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I. INTRODUCTION

The TX~0 computer is a general purpose high-speed machine built pri=
marily of transistors. The computer has one memory device which is a
vacuum-tube~driven magnetic~-core array capable of storing 1,179,648 bits
of inf?i?ationo Each word contains 18 bits for a total of 55,536 or 216
performs a complete operation every two memory cycles; the :instruction is
obtained in the first cycle and the data in the secondo(2) Most of the
logical and arithmetic operations are executed in the seconi cycle,

words. The memory cycle time is approximately 6 psec. The machine

IT PRESENT TERMINAL EQUIPMENT

Input
1. A Ferranti photoelectric paper tape reader
(a) 8tandard seven<hole flexowriter paper tape.
(b) 200 to 250 lines per second
2+ Toggle switch registers
(a) Toggle switch accumulator called TAC
(b) Toggle switch buffer register called TBR
(e) 16 toggle switch registers called toggle switch storage, TSS.
These registers can replace the first 16 regi.sters of magnetic
core memery by means of a switch on the main console,
3. Flexoprinter input to live register bits 2, 5, 8, 11, 1k, 17
setting IRO to a one when the key is struck.
. Provision has been made for a photosensitive device, called the
light pen, to control the computer from the displey tube,
Output
1. One 12 1/2% cathode ray oscilloscope display tube
(a) 511 points by 511 points in 7" by 7% array
(b) a camera will be added in the future
2, Paper tape punch

l. The TX=2 which is in the process of belng constructed will use this
memory. The TXZ=0 will then have a transistor=driven core memory of 2
registers.

12

2, Each memory cycle has eight time pulses and the notatior we use in
referring to them is cycle, time pulse, (i.e., cycle O, time pulse 8
is written 0.8).
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(a) Standard flexowriter tape
Standard flexowriter printer

REGISTERS

1,

2o

3.

Lo

50

6.

To

8.

Memory Buffer Register = (MBR, 18 bits # 1 parity check bit)
receives information from and sends information to the memory.

The transfer of information from the memory is checked by means
of the parity digit which makes the sum of all 19 digits odd.
Accumulator - (AC, 18 bits) - stores the results of numerical
operations = is also used as buffer to in-out terminal equipment.
The bits of AC are numbered from left to righty, O to 17.

One interesting point with regard to the AC is that one may
look upon it as strictly a ring adder. If we consider the left-
most digit as a sign, then the largest representable number is
217w1 and the smallest is w217+1o If a one is added to the
largest number the result is the smallest and likewise if a ome
is subtracted from the smallest the result is the largest.

There is no overflow alarm. This feature has already been found
to be useful in decision techniques.

Memory Address Register = (MAR, 16 bits) - selects the information
in the memory and has another special feature of selecting operate

class commands - (more about this later).

Program Counter - (PC, 16 bits) = is used by control and contains
the address of the next instruction to be executed.

Instruction Register - (IR, 2 bits) = contains the operation
part of the instruction which is teo be executed.

Live Register = (LR, 18 bits) - may be considered as just another

storage register which uses flip=flop rather than magnetic cores.
It is referred to by means operate class commands which we shall
see later, .

Toggle Switch Buffer Register = (TBR, 18 toggle switches) - used
for manual intervention in the normal and test modes,

Toggle Switch Accumlator - (TAC, 18 toggle switches) =~ used for
manual intervent§on in the normal and test modes,

For a description of the flip-flops and logical control, see Figure 6o
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IV INSTRUCTIONS AND OPERATING MODES

The first two bits of the 18 bit TX~0 word designate one of four basic
instructions. The machine recognizes which one to perform by means of
two flip=flops IRQ and IR1 called the instruction register. The remaining
16 bits of three of the instructions are used to specify a memory location,
The fourth instruction makes use of its remaining 16 bits to designate one
or more special commands. These are called operate class commands and are
the means by which TX=0 attains its versatility. (As we shall see in
section VIII and IX).

TX=0 has three operating modes: Normal, Test, and Read=In. They are
specified by two flip-flops; R and T called the mode register. The four
instructions are carried out in one of the three modes and for each of
the twelve combinations a different function is executed by the machine.:
The console has a push button to select the Test mode and also one for
the Read=In mode, The Normal mode is initiated by instructions in the
other two modes., In the Normal mode instruction words are taken from
the stored program; in the Test mode, from the TBR; and in the Read-In
mode, from the tape being read in.

The mode register (R and T) decodes the modes as follows:

MODE R T
Normal 0 0
Test 0 1

Read=In 1 1
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V THE NORMAL MODE

'The four basic instructions in the Normal mode are interpreted as
followss

B, IRy ABBREVIATION INSTRUCTION
o O sto x Replace the contents of register x

with the contents of the AC., Let the
AC remain the same.

o 1 add x Add the word in register x to the
contents of the AC and leave the
sum in the AC,

1 o trn x If the sign digit of the accumulator
(ACO) is negative (i.e., a one) take
the next instruction from register x
and continue from there., If the sign
is positive (i.e., a zero) ignore
this instruction and proceed to the
next instruction.

1 1 opr x Execute one of the operate class
commands indicated by the number x.
(See sections VIII and IX).

VI TEST MODE

The test mode is selected by a push button on the console., Primarily
the Test mode was designed into the computer to aid engineers and opera=

tors to manually intervene with control and storage for test purposes.

Basically one may consider the test mode as being a one instruction
program where the instruction is set in the TBR (Toggle Switch Buffer)
and the data to be treated either already in the AC or set in the TAC
(Toggle Switch AC). There are two switches on the console which allow
a little more versatility to the one instruction., They are called the
repeat and step switches. The repeat switch causes the instruction to be
repeated over and over again (unless, of course, it is of the transfer
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centrol type). The step switch allows the address section of the
instruction to be indexed by one each time the instruction is executed.

~ When the test mode push button on the console is activated (1c€05
puﬁhea) the first two digits of the TBR are sent to the IR and the last
16 digits are sent to the MAR. (In the sto x case the AC is reset
atcording to what is set in the TAC). The PCis set to MAR ¢ 1 and the
iééﬁf;@tﬁ.m is executed.

Then ifs

Repeat Switech Step Switch Operation After Execution of the Inst.rwction
Off - Off The computer will stop

G?ff on The computer will stop but the MAR will be
’ changed to what is in the PC namely, the
preceding MAR + 1 and then the PC will be
indexed by 1.

On off The computer will continue to perform the

‘ same instruction repeatedly at machine
speed.

On - On The MAR will be changed to what s in the

?Gg namely the preceding MAR + 1. Then
the PC will agein be indexed by 1 and the
instruction will be executed repeatedly
with the address section being stepped up

by one each timeo.

The four basic instructions for the test mode are classified as
load, examine, test operate, and start.

#Load" sto x The AC is set to what is in the TAC and
06 then the contents of the AC are stored

in register X
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"Exariine® add x The contents of register x are added to

| 01 the AC by means of the MBR. Hence x
can be examined in the MBR. The AC
could have been"anything® before the
instruction so all we can say is that
the AC will contain "anything®” plus the

contents of x.

®Test Operate? opr x Any one of the operate class commands is
11 executed, Stepping means nothing in this
instruction
#Start! trn x Change to normal mode and transfer control
10 to instruction in register x. Stepping

and repeating mean nothing in this in-

gtruction.

VII READ-IN MODE

The Read=In mode is selected by a push button on the console and
causes the photoelectric reader to be activated. As each line of tape
passes under.the read head, the information in tape positions 1, 2, 3,
lig 55 and 6 is transferred to digital positions 0, 3, 6, 9, 12, and 15 of
the AC, Once the first line of information is in the AC, the AC is
éﬁfled to ﬁhe right one digital position. The second line is then read
in, the AC cycled again one position, and the third line read in. At
this point the first three lines are now assembled as a word in the AC,
The tapes to be used by the Read=In mode have been made so that each word
to be stored follows an instruction word on tape which will perform the
s@orggeo In order to transfer control to inper storage all that is
réquiged on tape is the transfer instruction itself and it will not be
followed by the usual three lines of data as the store instruction is.
Getting back to the mechanics of the read-in;, the first three lines
of information have been read in and assembled in the AC. Since this word
will be an instruction in either the storage or the transfer case, the
first two digits in the AC are transferred to the IR (Instruction
Register) and the last 16 digits to the MAR. At this point the
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ingtruction register is examined and if the instruction is of the storage
e then the next three lines of tape are read in and assembled in the
AC and then the instruction is executed, If when the IR was examined the
instruction was of the transfer control type then no more information

is read in and the transfer control instruction is executed. Summarizing,
we can say that each data word requires six lines of tape; the first three
inc;ik;’agting where to put it and the last three the word itself; each
trénsfer control instruction requires only three lines of tape containing
the ‘i_n_‘struction itself, The tape layout can be seen more clearly in
Figure 5.

‘The four basic instructions of the Read-In mode are separated into
two types =~ storage and transfer control.

Type First Modified Lines Symbol Description
IR IR of tape
Storage 00 00 6 sto x Store the word (which was

read in behind this in=

struction) in register x.

Storage 11 00 6 opr X When the two digits for

‘ opr x (11) are read into
IR (in the Read=In mode)
they are canplemented and
therefore opr x = sto x.

Transfer 10 10 3 trn x  When the two digits of

Gomtrol trn (10) are read into IR
(in the Read-In mode) the
computer stops reading
from tapeg the computer
is changed to the normal
mode and control is imme-
diately transferred to

register X,
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Type  First Modified Lines  Symbol Description
‘ IR IR of tape
Transfer 0 1 10 3 add x When the two digits of add

(01) are read into IR (in the
Read-In mede) they are com=-
plemented and the computer
stops. Upon restarting (by
pushing the restart button

on the console) the computer
performs the instruction

trn x. Therefore, add x =
stop + trn X

Note, that with a hand punchy; instruction-words on the tape can be
modified so that st (00) can become add (01) or transfer (10) and either
add or transfer can became operate (11), The flexibility allows changes
on the tape without preparing a new one.

In actual practice the Read-In mode is used to read a more efficient
ReadmIn'program into storage, since a binary tape with a store instruction
following each word would be extremely large and cumbersome. A description
of this program will be found in section X. It is called the Input Routine
and further describes how data is put into storage and alsc gives the reader
an example of TX=0 programming.
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VIII OPERATE CLASS COMMANDS

 The following is a list of the operate class cammands, the time
pulse on which they are executed, the binary form they assume, what they
do and the octal notation of the last 16 bits of the operate instruction,
opr X.
IR a
1% 348 678 9 1011 12 13 14 15 16 17

2 |
111 000 000 00 O O O O O O O=oprl00,000 (octal)

(0.8) CLL = Clear the left nine digital positions of the AC
E
11 0 1 00 0 OO0 OO0 o0 0O 0 O 0O O O = opr 40,000 (octal)
(0.8) CIR = Clear the right nine digital positions of the AC
| L 3
110 010 000 0O O 0O 0 0 0 O 0 = opr 20,000 (octal)
(0.8) 108 Iannt'Stop = Stop machine so that an In-Out command (specified by digits
6 7 8 of MAR) may be executed,

L 5 ,
110 6 X1 0 0 0 0 0 o0 0O 0 0 O O O = opr 30,000 (ectal)
(1.8) H1t = Halt the computer

6 7 8
110 000 111 00 0 0 0 O O O Os=opr7,000 (cctal)
(0,8) PTH = Punch holes 1=6 in flexo tape specified by AC digital positions

2, 5, 8, 11, 1h, and 17. Alsoc punch a Tth hole on tape,

6 78

110 000 110 00 0 0 O O O O 0= opr6,00 (octal)
(0,8) P6H = Same as PTH but no seventh hole
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4553}(5_ 3 L ¢ 9 10 11 12 13 1 15 16 17

8
8
0

H jon] O
O 3 =

110 000 0 0 0 0 0 © 0 O O = opr 4,000 (octal)

(0.8) PNT = Print one flexowriter character specified by AC digits 2, 5, 8, 11, 1k,
' and 17,

_ 6 78
110 000 O0O0OC1 OO0 O 0O 0 0 0 O O = opr 1,000 (octal)

(0,8) R1C = Read one line of flexo tape so that tape positions 1, 2, 3, Ly 5, and
6 will be put in the AC digital positions O, 3, 6, 9, 12 and 15.

7 8
110 000 11 00 0 0 0 0 0 O O0=opr 3,000 (octal)

(0.8) R3C = Read one line of flexo tape into AC digits Oy 3, 6, 9, 12 and 15,
Then cycle the AC one digital position; read the next line on tape
into AC digits O, 3, 6, 9, 12 and 15, cycle the AC right one digital
position and read the thlrd and last line into AC digits 0, 3, 6; 9,
12 and 15. (This command is equal to a triple CYR=R1C.)

8
1 1 0 0 00 6 0 0 O© 0O 0 O0 0O O O =opr 2,000 (octal)

(008) DIS = Intensify a point on the scope with x and y coordinates where x is
specified by AC digits O-8 with digit O being used as the sign and
Yy is specifled by AC digits 9=17 with digit 9 being used as the sign
for y, The complement system is in effect when the signs are negativeo

6
0

¢ 1
01

9 10
110 000 000 10 O 0 O O O O O=opr oo (octal)
(1.h) SHR = Shift the AC right one place; i.e., multiply the AC by 2"1

9 10
110 000 00O 11 O 0O 0 0 0 O O = opr 600 (octal)
(1.4) CYR = Cycle the AC right one digital position (AC17 will become ACO)

2 10
0

110 00O v QO 0 0 1l O 0O 0 O 0O O O = opr 200 (octal)
(1.3) MIR = Store the contents of the MBR (memory buffer register) in the live reg.
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IR MAR
"1/ 345 678 9 101 12 13 14 15 16 17"

1 15
1 Q ©O 00 000 0O 1 0O 0 © 0 0 O = opr 100 (octal)
1.1) PEN = Read the light pen flip-flops 1 and 2 into AC, and ACy.

n 15
l1 0 00 @ 000 0 0 0 0O 0 0 1 0 O =opr L (octal)
1.1) TAC

Insert a one in each digital position of the AC wherever there is a
one in the corresponding digital position of the TAC.

12
10 000 00O OO O 1 0 © © 0 O = opr LO (octal)
1.2) CM = Complement every digit in the accumulator

13
1 0 000 OOOC OO O 6 1 © 0O O O =opr 20 (octal)

1.44) PAD = Partial add AC to MBR, that is, for every digital positien of the MBR
that contains a one, complement the digit in the corresponding digital
position of the AC, This is also called a half add.

8

Example: AC=1 0 1 01 01
MBR=0 1 1 1 0 O O

New AC=1 1 0 1 1 0 1
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MAR
P N, ,
co1r2 3 L5 678 9 1011 12 13 14 15 16 17"
1&
110 00O OOO OO O O 0 1 0 O O = opr 10 (octal)
(1.7) CRY = Partial add the 18 digits of the AC to the corresponding 18 digits
of the carry. _
To determine what the 18 digits of the carry are, use the following
rules
UGrouping the AC and MBR digits into pairs and proceeding fram right
to left, assign the carry digit of the next pair to a one if in the
present pair MBR = 1 and AC = O or if in the present pair AC = 1 and
carry l.
th oo 0 . , th . ‘s
(Note: The O"" digit=pair determines the 17° pair's carry digit)
Examples
MBR
AC
CARRY
CARRY 110 0 0111
AC 11010001
New AC 0O 001 0110
1% 17
110 00O O OO OO O 0O 0 O 0 0 1=oprl
(1.2) AMB = Store the contents of the AC in the MBR.
16 17
110 000 OO0OO OO O 0O 0 o 0O 1 1=opr3
(1.2) TBR = Store the contents of the TBR in the MBR.
1 17
110 00O OOO OO O 0O 0 O 0O 1 O0=opr2

(1.3) IMB

= Store the contents of the IR in the MBR,
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It should be noticed that the command CYL or cycle left was not
listed, The reason for that iss

(1.2) (L.h) (1.7)
CYL = AMB, PAD, CRY

AC=0 0 1 1 0011
After AMB (1.2)
MBR=0 0 1 1 0 0 1 1

MBR=0O 0 1 1 0 O 1 1
After PAD (1.k) AC=0 O O 0 O 0 0 O
CARRY =0 1 1 0 0 1 1 O

After CRY (1.7) AC=0 1 1 0 01 1 O

This is an excellent example of how a programmer can accomplish
many things with one operate instruction. Also notice that the AC was
cleared by AMB ¢+ PAD., Any operate instruction-word is capable of having
a large variety of commands within itself as long as the programmer is
aware of thé time pulse sequence. The preceding list of commands also
lists the cycle and time pulse of each command., We have inclwied a TX=O
logical flow chart in this memo with a few side remarks on the chart to
as;ist you in reading it. Whenever there is some question as %o what is
happening on each time pulse this chart should give you the answer, If
you find in experimenting with the operate class commands that a new
operate class command would be useful to a programmer, we will be glad

to consider your suggestions.
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IX COMBINATIONS OF OPERATE CLASS COMMANDS

- The following list of combinations has already been found to be
useful in programming. A conversion program which will be described in
a later memo is capable of assembling most of these combinations using
three letter mnemonic symbols (e.g., lac, alr, lad, etc.)

0.8 0.8
CLL + CIR = opr 140,000 = clear the AC (CLA)

1,2 1.4 1.7
AMB + PAD #+ CRY = opr 31 = cycle the AC left one digital position (CYL)

0.8 0.8 1.2 |
CLL + CIR # C(M = opr 1L0,040 = clear and complement AC (CLC)

0.8 0.8
I08 + DIS = opr 22,000 = Display (this combination was included to remind
{ou that with every in-out command the I0S must be included)
DIS)

0.8 0.8 0.8
I0S + CLL + CIR = opr 160,000 = In out stop with AC cleared.

0.8 0.8 1.k

I0S + PTH 4 CYR = opr 27,600 = Punch 7 holes and cycle AC right.

0.8 0.8 1.k

I0S # P6H + CYR = opr 26,600 = Punch 6 holes and cycle AC right.

0.8 0.8 0.8 0.8

I10S +# CLL # CIR + P6H = opr 166,000 = Clear the AC and punch a blank

o : space on tape.

0.8 0.8 0.8

I0S + PNT ¢ CYR = opr 24,600 = Print and cycle AC right.

008 008 1.2 loh

I0S + P7H + AMB + PAD = opr 27,021 = Punch 7 holes and leave AC cleared,

008 008 2 10-’4 )

I0S + PEH + AMB ¢ PAD = opr 26,021 = Punch 6 holes and leave AC cleared.
1.4

+ PAD = opr 24,021 = Print and leave AC cleared.

Q e}

85 &

L 2 £

Q

Be 2

+ +

HO BE P
Qo 3 o

= opr 141,000 = Clear AC and start petr running (notice
no I0S - which means computer hasn't stopped to wait
for information).
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1.2 1.h 1.7
AMB 4 PAD + CRY = opr 1,031 = Start petr running and eycle AC left

0ol
CYR = opr 1,600 = Start petr ruming and cycle right.

Be B2
* +

0.8 0.8 0.8 0.8 |

CLL + CIR # IOS + R3C = opr 163,000 = Clear AC, read 3 lines of tape.

0,8 0.8 0.8 0,8

CLL + CLR + IOS + RIC = opr 161,000 = Clear AC and read one line of tape.
0.8 0.8 0.8 0.8 1.h 1.7

CIR + CLR + IOS + RIC # PAD #+ CRY = opr 161,031 = Read 1 line of tape and

cycle AC la=ft,
08 0.8 0.8 0.8 1.k

CLL + CLR + IOS + RIC + CYR = opr 161,600 = Read one line of tape and
cycle right.

CLL ¢ CLR # TAC = opr 140,00k = Put contents of TAC in AC.

o
e

£
=

-

; Lo7

PAD +# CRY = opr 30 = Full=add the MBR and AC and leave sum in AC.

0.8 0.8 1.3 1.k

CLL ¢ CLR + IMB + PAD = opr 140,022 = Clear the AC - store IR contents in
memory buffer register - add memory
buffer to AC ~ i.e.;, store live reg,
contents in AC. (IAC)

1.2 1.3

AMB + MIR = opr 201 = Store contents of AC in MBR, store contents of MBR
in IR, i.6., store contents of AC in IR. (ALR)

1.3 1.k
IMB + PAD = opr 22 = Store contents of LR in MBR, partial add AC and MBR
» i.ecy, partial add IR to AC. (ILPD)

1.3 :
MIR = opr 200 = Since MIR alone will have a clear MBR, this is really
clear IR, (LRO)

103 19)_!. 107 :
IMB + PAD + CRY = opr 32 = Full-add the IR to the AC. (IAD)

0.8 0.8 1.3 1.k
CLL + CIR + TBR + PAD = opr 140,023 = Store contents of TBR :n AC,



6M"’h7 89 ==‘1 16 )

X PROGRAM EXAMPLE

This section was included to give the reader an example of a TX=0
program. The program which was chosen is used to read binary tapes into
storage and is called the Input Routine. It was written to avoid the
long and cumbersome tapes which would be required by the Read-In mode
(a store instruction for each data word). When the conversion program has
finished converting a program's flexowriter iape and is ready to punch a
binary tape, it first punches the Input Routine on tape in the form that
is required by the Read=In mode. Then the converted program is punched
out in binary form according to the specifications required by the Input
Rdutiﬁen

"By having the Input Routine on the leader of each tape all that is
required is the activation of the Read=In push button., The Input Routine
is read in by the Read-In mode and then control is immediately transferred
to the Input Routine which takes on the task of reading in the rest of the
binary tape.

The spe01f1cations required by the Input Routine are very simple.
The tape channel positions of a word are the same as they are in the
ReadmIn mode, Words are transferred to storage in blocks of sequentially
addressed words. The first word in the block is a store instruction
word whose address section contains the address of the first data word in
the blOCko (Call it sto Wy o) The second word in the block is the comple=-
ment of4a store 1nstruct10n word whose address contains the address of
the last data word in the block., (Call it sto W, where n = no, of data
words.) The data words follow these two pieces of information. Following
the last data word of the block is a word which is the complement of the
sum of all the preceding words in the block including the first two control
wordso

The address of the starting instruction follows the last block of data
words, If it is in the form of an add‘instrustion (add z) the computer
will be stopped before the Input Routine transfers control to the program.
If it is in the form of a transfer coﬁtrol ingtruction (trn 2z) then the
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program will be started immediately after the last block of data words

has been read into storage.

TAPE FORMAT REQUIRED BY INPUT ROUTINE

v—vv~/«’xA\//ﬁ/hM‘\

sto Wi

1st word

2nd word

¢

camplement \
of sto W, /

nth'word

of blockis sum

add z
or

tm 2z

complement )

First
block

Other
blocks

. Last three

lines on
tape

W
- in

= Address of lst.data word

block

W = Address of n™ data word

trm z =

Add z =

Uponn complation of
last block trans-
ferred to storage
take first :‘instruc=-
tion from register z.

Stop computer after
last block has been
transferred to
storage. After
restart, take first
instruction from
register z.
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INPUT ROUTINE

Partial sum of block

If the preceding block's sum is
cerrect, go on to next block or
transfer control word. If not,
go to 177772 and stop computer,

Read in the first word of a block

or the transfer control word (add

Z or trn Z) and store it in register
177756,

Is it 9t Wy, add Z, or trn 27 If
trn 2 go directly to register 177756,

It is either st Wy or add Z; add
200,000 to the ACY If it was add Z,
the AC is now neg. (=trn Z), so go
to 177775,

Read in the complement of the address
of the last word im the block and
store it in the register 177777,

Add the first two control words of
the block together and store in
177741 %o initiate the partisl sum.

Read in the ith word and store it in
its assigned memory louation

Add the 1 word to the partial sum
of the bloclk,

Index the address section of the
register 177756 by one.

Has the nih word been transferred to
storage? If AC is negative = no,
return to 177755, _

Read in the sum of the block. TIs
it the same as the sum in register
L1? If it is, AC = minus zero, go

o 1777120 T 18758 positive, ...

stop the computer. The sum check is
WI"C)ng )

Congtants

177741 Temporary storage
—p 177742  Add 177773
177743 trm 177772
39993—?——«91777hu opr 163,000 (R3C)
1777LS  sto 177756
177746  trn 177756 ————
177747  add 17777L |
177750  trn 177775 —
177751  opr 163,000 (R3C)
177752 sto 177777
177753 add 177756
177754  sto 177741
— 177755  opr 163,000 (R3C)
177756  (sto Wi)
(add 2) (Not used)
(trn 2) ¢——--1
177757 add 1777L1
177760 sto 177741
177761  opr 1L0,000 (CIA)
177762  add 177756
177763  add 177773
17776l sto 177756
177765  add 177777
177766  trn 177755+
177767  opr 163,000 (R3C)
177770  add 1777141
177771 trn 1777h2~
177772 opr 30,000 (HLT) ¢
177773 1
17777 200,000
177775 sto 177777 @———nod
177776  opr 30,000 (HLT)
177777 +trn Z (or the come

plement of the ad=
dress of the last
word in a block)

The last block has been stored and
the transfer control word was add Z.
Put trn Z in register 177777 and
stop the camputer,

Upon restarting, transfer control to
register Z.
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The operate class commands used in the Input routine weres

opr 160,000 = CLL + CLR + IOS + R3C
Clear AC and read three lines, cycling each time
8o that they are assembled as an 18 bit word in
the AC,

opr 140,000 = CLL 4 CLR = CLA
Clear both halves of AC,

opr 30,000 = Halt the computer

It should be noticed that a trn instruction (10) has a one in
the sign digital position., In registers 1777Ll, L5, and Lé when the
transfer control word "trn Z" is read into the accumulator, the trn
177756 will transfer control to 177756, Since register 177756 will
contain trn Z and the AC still contains trn 2y, control will immediately
be sent tO‘regiSter Z. This is a useful trick, (For example, transferring
control to a subroutine with the exit word in the AC).

One other point of interest, if the word add Z is in the AC when
instruction trn 177756 in register 177746 is performed, the AC is
positive and the next instruction will be add 17777k, This will cause
the octal number 200,000 to be -added to the AC and since the first
two bits of the word add Z are 01, the result will be trn Z. This
causes the instruction trn 177775 to be executed and 177775 will store
the word trn Z in register 177777, The next instruction is the operate
class command halt, Since the AC is not disturbed, it will still con-
tain trn Z., If the restart push button is activated, the trn Z in
register 177777 will transfer control to register Z.
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XI TOGGLE SWITCH STORAGE

The TX=0 has an auxiliary memory system consisting of sixteen
toggle~switch registers which we shall refer to as toggle switch storage,
TSS, The TSS can be used as a substitute for the first sixteen magnetic
core registers O through 17. All sixteen registers of TSS can replace
core registers O through 17 or they can be chosen individually to replace
their respective core registers; i.e.; TS5, can replace register 6 of
core memory while the other fifteen can still be core.

The Iive Register has been mentioned earlier as an eighteen bit.
flip=flop register with no address. Up to this point the only way refer=-
ence could be made to it was by means of the operate class commands.

The switches on the TSS panel allow the ILive Register to be addressed

like any other register. However, its contents can still only be changed

by specific operate class commands or by data from the flexo type-

writer (if the flexo input switch on the main console is in the on position,)

The sixteen registers of TSS are located on the console. (See
Figure li) In addition to the eighteen toggle switches associated with
each register there is a toggle switch located to the left of each
register which we shall call "em" and one to the right of each register
which we shall call "lr®, Also located on the conscle is a master switch
called "core memory select"” or (1 select, When the CM select switch is
on, the first sixteen registers will always be magnetic core. When the
M select switch is off then the first sixteen registers can be either
magnetic core, toggle switch storage, or addresses of the live registers,
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The following is a breakdown of the possible combinations:

Reg.

CM Select Switch = OFF

cm TSSx
Off W
Ooff W
On W
On W

lr

Off

On

Off

On

Case One

Register x is TSS and the word in x

is W which is set by the toggle switches.,
Case Two

x is the address of the IR &and the word
in x will always be the word in the IR
and not the toggle sw setting W

Case Three

Register x is magnetic core and the

toggle switch setting W means nothing,

Case Four

The core switch cm takes precedence
over the lr switch and this case
becomes the same as case three.

Note that the Live Register may have one, two, three or sixteen

different addresses (0O = 17) or none at all if no lr switch is on.

Attachments:

Appendix A
Appendix B
Appendix C

Fig,
Fige
Fig,
Fig,
Fig,
Fige
Fig,

1 A=68266
A=6826);
A=-68265
A-68263
A=68L05
E=69059
D=L72L3

= O\\UlfEmw o
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APPENDIX A

TX=0 Console

1. Push Buttons

(a) 8top

(b) Restart
(¢) Read-In
(d) Test

(e) Tape Feed

2o, Flip-Flop Indicators

(a) IR Two bit instruction register
(b) C Cycle

(¢) RT Mode

(d) MR Memory Read

(e) MI Memory Inhibit

(f) PAR  Parity

(g) ss Start Stop

(n) PBS Push Button Synchronizer

(1) 108 In Out Stop

(3) oH Chime Alarm

(k) 1P Light Pen Flip=-Flops 1 and 2

(1) PETR Photoelectric reader flip-flops 1, 2, 3 and L
(m) Alarm Indicator

3o Flip=Flop Registers

(a) MaR
(v) PC
(¢) MBR
(a) ac
(e) IR

A=]



ho Switches

(a)
()
(c)
(d)
(e)
(£)
(g)
(h)
(1)
(3)

Suppress Alarm
Suppress Chime
Automatic Restart
Automatic Read=In
Automatic Test
Stop on Cycle Zero
Stop on Cycle One
Step

Repeat

Printer Input

5. Toggle Switch Registers

(a)
(b)

TAC = Toggle switch accumulator
TBR ~ Toggle switch buffer register

M=}, 789=1

(¢) TS8S = Sixteen toggle switch storage registers

A2



CLL

CLR

I0S
HLT
PTH
PéH
PNT
R1C
R3C
DIs
SHR
CYIR

PEN
TAC
caM
PAD
CRY

TBR

(0.8)
(0.8)

(008‘)

(1.8)
(008)
(0,8)
(0.8)
(0.8)
(0.8)
(0.8)
(Lel)
(Lok)
(1.3)
(1.1)
(1.1)
(1.2)
(1ok)
(1.7)

(1.2)
(1.2)
(163)

APPENDIX B

Operate Class Command Summary

opr 100,000
opr L0,000
opr 20,000
opr 30,000
opr 7,000
opr 6,000
opr 4,000
opr 1,000
opr 3,000
opr 2,000
opr LOO
opr 600
opr 200
opr 100
opr L
opr Lo
opr 20
opr 10
opr 1
opr 3
opr 2

Bl

6M=-44789<1

Clear left AC
Clear right AC
In=out stop
Halt

Punch 7 holes
Punch 6 holes
Print

Read 1 line
Read 3 lines
Display

Shift right
Cycle right
MBR— IR

Read light pen
TAC ones-» AC
Complement AC
Partial ADD MBR and AC

Partial ADD carry digits
and AC

AC—> MBR
TBR— MBR
LR-» MBR






opr
opr
opr
opr
opr
opr
opr
opr
opr
opr
opr
opr
opr
opr
opr
opr
opr
opr
opr
opr
opr
opr
opr
opr
opr
opr
opr

M-} 789=1
APPENDIX C

OPERATE CIASS COMMAND COMBINATION SUMMARY

140,000 = Clear AC Clear AC  (CIA)
31 = Cycle left (cyL)

140,040 = Clear and complement AC(CLC)
22,000 = Display

160,000 = In out stop and AC cleared
27,600 = Punch 7 holes, cycle AC right
26,600 = Punch 6 holes, cycle AC right
166,000 = Clear AC - Punch blank tape
2,600 = Print and cycle AC right

. 27,021 = Punch 7 holes and clear AC

26,021 = Punch 6 holes and clear AC
24,021 = Print and leave AC cleared
141,000 = Clear AC and start PETR running
1,031 =  Start PETR running and cycle left
1,600 = Start PETR running, cycle right
163,000 = Clear AC and read 3 lines of tape
161,000 = Clear AC and read 1 line of tape
161,031 = Read 1 line of tape and cycle left
161,600 = Read 1 line of tape and cycle right
140,004 = TAC-> AC
30 = Full add MBR and AC

140,022 = IR-> AC (1AC)
201 = AC—IR (AIR)

22 = Partisl add IR and AC (LFD)

200 = (Clear IR (1RO)

32 = TFull add LR and AC (1AD)
140,023 = TBR-» AC (TBR)

C=1
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ACCUMULATOR 4APE CHANNELS
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FIG.5
TAPE LAYOUT FOR READ-IN MODE OF TX-0O
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