300 B NXTCRD 
009E 

* --------·*··-iii!sS~ ·1s FOR. NtW TMAGE" c-criilPAlITSlYN""YRR-MS ______ -------- ---- -

* * "'IEW IMAGE. COMPARISON ERRORS" 

* 024R 0BAA MES~ IN SHR I NDEX2, I NDEX2 

''. 



024A C8C0 
. 001 E: 

024E D3DA 
085E 

0252 4190 
03CC 

_0~56 CJA0 
e2-4E. -

025A 4300 
010E 

025E 4850 
0528 

0262 0A 58 
"'264 4050 

0528 
0268 4230 

016c· 
026C 0822 
026E 4852 

03 r.2 
0272 4052 

0482 
0276 c1:Hf 

026E 
027A C850 

0482 
027E 4050 

017E 
0282 4300 

0J4E 

LHI LIMIT2,MESN4•MESS4 

MEST4 LB OUT,MESS4C1NDEX2> 

BAL R9 ,STATUS 

BXLE I NDEX2, MEST 4 
_...,-'IF 
'f.; -·'-··' 

B s \lie 

• 
* CARDS WILL BE COMPARED TO A NEW I MAGE 

* t flUn:;e: LH . STAT, I flllFl.AG 

AHR STAT ,I NCR2 
STH STAT, I MF'LA G 

BNZ Cl 

SHR INDEX, INDEX 
CHANGE LH STAT ,BUF'F'<INDEX> 

STH STAT,IMTABL<INDEX> 

BXLE'. INOEX, CH ANGE 

LHI STAT,IMTABL 

STH STAT, MASTER+2 

B SWI 5 

•HOLLERITH TO ASCII CONVERSION ROUTINE 
*Rl0 IS COLUMN BINARY TO BE CONVERTED 
*Rl 5 IS RETURN, ADDRESS 

-"-2-8 ~- .. 
000A 

_____________ HJ'AS~Y _ E~l,1- ___ ~·-

0008 
000C 
0000 
000£ 

0286 C4A0 
3 F3 F' 

028A 08BA 
028C CS 00 

0002 
____ 'lg90 ___ J;CB0 

0008 

RA EQU J~ 
RB EQU 11 
RC EQU 12 
RD EQU 13 
RE EQU 11! 

* ··-···· -· •- .. ~-- -·--··- NHI -RA, x '3-F3 F'' --~sx oA tA ·-erts 
LHR RB,RA 
UH RD,2 SET BXLE I NCR 

_ ··--------- .. __ _ ~ RlU .. ___ _B e~JJ _ . 

e294 mss. LB RB,ZTABCRB> GET COUNT FROM ZONE TABLE 
021:2 

"'2q8 C580 CLHI RB,X'FF'' 
00F"F" 

.A1~7 

: ! 



029C 4330 
-·-"" -.·-··-·····- ·-·--·· 02ec 

02A0 08CD 
02A2 04CA 
02A4 06BC 
02A6 C4A0 

073 D 
0·2AA - 0Bcc· 
02AC csm 

0010 
0280 45AC SCAN 

02 IY\ 
0284 4330 

---·0zc4 . ,_. -----·-- '"'" .... 

0288 CIC0 
0280 

02BC CBA0 ERROR 
002A 

02C0 430 F' 
000'0 

02C4 CDC0 ~TCH 
0002 

02C8 0ACB 
02CA rnAC 

02 EC 
0"2CE ·433 F'. --

.0004 

* 

BE 

LHR 
NHR 
OKR 
NHI 

SHR 
LHI 

CLH 

BE 

BXLE 

LHI 

8 

SLHL 

AHR 
LB 

-B-

ERROR 

RC,RD 
RC.RA 
RB,RC 
RA , X • 013 D • 

. JlC ,RC 
RE, 16 

RA,DTABCRC> 

~TCH 

RC,SCAN 

RA ,X •2A • 

0(15) 

RC,2 

RC,RB 
RA ,A TAB <RC) 

4C15) 

FF MEANS ILL~G~L ZONE 

00 ROW 8 INTO ZONE COUNT 

SCAN DIGIT TABLE 

ASTERIK CHAR IN RA 

ERROR RETURN 

FORM INDEX FROM ZONE 

AND DIGIT COUNTS 
PICK UP ASCI 1 F'ROM TABLE 

NORMAL-Rt:TUlrtf 

* TABLE USED TO CONVERT F'ROM HOLLER! TH TO ASCII 
* FOR LISTINGS 
• 

0~ tP 000 I ZTAB 
04FF 
05FF 
F'FF'F 

02 DA 0000 DTAB 
0400 . 0~00 -·------····- . 

0100 
02 E2 0020 

0010 
0008 
0004 - --- ------------·000 I - --

02EC 2030 ATAB 
.3859 
2 t'2 6 
5148 

02F4 .3l2F -- --- - - .... 2020 ·---------

4A4 I 
5C20 

02 F'C 3253 
3A?0 

Ai-8 

DC 

DC 

DC X • 3 2 5 3 • , X '.3 A2 0 • , X 11 494 2 • , X • 5 05 B ' 

; i 



4842 
5058 

0304 33 54 
232C 
4C43 
242 E 

.. f'.30C 3 455 
4025 
4044 
2A3C 

0314 3556 
215r: 
4E45 ···-- 29-28 

031C 3657 
3 ra E 
4F46 
3828 

0324 3 758 
22!F' -· 
5047 
5E2 l 

032C 395A 
2020 
5249 
2020 

DC X'3354',X'232C',X'4C43',X'242E' 

DC X '3 4 5 5 ' , X '4 02 5 ' , X '4 D4 4 ' , X '2 A3 C ' 

DC 

DC X'3657' ,X'3~E' ,X'4F'46' ,X'382B' 

DC X '3 7 5 8 ' , X '22 3 ~ '. ~ X '~0 4 7 ' , X '5 E2 I ' 

DC X'395A',X'2020',X'5249',X'2020' 

* * WHEN HOPPER IS EMPTY THIS ROUTINE WILL STORE 
* ERRl COUNT IN RI 
* ERR2 COUNT IN R2 
* ERR3 COUNT IN R3 * TOTAL .. ERRS COUNT IN R4 
* AND PRINT ERROR IWESSAGES FOR EACH TYPE ERROR 
* OR A OK MESSAGE l:F' THERE VERE NO ERRORS 

* 0334 4870 EMPTY LH ERRC NT, ERRl Fl.. 
- ~~2~. 

0338 4230 
0382 

033C 0811 
033 E 4870 El 

0524 
0342 4230 ··· - -··---·---· 039c ___ ----·---·· · 
03 46 0822 
0348 4870 E2 

0526 
034C 4230 

0368 - - 03 50 ·-,,-9-3 3 -- . ------- ---
0352 0844 E3 
0354 4A40 

0522 
0358 4A40 

BNZ f€S51 N 

SHR Rl,Rl 
LH ERRCNT 1 ERR2 Fl.. 

'3 NZ . ·- . .!-t:_$ §Ht 

SHR R2 1 R2 
LH ERRC NT, ERR3 Fl. 

BNZ f'ES3IN 

SHR R3 1 R3 
SHR R4,R4 
A H R 4 , ERR I FL 

AH R4, ERR2 Fl.. 

Ai-9 



0524 
------0"3-5C 4A40 

0526 
0360 4.330 

0386 
0364 C200 

03 DE 

0368 0BAA 
036A CSC0 

000E 
- ··- --"!&E·-·-mnA 

084E 
0372 4190 

0.3 cc 
0.3 76 C1A0 

0.3 6E 
"37A 48"30 

0526 
037E 4.300 

0352 

0382 0BAA 
0384 C8C0 

0020 
0388 03 DA 

087E 
rf3 sc · ·4190 

03CC 
0390 CIA0 

0388 

AH R 4 , ERR3 F'l 

BFC 3, MES71 N 

LPSW STOP 

* * ROUTINE TO INDICATE THAT THERE ARE COLUMN ERRORS 
* MES31 N SHR I NDEX2, I NDEX2 

LHI LI MI T2 , MES N3 -M£SS3 

"!£S"T3"" ts··· ·ouT~ fWIESS3 (fNI5rX2r- . 

BAL R9,STATUS 

BXLE I NDEX2 ,MEST3 

lH R3-~t'RR3 FL 

B F3 

* * l"ESS5 IS F'OR ERROR IN BITS 0,1 8AND/OR 9 OF * ROLLnrnr CODE, t 6 BIT HALF' ·wC>Rn PER·-e·o[UMN 
t'ES5 IN SHR I NDEX2, I NDEX2 

MEST5 

LHI LIMIT2,MESN5•MESS5 

LB 

BAL 

OUT,MESS5CINDEX2> 

~9 ,STATUS 

BXLE INDEX2,M£St5 

0394 4Sl0 LH RI, ERRl Fl.. 

Ei 
0522 . --- ·-03·9-g- ·43 00·· ·-· -····---·· ---- . - ---- 8 
033 E 

* * MESS6 IS ERROR 1'€SSAGE TO INDICATE THAT 
* THERE HAVE BEEN COMPARISON ERRORS • 

• ---j39c·--eBAA-· . -·-M!s6r N SHR 
039E C8C0 un. 

0018 
03A2 03 DA ~ST6 LB 

08A0 
eJ3A 6 4190 ~AL -- ----··--·-···-·--·------0-3-cc ---- ·-----·-· --
03 AA CIA0 BXLE 

03A2 
03AE ~820 LH 

0~24 

Ai-!O 

t tffi~x2;IN"t5£)(il-
LI MI T2, MESN6·ftlESS6 

OUT, MESS6C I NDEX2 > 

~9,STATUS_ 

I NOEX2, MES T6 

R2, ERR2 Fl.. 

----- ---··--------·- - ····-····- -.. ---·-·- ....... --·--- --------·----· ·---- --



0382 4300 
0348 

03B6 0BAA 
03B~L. C8C0 

i01f8 
03BC 03 M 

08BA 
03C0 4190 

03CC 
03C4 C1A0 

-0-3BC -
03C8 C200 

03 DE 

03cc 03·00 .... 
007E 

03 D0 DE00 

"" 71' 03 D4 9005 
03 06 4'2 F'0 

03CC 
03 DA 9A0D 
03 oc 0309 

03 DE 8000 
0080 

0.3 E2 

0A~ 

0522 

. -_ _0_5-2_4 _ .. ------· .... ,;,... ____ . 

0526 

0528 

007E 

8 

* * MESS7 IS A OK "ESSAGE FOR *> ERRORS DETECTED 

* MES71 N SHR I NDEX2, t NDEX2 
LHI p Ml T2, MES N7·MESS7 

. . . - .. 

fl£ST7 LB OUT,MESS7<INDEX2> 

BAL R9,STATUS 

BXLE I NDEX2, MES T7 

LPSW STOP 

* 
* OUTPUT ROUTINE 

* "STATUS LB DEVNUM,L ISTDV- --··- ... - ...... ·----

oc DEVNUM, LI STDVH 

SSR DEVNUM,STAT 
BTC X ' F' • , ST AT US 

\TIDR DEVNUM,OUT 
BR R9 

* STOP DC X'8000',X'80' 

* 
* ALL DATA READ F'ROM CARDS IS STORED HERE 
BUF'F" OS 160 

* 
* THE NEW IMAGE IS STORED HERE 
IM_TABL DS 160 

* 
* ERRI -- BITS 0, I , 8 A ND/OR 9 NOT ZERO 
ERRJ Ft DS 2 

* 
* "DATA COMPARISON ERRORS" 

---~R2Jl. DS __ _ g - .................. ----·----·-··· 

* 
* "COLUMN ERROR" 
ERR3 FL DS 2 
* 
HIF'LAG OS 2 

* LISTDV EQU x•1£• 
* 
* 

Ai ... .11 



•PUNCHES IN ORDER EXP EC TED ON CARD 
r -·-- •- •- _,... -· ---

* FOR THE *SfER I MAGE COMPAffISON 

• 
052C TABLE EQU * 

* 052C 0800 DC X'l8r1J0' ' 052 E 0400 DC X'0410' I 
. --IJ53~ -· i201' DC X'i:f288' -- ··2··- . ·-----·- - - ··•·· -·-- ------ .. 

0532 0100 DC x•eu 00 • 3 
0534 0020 DC X'0020' 4 
0536 0010 DC x•0010 • 5 
0538 0008 DC x '0008' 6 
053A 0004 DC x·0004• 7 

--CJrr c- --""CJ~ ·· · DC . }('0002' --,f. 
053E 0001 DC X'0001 • 9 
0540 0000 DC X'0000'} 
0542 0000 DC x '0000. ~\...~N~S 
0544 0000 DC x~0000· 

0546 0000 DC x·0000 • 
05411! 2 40e- DC X'2 4fHJ ~ A 
0'5 4A 2200 DC x ·2200. B 
054C 2100 DC X •2 UHP c 
054E 2020 DC x•2020 • 0 
0550 2010 DC X'2010' E 
0552 2008 DC x•200s• F' 
055.li- 25J~4 - DC x '2004. G 
0556 2002 DC )( '2002. H 
0558 2001 DC x•2001• :1 
055A 0000 DC x•000e·~ , 
055C 0000 DC X '00QHP £i L~~"' $ 
055E "Hl!00 DC x•0000 • 
055" f 400 DC X' I 401iP J 
0562 1200 DC X" 1200' J( 

0564 1100 DC x•1100• L 
0566 1020 DC X' Ul20 • fWI 

056S UHeJ DC x•u110• N 
056A 1008 DC x·100s· a 
056C- -- T004 -- nc · -· X'l604 • ;·· p 
056E 1002 DC x • 1002. Q 

•0570 II 1<'.J<bi k_ x • 1001 • R 
0572 DC ~ ::::: J 6~ f\t\l~CS "574 0000 DC 
0576 0A00 DC x•0A00' s ----,rm·- 0900 ... I>C · ----x···090J• - -----···· -- T·- -· ......... _ .. __ - --- -----

057A 0820 DC X'082eJ' u 
057C 0810 DC x•0s10• v 
057E 0808 DC X'0B08' w 
0580 0804 DC x '0804. x 

.-~}~~ -·~r--·--
DC x •0s02 • y 

E..:.: -x·erse 1 • - -- -z--- ~ -- - -·····-·---- -·---·- ·- -- - --·· -·- -·---··-----·-

0586 0000 DC X'llJ080 '- ~lA\\ll(. 
0588 2001 DC X'2001' I 
058A 2001 DC X'2101 • l 
058C 2001 DC X'200l' I 

--·-- ·---·· ·---- - . -·-·----

A i-12. 



058E 
0590 
0592 
0594 
0596 
0598 
059A 

· -059c 
059E 
05A0 
05A2 
05A4 
0,A 6 
05AB 
05AA 
05AC 
05AE 
05B0 
0582 
05B4 
0586 
05B8 
05BA 
05BC 
".'_5BE 
05C0 
05C2 

2001 
2000 
0001 
2000 
0001 
2000 
0111 
lie-tr . 
21J06 
0102 
1102 
0822 
2012 
f012 
1022 
200A 
0902 
1000 
2102 
0cef~f ·--
000A 
0806 
1006 
l 51 5 
2A2A 

. f5f5. 
2A2A 

DC 
DC 
DC 
DC 
DC 
DC 
DC 
DC 
DC 
DC 
DC 
DC 
DC 
DC 
DC 
DC 
DC 
DC 
DC 
oc 
DC 
DC 
DC 
DC 
DC 
DC 
DC 

05C,. v 
0 5 C6 ::~"'::~~k:.~~--".;.;...'---n 

DC 
c 

05CB 
0~.CA - ---·~· - --- - .. 

* 
* 

DC 
oc 

x•2001 • I 
x •2000. & 
X'0001 • ' x '2000. ' x•0001· 9 
x•2000• & 
x '0001 • 9 
X'0000' 
X'2006' ' x•0102• ' x' 1112. $ 
x '0822. % 
x '2012' ( 

x•1e12• ) 
x. 1Glf22 • * X'200A' + 
X'0902' ) 

x' 100,,. 
x '2192. • x•ecea· I 
X '000A' : 
x '080 6' 1 
X'l006' t 
X'l515' 
X'2A2A' 
x•1515• 
X'2A2A' 
X'l515' t.JoN PRr.rv-r~BLE. X'2A2A' 
)('1515' 
X'2A2A' 

* ASCII CODE OF PUNCHES READ * FOR ~STER IMAGE COMPARISON TEST 

* * -·-- 0·5cc·· --f132·--- ----HoI·E-- DC --· ·x-·3T:sf• 
0 5 CE 3 13 J OC X '3 13 I ' 
0500 0030 DC X'311' 
0502 0031 DC X'3i·' 
05D4 0032 DC X'32' 

__ . _ _l,P6 ___ J~-~~~-- --------· DC _ X'_33' 
0508 0000 DC - fJ 
05DA 0000 DC 0 
05DC 0034 DC X'34' 
05DE 0035 DC X'35' 
05E0 0036 DC X'36' 
0 5 E2 0 0 3 7 DC X '3 7 ' · · 0sE·~---00~------···--·-·----·oc - -----x-•3s·• 
05E6 0039 DC X'39' 

* * 

12 
I I 
0 
I 
2 

. ~--

4 
5 
6 

.... -·-·---··---i ..... ---
8 
9 

·-·-

C.HA~~Tt~ 

* ASCII CODE OF PUNCHES THAT SHOULD HAVE READ 

.Ai-13 



05EB 

05EB BOSA 
2020 

* FOR ,.STER IMAGE COMPARISON TEST --- * 
* ~LUE EQU * 
* DC X'8D8A',X'2028',X'2030',X'2020' 0 

---- 213"8"- -
2020 

05r0 BIJ3A 
2020 
2031 
2020 

-- - e-5F8 -SDSA-
2020 
2032 
2020 

0600 808A 
2020 

DC 

DC 

2r;,33 -- ---- -- --- -- ... ----------- -

2020 
0608 BOSA 

2020 
2034 
2020 

DC 

0"6Ttir-- smA ___ - ------ ·· --- ---m:·---- x·-8D8A .. ,x•212-w·-~xr213s-...-~r-212"0 ..... ---,----- - - ----
2020 
2035 
2020 

061 B 808A 
2020 
-20.r5 
2020 

062'31 B OBA 
2020 
2037 
2020 -- - ··0628 ----- £f08A- - -- ---- --
2020 
2038 
2020 

0630 808A 
2020 - -- --- - --- - ·21r3 ~f 
2020 

0638 000A 
2020 
2020 
2000 

DC 

DC - X 'BDBA', X '202'119, X '203 7' ,X 12020' 7 

.J 

DC 

- DC x•e00A',x'2020•,x•2020•,x•2000· BLANK 

-- p·-er6-~or eoeI-- ----------- --- -- -·oc ________ -x--.eooA ··, ;-r--2 021 •, x~20 • , x •2-nei-.--- ------- -~I7fN1r---
2020 
2020 
2000 

·j,,~48 0 00A DC x•000A',x'2e2e•,x•2e20•,x•2e00• BLANK 

At-1~ 

: I 

., 



2020 
2020 
2000 

0650 0D0A 
2020 
2020 
2000 

0658 --lfDBA- . 
3132 
2 ra I 
2020 

0660 8~A 
3132 
2032 
2020 

0668 8 D8A 
3132 
2 ra3 
2020 

0670 8l~fA-
3132 
0034 
2020 

0678 8~A 
3132 
2 nrs· 
2020 

0680 8~A 
3132 
2IB6 
2020 

0 688 8--D3A 
3132 
2r1'7 
2020 

0690 8 ~A 
3132 

DC 

DC 

DC 

DC 

DC 

DC 

DC 

DC 
--------- - - 2 o38_____ - -- - -- -- -- -

2020 
0698 808A 

3132 
2 ll59 

- -----·---- 2020 
06A0 0 OOA 

2020 
2020 
2000 

06A8 000A 
2020 

DC 

DC 

X • 8 D8A •, X •3 132', X •2 03 2', X •2 020' A. 

X '8D8A ', X '3132 ', X '2 D3 5', X '2020' E 

X'8D8A',X'3132',X'2D36',X'2020' Ji" 

X • 8 08A ' , X '3 1 3 2 ' , X '2 03 7 • , X '2 eJ 20 ' 0 

X ' 8 08 A ' , X '3 I 3 2 ' , X '2 D3 8 ' , X '2 02 0 ' H 

X'808A',X'3132',X'2D39',X'2020' I 

-x•000A •, x•2e20 ·, x•2020 ·, x ·2000 • 

- ---- ------ -20~--------------·---·----· 

2000 
0680 000A 

2020 
2020 

DC X '0 D0A', X '2020 • ,X '2020' ,X '2000' 

BLANK 

BLANK 

BLANK 

Ai-t5' 



2000 
- . 0g9g 8 DeA 

3131 
2 IXH 
2020 

06C0 B DSA 
3131 

·-2rs2 
2020 

06C8 8 D8A 
3131 
2 ll33 
2020 

.0'5'00 8MA ..... 
3131 
2In4 
2020 

0608 8~A 
3131 

. . . - 2" m-s-·- . 
2020 

06E0 8 ~A 
3131 
2 03& 
2020 

06EB ~H~A 
3131 
2re1 
2020 

06F'0 8~A 
3133 

···2ms·-·-· 
2020 

06F"8 8 DSA 
3131 
2 n59 
2020 

0701'1 {JOO-~ - -· - -

2020 
2020 
2000 

0708 0 OOA 
2020 

.. 2020 
2000 

0710 BOSA 
2030 
2032 
2020 

01rg. 80SA 
2030 
2~3 
2020 

720 8 DSA 

.A 1-1b 

X' 808A •, X '31 31 •, X '2 03 I • , X '2020 • J 

DC X '8D8A •, X'.3131 ',X '2 032 • ,X '2020' K 

DC 

... nc 

.,, 

DC X'8D8A',X'313t •,x•2035·,x·2020· N 

DC X'8D8A',X'3131 ',X'2D36',X'2020' 0 

DC X'8D8A',X'3133',X'2In8',X'2020' Q 

DC X'808A ',X'.3131 ',X'2D39' ,X'2020' R 

., ,. 

DC BLANK 

DC X '8D8A' ,X '2030' ,X '2 032' ,X '2020' S 

. DC 

DC 



2030 
2D3'1 
2020 

0728 8 D8A 
2030 
2 035 
2020 

·-,r130 ··ans·A 
2030 
2 036 
2020 

0738 8 OBA 
2030 
2 03 7 
2020 

07'10 8MA 
2030 
2038 
2020 

0·1-~s- ~roeA 

2030 
21B9 
2020 

0750 000A 
2020 
·20~0·· 

2000 
0758 000A 

3132 
2 039 
2020 

0 760 000it-- --
3132 
2009 
2020 

0768 000A 
3132 ·· --·- ---· ·----··2· m9- ·-··-·· ···----·--·--· 
2020 

0770 0D0A 
3132 
2 00~ 
2020 -- ----··-011a-· -0-00A- ·-·-.. . .p .... ,, •• 

2020 
3132 
2020 

0780 0D0A 
2020 .. - ---- ------- ----- ···203··9·----
2020 

0788 000A 
2020 
3132 

oc x·sosA•,x•2030•,x•2031•,x•2020· x 

oc x•000A·,x·2020•,x•2020·,x·2000· BLANK 

DC X'0D0A',~'3132',X'2D39',X'2020' I 

oc · x•000A •, x•3132 •, x•2m9 •, x•2020 • I 

DC X'0D0A',X'3132',X'2D39',X'2020' I 

oc x•000A•,x•3132•,x•2039•,y•2020· I 

DC 9 

DC X'0D0A',X'2020',X'3132',X'2020' & 

Ai-17 



2020 
--- ·n9"B 0 OOA 

2020 
2039 
2020 

0798 8 D8A 
2020 

-------- -- 3132· 
2020 

0 7A 0 0 OOA 
2020 
2039 
2020 

DC 

DC 

DC 

-----·· rnrs---w-mA -- - - -- - --oc 
2020 
2020 
2000 

0780 000A 
3132 2ms -- - --
2 037 

0788 000A 
2038 
2 033 
2020 

DC 

DC 

X'8D8A •, X'2020 ',X'3132 ',X'2020' & 

X •000A', X '202CP ,X '2039', )( '2f20' 9 

x•eoeA • ,x•203s• ,x•2033 ·,x•2020 • ,_ 

0"7C0 000A -- -- ------- - - ---- ·uc-·· - -- x•tooA-., X 9 3T3T·.-·;--x-•2reB ..--, X .-21>33-.- -- $ - --- ····---
3131 
2 038 
2 ll33 

07C8 000A 
2030 
2ms· 
2 034 

0700 SOSA 
3132 
2 035 
2 D38 

-9·mg - -·g-m A --
313 l 
2 035 
2 038 

07E0 8 D8A 
3131 - -- - ---- - 2 m ai- ------

2 ms 
07E8 8 OOA 

3132 
2m6 
2008 

DC 

DC X • 8 DSA ', X • 3132 ', X '2 D3 5 ', X '2 03 8 ' < 

x•snsA • ,x•3131 •,x·2u34• ,x.'2D3s· * 

x•sosA' ,X'.3132' ,x•2m6· ,x•2oss· + 

-- -- 01r-0··-SMA _______ - - -- -·-nc·---·-ygnsA•;x--2nr;-r21>3B-r-;rzn~--;----------- -
2030 
2ms 
2 033 

7F'8 8 ~A DC 

Ai-i8 

,., 

11 

(l 



2020 
3131 
2020 

0800 8~A DC x•sosA •• X'3132. ,X'2D38' ,X'2D33 •• 
3132 
2 038 
2 033 

0808 8 OOA--
2080 
2 031 
2020 

DC 

0810 8 ~A 
2036 
20'58 
2020 

DC X'8D8A' ,X'2036' ,X'2038', X'2020' : 

eJ81 8 0 OOA 
2030 
2 038 
2 IB7 

DC X '0D0A', X '2030', X '2 038 • ,X '2 D3 7' ? 

0820 Qlf00A 

0828 
0.82A 

083C 

3131 
2 038 
2 03 7 

0D0A 
5348 
4F55 
4C44 
2020 
4841 
5645 
2042 
4545 
4E20 
2020 

* !WESS! 

MESNI 

* 

DC 

DC 
DC 

DC 

X'000A' 
C'SHOULD 

083E 000A MES~ DC X'000A' 
----·0840 - 574T ___ ----·--r· DC ------c-·wAs. 

5320 
5245 
4144 
2041 
5320. 

· -----0s4c2020·--r£SN'2-· --t>c · ·- -x·20~"T - --
• 

084E 0 D0A i-ESS3 DC 
0850 434F DC 

4C55 
4D4E 

X'IDeJA' 
C 'COLUMN 

··- ---··-----·-·-·-·2045--------···-·------··-······--·· ·····-·· .. -·· ...... - ··-·- ····-·-·-·······---·· 

5252 
41'"52 

085C 2020 MESN3 DC x •2020. 
* 

KAVE BEEK1' 

ERROR• 
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085E 
·-·---1868 

0B7C 

000A 
~E~5" 
5720 
4940 
4147 
4520 
434F' 
4059" 
4152 
4953 
4F'4E 
2045 
5252 
~r52-·· 

5320 
2020 

087E 000A 
0880 4552 

524'f 
5220 
494E 
2042 
4954 
5320 

MESS4 

* 1'£SS5 

DC X'IDIA• 
oc·.. C'MEW 

DC x•2021• 

DC 
DC 

·········-~.-·1MA"tU! COMPARts•oN ERROtfs···--······ 

____ J __ ~--~~_.TS. ~~.!_ 1 ~-·--~ND{gR. 9 ' _____ _ 

.... 3 02·-c ... -----· .... ... . .... .. .. .. ....... . ····- ..... -· ... ······· .. . ........ ·--··--······--· ···-----·-··· ..... . ...... . 

312C 
382C 
2041 
4E44 
2 F4F 
5220 

.3920 
989 E 2020 
08A0 000A 
eJ8A2 4441 

5441 

MESN5 
r£SS6 

.. ---- ..... --~943 ···-·--·····-- ··-

4F'40 
5041 
5249 
534F' 
4E20 - ··--··--------. ~55"~ --·- .. 
524F 
5253 

0888 2020 f£SN6 

* 

DC 
DC 
DC 

DC 

X'2020' 
X'0D0A' 
C'DATA 

X'212t' 

08BA 0 00A 1€SS7 DC X •000A' 

.... ··c OMPARI SOI ERRORS' 

· -- ·-0-~-ge---·204T··------···-· ··· -· ·· · ··oc··--·-··-·c:··--···- · -·-···--------. T--ar···· -···--··-----------·-----
"-' 2020 
'I'' 4r4B 
-~ 08C2 2020 
_,._. 

A 1.-20 

r£SN7 

• 
DC X'2020' 



08C4 

A TAB 02 EC 
B UF'F" 03 E2 
CI 01 6C 
C2 016E 
CHANGE 026E 
CHECK ~0~8 
COMPAR 015C 
DEVNUM 0000 
DONE 0240 
DTAB 020A 
El 033 E 
E2 0348 
E.3 0352 
EMPTY 0334 · 
ERR 1 0 l 8C 
ERR I Fl. 0522 
ERR2 019E 
£RR2 FL 052 4 .. 
ERR3 . 00 E4 
ERR3 F'L 0526 
ERRCNT 0007 
ERRINC 0009 
ERROR 02BC 
FEED 052A 
FIN 01 DE 
HOLE 05CC 
HTASCV 0286 
IMAGE 025E 
I MFLAG 0528 
IMTABL 0-482 --
I NCR 0003 
I NCR2 000B 
INDEX 0002 
I NDEX2 000A 
LIMIT 0004 

END 

--Lf .. MI 12- --~-·000·c··- -- ... ·--...... ·-· .-.. ~--·-·--····-- ---··- . 
LISTDV 007E 
LOOBY T 023 4 
Ml 0184 
MASTER 0I1C 
MATCH 02C4 

- - -MESTTN-- 02Hf 
MES2I N 01 BE 
MES3 IN 0368 
MES4I N 0248 
MES5I N 0382 
MES6I ~ 039C --- -MES7fN--03 B 5---- --- ---- ----- ---- --
~ES NI 083C 
MES~ 084C 
MESN3 085C 
MESN4 087C 

A !. ... 2. .1 



MESN5 089E 
·--MESN6 OJBIHr -

MESN7 08C2 
MESSl 0828 
MESS2 08.3 E 
MESS3 88-4E 
MESS4 085E ---·- ftfEssr· ·0!7£ ···-- -· --- -
MESS6 0BA0 
MESS7 08BA 
MESTI 021 E 
ft'IES12 01 C4 
MEST3 036E 

-- -MES-n--·--·e2 41-r· . ···--·-···-- -· --· . 
MEST5 0388 
MEST6 03A2 
MES T7 03BC 
MORE 0 I 06 
NXTCRD 009E 
ONE 000 r -----. 
OUT 000 D 
PUNCH 01 F'4 
RI 000 I 
R 10 000A 
R 14 000 E 
Rl5 - - 0'l0·y··-·---··-- -- ·····- --
R2 0002 
R3 0003 
R4 0004 
R9 0009 
RA 000A 
RB - trnonr 
RC 000C 
RO 0000 
RE 000E 
SCAN 0280 
SENSE 00AC ---·· nAITT .. _ ·-uu· -·--·-.. ·-- ·-----.... - --· ------------~~ ...... _. _____ -------·- _, __ ~ ........ ___ ------ -----· .. --- --- -- ____ ... _ .. _______________ _ 
STAT 0005 
STATUS 03CC 
STOP 03 DE 
SWI 0102 
S\41 3 NO 00 F'C 
~ - 01· .. -r-·--- --- -- · -· --· · "· --- --- -· ·-·"·----- · .... ---------· ... ------·----'"'- --- -~-- ---·--- ----------·-·-- ··-- --"------ ···------·--..... -· ·-- -----
s ~ 010E 
S\113 0122 
SW4 0134 
SWCH 0140 
TABLE 052C 

- - - T!"MP 000 6 .. 
~LUE 05E8 
ZTAB 02~ 

.4t-22 
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READER COMMENTS 

The General Electric Company solicits your comments on publications covering Process Computer 

equipment. Please explain any "no" responses in the COMMENTS section. Your comments and 

suggestions become the property of the General Electric Company. 

• Name of Manual: -------------------------------
• What is your computer application: -----------------------

• How is this publication used: 

Familiarization 

Training 
D 
D 

Reference 

Maintenance 
CJ 
CJ 

Other (Explain) _________________ Y_E_S ______ N_
0 
____ _ 

• Does this publication meet your requirements D D 
• Is the material: CJ D 

1) Presented in clear text D D 
2) Conveniently organized CJ CJ 
3) Adequately detailed D D 
4) Adequately illustrated D CJ 
5) Presented at appropriate technical level D D 

• Please provide specific text references (page number, line, etc.) with your comments. 

NAME DATE-------------

TITLE----------------~-----
COMPANY NAME---------------

AND ADDRESS 

COMMENTS: 

PC 228 (8/69) No postage necessary if mailed in the U. S. A. 
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Communications concerntng TeC"hn.ical Publications should be directed to: 

Manager, Technical Publications: 
GE Process Computer De]~uutment 
2255 West Desert Cove Road 
Phoenix, Arizona 85029 

BUSINESS REPLY MAIL 
NO POSTAGE NECESSARY IF MAILED IN THE UNITED STATES 

POSTAGE WILL BE PAID BY ••• 

GENERAL ELECTRIC COMPANY 
PROCESS COMPUTER DEPARTMENT 
-~~55 West Desert Cove Road 
Phoenix, Arizona 85029 

Attention: Technical Publications 
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