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The purpose of this document 15 to define and discuss the Master
Control Program I1 {HNCP) for the B1000 machines. The concept and
design of the MCP wid4 Dpe discussed and the functionatl
specifications of the HCP?s operations will bs castalogued.

The sort» data communications . and data management systems wilitl
not be discussed in any depth in this document. Detaited
descriptions of these features appear 1n other Burroughs
publications (See Related Documentation below).

BELAJED DOCUMENTATION

Name Number
41000 MCP Utilities P.5s 2212 5579
B10OO Network Definition Language Pa5. 2212 5223
81000 Data Managsement Systems I PaSe 2212 S47D0
81300781703 Sort Ps5. 2201 6752
B1000 Software Oparationsl Guide 1058731
These specifications are writtan for those people With
programming experience and a knowledge of basic software
conceptss Those unfamiliar with operating system desigr will

gain dinsight into the Burroughs philosophy of systenr management.
Those individuals famidliar with operating systems of other
manufacturers or of other Burroughs machines Will gain an
understanding of the Master Controt Progranm implemented
specificalily for the Burroughs 81000,

A so included in this specification are brief descriptions of
various functions operformed o0y the w®micro-coded 1/0 driver
routines. These same rtoutines are often referred to as "GISMC"™
and "I/0 dinterpretar®, The discussions ars necessary for
compdateness and for a thorough understanding of ~the B100O
operating system of which the I/D driver is an integral part.

MCP II 45 a3 modulars supervisory program thal assumes COF@ONs
logicadly complex functions to simplify and expedite the tasks of
programming and system operation. Its w®most idimportant duties
include such functions as:
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& Scheduling, initiations running, and terasination of jobs

#® Providing a symbolic means of communicating with the systewn
while shielding the user from the detail of the hardware

* Providing a family of common facilities such 35 management
of input/output operations and file maintenance

* Managing the system?s resources for optimum utilization in a
sul ti~-programming environment

2ZMACHINE

The Bi1600 is a smali-to-medium scaler general purpose computers
systeme Tts distinguishing feature is its flexibility», made
possible through interpretive processing. In any computer system
a representation of any process has two componentss (1) a family
of structures representing the state of that processs and (2) a
series of operators able to manipulate those structures. Untilt
the advent of fourth generation computerss» bDoth components wWere
represented in the machine hardware itself. A compiler or
tanguage translator transformed the source code (Ceger COBBL»
FORTRAN) idnto a "wmachine 1language™ fobject code) which was
defined in terms of the hardwara architectures.

For the set of processes able to be generated by any particular
programming 1anguages» there agxists a machine architecture which
best represents those processes. For 1instances COBOL is 4
character=oriented language and performss decimal arithmetic
exclusively. Because of its data manipulation featuress it might
Dest utilize a machine architecture wWith multi-address operatorss
capable of performing efficient "moves»™ "compares»™ and simpls
expression evaluation. On the other hands FORTRAN was designed

to compute complex mathematical functions. It favors & stack
structure for parameter passing and coarplex expression
evaluation. It perforas Dinary arithmetic and would prefer 30~

to 50~bit word sizes.

The difficulty of designing a hardware structure capable cof
handting two such divergent #danguages in the wost efficient
manner becomes apparent. 1t would be possibler in principle az
leaste to design the hardware in such a way as to adecuately
represant both sets of structures. Howevers» this would prove to
be prohibitively sxpensives. The typical approachs therefore», has
bean to either design tha hardware to favor one {anguage at the
expense of others or to design a compromise structure capable of
handiing several 1languzgegs» but none in the most efficient
manner. The wide variety of programming langusges in current use
has placed a great strain o2n the capacity of the harduare tao
gfficiently execute code compilad from very different langiLages.
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It is to this oproblew that designers of fourth generation
softwares and the B1000 in particulars have addressed theaselves.
Rather than build a particular structure into the hardware., the
concept of the "soft machina™ has been developed whereby the
idead environment of structures and operators is programgaticalttly
simulated.

The Bl0O0OO hardware was designed with as Little explicit structure
as possible., Because menpory may be addressed to the bit» no one

structure s inherently favored over any octhere. The only
required structure is that which will aliow the simulation of any
"soft machine™. Thus the range of structures able to be

represented on the 81000 is unlimited.

As stated previouslys», for avery rcompider language there exists a
machine architecture within which the algorithms generated by
that compiler will best run. On the BL10DO this hypotheticai
environment is called the "S-machine™. An S=machine has been
defined for each 1language such that any process may ba
represented in its most efficient or most natural forms»
unrestrained by any arbitrary hardware configuration.

Compiders on the 81000 generate code fitles which contain (1) the
information necessary to initialize the appropriate S=machine at
run times and {2) the "3=code™ to be executed on this S=machine.
S=code i3 written din S=tanguage» the machine lanquage for an
S5=machines Execution is achieved by the S5=code beiny
interpreteds an S5-operator at a timer Dby a micro-program caitded
an interpreter.

20EIKWARE

The term "software™» as used in this documents refers to ali
programming supplied by the Santa Barbara Plant. When the ternm
is5 usedr it most likely is referring to programs that are written
in 3 higher~{evel {anguage. This may not always he the case» but
typicallys the term wildl refer to the compilers and wutility
programs created by the Programming Activity.
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EIRMWARE

The firmuware consists of 3 set of interpreters» those portions of
the HMCP which are micro=coded and reside in an entity known as
the MICRO/MCP» and a program calied "GISHO0™. For each S~languaqge
a micro=-coded program callied an interpreter acts upon the
hardware and executes the compited 5S-code as defined by the
S=-machine. The B1000 softwares has besn implemented in such a way
that any number of interpretive structures may be active in the
system at any given timea This dis achieved by dynamicatly
gstablishings upon degands the S=machine structure for any
ProCcessSs

For instances the MCPs which is itself 2 programs is written in a
high-ievel {anguages SDL» that §s designed specificadly for
writing software. It has its own optimum anvironment (the SDL
S-machine) <consisting of the structures and operators reguired
for software applications. It has its own S=ianguage and its oun
interpreter {the 50L interpreter). Running siomultaneousty in the
system may be another prograg written dn 3 different Llanguage
{es.ga.r  COBOLD. This program also has its own structure (ths
COBOL S-machine)» S~language» and interpreter. The syste®s when
executing the MCP"s supervisory functionss assumes the
architecture of the 50L S5-machins andes when axecuting the C0B0L
instructionss takes on the COBOL S=-machine structure. This
switching of interpreters and process environments is wanaged
coepletely by the software and is invisible to the user of the
machine.,

The B1l000O HCP has actually evolwed to its present state.
Originally» ali functions of the MCP were coded ir 5SDLa
deginning with the 4.0 release nf the software» the most commoniy
used routines of the MLP Wwere written in micro-code and placed in
GISMO. This resudted in substantial performance improvementse.
Beginning with the 5.1 release of the softwarer these componiy
used routines were rewmoved from HISM0O and placed in the entity
mentioned previousiys» the MICROSHMCP.

These specifications have also 2volved along with the MCFP. Many
of the functions described herein are now performed by tha
MICRO=MCP» though the furction itself remadns exactiy the sage 33
it was when it was performed by 5DL code. Since this document ic
intended to be a functional specification of the B1000 operating
systems all MCP functions are described hereine. Whether tha
function 1is performed by 3SDL code or by micro code should b2
completely transparent to the users. Actually, the functionatl
resudt is the same for boths but the time and weresource
requirements are not identical. The difference is therefore not
always transparent.
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Throughout this documents the acronym ™MCP™ may be referring to
the NICRO/MCP or to the 5DL HCP. In cases wherz the distinction
is important, “MCP™ widl not be used but the two terms mertioned
above will be. This documents thens will actually be a
functional specification of the operating syste®» 35 it wWas
originadly intended to be» though it will actually be describing
tWo separate and distinct programsa. Since GISMD is also a
critical part of the operating systems the document wmay also
touch upon portions of GISHO. :

GISME 1is a micro~coded family of critical routines common to atltl
ProcCessess 561540 may also be referred to in this document as
"LSM™» an acronym for Cantral Service Module. It is a central
module of service routines used by all programs in the systes and
per forms three basic functions:

ie Switching of control betwesn all contending processes in the
systeme
- Recognition and gueueing of interrupts received from the I/

controls or from other processes in the systems

3. Initiation and management of the I/0 controls connected to
the wachiness, usually at the request of another processs

Processor allocations the suitching of control between two or
more processess is handled by the "Micro Scheduler”™ module in
GISMO. This modudle may be thought of as an "Duter Loop™. It has
absolute control over the process which will be performed next on
the system.

Interrupt resolution consists of routines which perform certain
functions depending on the type of interrupt and c2rtain other
critical conditions. The idnterpreter in control senses the
interrupt and calls upon GISMO to take the required action.

GISMD"s service reguest modules (so0ft I/0) performs the function
of a hardware device capable of performing a memory access at the
request of an 170 control. An I/0 control on the 81000 is a
hardWare device which acts as an inter face between soft I/0 and a
peripheral device. It requests access to memory on behalf of the
devyice and manages the dewice itself. The codlection of I/0
controls is5 called the 1I/0 sub=systeme

Typical data transfer operations involve frequent but brief calls
upon soft I/70 by the I/0 sub~system. The firmware was designed
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in such a way that between the sxecution of any two S=operatorss
the interpreter in control widl check a flag in the ©proccessor
{called the Seryice Reguest Bit) to see if the I/0 sub=system is
demanding attention. If it is» the interpreter passes control to
GISMC which performs the necessary memory access and returns
control to the interpreter.
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ML MORY MANAGEMENT AND MEMORY LINKS

but a thorough understanding of the many
programaing structures presented herein is not recuired.
presented only
possible

interests of
under standing the
presented in the

The MLP organizes and ailocates space in memory through the us:
of fields known as memory L{inks. Each 1ink immediately precedes
the bdock of memory it describes and inciludes such information
ast? The size of that block of memory? the type of use (if any)
to wWhich 1t is put? énd pointers to the immediately preceding
and succseeding links. If £the block of memory is classified as
available (i.cge» not currently in wuse by any process)s an
additional set of descriptors point to the links of the prior
availabde and next available Dblocks of memory. Thus it is
possible to search all Llinks or onily those 1links describing
available memorys. A programmatic description is given below:

DEFINE MEMORYL.LINK.SIZE AS #187%#;
DECLARE MEMORY.LINK TEMPLATE BIT(MEMORY.LINK.SIZE)S

DEFINE MEMORY

»LINKLDECLARATION A5 #

DECLARE 01 DUMMY REMAPS MEMODRY .LINKe»

2 ML.DISK DSK-ADR»
2 ML.GRQUP.» :
3 ML.POINTER ADDRESS»
3 ML.JDB.NUMBER BIT(1b6)»
3 ML.IYPE BIT(H)>»
3 ML.SAYE BIT{1)»
2 ML.S5IZE BIT(24)>
2 ML-PRIORITY.FIELD BITL30)»
3 MLL.DKLINTERVAL BITC10)»
3 ML.CURRENT.DKSINT BITC103,
3 ML. INCOMING.PRIORITY BITL5)»
3 ML.RESIDENCEL.PRIORITY BIT(5)»
4 ML.RP.WHOLE 8ITL4%)»
4 ML.RP,.FRACTION BIT{1),
2 ML.FRONT BIT(24)»
2 ML.BALK BITL24),
2 MLWLUSAGE.BITS BITL(2)»
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3 MLLPREVIOUS.SCAN.TOUCH BIT{1)»
3 ML.CURRENT.SCAN.TOUCH BITC1)7#%;

USEC ML.DISK
#ML.POINTER
pMLa. JOB. NUMBER
sML. TYPE
»ML. SAVE
P ML STZE
PMLLFRONT
P ML, BACK
} OF MEMORY.LINK.OECLARATIONG

DEFINE Q.ML.DECLARATION AS#DECLARE

01 Q.MEMORY.LINK TEMPLATE
02 FILLER BITI{MEMORYLINKLSIZE)
02 G.ML.FaA&VL ADDRESS
02 Q.ML.B=AYL ADDRESS

i % W @

#3

DEF INE
TAKE.LD AS#DR
» TAKE.RIGHTMOST AS#1#
;
DEF INE % TYPES FOR ™ML.TYPE™
CAODE AS #0¥%

AVAILABLE AS #28%
RN.5 AS ¥3AX
MCP. TEMP AS B4HR
USER.FILE AS AS5H%
SEG.DICTYV AS LR ¥4
MICROCODE #7#Z
DICT.MASTER AS #B84#
QUEUE.DIRECTORY.TYPE

AS ¥9#
’ M5Ga. BUFFERY

AS  R10#

» MESSAGE.LIST.TYPE

AS #2114
T0.8E.FORGOTTEN AS #i2%
DATALSEG AS 213#
DBM. BUFFER AS #14#
TERMINATING LINK AS #154%
MCP.PLRN AS #16#%
PSR. MEM AS #1722
MCP. IOAT AS #18#%#%
DISK.HEADER AS #19#%
PALK.MEM AS #2082
SD.CNTNR AS R21#%
SCHEO . MEM AS R22#2%
SORT . MEYN AS Z23#%
DCH.MEM AS #24#7%
MICROCODE~NON-OVERLAYASLE AS #2583

T % % W W W e 9

T s W

W N "W W e N OW W
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» QUEUE.AVL.BUF.V AS #26%

’ DM3.DISK.HOR ASR27#X

» DMS.STRUCTURE ASA¥28%%

» DM5. TEMP AS #2942

’ DMS.GLDBALS AS #30#X

’ DMS.TEMP.LOCK.DESCR AS #31#

» XM.MEMORY AS #322

» PERM.SPO.BUFF AS #33#

r

"TEMPLATE™ 1in the above description is defiped as "REMAPS BASE™.
This is not idmportant to an understanding o¢f memory tink
operation. “ADDRESS” is defined in the MCP symbolic as
"FIIT(24)"™. The word "ACDRESS™ here is used as a denotation  of
memory addresse Hences "ML.BALK” in the description above is 3
pointer to the previous memory {ink and "ML.FRONT™ is a pointer
to the succeeding 1inka. ML.SIZE wili contain the size of the
arear in bitss and ML.GROUP is wvalid only if the area is in use.
HL.POINTER wili <contain the memory address of the segment
dictionary entry associated With this memory arzsa. Segment
dictionaries are described in the next section. ML .JOB.NUMBER
Widl contain the job numwber of the program using the area.
ML +SAVYE» the description of which is defined as "BOODLEAN," is set
on if the memory arsa must b2 saved on disk before it is
overiaid.

A5 can be determinad by adding the sizes of the various
componentss 3 memory 1ink requires 187 bits of storage spacae.
Since mesory is allocated dynamicaldyr, it is often difficult to
predict with any degree of accuracy exactly how ruch memory witl
be regquired by any taske. The sizes of all memory links involved
must be included in the calculations. This is discussed further
in a later paragraph.

SEGMENT QICTIONABIES AND 3XYJ5JEY DESLRIBIQRZ

Virtual memory is supported by aliowing process segmentation. By
segmenting codesr datar and interpreters and dynamicaliy wmoving a
segment into or out of memery as requireds the system is able to
function as if it had "virtually infinite™ memory capacity. Thea
MCP manages this facility through three structures: Code Segment

Dictionariess, Data Segment Dictionariesr and Interpreter JSegment
Dictionariess Each dictionary consists of a string of systen

descriptors each of which describes one segment including its
tengths 4docation and status. As a segment is moved in or out of
memory its dictionary entry is updated accordingly.

At run time the NCP creates the code and data segment
dictionaries from information in the program”s code file. The
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interpretar segwment dictionary i5 created from the integpreter
code file in the same manner and is referenced by an entry in the
interpreter dictionarys 3 structure fixed in mamory at

Ciear/Start time. The run structure of the program contains
pointers to the tode and data segment dictionaries and an index
into the interpreter dictionary. A programmatic description is

given below:

2Y3TIEM DESCRIRINRS

DECLARE
01 SYSTEM.DESCRIPTOR TEMPLATE BIT(5Y.SIZE)>
%
DEFINE SY.DECLARATION AS #5Y.DECLCSYSTEM.DESCRIPIOR)IE#GX
DEFINE SYJLDECLA{X) AS #DECLAREX
01 DUNNY REMAPS X»X
02 5Y.IN-USE BITC(1)»
72 SY.MEDIA BITC1)»
02 SY.LOCK BIT(1)»
D2 S5Y.IN.PROCESS BITC(1)»

TO HELP MEMORY MAMAGEMENT
D=D1I5K» 1=S5S=MEMORY

32 SY-INITIAL BITL1)»

22 SY.FILE BIT{1)»

BE DECREMENTED WHEN THIS
DESCRIPTIDR IS RETIRED.
MENORY DECAY FALTOR
MEMORY.ACTIVITY AUDITING
UNITS FOR SY.LENGTH.
BITS

DIGITS (&4 BIT)
CHARACTERS (2 BIT)
NORMAL DESCRIPTORS
DISK SEGMENTS

SYSTEM DESCRIPTORS
SYSTEN INTRINSIC
INCIRECT REFERENCE

B2 SY.DK.FACTOR BIT(3)
D2 SY.5EG.PG BITL{7)»
02 SY.TYPE BITL{4)»

wd YU NN e D

LTI T | O T { I N 1

DISPLACEMENT IN 3IT5
CSIGNED NUNMBER).
. 8= MICROS
B2 SY.ADDRESS BIT{36)»
03 FILLER BITL(L2)»
03 SY.CBRE BITL24),»
2 SY.LENGTH BIT(24);

PORT,CHANNEL AND UNIT.

BY SY.TYPE.

R N R Y N L R L E Y Ry

TRUE IF THERE IS AN I/C IN
PROCESS FOR THE INFORMATION
REPRESENTEC BY THIS DESCRIPTOR,.
IF TRUE, ™SY,.CORE™ CONTAINS A
POINTER TO THE I/0 CESCRIPTOR.
"ADDRESS™ IS READ-OALY MCTHER
COPYs HENCE IF T"WRITE™ THEN GEY
NEW DISK AND REPLACE ADDRESS.
THE OBJELT OF THIS DESCRIPTOR
IS A FILE WHOSE USERCOUNT MUST

ADDRESS GIVES RELATIVE

CORE, OR ADDRESS WITHIN UNIT.
NUMBER OF UNITS», AS CETERMINEL.
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%
*
%
DEFINE ND.DECLARATION ASH
DECLARE
01 DUMMY REMAPS NORMAL.DESCRIPTOR BITANDLSIZE)D»
02 NO.DK.FACTOR BIT(3)»
02 FILLER BITL(H)»
02 ND.CORE BITC24)»
B2 NDL.TYPE BIT(3).
02 ND.LENGTH BIT(243385

SYaSIZE is defined in the MLP code as eighty. Hence eighty bits
are requirad to contain one segment dictionary entrys oOr systenm
descriptor. The wuse of the teram ®DESCRIPTOR™ in 81004
documentation is often misleading and ambiguous. There are many
different types of descriptorss alli of which have different
me@mory requirements and formatsa Consequentiy, systes
descriptors widl always be refarrad to as such or as segment
dictionary entries. '

The comments on the wvarious fiselds «comprising the systen
descriptor are Largely self-explanatory. Perhaps som2
explanation of selected fields would be beneficials however.
5Y.1DCK is set true if the system descriptor describes a data
field and if the interpreter is currently accessing the field.
This 15 to avoid the situation which arises in 38 simple
replacement statement where the sending and receiving field are
both in overiayable segments. In order to do the2 replacement,
both data segments must be in memory sinudtaneousiy.

SYLINITIAL 1d4s true for initialized data oniy. The most common
case of this occurs uhen axecuting a COBOL program and the
programmer has wused the value clause to dinitialize data fields
and the data field 1itself 15 1in an overiayable segment.
SY.ADDRESS may be either a disk or a memory addresss depending on
the setting of 3Y.MEDIA,. If it is a memory addresse the most
significant twedve bits are ignored. If it 15 a disk addrasss
the most significant twelwve bits contain the ports channel and
unit associated with the disk addrass. '

INIERPREIER MANAGEMENT» PARAMEIER BLOCKS AND DICIIQNARIES

The 81000 MCP maintains a3 1list or directory of all files or disk.
file stored on disk has 5 unfgque names which may consist of up to
three fields» =e23ch of which may consist of up to ten characters.
Associated with each fide on disk is an item called a "Disk Fite
Header ™. The disk file header serves essentiasliy to describe ths
file. Adl of this 35 described in detail in 4ater sections.
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This brief discussion 45 being idincluded at this point to
facilitate the following discussions on interpreters.,

Included in the disk file header is a field which denotes the
type of file. There are separate type nunmbers for data files»
code files» interpreterss and so forth. Code files (programs)
and _interpreters are further described by the first gigtmsggiﬁji
contained in the file. This segment is called the "Program
Parameter _ Block™  or the "Interpreter  Pzrameter Elock"s
respectively. A detailed description of the program pzramter
block is presented in a Qlater section. A programmatic
description of the {nterpreter parameter bHlock is opresented
belows.

DEFINE IPB.DECLARATION ASH

DECLARE 01 DUMMY REMAPS IPB BIT(1440)»
02 FILLER BIT(11922)»
02 IP3.HARDWARE CHAR{1)»
02 IPB.ARCHITECTURE .NAME CHAR(10)»
02 IPB.CCMPILERL.LEVEL BIT(B)»
D2 IPB.MCPL.LEVEL BIT(3).,
D2 IPB.GISMO.LEVEL BIT(8)»
02 IPB.ARCHITECTUREL.ATTRIBUTES BIT(S80)»
02 FILLER BIT(586)7

%

IPB-HARDWARE will contain either an "™S" or an "#M", dependirg upon
whether the interpreter was geanerated for an S=memory or an
M=memory Processor. ALl 81899%s are considered to be M=-memory
PrOCESSOrSe IPBLARCHITECTURE NAME will contain the generic name
of the compilar» such as COBOL or FURTRAN. IPE.COMPILERLLEVEL
will be a number which will correspond to the release Llevet of
the softuares» as described belows. IPB.MCPL.LEVELs, IPB.GISMOLLEVEL
and IPB.ARCHITECTUREATTRIBUTES are parts of the interpreter
verification feature of the MCP.

The B10080 MLCP idinciudes facilities to reccgnize the hardware
configuation it is executing upon and select the corresponding
interpreter from the disk directory. A1l programs which arz
compil{ed for execution on a 81000 wiil have an interpreter "TYPE"
requested the progras parameter block of the code file (describad
in a later section)s» or the specific name of the interpreter to
be usad. As explained in a later section» the program parametar
plock contains space for three names to be associated with an
interpreter. For discussion purposes heras the three names will
be referred to as the "PACK™ namesr the "FAMILY™ name ard the
"OFFSPRING™ nanme.
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The B103Q0 compilers generate the last two names of the
interpreter only. The family name genevrated always corresponds
to the dlanguage the progranm is written ins such as "CUBOL"™ or
"FOJRTRAN". The offspring name is always ong of the reserved
Wwords TINTERP”™», "DEBUG™ or "TRACE™. At BOJ» the MCP modifies the
offspring name by concatenating ome numeric cheracter denoting
the compiler Llevel and either the character ™N" or %5™ depending
upon whether the machine is equipped with an S=memory or an
M=mepory processor.

The 1evel number concatenated s contained idin the progranm
parameter block as ™PROG.CONPILERLLEVEL™. Every time the
compilers are changed in such a manner that the interpreter must
also be changeds the level number generated by the compiler is
incrementeds The interpreters are then modified accordingly and
released to the fiedd under 3 naw name. The new name will he the
same as the old oner excapt for the 41e2vel nuaber contained in the
name. For a COB0OL program which is5 being executed on a
Bi720=series machine and had been compiled by the 4.1 CO0B80L
compilare, the MCP widil generate "COBOL™/"INTERPIM™ as tha

interpreter name to be used for the execution. It should be
noted that this fezature was first inclduded in the 4.1 software
redease. Level nunmbers were not included 4dn the progran

parameter block prior to the 4.1 relesase.

Once the interpreter name is generatedr» the disk directory is
searched for the interpreter. Upon finding the interpreters, the
MCP will Dring it into S~memorys, if it is not already theres and
construct an antry in the TINTERPRETER.DICTIONARY™. ALt
interpreters are tvte-entrant on the B1000. AlL of this s
described in greater detail in the paragraph which followu. Fach
entry in the interpreter dictionary has the foliowing forrmatr.

DEFINE ID.DECLARATION AS#DECLARE
U1 DUMMY REMAPS INTERPRETER.DICTIONARY»

02 ID.5EG.DILC SY.D5CH»
D2 IDENTRY.INLUSE BOOLEAN»
D2 ID.RSDNT.USERCOUNT BIT(7)>»
~ 02 IDLTOTALLUSERCOUNT BITL(?)»
02 ID.MINM.SIZE BITC4)»
02 ID.MAX .M.3IZE BIT(4),
02 IDLPARTIAL.BIT BUOOLEAN,
02 ID.BLOCKLCODUNT BIT(4),»
02 FILLER BIT(19)»
02 IDM.PRESENCE.BIT BOOLEAN,
D2 ID.MLADDR BIT(12),
02 ID.TOPN 8ITC(4)»
32 ID.MEDIA BITL2)»
02 ID.LOCK -~ BODLEAN,
02 FILLER BIT {13)»

02 ID.TYPE 3IT(4)>»
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N2 IN.ADDRESS BITL36)»
33 FILLER BIT(12)»
03 IC.CORE BIT(24)»
02 IDLENGTH BITL24)585

Thers2 is one entry 1in the interpreter dictionary for each
interpreter presently in use. The I/0 driver is always the first
interpretsr enterad in the dictionarys the Micro MCP dis thaz
second entry and 53D0L is aluways the third entry in the dictiorary.
Gn the 810002, it is possible to segmaent interpreters.
Conseguentiys a ctode segment dictionary is constructed for =ach
interpreter as it is brought into memory. The system descriptors
the first item in the interpreter dictionarys, is a pointer to the
interpreter?s code segment dictionary. Interpreters may ba
segmentedr exactly as programs are. The same routines in the MC?P
are used for handling program se2gaents and interpreter seqEertsa.

A certain amount of information about each program currently
being executed is5 maintained in memory by the MCFa. The field in
which this information 1s maintained is known as the Hun
Structure Nucleus of the programe. It is5 abbreviated as
RS.NUCLEUS. In the RS.NUCLEUS» there 4s an index into the
interpreter dictionary. All programs Deing executed at any givan
time which are using the same interpreter widl have the sanme
index in the field in their respective nucleus. In this manner,
interpreter re=entrancy is accomplished.

The remaining field in the interpreter dictionary entry wiil not
be described 1in detail at this point. For a more detsiled
description of interpreter managemesnts, the reader is referred to
the section of this document which deals wWith MN=memory
managemente. It should be sufficient at this point to say that
all interpreter segments except the first are treated as ordinary
code and ars considered overlayable. The first segment of aach
interpreter is not treated as c¢ode and is not overlayables
however.

The I/0 drivers which 145 considered an idinterpreters is an
gxception to the above statements.

CODE FILES. PROGRAM PARAMEIER] BLOCKS AND FILE PARAMEIER BLOLKS

The code file of every program must contain twa types of recorods

to allaw the MCP to manage the execution of that program: the
*"File Paramgggiﬁgigck" (FP3)» and the ™Program Parameter Block™
(PPS)t% There is one FPB for each file declared in a program rlus

one entry for a trace file.
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The first 2880 bits (two disk segments) of every code file is the
"Program Parameter Block”™ {PPB8) whose format is rigidly defined
by tha MCPa. Every compider generates a PPB of the same format.
It providess for the MCP» all the vital statistics of the progranm
incliuding: The prograa®s name? the name o0f the interpreter to
be used during executions the relative addresses of the FPB?s,
IPB» code segment dictionary and data segment dictionarys ®memory
requirements for the progranm?s execution? and tracing
information.

At run time a working copy of the PPB is written into a tesporary
or permanent tog {as dictated by the system options). The first
two segments of this four segment entry are an exact copy of the
PPB from the code file., Another segment is generated by the MCP
and documents certain features of that particular execution. A
final segment is reserved for an abnormal termination message.

If the code file is an interpreter code files it contains an
additional segment called the "Interpreter Parameter Block™. It
contains information concerning the softwars compatibidity of the
interpreter. A field in a program®s PP3 specifies under which
interpreter it widl run. When the oprogram is scheduled for
gxecutions the IPB of the interpreter named in the PPB is checked
to insure that the interpreter is compatible with both the code
file and the system software. The MCP informs the systenm
operator via a S5P0 message if the interpreter cannot run. fRefer
to the appropriate MCP listing for a programmatic description.

The "Fji ; , ] v
the compiler from the user?®s fjle attribute declarationsa. Its
format s rigidiy defined by the MCP» and it contains the vital
statistics which allow the MCP to manage the file's usage. Whan
a jJob is5 scheduled for esxecutions 2 wWorking copy of the FPB is
Wwritten into a permanent or temporary tocg <(depending eon systawm
options). In addition to recording the file's attributess the
MCP documents the use of the file during that job's execution.
It records such information as the number of times the file wWwas

openad and closeds? the total amount of time the file wWas opens
the number of records read; the number of 170 errors; and the
file type. Refer to the aporopriate MCP 1isting for a

programmatic desceiptiona

EILE INFOEMAILON BLOCKS . “{/A
2N

Ads gach file is opened by the user programr 2 structure known as
a Fide Information Block (FIB) is created in mewory by the MCF.
The FIB contains all information necessary for the MCP to perform
normal, requesteds I/0 opsrations on the filse. Much of the
information in the FIB is taken directly from the FP3. Other
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information in the structure is inserted by the MCPs based upon
the characteristics of the peripheral dewice assigned to the
filas. Device assignment is discussed in the section of this
specification which describes the Upen Communicate.

F13*s vary in sizer depending upon the type of device assigned to
the file. Due to the amount of information which wmust be
maintained, a disk file FIB is much larger than that of a card
punch file, for example.

I/70 descriptors and buffer memory aresas are allocated and
initiaddized by the MLP at the same times There will therefore ke
one memory {ink onlys for each file that is active in a progras.
Buffer areas and descriptors are not normally shared betwean
files» though the Data Managesment subsystems the Data
Communications subsystams the Relative file implerentation and
the Indexed file implemeration offer some exceptions tc this
ruie.

A complete structural description of the FIB8 wiil rot be
presented hereins due primarily to the length of the structure.

Al 509 the FIB is of idnterest to the warious portions of tha
Operating System onlya. The programmatic description of the
structure 1is readidly a&vailable 1in the MCP listing. Sizes of

FiB*'s for the different peripheral devices are presented in the
following table. :

File Assigned to: S5ize in Bits
Reader=Sor ter T42
Printer 724
Remote Dewice ‘ 557
Tape 724
D1 sk v 975
Guesue 385
ALt Other Davices 512

BUN STRULTURE

The strygture ip memory that represents the state of any process
is_the run structure. Each process has a unique run strycture.
When a job 15 initialized before executions the MLP creates thz
run structure from an analysis of the program?’s code files and
adds certain information it will need for management of the
execution. A1l run structures are linked together by priority.
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A run structure consists of a program”’s data or address spacer
the MCP's managerial space calied the run structure rucleuss and
the fide and data segment dictionaries. The prograwm?s address
spacesr residing betuween its base and limit registers» 1is that

area of memory that wmay De accessed and manipulated by the

program 1itself. A program?'s base register is a memory addrsss
that marks the lower bound of its addressable spaces The 1limiz
register specifies the upperbounds. A program may not access

memory that is outside its own base to limit area» though this
tenet is enforced by the interpreters and not the MCP.

A program?s address space may contain opoth resident ani
overiayable data. The resident data area contains those fields
which wWill be present in memory throughout ths duratiocn of the
executione. The overlayable data space contains segmented data
which may be bhrought into or out of memory as needed.

BUN 2TRULTURE NUCLEU3

The Run 3Structure Nucleus is an area structured and maintained by
the MCP and contains the essential information about the progran.
it resides in memory directly above2 the program?s limit registar
and is accessible by the MCP and the progran?s interpreter. It
contains such information as:

* Pointers to

BASE AND LINMIT

SEGMENT DICTIONARIES (CODE AND DATA)
FILE ODICTIONARY :

INTERPRETER DICTIONARY ENTRY

NEXT RUN STRUCTURE {B8Y PRIGRITY)
CODE FILE ON DISK

DISK LOCATION DF RUN STRUCTURE IF "ROLLED guUTT™
PROGRAM*s LOG ENTRY

VIRTUAL DATA SPACE ON DISK

NEXT INSTRUCTION TO BE EXECUTED

EMS POINTERS

] Structures necessary for communication Detween the prograr and
the MCP

* Fields to reflect the state of the S=machine

* Fields for program suitches

A programmatic description may b2 obtained from the MCP tisting.
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RAIA AND EILE DICTIONARIES

The data segment dictiopmary resides at the eng of the Run
Structure Nucdleus and is pointed to by a field in the nuclsus.
If there is no segmented data and the user has not regquested that
his resident data area be initialized» then the pointer witl be
nuil» and there wWill be no dictionary.

Each entry in the dictionary 1is an BO-bit system descriptor
pointing to one data segment.

The iast olement of 3 run structure is the file dictionary.
There i35 one B0=bit descriptor for each decldared file plus one
additional descriptor for a trace file {used for tracing). While
a fide is5 opens, idts dictionary entry points to the file's FIR in
memory. If 3 file has never been openeds» its entry is null., 1f
a file has beean temporarily closed {is.eer TCLOSE ROLLOUT™I» dts
dictionary entry points to its FIB which has been wuritten to
disk. After a permanent closes the file's dictionary entry will
again - be nuli.

RE-ENTRANT PROCESSING AND CODE SEGMENT DICIIONARIES

The B10O00 MCP allows re~entrant processingr the ability of two or
more processes to us2 the same cpde segment dictionary ande
thereby» the same code. The code segamentis) and code segment
dictionary reside outside a program?*s run structures» and & fiald

in the run structure nuclieus points to 1ts code segment
dictionary. A structure called the segment dictionary container
contains the information necessary to govarn the wuss of a
particular code segment dictionary. When a job is being

initiated for executions, the MCP determines whether or not tha
code segment dictionary desired by the job is already in use. If
it iss that dictionary will ba used. The segment dictionary
container reflsctss among other thingss ths nuwmber of processes
using the dictionary it describeasa. If there is more than one
User s the segment dictionary container wWill remain in memory
until all users have completed esxecutione.
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JHE 170 2UBSYSIEH
This section of 'the specifications is a description of:

le 170 Descriptors
2« CGISHMO0 QOperation
1. Channel Table
2» GISHMD/Hardware Interface
1« CA/RL Cycles
2= Processor I1/0 Instructions
3. Service Request .
La Status Counts
5. Data Transfers
3. 170 Chaining
%o Disk 170 Chaining
5« DBisk I/70 Overlapped Seesk
6. Tape I/0 Chaining
3. Monitoring of Peripheral Status
1. 170 Assignment Table
2. Unit Mnemonics
3. Test and Wait I/0 Operators
4 STATUS Procedure
5» Disk Identification = Pack Labels
6s Pack Information Table
7» Tape Labedlingr, Initiadization and Purging
8. Tape PE/NRI Exchanges
4. File Structures
1. Conventional Fidies
1« File Attributes
2+ File Nanming Lonventions
3. Logical Disk Files
4. Physical Disk Files
1. Bisk Space Aldlocation
2+ File Access and Identification
3+ Disk File Identification
4e Disk Fidle Header
5« Multi~Pack Fides
1. Base Packs
2. Continuation Packs
3. Muiti-Pack File Information Table
4e Multi=Pack File General Restrictions
5. Printer Fides
1 Logical/Physicat I70 Ralationship
2+ Logical Page Implementation
7» Printer and Punch Backup Capabilities
l« Backup File Blocking Factors
2« Backup Fide Control Information
3. Backup File Record Format
2« Relative Files
1. Direct Files
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2« Data Structure
3« Disk Initialization
4« File Parameter Blocks
S5« Disk Hsader ,
5. File Information Blocks
I« Communicate Operators
3. Indexed Sequential Files
1« Direct Files
2« Index Files
3. Ciluster Files
4. Data File Structure
5« Index File Structure
b. Memory Structures
1. FIB Dictionaries
2. lUser Specific Information (USID)
3. File Global Information {GLOBALS)
4o Structure Desgcriptor
5« Disk File Header Extension
T. Available 5pace Allocation
8. Index File Tablas Splitting
9. Current Record Pointer
10. Current Maintenance
11, Buffer Mznagement
12+ Buffer Descriptor
13, Coancurrent Update {Operatiocns
5« The I/70 Error Procedures

There is some overdap betwean the information contained in this
section of the specification and that contained in the Cemand
Management section of the document. The Demand Management
section was originally intended to cover the management of the
peripheral after it had been assigned to a user as a file’ tha
170 Subsytem section was intended to cover the managemant of tha
device up to that time. This division is not always possible»
particularly in the case of disk devices. The reader may have to
refer to both sections of the document to find the answer to a
specific guestiona.

179 DESCRIBINRS

Normal state programs raguest I/0 functions in a symbolic fashion
{eeger Write a Record). The MLP must transform these expressions
into explicit 1/0 operators catdied I/0 descriptors. Apn I/3
descriptor allows the HWCP to cosmunicate directly with 3
peripheral device via the soft I/0 routines of GISMO0. GISMI
manages the execution of these operators by the 1I/70 subsystenm.
Each 170 descrigtor provides such information as the typs of 1/3
operation reguesteds source or destination memory addressess, tha
device which dis to sxecute the operatorse and space for result
information used when controdl is passed back to the MLP. CLertain
other fields wvary wWwith the type of descriptor and contain
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information pecudiar to its specific function.,

Any nusber of 170 descrigtors may be linked together to forwm a
singte ®chain™ and "dispatched™ in one MCP operation to lessen
the MCP?s dinteraction with the I/0 subsystem.

The transformation of Adogical I/0 regquests to physicel 170
descriptor manipulation is discussed in the Demand Manzgement
section of this specification. The discussion below is intended
to describe the operations performed upon the descriptor after it
has been transformed. A programmatic description of an 170
descriptor is given below. This particular descriptor is typical
of one which might be constructed for a disk fileas

DEFINE JTO.DESC.DECLARATION A5 3%

DECLARE 01 DuMMY REMAPS ID.DESC

» 02 I0.RESULT HORD

» 03 I0.COMPLETE BIT (1)

’ 03 IDLEXCEPTION BIT (1)

’ 03 I0.PACK.NOT.READY 83IT (1)

» 03 I0.DATA.ECC.ERROR BIT (1)

» 03 FILLER BIT (1)

» 03 I0.MEMLPARITY.ERROR B8I7T (1)

» 03 I0.WRITE.LOICKOUT 81T (1)

’ 03 FILLER BIT (2)

» 03 I0.ADDRESS.PARITY.ERROR 8IT (1)
» 03 ID.SECTOR.ADDRESS.ERROR BIT 1)
» 03 ID.SEEK.TINEOUT BIT (1)

’ 03 FILLER BIT (3)

» 03 ID.TRANSMISSION.PARITY.ERROR BIT (1
» 03 I0.RESULT.BITa.17 BIT (1)

» 03 1I0.PORT.RS BIT (%)

» 03 ID.CHANNEL RS BIT (42

’ 02 I0.LINK ADDRESS

» 02 1I0.0P HORD

» 03 I0.0P.0P 81T (3)

» 03 1I0.0PaM BIT (1)

» 03 1ID.0P.H BIT (1)

» 03 I0-.0P.¥ 8I7T (1)

» 03 I0.0P.E 81T (1)

» 03 1I0.0P.D BIT (1)

’ 03 I0.0PaNNN BIT (3)

» 03 FILLER BIT (5)

» 03 I0.0P.P giT (1)

» 03 FILLER BIT €3)

» 03 I0.0P.UNIT BIT (4)

» 02 {0.BEGIN ADDRESS

» 02 ID.END ADDRESS

’ 02 I0.DISK.ADDRESS ADDRESS

» 92 I0.M.EVENTS BIT (8)

’ 03 I0.M.EVENTS.IOGC BIT (1)
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» 03 I0.MLEYENTS.S5IO0C BIT (1)

’ 03 FILLER gIT <1)

’ 03 ID.M.EVENTS.INT.M BIT (1)

» D3I I0.MEVENTSS.INT.S5ENT BIT (1)

» 03 I0.M.EVENTS.MaINT.SENT BIT (1)

» 03 FILLER BIT (1)

» 03 I0.M.EVENTS.INT.S BIT (1)

» 92 I0.MCP.LIO 2IT (16)

» 02 1I0.FIB ADDRESS

» 02 I10.FIB3LLINK ADDRESS

» 02 I0.BACK.LINK ADDRESS

» 32 I10.PORT.CHAN BIT (7

» 03 ID.PORT 817 {3)

» 03 I0.CHARNEL BIT (&2

’ 02 I0.BEEN.THRUL.ERRGOR BIT (1)#5

Q1aMQ = IHE 1/0 QRIYER

With the sexception »f the Multi-Line Control used on Data
Communications <configurations» on the B1000 harduware the [/0
controls have no direct connection with main wmewmory. Atl data
transfers between the controls and memory must go throigh ths
processors GISMO is a set of micro-coded routines whose primary
function {is to interface betwsen the MCPs and the actusl
hardwarss. This allows the MCPs to wview the I/70 subsystem as an

I7/0 processor. The MCP can initiate I/0 Descriptors and GISMO
widd handle initiation of the control» data transfer and
termination. The MNCPs «<can gueue several descriptors for

execution by a contredi» by properily setting the 1ink fiedde in
the descriptorss, and GISMD widl initiate each one in turn.

User programs make vequests to the Micro MLP» and sometimes ths
Micro MCP must ask that the request be handliaed by the S5.MCPs Dbut
in either case» the MCP wWill pass the request to GISMO who in
turn Widd pass it on to the I/0 controi.

The 170 subsystem allows fifteen <controls or channels tc be
connected to any machineée. After GISHMD initiates a3 controls, it
does not wait for completion of the operation bBut raturns controt
to its caller. Lonsaquentiy» ones and possiobly more operations
may be in process on the machine at any giwven time. At any given
moment, howevers when GISMG is executing it may only address onz
control.

The primary communication between the MCPs and GISMO 1dis througn

the 1I/0 descriptorse. The 3S.MCP will dinitiate 1/0 operations
using the DISPATLH S—operater and the M.MCP contains micro-code
to perform a similar function. This S=operator reguires two

parameterss, the port and channal of the device being addressed
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and the mewmory address of the descriptor. The 173 decsriptor

contains adl of the information needed by GISMO for the
operation.

An  I/0 descriptor is usually located by its "Reference Address™,
the memosy address of the result descriptor field of the [/4
descriptors The result descripior field is often referred to as
the ™RS5 fietd™» or Result Status field. All of the descriptors
associated with a given control willt be {1inked together in
memoryr by setting IDL.LINK to the memory address of the RS field
of the naxt descriptor. The descriptors are also linked in the
reverse diractions, using the ID.B3ACK.LINK fieldr, to facitlitate
adding and deleting descriptorse. A link field may not be zero»
but a descriptor may be linked to itself.

The Reference Address points to the RS field. Each RS field 1is
twenty=four bits in 1length. The bits in the RS field have
di fferent meanings at different times. GI5M0 1is most concerned
Wwith the setting of the bits when the I/0 is dnitiated. The MCPs
are more concerned With the setting of the bits when the I/0 15
complete. When the descriptor is ready for initiations the RS
fisgld is formatted as shouwn in the foilowing diagram. This field
is usuadly referred to as the result status field when the
descriptor is ready for execution or is in process and 3as 3
result descriptor fiedd when the 1/0 operation is complete.

gits 0=1 = RS Status Bits

00 = Ready to b2 Executed

01 =~ 1/0 Currently in Process

10 - I73 Complete with no Exception
11 = 170 Complate swith Exception

Bits 2=11 = Gismo Toggles
MCPs may not alter any bits in this field if
RS Status = Ni.
Bits 12~14 = Port to which this I/0 is directed. (Not used)
3it 15 = Interrupt requested on I70 Lomplefion.
Bit 16 = High=Priority interrupt reguested on 170
Completion.
Bits 17=-19 = Port to which interrupts are to be sent upon

i/0 Conmpletion (Adlways Processor 7erol.

Bits 20=23 Channel on which I/70 is5 to be per formeds.
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The 1leftrost bit of an RS field is always set when the operation
is complets. Conseguentiy» storing a result descriptor locks the
descriptor to GISMOa. The MCP may lock a descriptor as wells if
the status fiedd is not 01. Gismo will oniy initiate Tready"
descriptorss those whose status bits are equal to 00. When the
operation is initiateds GISHMDO sets the status bits to O1. T he
GISMO toggles area is used by GISHMO when an I/0 is in process to
store information which it needs concerning the operation.

LHANNEL I2QLE

is the
and aach
Whils

dnother structure associated with peripheral wmanagement
channei table. There is one channei table for esch port
element of the table describes one channel of that port.
GISMO uses the [I/70 descriptor to communicate directly with the
170 subsystems the channed table s a structure for passing
information bDetween the MNCP and GISMO. The chanpel table
reflects the status of a particular channel. Certain information
is passed to GISHMO during a "dispatch”™ operation and is used by
soft I/0 in managing the execution of that operation. Certain

fields are wupdated bDefore GISMD passes control back to the MCP
which direct the course of actien the MLCP wWidl take. &
programmatic description 45 given below:?

DEFINE CHANNEL.TABLE.OECLARATION AS # %

DECLARE N1 DUMNY REMAPS CHANNEL.TABLE ¥

» 02 CHANNEL »BUSY BOODLEAN %X

» 02 CHANNEL ~PENDING BOOLEAN %

’ 02 CHANNEL JEXCEPTION BOOGLEAN %

’ 32 CHANNEL -PAUSE BOOLEAN % 0 = TAPE» DISK» CAS

» 32 CHANNEL.CYERRIDE BOOLEAN %

» 02 CHANNEL cEXCHANGE BOOLEAN %

» 02 CHANNEL -OLD-MODE BO00LEAN X

» 02 CHANNELLINTEGRITY BOOLEAN %

» 02 CHANNEL NGO« HALT BOOQLEAN %

» 02 FILLER BIT £3) %

» 02 CHANMEL.TYPE BIT &) X% DEVICE TYPE FOR DUWMP
x TYPE = 0 = SERIAL BEVICE

3 TYPE = 1 = DISK

k4 TYPE = 2 = TAPE

k4 TYPE = 3 = CASSETTE

» 32 CHANNEL .LAST BODLEAN ¥ DELINMITS CHAM TABLE
» 02 CHANNEL cEXCHANGE.PC BIT (7)) %

’ D3 CHANNEL.EXCHANGE.P BIT £L3) X

’ 03 CHANNEL-EXCHANGE.C BIT (4) ¥

» D2 CHANNEL ».REF.ADDR ADDRESS %

F & X%

is
by

In the CHANNEL.TABLE, BUSY is5 set and reset by GISMD only. It
set when the control is busy. PENDING is also set and reset
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GISHMO. It is wused on tape and disk devices only and it tells

GISM0 to continue 4d1inking through the head of ths qgueue.
EXCEPTION is used on adl devices except tape and diske. It causes
GISM0 to inhibit dispatch operations on the channel until 2 prior
exception condition has been handlied by the MCP.

PAUSE s also known as the TIMER bita. It is set by the MCP and
it never changess It caus2s GISMO to issue a dispatch to tha
channel at each 100 miltlisecond timer interval and is used to
implement TESTLAND.WAIT operations on tape and disk controls.
This is discussed in more detail later.

The OYERRIDE bit is used on 3ll devices and causes GISMO to reset
BUSY» PENDING and E£XCEPTION when a new operation is dispatched.
It i5 set by the MCPs and reset by GISMO. Essentially», it causes
GISHMO to override an existing operation with a4 new operation.

The EXCHANGE bit is set by the MCP and it never changes. It is
usad on tape and disk controls only and it means that the
information in EXCHANGE.PC is valid. that there 1is another
control connected to this control by a hardware exchange. The
OLD.MDDE bite also known as the PAUSE bits is5 also set by the MCP
and never changes. It is5 set for Single-Line Controds and for
Disk Cartridge Control QOne. It causes GISNDO tc pause for 100
milliseconds when a locked descriptor or a Pause I/70 descrioter
is 2ncountereds If this bit is not sets» GISHMO will stop in this
circumstance on these controls.

The INTEGRITY bit is sat by the MCP when the channeid table antery
is initialized. It 4s also0 used by the MLCP to stop GISMO fronm
linkimg on the channel.

The TYPE field is used only by the Dump Analyzer program. It is
necessary because the &nalyzer may have no other means of
determining this information. The REF.ADDR field contains the
address of the descriptor that is in process on this channel. It
is considered the head of the queue by GISMO.

GISMO/HABDMARE INIEREALL

The I/9 descriptor contains nmost of the information GISMO needs
to acconmplish an I/03 operation. In the actual hardware
interfacer the OPs BEGIN, EMD» DISK.ADDRESS and ACTUAL.END fields
are useds. The ACTUAL.END field is twenty=four bits in ilength and
immediately preceeds the RS field in each descriptor. It is5 not
shown in the preceding I/0 descriptor diagrame. The fielo-is used
by GISMO while the operation is5 in process to store the memory
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address of the data that is to be transferred to or frcwm the
memory hDuffera. When the operation is complerar ACTUALLEND widd
contain the address of the next bit that data would have been
transferered to or from.

Fach control ids5 able to buffers or stores a certain amount cof
data to be trans ferred., The amount varies among the devices.
For some devicess, such as the card reader and line printer, it 1is
a full record. For otherss the size of the puffer may vary and
each contol may contain 3 portion of the data. Disk controlse
for exampler, are equipped with 2 certain number of 180-byta
hardware buffers. The amount of data that may be contained in
the controls and the procedures that GISMO wmust follow in tha
execution of an operation are fixed when the control is designed
and do not change afterward.

LALBL CYCLES

The hardware in the processor that 1s used by GISMO is the

Command Registers the Data Register and the Service Request
feved. The Command Register dis used to send irnformation to a
controlis the Data Register to receive from the control znd the

Service Request leved indicates that a control needs attention
from GISMO.

Host transactions with the controd consist of a
Command=~Activate/Response=Cogplete {(CAJRC) cycle. Data or
command information §is sent out to a control with a CA. fontrotl

information or data is returned with a RC.

PROCESSOR 170 INSTBULTIIONS
The processor instructions Wwhch GISMO wuses to accomplish 2an
operation are:
TEST STATUS
GISME requests and the control returns its current status
count and the device ID. GISMD uses this information to
decide what to do next.
TEST & CLEAR
This operation clsars the control.

TEST SERVICE REQUEST

GISND requsstse and the processor returnss, 2a mask of adl
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channels that are currently reguesting service.
TERMINATE DATA

This operator is used to terminate data transfer when tha
mediar disk and tape for axamplesr has no fixed record sizes

TRANSFER QUT A

Moves one _or tuo bytes of data from memaryﬁto the controd
for output to the device. Nata is sent at CA time? tha
control returns its status at RL time.

TRANSFER QUT B

Moves three bytes of data from memory to the control for
output to the device.

TRANSFER IN

Moves one» two or three bDytes of data from the control to
main w®wmemory on idinput oparations. The dzta is sent at RC
time. When one or tuo bytes is transferced, the contraol
atso sends its statuse.

SEBYICE BESUESI

Tha Service Request lewvel is5 3 toggle in the processor which is
settable by any control. It is OR=ed into the TAny Interrupt™
toggie. Each Interpreters prior to axecuting an S-oerators, witd
test the Any Interrupt toggle and» if it is sets transfer contrel
to GISMOD instead. GISMD will determine what caused the toggle to
be sef. In this caser it will discover that Service Reguest is
raisede. )

It wild then do a TEST SERVICE REQUEST CA/RC cycle. The RC will
return a mask of all controls that are currently reqguesting
service. HISHOD wWwild select the highest channsl from this mask
and begin handling that controla. Conrols are usuaily in status
count 11 or 18 dhen they raise Service Request. This status
indicates that the control is ready to send a Refasrence Address
to GISMO. GISM0 accepts the Reference Address and uses it to
tocate 1I/0 descriptor in memory.

GISMO widdl then do a TEST STATUS CA/RL cycle to detemine what
service tha controdl is requestings.  fOnce the requested service
has been per formeds and the <control no flonger 1is regquestinrg
services GISMDO will again perform a TEST SERVICE REQUEST CA/JRC
cycles 1t widl continue handling Service Requests from wvarious
controls until the TEST SERVICE REQUEST returns ali zeros. GISMD
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then returns control to the Interpreter that was interrupted.

3TAIYS COUNIS

The Status Count returnsed Dy a controd is the primary means in
which GISMO determines what is to be done next in an 170
operation. Qperations may consist of sending the 0Op code and
fitle address» sending the Reference Addresss receiving the
Reference Addressr» sending or recaiving data and receivirg the
result. Various <controls perform these steps in differant
ordersa.

A1l controls begin in Status Count 1 and return to Status Count 1
after Status Count 23. Lach Status value has a particular
meanings Some counts always appear in series together. Alt
controls begin an operation by going through Status Counts 1
through 6. A simplified table of the allowable Status Count
transitions is shown in the table below.

To seand each of the twenty=four hit fietlds OP» DISK.ADDRESS and
Reference Address» three TRANSFER OUT operations are useds each
CA/RL sending one byte. For each TRANSFER QUT, the Status
Counter advances by ones. Sisilariys to receive either the Result
Descriptor or the #e ference Addresss three TRANSFER IN operations
are usedr» each CAJ/RC receiving ona byte.
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Status Lount Meaning

L — o — . A N TS i L V. WA U D T WY T Al W O 0T S . T o WD D . L VO O T 7 —— -~ - — -

0 Control Not Present
1 Cleared (Initial) State

i» 2» 3 Aeady to Recsive 0OP» Bytes 1» 2 and 3

Ly 55 B Ready to Receive DISK ADDRESSs Bytes 1, 2, 3

7» By 9 Ready to Receive feference Addresss Bytas l» Z2» 3§
19 Bdusy (Operation in process). From 19» Lontrois

usuaily go to Status 11 or 18 and raise
Service Regueste.

1i» 12» 13 Ready to Send Reference Address» Bytes 1» 25 3.
14 Ready to Receive Data {output)
15 Ready to S5end Data {input)
16 End of Hardware Buffer = Ready to 5end or Recaive

Last Byte. More Suffers Remain.
17 End of Hardware Buffer and Last Buffera.

18, 19» 20 . Ready to S5end Reference Addresss, Bytes l» 2» 3.
Implies that a Rasult Descriptor is to Foliow.

21s 22+ 23 Reaady to Send Resulit Descripters Bytes 1, 2, 3.

Table XeX = Typical Control 5tatus Counts and their Mearing
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DATA TRANSFERS

GISMO transfers data to and from the control in one or wmore
iterations? each iteration will involve only one control buffer.
For some dewicess there is only one buffer and this buffer witl
always contain the full physical record. GISNO #will only perform
data transfar once per 1/0 operation for these controlse. Other
controls have physical records of undefined tengths> for these
controls, there are usuaily multiple buffers of fixad tength in
the control and each iteration of GISND will fidl or empty ane of
these buffers.

Whenever Service Request is raised and GISHO 1dis idnvokeds the
requesting control will first send the reference addresse. GISND
widl then ta2st the controd”s status. If the control is in Status
14 or 15, GISMD will begin data transfer. for each operations
data transfer will continue untii either tha2 control's buffer is
empty or the END address of the 1/0 descriptor is reached. In
the first caser the control widl havas gone to Status 7 after th=
last data character{s). GISMO wildll test its status» see that it
is in S5tatus 7 and send it the Reference Addresss» thus completing
the iterationa. In the latter caser» on most controlss GISMO witl
send it a TERMINATL commands. Some controls require data transfer
to continue untid the e2nd of the controd?s buffer. gdn input»
GISMO widd accept the remaining data from these contrels but will
not store it in  memOTY. On output GISHO widd send blanks to
these controls.

Data is always transferred to a control in ones two or threes byte
portionsa. Most T"Serial”™ devices» stich as printers and card
devices» use one byte transferse. This data transfer is performed
from a Adoop within GISHD which consists of a CA/RC cycles
transferring one data byter until the controd®s buffer is full or
the END address is reached. A buffer full condition is detected
by the control sending or receiving the last data byte in Status
Count 16 or 17.

Many disk and tape controds transfer data two bytes per CASRC.
Disk input and output is always terminated by GISMO when the END
address 15 reached» possibly in the 4ast of sultiple disk
Sectorsa. When the record length is an odd number, GISME wWildi
norralize the last byte as required. On output operationss the
cantrol widil pad the regzinder of the 4{ast buffer (and hence
sector) with zeros.

Tape outputs possibly in the tast of mulitiple buffers», is also
terminated by GISMO when the END address is reached. When the
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physical record size is an odd number of characterss, GISND will
rormalize the last byte for the last CA/RC cycle. It will send a
TERMINATE command» followed by a special command which will
indicate "odd character count”™ to tell the control that the {ast
data transfer consisted of one byte ondy. Tape input operations
will terwinate either when the END address is resched or when tha
end of the physical record is sncountereds which may be in the
last of multiple buffers. If the end of the physical record
occurs and the dength of the record 1is an odd nusgber of
characterss the control wild set a flag in the RC portion of the
last CA/RC cycie. GISMO wild then normalize the last bytes of the
record.

Atl disk pack controdss the 35N head=per=track control and all
phase~encoded tape «controls use three bytas data transfers. In
this case onlys an exception is made to the general rule that alt
transactions involve one CA and one RC. On these controlse one
CA may be foldowad - by one or more RCs5. This 35 accomplished as
foliowss

Prior to entering the transfer loopes on inputr, GISMD witll use a
special CA/RC cycle to ask the control how mdny butes it has to
send. It wilt then initiate the transfer loop Wwith a LA and
continue it with as many RLs as are requireds receiving
twenty=four bits of data on each RC. For osutputs GISMO widl tetd
the control how many bytaes it has to sends It wiid then dinitiate
the transfer 1loop with a CA command of TRANSFER OUT Bs and
continu2 it with as many RUs as are requireds, sending the data
out with the RC.

170 CHAINING

The I/0 subsystea of the B1lD00 system does not use queues for 173
operations. Using the facilities presented in the precsding», it
connects all I/70 descriptors that are directed to the sare
controls, or group of contrels connected by an exchangeo» in a
circular chains. This sliminates the necessity of an I/0 complete
interrupt being directed to the MCP» provided the producer of I70
requestse most often a user programs does not produca the
requests faster than they can be satisfieds. In other wordss if
the 170 subsystem 1is completing operations before they are
actualdly reguired by the users then the user Wwill never need to
wait on the completion of an 1/0 reqguest and the MCP will never
have to suspend the program waiting for such a corpletion.

Even if this isn't the cases if the user program is forced to
Wwait upon the completion of his I/0 reguests» the amount of
processing that must be done to accoampiish the suspension and ¢to
reinstate the prograr wupon coumpletion is winimized wsing
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chaininge The processing is 1limited to only that which 1is
concerned With program execution and no processing is required to
tedil the I70 subsystem what it should do next. This information
is already contained in the I/0 descriptor.

For all devices except tspe and disk» thens the MCP constructs 23
circular chain of descriptors in m@memory. GISHMO executes the
requested operations in turne as each descriptor is unlocked by
the MCP. Upon encountering a locked descriptors GISMO simply
pausas or stops untid the descriptor is uniocked. This will
occur when the user program next executes an I[/0 reguest or when
the file is closed for any reason. 1f the prograr must wua3it upon
an operations an I/70 cosplete interrupt is requesteds using the
appropriate bit in the RS fieids and the program is suspended
pending the occurrence of the interrupts.

0ISK 120 CHAINING

The disk I/0 subsystem operates somewhat differently from the
operation just described. Since each disk 170 descriptor
contains a disk address field» it 4s not necesary foer the
operations to execute in any particular order. ¥arious @eans are
provided in the software to prevent any contention problemss that
might arisee. It may be noted that these same means are necessary
on I/0 subsystems which utilize queueing instead of chaining.

A4l I/0 descriptors for all disk controls that are connected to
the systam are connected in the same chain. If the system is
equipped Wwith mor2 than one controi» then each Channet Table
entry will point to the head of the chain. If GISHD encounters a
descriptor which is not ready for execution or uhich is aiready
in processs specified by the first two bits of the RS field being
set to anything other than 00» it does not stop or pause Dut

continues to the next descriptor in the chain. Alsgor» if an
exception condition occurss, GISMO doss not stop or pause as it
does on other controlss. Both of these actions are specified hy

the CHANNEL.NOLHALT bit in the Lhannel Table.

Since GISMD continues dinking in both of the <cases mertioned

aboves it must know when it has examined ali of the descriptors
in the chainas When it has axamined alli of the descriptorss it
must stop to free the processor for other execution. To

accomplish thiss the REF.ADDR field in the Channel Table is usad
to mark the beginning of the chains When a disk operation is
dispatched by the MCP» the reference address passed by the
dispatch is discarded and the REF.ADDR field is5 used instead.
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In order to operate properly with dispatch operations occurring
in an order different from the order of the descriptor 1ink
fields» GISMO must be able to override stopping when it has been
through the entire chain once. For examples if descriptors As 8»
and € are present in the chain and if B is dispatched», GISMO witl
{ink to and initiate B. If» during the time that 8 is 1in
process» A is dispatcheds» GISM3 wmust 1ink past £ and the REF.ADDR
field and find and initiate A.

To accomplish this» the PENDING bit in the Channegl Table is used.
This bit is set by a dispatch operation and reset by GISNO. 14
GISMO arrives at the descriptor addressed by the REF.ADDR field
and if the PENDING bit 1is sete it does not stop but resets
PENDING and continues 1inking. If PENDING is5 already reset at
this points, then GISMO stopse. )

Since aill descriptors for aid disk controds are maintained in the
same chains GISMO must be abdie to recognize descriptors which are
addressed to controls different from the one it is handling.
This is accomplished using the ID.CHANNEL.RS field of the I/0
descriptor. Upon encountering an unlocked I/0 descriptors GISHD
compares this field to the channel it is executing wupon and if
the two are not =2quals it does not mark the descriptor imn process
but continues linkinga

DISK I/0 ONERLAPRPEDR SEEKS

WHhen an 170 operation is initiated on a moveahle arm disk dewice
and the arm is presently positioned to a cylinder different fraon
the one specifiad in the descriptors it i5 necessary to
reposition the arm to the proper cylinder. This operation is
known as a "seek™., On the B100D systems aldl seek operations ars
implicit; there i5 no explicit Seek operation in the hardware.
The MCPs initiate disk I/0 operations without regard for the
current arm position and», if aram movement is reqguiredr, it is
accomplished by GISMO» the control and the dewice wWithout the
MCP?s participation. Tha MCP does not know that a seek is baing
performed or requitred.

On this systems all seek operations are "overiapped”. This mears
that the arm of any given drive may be in wmcticon siamultaneousty
Wwith the arm of any other drivels). Alsoc» the control rmray bhe
performing data transfer or any other operation while the arms
are in motionas

This is accompdlished by the control returning a resudlt descriptor
with Bit 17, IDLRESULT.B8IT.17» set to zero. Esssentiallyr this
informs GISMD that some special action is necessary and that
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GISMO should not store the result descriptor in memory. In this

particudar cases the control also informs GISMO that the selected
drive is now sesking. GISMO widl dinitiate no further operations
upon that drive untidl informeds by the hardware2s that the saek
operation has completeda '

DCC=2 (Cartridge) and all disk pack controls notify SISM0O that a
seek operation has compileted by raising Service Request while ir
Status CLount 1. GISNO will again send the descriptor to the
controi and this times s&fter any required latency period» data
transfer widl occur. DCC~1 does not notify GISMO when a sesk
operation has compldeted but must be "poliesd”™ periodicaldy Dy
GISMO. The pause time period for DLL-1» the tise bDetween the
poli operationss is two milliseconds.

The [Disk Subsystem Controlier {(DSL) offerred on GEM processors
introduces some exceptions to the statements abovea. These
exceptions widl be defined in a subsequent version of the
specification.

JABL 140 CHAINING

The <chaining of I/0 descriptors for magnetic tape controls is
perhaps the most compiex of the three basic types. The
complexity is caused by the fact that tape I/0 descriptors
directed to each separate tape unit must be executed in dogical
sequence and there may be several such units attached to the sawe
control(s). It doesn®t mattar which unit GISMO addresses next
but the descriptor that is used to address the unit must be the
next logical descriptor in the ®subchain™ for that unit. It is
therefore necessary to Dbreak the channel chain into subchainss
with one subchain for each physical unit, and to implement a
means of remembering the next logical descriptor that must be
used within esach subchain.

Both of these requirements are satisfied by the Lock descriptor.
Lock is a pseudo 170 operation which is handled completely by
GISMO and actually causes no physical I/0 operations. It also
serves as a wmeans of resolving contention probless batweern the
MCPs and GISMD and between two or more taps controls which are
attached to the same units by an exchanges Lock operates as
described below.

The MCP» when the system is Clear/Started, constructs a3 tape
chain with one Llock descriptor for each unit connected to the
system. The ACTUAL .END field of a Lock descriptor is not used
and the LINK field widl contain the memory address of the next
Lock descriptor. The BEGIN and END address fieids of the Lock
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descriptor widlil contain the address of the TEST.ANDLWAITY I/3
descriptor that the MCP uses to monitor the status of each wunit.
This is discussed in a later paragraphe.

When a file is opened on a tape unit» the MCP changes the BEGIN

and EMD address figlds in the Lock descriptore. The MCP naw
constructs a subchain for the unit which will consist of cne I/
descriptor for each buffer requestad by the user. The BECGIN and

END addresses of the lLock daescriptor will be set to the memory
address of the first physical I/0 descriptor in the subchain and
the TEST.AND.WAIT descriptor widil be removed from the subchain.
The BEGIN address field will not be altered from this point until
the file §s5s Closed. The END address widd bDe wmodified by GISND
each time it executes an operation in the subchaine. In effect,
The END address fisld ds used to remember the next logical
opaeration that is to be performed on the unit.

The LINK fields in each 170 descriptor in the subchain will ail
address the next physical descriptor in the subchaine as they do
for all other controlsa. An exception to this 1s the last
physical descriptor in the subchaine. The LINK field of this
descriptor widl contain the address of the Lock descriptor far
that wunit. This prevent one unit from monopolizing the enrntirs
control; it insures that GISMD widd periodically determine it
there is anything to be done on the other units.

The REF.ADDR fiedd of the Lhanned Table entry for a tspe chain
will contain the address of the first Lock descriptor in the
chain. Gismo» upon receiving a Dispatch for a tape control, wiil
discard the Reference Address passsed and start at the address
provided by the REF.ADDR fiedd. GISND first attempts to dock the
Lock descriptor by swapping Ol into the first tuwo bits of the RS
fields If successful» it fetches the address in the END fileld of
the Lock descriptor and proceeds to that address. 1f this
descriptor is unlockedr it begins the operation specified. if
nots it returns to the Lock descriptor and stores the addresss
which it previousdy fetched from the END address field back into
the END address field.

Assume now that the descriptor at the address fetched from ths
END field of the Lock descriptor was unlocked. GISMD beginrs this
operation ande assuming that the operation cannot be corpleted
without some intermediate Serwics Requestss returns to the Lock
descriptor and continues 4inking through the chain. Eventualliy»
the controd widd raise Service Reguest and reference the
initiated descriptor. Upon completion of that descriptors GISHNJI
widl store a result and fetch the LINK field of the descriptor.
It wildl then proceed to the new descriptor and again check to sae
if it is {ocked. If it is» GISMD returns to the Lock descriptoar
for the unit and stores the new address in the END address field.
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The new descriptor now Decomes the next dogical descriptor to b=z
executed on that unit. In this manners GISMO effectively
maintains a 4dogical sequenc2 of operations that are to bz
performed on any tape unite.

It may be noticed from the foregoing that there is no possibility
of conflict for a unit between two or more controls connected by
an exchange» since GISMO first attempts to 4dock the Lock
descriptor before proceeding down a subchain. Similariys» the HC?
pust {ock the subchain before altering any descriptor in thez
subchain.

MONIJORING OF PERIPHERAL SIAJUS

The MCP attempts to monitor the status of adl peripheral devices
that are attached to the systenm. To do this» it must remembac
the status of each device and maintain a certain asount of
information about each. The major portion of the idinformation
about adi1 of the devices connacted ds maintained in the I/3
Assignment Table (I0AT).

10 ASSIGNMENT TABLE

The I/0 Assignment Table (I0AT) allows the MLP to kasep track of
ail peripheral units except the system's 5P0 and those devices
associated with data communication. ‘Each unit is identified by
ports channels» and unit numbars as wedd as by a symboiic name.
Various fields reflect the status of the unit {2.gs.» AVAILABLE,
SAVED» REWINDING», LOCKED). & prograanmatic description is given
belowz

DEFINE IOAT.SIZE AS #512#7

DEFINE IOAT.DECLARATION AS ¥ X6 L 08 AL I 0 AT
DECLARE 1 DUMMY REMAPS IOAT, ,
02 UNIT.INITIAL BIT (656)r 2
a3 UMITJHDUWR BIT (8)»
03 UNIT.PCD BIT (12)» %
Q4 UNIT.PORT.CHANNEL BIT (7)» %
05 UNIT.PURT BIT (3)» X
05 UNIT.CHANNEL BIT (4)» X
0% FILLER BOOLEAN, X
04 UNITLUNIT BIT (43, X
23 UNIT.NAME CHAR (5)»
02 UNIT.LABEL.ADDRESS DSK.ADR»
03 FILLER BIT (12)»
03 UNIT.PACK.INFD ADDRESS»
92 UNIT.RS ADDRESS»X USER LINIT REGISTER

a2 UNIT.FLAGS BIT{36)>»
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93 UNITLAVAILABLE BODLEANS

03 UNETLAVAILASLE LINPUT B00LEAN»

03 UNITLAVAILABLE.OUTPUT BOOLEAN,

03 UNIT.WAITAFORL.NOT.READY BOOLEANS

03 UNITLTEST.AND HAILTY BODLEAN»

03 UNIT.S5AVED BOOLEAN,

03 UNITLREWINDING BOOLEANS

3 UMIT.EOF.SENSED BOOLEAN»

23 UNIT.LOCKED BOOLE AN,

03 UNIT.LABEL.SENSED BOOLEAN»

03 UNIT.PRINT.BACKUP BOOLEAN,

23 UNIT.PURGE BOOLEAN»

03 UNIT.LOCK-AT.TERN BODLEAN,»

83 UNIT.TO.BE-SAVED BOOLEAN,

03 UNIT.FLUSH BOOLEAN,Y FLUSH TO EOF

03 UNIT.TAPEF BOOLEAN,

03 UNIT DISKF BOOLEAN,

03 UNIT.S5TOPPED BOOLEAN»

23 UNITLTRANSLATE BDOLEAN»

23 UNIT.CTRL.CARD.USING BOOLEAN, X

93 UNIT.REMOTE.JOB SO00LEAN,

03 UNIT.CLOSED BOOLEAN, X

03 UNIT.CLEARED BODLE AN,

03 UNITLMULTIWFILE BOOLEAN, X

03 UNIT.EOT BOOLEAN»

43 UNIT.TAPELFILEL.STATUS BIT(3)»Z O = NOT RELEVANT{_ANSI)
X 1 = BOVI(BEG OF VUJLUNME
¥ 2 = BOF(BEC OF FILE)
% 3 = EOVCEND OF VILUNE)
X 4 = EOFCEND OF FILE)D
X 5 = PFB{PROCESS FILE BLK
% 7 = UNDEFINED

03 UNIT.TAPELXCH BOOLEAN,X FOR MIS=-MATCHED UNITS
03 UNIT.NO«TRANS.TBLE BODLEAN.XPC~S
03 UNITLOFFLINE-YETAIN-USE BOOLEAN»ZFCR ASSIGNED UNITS.

03 UNIT.AUDIT BOGLEAN, X ONS AUDIT TAPE

93 UNIT.RESERVED.BY.AB BOBLEAN,X AUYD BACKUP bal

03 UNIT.LABEL.OP BIT(3)»% 0=300E00X3 ODD THANS
X 1=300C00X3 0DN NO TRANS
% 2=300600X3 EVEN TRANS
% 3=300400X3 EVEN NO TRANT

a2 UNIT.DRIVE.TYPE BIT(4)»X DISK ONLY

% VALUE DCC1/2/3 DPC1/2 DFCH DFC3
% 0 32X203 N/A N7 A N/A
X 1 32X4056 215 SYS.MEM SN
% 2 654X203 225 N/ A N/ A
1 3 54X405 N/ A 1C=3 NSA
% 4 N/A 207 1C-4 N/ A -
% 5 N/A 205 14-3 NJA
2 5 N/A 206 1A=4 N7A
% 7 N/A N/A N7A NZA

02  UNIT.STATUS BIT C(15)»

02  UNIT.T0.BE.POWERED.OFF BOOLEAN»

02  FILLER BITL(7)»
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02 UNIT.JOB.NUMBER BITL16)>»
02 UNIT.FIB8.ADDRESS ADDRESS,
02 UNIT.LABEL.TYPE BIT (2)»
X C = OMITTED
% 1 = BURROUGHS
k4 2 = USASI
4 3 = INSTALLATION
02 UNIT.TRANS.TBLE.ID BIT{B)» ZPC-5 TRAIN ID
g2 FILLER WORD» X PLEASE DD NOT DISTURSB
02 UNITa. TEST.DESC BIT {DESCRIPTOR.SIZE)’
#3 k4 DELINTIT I 0AT DEF INE

The entire I0AT is constructed by the MCP whan the system is
Clear/Started. During the Clear/5tart operations the MCP directs
a Test descriptor to each of the controls that are connected ¢to
the system. When it discovers a control that may have mofe than
one unit connected to its, it sends a Test descriptor to =ach
possible wunit and makes one entry in the I0AT for each unit that
is connected.

The UMIT.HDWR field in the I0AT will contain the hardwar:
identifier returned by the test descriptor. The followirg is a
list of hardware types and pssaudo=types that asre supported by the
MCP. Pseude=types are used in the dewvice assignment process to
indicate genevric typess such as "any magnetic tape device® which
would dinclude seven—=tracks nine-track» phase encoded» NRZ and so
forth.
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DEVICE
Reserved
80 col READERLPUNCHLPRINTER
80 col CARD PUNCH
Reserved
FDCa1l
96 coi READER PUNCH PRINTER
PAPER TAPE READER
PAPER TAPE READER~1
PRINTER
READER SORTER-2
READER SORTER
DISK FILE {Any head per track)
DFC-1
peCc=2
DCC-1
pPC=1
PDISK PALK (DCC=-1», DCL=-2» DPLC-1)
DISK (Any disk)
PFLC=3 (5~-N)
36 col READER
PAPER TAPE PUNCH
80 col CARD READER
SPo-1
5P0=-2
TAPE 9 TRK HR2Z
TAPE 7 TRK NRZ
TAPE PE (9 TRK)
TAPE (Any tape)
TAPE.9 (Any % TRK tape)
Reserved
CASSETTE
LPC=5
SUEUE FILE
REMOTE FILE
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FILE S5TMY HOWR TYPE

0o
DATAL.RECORDER.80 01
CARD.PUNCH 02

03

04
READER.PUNCH.PRINTER 05
PAPER. TAPE.READER 06
- PAPER.TAPE LREADER o7
PRINTER 03
READER.SORTER. 2 03
READERLSORTER 19
DISK.FILE 11
DISK.FILESL 12
DISK.CARTRILGE 13
DISK.CARTRICGE 14
DISK.PACK. 10 15
DISK.PACK 16
DISK 17
DISKLFILE.3 13
READER.9% 19
PAPERLTAPE - PUNCH 20
CARDLREADER 21

22
CRT SPO 23
TAPE .S 24
TAPE 7 25
{APE.LPE 26
TAPE 27
TAPE .9 23

29
CASSETTE 39
PL 5 31
QUEUE b2
REMOTE A3

Table 3.x = Hardware types supported by MCP
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In the table aboves the File Statement column (FILE STHT) is for
yse din the MNCP's FILE Controi Card and is explained in the
software Operational _Guide. Generic hardware type numbers are
not stored in the I0DAT. Rathers the actual identifiers returned
by the hardware are used.

UNIT MNEMONICS

Unit mnemonics are also assigned by the MNCP during tha
Clear/5tart processs These mnemonics aliow the operator and the
MCP to didentify devices uniguelys. The table below Llists the form
of the @®snemonic that will be assigned to the various types of
devicese.

Card Reader CRx
Card Punch - CPx
Data Recorders COx
Printers LPx
Tape Units MTx
Bisk {head=per=track) none
Disk Pack DPx
Disk Cartridge DLx
Paper Tape Readers PHx
Paper Tape Punches PPx
Reader=Sorters RSx
LCassettes C5x
Flexi=Disk FDx

ALL units will be assigned a three=character nanemonic which
begins with the first twe 1etters 1isted in the table above. Tha

third character wiil be unigue to the unit. The first unit of
that type encountered by the MCP during the Clear/5Start operation
is assigned the dletter ™A™, the second ™8™ and so forth.

Assignment proceeds alphabetically and the mnemonic assigned does
not change unless the system configuration changes.

N

The assigned unit mnemonic 15 stored in the QAT in the UNIT.NANE
field. The entire I0AT is maintained in gsesory. To minimize
storage requirements, some information which relates to the unit
is not stored in the I0AT but is maintained on disk. File
Identifiers and any other information which is seidonr used by the
MCP are stored in an INTERNAL.LABEL fisld on diske. The disk
address of this field 4s maintained 1in the I0AT in the
UNIT.LABEL .ADDRESS field. Information in this field is typically
updated by the STATUS procedure in the MCP.

The STATUS procedure is executed wmhenever the Ready status of an
unassigned device changesa. The KCP is mades eware of a3 status
change by TEST.ANDLWAITY IV0 operators. These operators do not
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truly wait on a unit status change but this function is enrulated
by GISMG.

JEST2ANDLWAIT 140 QPERATORS

The MCP must know when a unit goes from a Not Ready conditior to
a Ready condition so that it can read the Label on the media and
update the INTERNMALL.LABEL information on diske It must know whean
a wunit changes from Ready to Not Ready 50 that it can mark the
unit unavailable and initiate 3 TEST.ANDLWAIT.FOR.READY on the

unita. TESTL AND.HWAIT operations allow the specification of
certain conditions for completions such as Test and #Hait for
Readys Not Readys Reszdy to Transmite Ready to Receive and so

forths. GISMD widld not consider the operation complete unless the
specified conditions are met.

On disk and tape controlss, which allow more than one unrit per
controls we cannot tie up the entire control with a Test and HWait
operation to one unita For DCL=-2» all disk pack and ail tape
controlses the PAUSE bit in the CLhannel Table is used to implement
a periodic test of aild such units. At each 100 millisecond tiamer
intervals, GI5SMO searches through the Channel Table 4{ocking faor
entries Wwith this bit set Lo zaro. Hhen such an entry is found,
GISMO initiates that chain at the address specified by REF.ADDR.
also in the Channel Table. During this execution, GISND witl
initiate all Test operations encountered in the chain. If the
conditions for <compietion specified in the operator have been
mats GQISMO widd store tha result descriptor returned &y the
operation and queue an interrupt for the MCP? the MCP atways
requests an interrupt in Test and Wait descriptors.

The MCP also sets the type fiedld of this I/0 descriptor»
ID.MCPLIG» to a value which indicates ™Status Change™. In the
MCP2s 170 Complete procedures», which d§s idnvoked only when an
interrupt is returned from an 170 operation, the value stored in
I0.MCP.I0 will cause invocation of the MCP's STATUS Procedire.

STATUS PROLEDURE

As mentioned previousiys, the STATUS Procedure is executed only
when the status of an unassigned peripohersl changes. If a
peripheral is being used by 3 program and if it goes to a Neot
Ready conditions the situation is handled by the I/70 Error
Procedure. When an assigned peripheral goss from Not Ready to
Readys no action is reqguired by the MCP since the Test and Hait
descriptor executed in this case wiil have a LINK field set to
the next {ogical operation to be performed on the device.
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Peripheral devices which are capablse of input operations usuatty
have labels written on the nmedis. The MCP 1is equigpped to
recognize several different {abed formats on disk and tape
devices and it expects to read control dinstructions froem all card
devices which have input capabilities. Control instructions arz
discussed in the 3Sgftware DOperational Guide and in Product
Specification 2219 Oli4» MLP LControl Syntax and wildl not be
discussed here. Essentialiys» when a card device hecomes Ready
for input purposess the Status Procedure reads the first card and
control is passed to the Control Card Procedurse.

On disk and tape devicess when 3 wnit becomes Readyr, the Status
Procedure attempts to read a 4{abel from the media. The following
is a description of the various labei formatss, on disk and tape
devicess the MCP is capable of recognizing.

DISK JRENTIFICATION = BALK LABELS

Every disk packr disk cartridge» or head=per~track sub=-system 15

identified by a standard ™ANSI™ pack lLabel. This pack 1abel-
Wwritten in EBCDIC {38 bit code)» i5 two pack sectors {Long (360
bytesd» and occupies the first two sectors on a packos | P P

cylinder 0, track O9» sectors O and 1. Sector O contains pack
identification information and sector 1 is reserved for future
implementation of pack security proceduress. A programEatic
description is given belogwu:

DEFINE PACK.LABEL.DECLARATION AS #%
DECLARE 01 DUMNY REMAPS PACK.LABELX

» 02 PL.¥OLI1 CHAR {4) X *yoLi"
» 02 PL.SERIAL.ND CHAR (56) X SERTIAL (LAN) NUMBER
» 02 PL-ACCESS.CODE CHAR (1) X ACCESS CODE
» 02 PL.ID CHAR (17> % PALK ID
» 03 PL.NANE CHAR (10) %
» 03 FILLER CHAR (7)) X%
» 02 PLLSYSTEMLINTERCHANGE CHAR (2) X SYSTEM INTERCHANGE/ZCOOS
2 00 = INTERCHANGE
¥ 17 = 81000 INTERNAL
¥ 35 = 33500 INTERNAL
X ETLCs, ETC» ETC
» g2 PL.CODE CHAR (1) X PACK CODE 00 = SCRATCH
» 02 FILLER CHAR (6) %
’ 02 PL.OWNERSID CHAR (14%) X
» D2 PL.TYPE CHAR {1) ¥ m"R" = RESTRICTED PACK
A "y" = USER PACK
4 g™ = SYSTEM.PACK
» 02 PL.CONTINUE CHAR (1) % CONTINUATION FLAG ™C™
’ D2 FILLER CHAR (25) %
’ 02 PLLINT CHAR (1) %
» 02 PL.VOL2 CHAR (&%) X% “ypL2"
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» 02 PL.DATELINITIALIZED CHAR (5) %
’ 02 PL-INITLSYSTEM CHAR (B5) X INITIALIZING SYSTEM
» 02 PL.DISK.DIRECTORY CHAR {8) X DIRECTORY ADDRESS
’ 02 PL.MASTERLAVAIL CHAR 48) R MASTER AVAILABLE TABLE
’ 02 PL-DISK.AVAILABLE CHAR (8) X% WORKING AVWAILABLE TABLE
» D2 PL.INTEGRITY CHAR (1) % D = NORNAL
% 1 = RECOVERY REQUIRED
» 02 PL.ERROR.COUNT CHAR (63 X
» 02 PL.SECTORS.XD CHAR (8) X REMOVED SECTORS
» D2 PL.TEMP.TABLE CHAR (8) % TEMP TABLE LINK
» 02 PL.PCD CHAR (3) X LAST PORT, CHAN» DRIVE
, 02 PLLASSIGNED.TO.B8PS CHAR (6) X% BASE PACK SERIAL NUMBER

In the case of disk devicess additional inforwmations ©beyond that
which can be stored din the IDAT»,» i3 reguired by the MCP for
proper operationa. The STATUS Procedure and others maintain this
information in a reserved area in memory known as the Pack
Information Table (PACKL.INFD)a

PACK INFURMATIION IABLE

The pack information table is an MCP paintained tinked 4ist of
all wuser disk packs and cartridges currently on line. It
contains such information as the namesr serial numbers hardware
unito nupber of users» and addresses of the disk directory»
available tabis» and temoorary tablea. This structure aliows a
pack or cartridge to be externaliy referenced by nase. A
programmatic description is given below:

DEFINE PACK.INFO.DECLARATION AS #¥X
DECLARE 0! DUMNY REMAPS PACK.INF3»

02 PNAME NAWE,
D2 P.SERIAL.NO HORD»
02 PL.CISK.DIRECTORY DS5K.ADR»
02 P.DISK.AVAILABLE DSK.ADR,
02 P.TEMP.TABLE D3K-ADR>»
02 PLUNIT.NANME CHAR (5)»
D2 P.PCD BIT €12)»
03 P.PDRT.CHAN BIT (7)»
03 FILLER BIT (1),
03 P.DRIVE.NO BIT €4)»
G2 P.NO.USERS : BIT (8)>»
02 P.NO-MPF.USERS BIY (8),
02 PoT0.BELPOWERED.-ODWN BOOLEANS
D2 PLRESTRICTED BIT (3)» % 0 = SYSTEM RESOURCE PACK
' ‘ ¥ 1 = RESTRICTEZD
X 2 = UNRESTRICTED USER
¥ 3 = INTERCHANGE
02 PUONTINUE BODLEAN» X 1 = CONTINUATION PACK
02 P.SCRATCH BOUDLEAN, X 1 = SCRATCH PACK
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02 P.FULL BOOLEAN, X 1 = NO MORE AVL DISK
02 P.XC BOOLEAN», XPACK HAS UNDERGONE XC
02 PLASSIGNED.TO.3PS WORD» X2 ASSIGNED 7O BASE PACK #
02 P.BACK.LIKK ADDRESS»
02 P.LINK ADDRESS?

£7 %
IARL LABELLING- INITIALIZAILION AND EUBGING

MCP I dincliudes the «capability to create and recognize two
di fferent foras of wmagnetic tape labels. The standard dabel
format for the B1000 system will confore to that specified in the
publication entitled ™The American National Standard Magretic
Tape Labels for Information Exchange™ which 1is dated 1989 and
published by the American National Standards Institute» Inc.
CANSII). These labels are commonly known as "ANSII» Version 1"
iabelsa. It should be noted that "standard Labeil format®™ for the
system means that any program which requests standard {abels in
its file declaration widl cause ANSII labels to be written when
the fils is assigned to magnetic tapes and the file 5 opened
outputa. Users are allowed to create the label in ASCII if they
so desire.

ANSTI 1abels as impiemented on the BLlOOD system contain several
deviations from the standard as presented by the ANSII documents.
The deviations are necessary in order to idinsure that we are
compatible mith the 36700 system. The most noteworthy deviation
is the recording mode of the 1abel itself’ it i3 wWritten in
EBCDIC <character code unless ASCII is specificailly requested via
the ™SH™ command.

ANSII label formats, as implementedsr consists of three physical
blocks on the taper followed by a tape mark. The first of the
three blocks is known as the Volume Header. A programmatic
description is presented balouws.

01 VOLUME.HEADER

D2 FILLER ; CHARACTERAL®H?
XThis field witl always contain "VvOL1"

N2 YOLUNELID " LHARACTERLR)

02 ACCESSABILITY " CHARACTER(D)

%XThis field is not used by the 81000
N2 RFS %This field is reserved in the ANSII Standard. It is
Ybeing used as follows by the B10800O and the 367C0.

33 MULTIWLFILELID CHARACTER{17)
¥ "0" if there is5 no HFID
X "X0" if Scratch
X "BACKUP™ if Backup

03 SYS.SYMBOL CHARACTER(2)
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%2 Witll contain "17" if created on BLl0O0D
03 TAPE.TYPE CHARACTERLYL)
% 0 = Scratch
Z 1 = User
2 2 = Backup
Z 3 = Library
D3 FILLER CHARACTER(S)
2 DWNER.ID CHARACTER(14)
X This field is not currently usable on the B1000 systenwn
N2 FILLER CHARACTERL28)
02 YERSION CTHARACTERCL)
% Will contain "1" until such time as the label format is
%X changed

The second of the three physical blocks is known as "Header One”.
The format is also used for £nd-of=-File and End=of=-Volume. A
programmatic description is given belou.

01 HEADER1.DECLARATION

02 FILLER CHARACTER(L)

X May contain "HRD1"», "EDF1", or "EOQVLI™
Q2 FILE.ID CHARACTER(L?)
02 FILESETLID CHARACTER(S)

X This field will contain the first six characters fron
X the MFID field in the VYOL1 block

02 FILE.SECTIONWLND CHARACTERL%)

¥ Used for Real number by 86700 and B1000
N2 FILEL.SEQW.NO CHARACTERI(®)

X Ordinal number of the file within a Multi~Fitle
02 GENERATION.NG CHARACTERA4) % Unused
D2 GENERATIONL.VERSION.NO CHARACTER{L2) % Unused
02 CREATIONLDATE CHARACTER(HB) X DYYLDD
02 EXPIRATIONL.DATE CHARACTERLRY ¥ bLYYLLD
D2 ACCESSABILITY CHARACTER(1) % Unused
02 BLOCK.COUNT CHARACTER{®)

%X Zero if this is a Header.One block
02 SYSTEM.CODE CHARACTER(C13) ¥ =B17Q0O"
N2 FILLER CHARACTERALT)

The third physicad block is knouwn as "Header Tuo". It is also
used at End~of-File and End-of-Volune. Its format is shown
below:s

01 HEADERZ2.DECLARATION

D2 FILLER CHARACTER(%)

¥ May contain "HDR27”s, "EDQF2"» or "EQ¥Y2"
D2 RELCORDLFORMAT CHARACTERAL1L)

X F = Fixed

A Yyariable

o

%5 Spanned {Not yet implemented by any Burroughs system)
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Z U = Undefined
32 BLOCK.LENGTH CHARACTER(S)
02 RECCROLLENGTH CHARRLCTER(S)
D2 RESY.S5YSTEN,USE CHARACTERL35)
03 DENSITY CHARACTERCLD)
¥ 0 = > Bgo
¥ 1 = > 55%
T 2 = > 200
T X = > 1500
03 SENTINAL CHARACTER(L) X Unused
N3 PARITY CHARACTERA(1)
X 0 = Eveni? 1 = Ddd
03 EXT.FORM CHARACTERI(1)
2 0 = Unspecified
Z 1 = Binary
% 2 = ASCII
2 3 = 8CL
X 4 = E8CDIC
N3 FILLER CHARACTERLZILD)
02 BUFFER.OFFSETY CHARACTER{(2) . X Unused

N2 FILLER CHARACTER(2Z28)

As mentioned 1in a prior paragraphes the MCP writes ANSII Format
{abeds on tapes whenever a2 file s opened output and th2
LABEL.TYPE field in the FP3 i35 set to zeroc. If the user %ishes
to continue writing the old Burroughs format {1zbelss he must
modi fy this field in all of the files in his programss. This may
be accompilished by recompidation» by the use of 3 File Attribute
communicate operation wWithin the prograss by the use of the
HODIFY control instruction or by the use of a FILE card when tha
program §s executeda. Presently valid valuss for the LABEL.TYFL
field ares

ANSIT
Unl abelied
Burroughs

N e O
it

ANSII Labels» though they are written uhen the file 1is opened
outputs, are actuaddy created on ald magnetic tapes prior to that
time., A keyboard message has been implemented in the ¥CP for
purposes of creating the initial ANSII 1abel on atl tapes. The
mnemonic of the message is "SN™ which used to be an acronyr for
Serial Number. The syntax for SN is3

SN <unit mnemonic> <volume=identifier> 1 ASCII 1

<¥olume iJdentifier> wmay consist of one o six alphanumeric
characters and is insertsd in the VOLUME.ID fieid of the VOL1
block of the 4dabel which is created. This operation is» for
conversational purposess knouwn as "initializing™ the tape. Att
tapes and cassettes must be initiatized on the BL1000 before the
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MCP widl consider them scratch. This applies to seven=tracks 3s
Wwedll as ald wversions of nine~track tapes.

The <volume iddentifier> keyed in widl remain on the tape untit
the tape is re-initialized. The tape may be purged at any timae,
"provided the ANSII 1Label is still intact on the tape. Tapes
which have Burroughs l1abels on them must be re=-initialized and
may not be purgede. Purgings» heres implies the use of the "PG™
keyboard message. Similariys» uniabelded tapes may not be purged»
but may be re~initialied. The <volume identifier> is now gart of
the output of the "0OL"™ message. Tha presence of the reserved
word ASCII in an SN statement causes the label to be written in
ASCII character codes.

The capability of creating and recognizing ANSII tabels was not
incliuded in the MCP oprior to the 5.0 release of the softwara.
Before the 5.0 releasesr ald Labels created by the BL000 system
were the oid Burroughs labels first implemented on the 85504
system. A programmatic description of these dabsglss as they are
created on the 810008» ds shown below. As can be seen from the
descriptions certain fields have been added to the 1labels to
improve their utility. These fields are meaningful to the B100¢
system only. A programmatic description is presented beiowa

DEFINE STANDARD.LABEL.DECLARATION AS # X
DECLARE 01 CUMMY REMAPS L.LABEL.RECORD 2

» 02 L.LABEL CHAR (9) % * LABEL 0%

» 02 L.NFID CHAR (7) % "

s 02 L.Z1 CHAR (1) ¥ mgw "

» 02 L.ID CHAR (7) X

» 02 L.REEL CHAR (3) %

» 02 L.DW CHAR (5) ¥ DATE WRITTEN

» 02 LaCYCLE CHAR (2) % "

» 02 L.PID CHAR (5) % PURGE DATE

» 02 L.S CHAR (1) % SENTINNEL €1 = END=QF=REEL)

» 02 L.BC CHAR (5) % BLOCK COUNT

» 02 L.ARC CHAR (7) % RECORD COUNT

» 02 L.PB  CHAR (1) % PRINT BACKUP FLAG

» 02 L.SERIAL CHAR (5) % SERIAL NUMBER

» 02 L.SYSTEM  CHAR (5) X CREATING SYSTEM

» 02 L.BUFSIZE  CHAR(8) X NEW FORMAT DECIMAL BLOCK SIZE

’ 03 L.BSIZE  BIT(24) ¥ OLD FORMAT BINARY

’ 03 L.RSIZE BIT(24) % OLD FORMAT BINARY

» 02 L.RECSIZE CHAR(8) % NEW FORMAT DECIMAL RECORD SIZE

» 02 L.MODE CHARC1) % NEW FORMAT RECORDING MODE FOR
N TAPE FILE

Y '

ALY labels on the B1000 system are written in odd gpaTtitye.
Baginning Wwith the 4.2 release of the softwares tape marks ara
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Wwritten in even parity» except where prohibited by the control.
This was done as an accomodation to the 8300 systemr which can
read only seven=track tape and cannot recognizas tape marks which
are written in odd paritys

MCPII widd write tapemarks and ending {abels on any output
labeled tape that is not at BOY when a Clear/Start is dons. This
widd addow the user to read that tape and recover the data-.
There is one restriction. if the tape i5 to De read in reverseas,
the user gust specify blocking informationa.

ANSII Labels are also written as the standard labet on
seven~track tape. HWhen this is dones» the 1abels are written with
transiation to 8CL. Burroughs dabelss when wWritten to
seven=track tapes are uwritten in odd parity with the EBCDIC/BCL
transl ator enabled.

The 5TATUS Procedure makes all possible attempts to racoegnize a
fabed when a tape unit becomes Ready. On seven=track tape»
particulartys there atre several different varijations of parity
and recording mods that may have been used to <create the tape.
Seven—-track tape <can be written with or wWithout <character
translation from EBCDIC to BLL. The MCP wild attempt to wread
tape 41 abels with ail possiblas variations before giving up.

When the MCP cannot recognize a 1abel» the unit is considersad
available for input purposes if the tape does not have a Hrite
Ring din it. In this caser it must be manually assigned to a
program by the operators either when the program requests tha
file or when the job is executed. If the tage does cortain a
Write Rings it must be initializedr, usinmg the 5N dinstruction
decsribed above. Only when the tape has a Mrite Ring and
contains a valid ANSI tabel indicating "Scratch”™ is it considered
avaiiable for output purposes automaticaily by the MCP.

It 1is also the responsibility of the STATUS Procedure to record
the other information returned by the Test I/0 operation. This
information is5 crucial to the proper operation of the tape
subsystenm. In particulsrs 1§ the system is equipped %ith 3
PE/NRZ exchange» the operation of the STATUS Procedure when a
unit becomes Ready is as described belows
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BEZNBI EXCHANGES

With the inclusion of the M4&sM5 MEC supplied by the Westlake
Plant and described by P.5. #2047 4490» it is possibie for a
tape unit to operate in either Phase Encoded (PE) or Non-Return
to Zero {NRZ) recording mode. This can only be accomplished on
the B100O hardware by connecting one NRZ control and oane PLC
control to the MEC. The NRZ control is designated MTL=2 and the
PE control is designated MTC~4. A tape subsystem so connected is
spoken of as an exchange subsystem by hardware personnel.
According to the software definition of a subsystear all controls
in the subsystem must be identical. The code in the 1/0 driver
which inter faces to MTC~-2 js distinctly different from that which
interfaces wWith MTC=4., A regquest for a unit which is operating
in the NRZ mode can only be handled by MTC~-2.

To solve this problems <considerable coding has been incorporated
in the MCP. The problem has besn rectified in the most efficient
manner poassibles however. Two separate chains of descriptors,
one for each controls, 2re constructed by the M{P at Llear/Start
time. The two chains are maintained by the MCP dynamically. fronm
that point.

Recording mode information is supplied by the test operator and
actualdy is returned as the density field 1in the result
descriptor. A density selection of 1600 bpis for exawple,
indicates that the unit has been salectad to be ir the
phase~encoded recording mode and that the 170 descriptors for ths

unit should be in the NYL~=4 <chain of descriptorss. I1f the
subchain for the unit is not in the proper chains the MCLP will
move the entire subchain to the proper chain. The movement of

the subchain ds ondy sttempted when the unit is not in use» of
COUrsea Selecting a different density whide the unit 1is being
used constitutes an error on the part of the operator. Tha
operater is notified of the error and the progran is allowed to
continue processing only when the oproper density has been
selected on the unit.

This solution is only possibile if Doth controls are capable of
reporting recording density properly. MTL=2 can report the fact
that a unit 45 selected to be in the 1600 bpi density.
Simitardy», NYC=4 is5 able to report the fact that a unit is in the
800 bpi densitye. Density information is cosmonly used by the HLP
only when a unit goes from a not-ready state to a ready state.
The movement of the subchain is therefore performed by the MCP
status routine when the unit becomes ready.

Unit mnemonics are not affectad by the presence of a PE/NR?
extchange. A unit sedected as MTA» for exampler, wili always be
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known as MTA», regardless of which chain contains its subchains or
which density is selectaed by the operator.

Que to differences in the unit numberinog scheme Detwesn MTL=2 and
MTC=4» there can be no more than eight magnetic tape units
connected to a3 PE/NRZI tape subsysten. This «capability is not
availabla en any version of the software prior to the 5.1 releass
version.
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£ILE SIBUCTURES

A File is a group of related records. Fites ars of central
importance in the I/0 Subsystem since 2ffectively all of the
communication between user programs and the subsystenm is

accompli shed through files.

The B10O00 Operating System supports thres different file types ar
structuress exclusive of Data Management System structuress which
correspond roughly to those file types defined in the ANSI *T4%
CO0BOL Language. In that Alanguage» these types are callied
Sequential, Relative and Indexed S5equential. Sequentiatl and
Indexed Ssquential files» in COBOLs, can both be accessed in 2
random wmanner and the use of the word "Sequential®™ tends to add
confusion. In this documents the three types will be refferred
to as Lonventional Files» Relative Files and Indexed Files,

i)
{ /uh:/“//(l (7]
convenTIonaL eqes L T

The basic definition of Conventional file structures is fcund in
the COBOL *58 Languages» though many functions have been added to
the basic definition. To a programs a file represents & large
codlection of ordered data that exists apart from the progranm.
The oprogram needs to interact with parts of that data from time
to time and the 1/0 Subsystem makes this interaction possible.
The I/78 Subsystem moves the data into and out of user working
areas in main memorys, to wWhich the program has 3ccesss

The unit of data moved into and out of the user”’”s working arsa is
the racord. The record s considereds by the I/0 Subsystems» to
be a string of bits» which the usesr program uwill probably group
into characters or words in soms manners but the 170 Subtsystenm
deals onily with entire records and delivers and receives one
record at a time to and from the user progras.

A file has somes structure as seen by the user program. The
records may be all of the same length or they may be of variable
iength. fength idnformation must be declared by the program or

contained in the record itsedf or exist in an accessible form 1in
the physical file or exist imn the information which the MCP
maintains about the fite. If the record iength is variables then
the length of each record must exist in that recordr in the first
four character positions. waj> ST

kL
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The fide» as it is stored on some raecerding mediums is often
refferred to a8s a physical file. A physical fidle may have sone
additional elements o0f structure. It may contain blocks. A
block is5 a group of physicalty contiguous records which are
transferred to and from the physical medium as a group. The

storage device idtself may impose some structure upon the file.
As discussd previously» data is transferred to disk in 1440=dDit

increments. A bilock of records to be writtenm to disk must
therefore total some integer nultiple of 1440 bits. The disx
itself may be wused to store many disjoint physical files. To

minimize storage availability problamss the MCP 31louws disk files
to be broken into "™areas™» each of which will contain rocm for a
specified number of bDlocks. This is described in mnmore detail
lLaters

-

The physical file inherits many of 1{its properties from the
{ogical file declared by the user program which creates it. When
the wuser programmer declares a 1togical file» the compiler
generates a File Parameter Block which contains the specified
values for the various attributes of the file. File Parameter
Blocks LFPBs) are defined in Section 2 of this specification.
The MCP» and more specifically the OPEN procedurer converts the
attributes specified by the user to an actual physicatl fide.
More attributes are added ¢to the physicat file wher it is
assigned to a device.

Any fide may be described by its attributes. File attributes are
system control oparameters which are used by the I/0 Subsystem.
The attributes contain all of the information the subsystem needs
when it connects a physical file to a 1ogical file declared in a
user program and when it controls the access to that ophysicsi
fidea

Most of the attributes associated with any file are contained ir
the File Parameter Block (FPB) for that file. Certaintys the FPg
is the storage medium for the attributes that are declared by the
user and gener ated by the compilers. Additionsl attributes will
be obtained when the file is opened and assigned to a device.
When a file is opens its attributes may be stored in the FPBs the
Fide Information Block (FI3)s» the Disk File Header {DFH) and the
I70 Assignmment Table (I0AT). Atl of these structures have been

presented previously.

Beginning with the B.0 version of the MCP» a communicate
operation was added to allow user programs to dynamically modify
selected attributes of a file. In subsequent versions of the
MCPs the List of modifiable attribtes has been expanded. The
File Attribute communicate opsration is described in the Demand
Management section of this document.
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EILE NAMING CONYENTIONS

ALl names associated with files on the B1000 MCP may be a maximum
of ten characters in fLength. Names in excess of ten characters
wild be truncated to the first ten. Looking at the description
of the FPB presented in Section 2 of this specificaticers, tha
first field in the FP3» FPB.FILE.NAME is the internal name of the
files "Intarnal ™ in this casesr means internal to the user
programa. This is the name which appears in the File Declaration
of the user program and the name which the prograsmer uses in all
references to the file within the program.

The next three name fields idn the FPB provide the "File
Identifier™ for MCP purposes. A4l physical files introduced to
the system may have one or L WO Namess. Fites assigned to disk
pack may have a third name which will correspond to the pace
namer, the name contained in the pack 4abel.

If a fide has one name onty» that name is stored in the field

FPB.MULTILFILEID and the field FPBFILE-.ID should be filled with
bl ank s FPBMULTI.FILELID is often referred to as the "Family
iIb® and 43 only important if the file 15 assigned to disk or
tape. If a file has two namess the second name is stored in the
FPH.FILE.ID field. |

The assignment of physicagl files to logical files is discussed in
the Demand Management Section of this specification in the
description of the DPEN communicate aeperation. Stated in its
simplest forms the NCP attempts to associate one or two names
with each device that is8 connected to the system and that is
capable of input operations and to match this external name to
the File ldentifier specified in an FPB when a user OPENs a fite.
On output filesr, the MCP simply attempts to assign an available
device of the reguested hardwars types

There are two exceptions to the statements in the preceding
paragraphe. Whan an output file is directed to Printer or Punch
devices» the output data may be actuadly stored on disk for later
retriaval. Such files are known as Backup Files and arsz
discussed dater. Input card files may be loaded to disk fites
prier to the time they are required by a progran. When the
program then requests the card files HCP may automatically
substitute the previously 4caded disk files. This is known as
the Psusdo=Reader facitity and is discussed in FProduct
Specification 2222 2265» SYSILCMZLDCNIBL.
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it is the MCP's responsibiltiy to convert a togical disk file

declared in a user gprogram»
"new™ din this context specifies
create a file and the physicat disk

known to the system are of no concern

Except in

the case of Multi~Pack files,
more than one physical pack or cartridges
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as

to an actual physical disk file.
This can only occur by a program opening a new disk file»
that

Wwhera
the program intends to
files that are currently
to the user.

files that extend over
a new file <can onty

become a permanent file that 2xists when the program is no longer

executing by the same usser doing a close operation
and specifying in the CLOSE communicate operator that the fite
This implies that the file identifier is to

to become permanenta.

pe entered in the disk directory
forever. This also implies that the
by that fidle i5 to be used for
various user manipulations that may
utidizing a logical fiie with the
Close operation is also described

Managsment
and C1ose operations both obay
definition of the COBOL Language.

EHYSICAL DISK EILES

In order
devices the MLP must maintain tables
locations that are available for uses»

are already stored on the disk and the

of those files.

RI3K SEACL ALLOCATIQN

There are three tabless, &
by the MLCP to allocate disk spaces

section of this specificationa.
tha

each with the same format,
The master available table is

fite
is

on the

and remembered by the HNCP
disk storage space cccupied
no other purpose except the
accur within that file>»
same File Identifigr. Tha
in detail in the Demand
Basicaliy» the Open

rules presented in thke

to manage all of the available storage space on a disk

which tell it the storage
the names of the files that
physical <characteristics

that are used

a non-expandable table of threg contiguous segments beginring at

the second sector on disks
segments whicth have been "XD=~ed” by
available table is a 10-segment tabile
segments.
disk and is s2xpandabile as needed.

contiguous segments and contains a

but not reflected in the disk directory.
At Clear/S5tart times

begins 3t the 57th sector.

the temporary table are returned to

It contains a 1ist of

alt unusabte
The working
disk

the aperator.
beginning at the 47th

It contains a dist of atl available or unused space on

The tenporary table is five
4ist of all segments in use
This expandable table

all sectors in

the availasble table. A

programmatic description is given belowu:s
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DEFINE
DISK.AVAILABLEL.DECLARATION ASH
DECLARE
01 DUMMY REMAPS DISKLAVAILABLE BIT{SEG.SIZE)»
02 AVL.FORLLINK D3XK.ADR»
D2 AVL.BACK.LINK DSK.ADR»
02 AVL.SELF DSK.ADR>»
92 FILLER BIT(4)»
02 AVL.BLOCK(Z22)»
03 AVL.ADDRESS DSXADR»
03 AVL.LENGTH WORD #5

EILE ACCESS AND IDENIIFICATION

The disk dirsectory is5 the structure which catalogues and points
to adl files on disk. £ach entry contains the file's nawer type.
and Disk File Headsr (DFH) address. The directory is a two-ievel
structure containing a primary or Traster™ directory and a
secondary directory. The master directory is created at Cold
S5tart as 16 contiguous disk se2ctors beginning at sector 31. £ach
sector contains entries for eleven files. As esach sectaor is
filled» another disk segment i35 allocated and Llinked to the
filled sector. If a3 file has two names» the prieary nane
{(Multi~File IDentification) is placed in the wmaster directory
wWith 3 pointer to a secondary directorys, where all the files with
that MFID are listed. The secendary directory is structured and
{inked in the same fashion as the master directorye. A
programmatic description is given below:

DECLARE 01 DIRECTORY REMAPS BASE»

02 DISK.SUCCESSOR D5SK ADR»

22 DISK.PREDECESSOR DSK.ADR,

02 DISKa.SELF BSK.ADR»

22 FILLER BIT €123,

02 DISK.NAME NAML »

32 DISK.ADDRESS DSK .ADR>»

32 DBISK.FILE.TYPE BIT (4),

22 FILLER ‘ BIT {1209)7 X 11 ENTIRY PER

The Disk File Header {(DFH) i5 a wvariable-length header record,
the size of which is dependent upon the number of declared areas
in the file and is computed as follous:

540-BITS + (36~BITS % NUMBER~-CF-AREAS)

SEG
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The DFH is never 1ess than 1440 bits nor greater than 4320 »hits
on disks It 1lists the physical characteristics of the file
unciuding atsajlie type and thﬁ disk_ adﬁiﬂﬁjajor each area. Tha

LOG
DIRECTORY

CONTROL DECK

BACKUP PRINT

BACKUP PUNCH

CUNPF ILE
INTERPRETER

CODE FILE

DATA FILE |
VARIASLE LENGTH RECORD DATA FILE
INTRINSIC FILE

DIs8 EILE IDENIIEICAIION ;

As discussed previousiys Disk File Headers {(DFH) .are the

structures used to identify a file on diske. it is a
variable~length record which describes the physical attributes of
the fide and contains pointers to e2ach "area™ of the file. When

a disk file is "opened”» a copy of the DFH is copied into memory.
The header in memory posnts to the header on disk and vice versa.
1nAmemory at any tsme' Huit\ple userévaf ‘the file Wwill use the
same copy of the header. Maintenance of disk file headers is
coverad in another section. A programmatic description is given
pedowus

RISK EILE HEADER

DEFINE FILE.HEADERLDECLARATION AS #7%
FHMAP{FILE-.HEADER) #»

FH.MAP(FILE.HEADER) AS %2

DECLARE 01 DUMMY REMAPS FILE.HEADER»X

02 FH-USERS.RANDOM BIT{B3)»X FORMERLY FH.CORELACDR

02 FH.NEWFILE BIT{1)»X CLEARED WHEN NEW FILE IS FILED.
02 FILLER BITC7 ),

02 FH.FILELKIND BIT(B)»

02 FH«SELF DSKaADRe

02 FHeNDOLUSERS BIT {8)»

s FH-USERS.OPEN.OUT BIT (&),

D2 FHeOPENLTYPE 8IT (4>

g2 FH.FILELTYPE BIT (4)»

a2 FH.PERMANENT BIT (4)»

02 FHe JOB-WAITING.ON.CLOSE BOCLEAN,
02 FILLER BITL{%)» % DON'T USE UNTILL 1977
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0?2 FH.HDRLSIZE BITL14)»% LENGTH OF MYSELF IN BITS.
02 FH«NO.USERS.LOCK BIT{4)»
% NOLUSERS WHD HAYE IT DOPENED WITH LDCK
D2 FH.RECORD.SIZE BIT{20)»% LENGTH IN BITS.
02 FILLER BIT(4)»,% DON®T USE TILL 1977
D2 FH.RCDS.BLOCK BITL20)»%
02 FHaBLOCKS.AREA WORD»
02 FHeSEGS.AREA WORD»
o2 FH.AREAS.RQST 8IT {12)>»
02 FHa AREAL.CTR BIT (12)»
02 FHeEQF.POINTER HORD»
B2 FILLER BITC4)»¥XDON®T YUSE TILL 1977
02 FH.BP5.NO BITL{20)»2X
02 FH.BLOCK.COUNT BITL24)+% DONTT USE TILL 1977. IGNCRED Sa.t.
02 FH.FORMAT BIT{3)sZ% HITHERTO =0. FOR RELEASE, =1.
02 FH.HPF BIT(1)»% HITHERTO & BIT3.
02 FILLER BIT(24)>»
02 FH.CREATELTINME BIT{156)»% HITHERTO 0. HENIGE™S GENELROSITY.
22 FILLER BITL{8)»
14 FH-USERLINFO WORDo
02 FH.SAVE.FACTOR BIT (122
92 FH.CREATIOM.DATE BIT (16)»
02 FHLACCESS.DATE BIT{16)s%
02 FHLSERWLND EIT(24)»% DON'T REUSE TILL 1977. 5.1 IGNOAC
02 FHaMPF.ADDR DSK.ADR, X DONT REUSE TILL 1977
02 FILLER BIT(i)»
£2 FHUPDATELVERSION BOOLEAN»
02 FH.DMS5.WRITELCONTRGOL,
03 FH-DMS 2 TOLBELHRITITEN BOOLEAN
03 FH.DNS.CONTROLPOINT BOOLEAN»
02 FH.VERSION BITL356)» ¥ YEAR» JDAYH»TINE
02 FH.PROTECTION BIT (2),% HOST RJE
02 FH.PROYECTIONSLIOD BIT (2)»% HOST RJE
42 FILLER o BIT (16)»s% HOST RJE
02 FH.AREALADDRESS {1i95) DS5K.ADOR»
03 FHUNIT BIT (12), X
0% FH.PODORT CBIT (3. X
04 FHJ.CHAN BIT L4)» %
0% FHWLSERWNOLFLAG BOOLEAN, X
04 FH.EU BIT (4)» X
03 FHL.ADDR BIT £24);
#r %
MULTI-PACK EILES
The 81000 MLCP includes the capabitity to allow a file to extend

over more than on2 ramovable
known as 3 "Multi~Pack File"

some Limitations on the use of such filess
contain

or cartridges which
ramoved dindiscriminatelye.

pack or cartridge. Such a file 1is
(NPF). Quite obviousliys there are
The individuat packs

the file may not h=
details are

portions of
Yarious operational

contained in the ™B1700 Software Operational Guide™.
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BASE PACKS

A multi-pack fide may have only one ™Base Pack™ (BP). The namz
of the base pack is the pack id as specifiesd by the user in the
FPB of the multi=-pack fide. The base pack must be on line for
all OPENs of the file. The MCP may also require that the base
pack be on=line for other operationss» such as the assignment of a
new area of disk to the file. An appropriate sessage will be
typed on the console oprinter by the MCP if the base rpack is
required and it is not on=-line. The operator may then mount tha
base pack and the requesting program widl continue. The base
pack must be on 4ine when the file 1s closed if it was opened for
output or input/output.

A base pack may contain single fildess as well as multi-pack
filess in any combinations It may not» bDe a ®"continuation pack”™
for a multi=-pack file whose bDase pack is a different physical
pack or cartridges. c :

The file header for a multi=pack file is contained on the base
pack. It contains ali information concerning the files including
the addresses of every area assigned on the base pack to that
fide. For each area which resides on a continuation packs tha
header will contain the serial number of the continuation pack.
This allows the MCP to control ali processing of the file and
thereby avoids the necessity of updating each continuation pack
as the file is processed.

CONTINUATION PRACKS

A multi~pack file may» Dy definitions, rveside on two or @more packs
or cartridgesas When the file owverfloWs or ™continues™ to
additional packss the term ™continuation pack™ is used. A
pudti=pack file may reside on up to sixteen packs or cartridges.
There may bDe wup to fifteen continuation packs assigned to one
mudlti=pack file.

A continuation pack may be associated with only one base pack. A
continuation pack may contain only continyation filas; it may
not be a base pack for another file. & continuation psck may
contain finformation associated with wmore than one sulti-pack
filer» but atl of the fides must be assigned to the same basez
packe
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The file header, which is contained on the base pack for a
multi=-pack files contains disk addresses for only those areas of
disk which are assigned to the base packs The same statement can
be made of continatation packs’ the file header contained on a
continuation pack coentains disk addressas that are assigned on
that pack ondy. The fide header on the base pack contains the
serial number of the zppropriate continuation pack in the disk
address fields of the headers.

When a file overflows from the base packr the MCF will search for
another continuation pack that i35 already on-iine and that i1s
associated with the same base packe If such a continuation pack
is founds .the file automatically overflows to that continuatioen
packs I[f no such continuation pack is present on the systems the
NCP will then search for a scratch packes one which has ng files
on its with the same type as the base pack. "fypa™ here @means
"restricted” or unrestricted” and is determined when the pack is
initialized.

If such a scratch pack is founds the file automaticatly continues

to that packe If no such pack is founds the MCP tepmporarily
halts the program and prints an appropriate mpessage on the
console printer. The program may be continued when a suitable

continuation pack is present on the system.

MULII=£2ACK EILE INEQORMATIGN JABLE

When a3 mul ti-pack file is opened inputs the file®s header is read
into memory from the base packs When a muiti-pack file is opened
gutputs and neue a header is5 constructed in memory fraowm
information in the program?s FPB and information from the base
packs. During OPEN the MCP widd find space on the system pack for
a mnmulti=-pack file information table. The table will contain
specific information about the bhase packr along wWwith an exact
copy o0of the disk file header from the base pack. This copy of
the header is treated as a wWorking copy while the file 1s open.
The header on the base pack may therefore not always be correcte.

The format of the MPFLINFO.TABLE i3 presented helow. One
MPF.INFOLTABLE per file is5 raeguiredr, regardless of the nunber of
usef ss
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FIELD NAME

01 MPF.INFO.TABLE
02 MPF .FORWARD

02 MPF.BACKWARD

02 MPFa.SELF

02 MPF.NAME

02 MPF.HEADER.SIZE

02 MPF.HEADER.ADDRESS

02 MPF.BPS.NO
D2 MPF.OPEN.TYPE

02 MPF.NEW.FILE

02 MPF.NEW.AREA

02 MPF.CS

02 FILLER

D2 MPF.BASE.PACK.TYPE
D2 MPF.ARRAY

03 MNPF.ONLINE

B4 MPFLS5ERIAL.ND
04 MPF.HDR.DSK

TYPE

4

24
36

BITS
BITS
BITS
8ITs
CHAR
81715

BITS

8ITsS
BI7s

1 8IT

1 8471

BiT

1 BIT

BITS

BITS
BITS

342

COMPANY CONFIDENTIAL
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CESCRIPTION

ERE R B E R F 2§ F R

POINTER 710 NEXT MPF TABLE.
POINTER 70 PREVIDUS MNPF TABLE.
POINTER TO THIS MPF TABLE.
FILE-IDENTIFIER.

SIZE OF COMPOSITE HEADER
MAINTAINED BY THE MCP.

POINTER 70 THE CDOMPOSITE HEADER
IN MEMORY.

BASE PACK (8P) SERTAL NUMBER.
TYPE OF FILE OPENED. SANE AS
DFH.OPEN.TYPE IN DISK FILE HEADER.
MCP FLAG USED IF THIS IS A NEW
FILE.

MCP FLAG USED IF NEW AREA HAS
ADDED.

MCP FLAG TO MARK IF CLEAR/TITARTY
WAS PERFORMED SINCE TEIS ENTRY
WAS CREATED.

TYPE OF PACK USED AS 8P.
1=RESTRICTED, 2=UNRESTRICTED
USED T0 RECORD ALL PACKS THATY
ARE ON-LINE.

MAXIMUM OF 16 ITENS IN ARRAY.
SERIAL NUMBER OF THE PACK.

DISK ADDRESS OF THE FILE HEADER
ON THE PACK.

MULTI-PACK EILE GENEBAL BESIRILIIONS

In addition to any

restrictions listed in the foregoing» the

items below are alsoc applicable to multi=-pack files.

1. Since a system cartridge may not be a base pack»
on systenms

files are onily

drives.

operational

anul ti-pack
with two or wmore

Z2» Adt packs containing any part of a muiti=-pack file must have
unigue serial numbers.
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ERINTER EILES

AL Burroughs printers and controls have hardware capability of
spacing the paper after writing a line of output but no
capability of spacing the paper before writing the line. Hith
the advent of the ANSI *7&4 COBOL Language in the 9.0 wversion of
the softwara, the nesd for a more efficient mesns of performing
the COBOL WRITE AFTER ADVANCING statementi became apparent. in
prior versionss, this operation was implemented by the cowpilers,
generated two actuat I/0 cowmmunicate operators for each such
statement encountered. The first of the two wWwas a Position
communicate or a WRITE of a tine of blanks? the second was a
WRITE of the actual record with no paper motion specifiedse This,
of courser» resuited in tuwo commundcates as well as two physical
I0s for every 1ogical WRITE AFTER ADVANCING operatione. The
change described bedlow was first implemented in the %.0 Operating
System and is dincluded in ali subseguent versions.

The goal of this wmodification #as to reduce the nuasber of
communicate operations to one per {ogical WRITE and to reduce the
physical I/0 operations to one per communicate operation using
the existing printer hardwares. This was accomplished by delaying
the initiation of the physical I/0 operation untid the folilowing
{ogicat WRITE is receiveda. 8y knowing both the previcus and
current logical I70 requests» a physical I/0 can be initiated
which corresponds to the first request and takes advantage of the
Burroughs harduware.

The diagram in Figure 1 shous the relationship between the 1ast
ingical request issued by the users the current logical vrequest
and the actual physical I/0 operation that wild be performed.
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\
Current\ Pending
Logicat ©\ Operation
Reque st A
] Nuld Hrites No Space Hrite Sefore
| Single Space
" " -
Writer, 1 No=ops» {f Writer No Space 1 Write, Space 1 1
No Space 1 Pendingz= 1 Pendings= 1 Pendings:= 1
1 Writes/No i Hrite/No 1 Write/No {
A - -
Hrite/8 1 No=0p» {1 Hrites No Space 1 Hrites3 Space 1 1
Space 1 1 Pendings= 1 Pendings:= 1 Pendings:= 1
i WritesB Space 1 1 Write/B 3pace 1 1 Write/B Space 1 4
] ] O 0
Write/8 1 UWrite/B Space 2 1 HWrites, No Space 1 Write/B Space 1 1§
Space 2 1 Pendings=Nudl 1 Write/3 Space 2 1 WritesB Space 2 1
1 ! Pendings=Nuil {§ Pendings=Null 1
1
Write/& 1} Space 1 1 Write/8 S5pace 1 1 Write/B Space 2 1
Space 1 1} Pendings= i Panding:= L] Pandingsi= ]
t Hrites No Spaca | Writes No Space | HWrites No Space i
B 8 T -
Writesa 1 Space 2 1 Write/B Space 2 1 HritesB Space 2 1
Space 2 1 Pendings:= | Pending:= 1 Space 1 L]
1 Writes No Space 1 HWrites, No Space i Pendingss= 1
i ] 1 Hrite», No Space 1
A -
Hrite/3 V1 HritesB8 Channel 1 HWrite» No Space 1 Hrite/B 5S5pace 1 1
Channed 1 Pendingz=Null 1 HWrite/B Channel } UWrite/8 Channet 1
{ 1 Pendings=Mult 1 Pending:=Null 1
]
Write/A 1 Space Channel | Write/B Channel | Hrite/B8 Space 1 1|
Channest 1 Pendings= 1 Pendings= 1 Space Chann=2d 1}
{ ¥rite, No 5Space | HWrite» No Space 1§ Pendings= 1
1 ] ' ] Hrite, No Space 1
L b b L L Ll Db b? Ll el b b bl bbb bl A el D et
Space N 1 Space X i Writa/B Space x | Hrite/B Space 2 1
1 Space {N=x) 1 Space {N=x) i Space (N-1) |
1 Pendingz=Nuili 1 Pendings=Nuil 1 Pendingz=Nuil 1§
" " -
Figure 1 =~ Logical/Physical I/0 Relationship
In the preceeding diagram» the operations within the table

I-44

correspond to the actual physical 170 opsrations that will b2
per formeds Wwhich will depend upon the current logical request
supplied by the user and any operations that are stiill pendirng

from the

previous request. Hrite/B and HWrite/A may be read

"Write Before™ and "Hrite After™. The syzbol (3=) may be read
"is replaced by". It can be seen in the diagram that some

logical

requests wildi» at timess result in two physicsi
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operations being initiated. Under these conditionss it may be
beneficial to supply 2ach printer file with at least two buLffers,
if the execution time of the program is ths onily concern. Total
system throughput will not be impacted significantly regardless
of the number of printer buffers and the types of operatiors
being performed. If the MCP rust wait for the completion of ary
printer physical I70 opsrations the time that is spent waiting
widll be masked by the processing nf other programs.

Along these same liness it should be remembered that any time a
Write operation is 1eft pending and control is returned to the
users» the MCP must have an available buffer to store the data
that is to be #Written. If no buffer is availables cantroi may
not be returned to the requesting user until a buffer becomes
available. Agains this time wild be overlapped with the
processing of other programs and system throughput should nrot be
significantly impacted.

The action presented in the preceeding chart for a Space
operation requires some explanation. A Space of more than two
lines must bas handlied by the S.HMCP. The Micro MCP will attempt
to space the reguested number of {ines without caliing the S.MCF,
but this is5 not aluways possible. in the diagrams when the
Pending gperation i35 equal to Nulds the Micro NCP witl space the
paper one or two lines», dndicated by "x™ in the diagrams and if
N=x is greater than zeros it will pass the gremainder to tha
SeMCP. Simitarlys when the Pending operation is equal to a Write
with No Spaces the Micro MCP widi issus a Write/B Space 1 or 2
{tiness also indicated by "x™ in the diagrams and if the remainder
is greater than zeros pass it to the 5.MCP. When the Pending
operation is a MWrite/8 Space 1»- the Micro MCP will issue 3
Write/B Space 2 and pass N=%1 to the 5.MCP» if N-1 > D.

LINAGE Clause

The LIKAGE ciauser in ANSI 74 CDBOL dis a mechanism which allous
the user to define a "Logical Page”™ format and reguest that the
Operating System maintain printer pages Which conform to thea
defined format» as weldl as a «current line position on that
{fogical page. In the languages the user may specify the Laogical
Page sizes an integer wWhich represents the number of {ines that
may be printed on any page. This attribute wild be known as
PAGELSIZE in the remainder of this discusion.

The user may also specify an Upper Margins an area at the top of
each page where nothing will be printeds Louser Margins a simitar
area at the bottom of each page» and a Footing areas a specified
number of 1lines in the page body immediately 3bove the Lower
Margin areae. The  user may also ask to know the number of the
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{ine in the page body Wwhera the dast Line of output was oprinted.
This requires that the Operating 3System maintain a Lline counters
which will be the number of 1lines written on the current psge.

The implementation is called tha ™Logical Page” function in the
Operating System and it includes the following:

1» Positioning to the beginning of the page body i.2. past the
top margin at OPEN or at page overflow.

2. Reporting End-of-Page whan the user writes or spaces Within
the footing area and reguests E{OP reporting.

3. Detscting pages overflowa. Page overfiow is defired as
occurring whensaver the execution of a WRITE would teave the
iine counter positioned past the page bHody.

f« Updating the {1ogical page description uWwhen switching frow
one Hogical page size to anothers

Essentialiyr the implementation osbeys the rules presented in the
ANSY '"74 C0OBDL specifications. The operating systems wild
maintain a line counter» a current logical page description and a
new dogical page decription. The line counter represents the
position on the page body following the opsn or the last {iogical
Write. The current logical page description is used to detect
end=of=page and page ovarfiow. The neuw dogical page description
is wused 1o initialize the current 1logical page description uwhen
page overflow is detected and to calcudlate the number of tines to
the first 4ine of the next page bodya

If the user has specified end-of-page reporting and the lire
counter {is greater than or egual te the Lline number at which the
footing beginss then on completion of the WRITE, E£0OP is reported
to the users 1§ the dine counter wouid be greater than the line
number at which the bottom margin begins at the end of the
{ogical WRITEs an dmplicit position to the first line of the next
page body is generated according to the before/after variant of
the urite statement. At this point the line counter will be set
to 1. The number of 4ines to skip §s calculated according to the
following formula:

Lines.to.skip 2= current.page.body-size = line.counter +
current.bottom.margin.size * nedw.top.margin.size’;
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The Logical Page description is updated if necessary when 3 write
occurs that causes page over flow or whenever an advance to top of
page OCCUTrSa» :

To access the line counter requires a File Atiribute Comrpunicate
from the uUsSer progran. This witd be of no concern to ANSI 74
CO0BOL users:s they need only be concerned with the proper syntax
in that tlanguage for refarencing the dine counter. The Logicai
Page definition i5 changed to the values included 1in the Write
Communicate format whenever page overflow 1is detected. To
accomodats the above requirements» the format had to be expanded
as shown in Figure 2 in the HWRITE AFTER ADVANCING section of this
document presented previousiy.

The Logical Page implementation» since it is implemented entirely
in softwara, 38 useable even when the file is directed to a
Backup mediuma The Logical Page implementation is also useabls
by programs that are written in languages other thanm ANSI '74
cOBOL. This is 2ffected by the implementation o¢f additionat
syntax in the FILE Control Card. Progarms may be permanently
modified to incorporats the required new attributes. The Logicat
Page function is activated by the PAGE.SIZE attribute in the File
Parametsr Biocke. When s printer fila is opened and PAGELSIZE
contains a3 value other than zeror, page format widdl bDe controlied
by the Logical Page software implementation and the physical
carriage contrvrol tape on the devicse #ill be compietely ignored
after the file is opena.

It is important to note that the Channel One punchr, as well as
the Channel Tuwelve punch in the carriage control tape is5 ignored
after the file 145 open.  According to ANSI "T4 coBoL
specificationss this is as 3t should be but it dictates that the
attributes which govern logical page format must be specifiad
such that the 4dogical page size plus the upper margin plus the
lower margin must total the exact number of lines on the physicat
page. If this is not dones» then sventually at teasts fines witt
be printed on the crease between the physical pages.
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The relevant attributes may be referenced in the FILE <Control
Card as shown belowe.

Attributs Abbraviation Function

Py o o s s - — - -~ —— - - S o— o — -~ —

PAGE.SIZE P35 The number of lines between the
Upper Margin and the Lower Margin.
May be set to any valus betwesen 1}
and 255 inclusivea

LOWER.MARGIN La¥ The number of lines from the page
body to the bottom of the form.
May be set to any value between
0 and 255 inclusive.

UPPER.MARGIN UM The number of lines from the botton
for top) of the form to the page Hody.
May be sat to any value betwesen
0 and 255 inclusive.

FODTING i £F00T7 The number of 1lines from the
beginning of the page body»
within Page.sizer to the point
whare the MCP widd begin to
report end=of~page to the uUsere.
May be set to any value between
1 and 255 inclusive.

ERINIER AND EUNCH DACKUP CAPABILITIES

The MCP includes the capability of directing the ocutput data for
printer and punch files to.intermediate storage. The storage
medium mays at the ussr?s options DPe magnetic tape or disk.
Backup files may not be directed to cassette or flexidisk media.
A utility routines named SYSTEM/BACKUP», is5 provided to aliow
users to retrieve the output data from the intermediate storage
medium,. For details on this routines refer to Product
Specification 2222 2681y System Backupe.

When the output is directed to magnetic taper sulti=-file tapes
are created unless the operator intervanes in sSope mannet. If
the operator does not interyenes the tape will be closed with no
rewind when the printer or punch file is closed in the program.
The next printsr or punch fide which is opened by any executing
program and directed to backup tape storage wilil then be added to
the existing tapee. This process wiill continue untii the operator
intervenes or untii the physical 2nd of the tape reel is reached.
Operator intervention procedures are described in the Softsware
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Operational Guide and in the MCP <Control Syntax Product
Specification.

When the output data is directed to intermediate storage on disk.,
it is entered in the Disk Oiresctory whsn the printer or punch
file in the program is cdosed. At that timesr it may be accessad
by any prograns though - the data contained therein may he
undecipherable unless the accessing program is written exgressly
for this purpose. The file may nots under any circumstances» be
accessad prior to the time the file is closad.

BACKUP EILE BLOCKING FACIDRS

The OPEN routine in the MCP attempts to optimize the size of the
physical blocks associated with a Backup files, according to the
declared size of the logical records in the file. The block wili
typically be set to a size eqguivalent to three or four disk
sactorss 2ach of 180 bytess by the M{P. in order to predict the
block size that the MCP witl select for any given logical record
sizesr it is5 necessary to consider the control information that
the MCP stores in the first physical block of the file as weil as
the declared record size. The algorithm that is used by the MCP
to select a bilock size i5 not easily described. The block size
which is selected i5 stored in the fiie Label» for tape files»
and 1in the Disk File Header for disk files. The iogical record
size is also stored in these fieldsa.

Consequentiy» using the Default File Attributs, which i3
described in the Software Operational Guide and in another part
of this specifications, the user may access Backup fitles without
knowing the blocking factor and logical record size in advance.
Since the algorithm that is used by the MCP to caiculate block
size may change from wversion to versions this w®eans of
determining the blocking factor used is preferred. The atgorithn
that {ds ‘dincduded 1in the B.D wversion of the MLP is described in
the paragraphs that follow.

The logical record size declared in a file in a user?s progran
may be any size. if the file is directed to Backup storager it
is set to a maximum of 132 bytess The logical record size is
then idncremented by two bytes. This additional sixteen bpits of
information is necessary to contain the formatting information
which is passed with each MWrite and Position communicats
operator. oy '

If the file is being directed to magnetic taper the record size
is then incrementedsr df necessarys to force it to a number which
is modulo forty-eight. This is necessary since seven=track tape
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units require block sizes which are2 moduio six and phase=encoded
drives require biock sizes which are modulo sixteena It swould
net be sufficient to insure that only block sizes ®eet this
requirements howevers» since the blocks on any tape file may bHe
partial blocks which contain one or more records.

The buffer size widl always be made 4arge enough to contain 100
bits of controit information plus 1668 bits to contain thz
original File Parameter Block as #t appesared in the user‘®s
programs plusr, 1f the file s a printer files 1072 bits to
contain a fils label pilus its associated spacing information. If
the originadl file is a punch file, a space of 548 bits is
reserved for the {dabel instesad of 1072. The one fact which
compiicates this calculation is that ail three of the itess
listed above must begin on a logical record boundary within the
physical bldocke. Consequentlys for g file with a declared record
size of 132 bytes» which is converted to 134 bytes or 1072 bits
by the OPEN routiner the FP8 will begin on the 1073rd bit in the
first physical block of the fila. The file labels if there is
oner» wWill begin on the 3217th hiv (3 x 1072). The first output
data record widl then begin on the 4289th bit. The block wiil he
made large enough to insure that the first block contains at
{east one dogical record in addition to all of the informatiaon
listed above.

For backup files which are directed to intermediate storage on
disk» the block siza computed above is then incremented, if
necessary» to make the size module 1440. The number of records
per block 1ds then coaputed from record size and block size.
End=of=File is never reported to a user program when a Backup
file i3 being created. The MCP sutomatically closes the file
when it is full and also automatically opens a new Backup file.
The identifier assigned to the sscond file will revert to the
standard naming convention for Backup fiies. The NFID widdl be
set to EBACKUP.PRT and. the ID Field will be set to the next
sequential number maintained by the systema. Ai{1 other Backup
file attributess, such as the number of copies regquesteds» will be
retained in the second and subsegquent files. " Only the name
requested by the user widl be losta. ‘

The #HCP also allows users to specify the fite attributes Blocks
per Area {BLOCKS.AREA or B.A)» Records per Block {(RECORDS.BLOCK
or Ra.8)» and Number of Areas (AREAS or ARE) for pgrinter files and
these specified values wild override the system's default values
for the same attributes. Using the proper setting ocf these
values and the automatic closing and reopening described in the
preceeding paragraphs users may begin printing a Backup file
while the program which created it is still executing and
creating the second or subsequent portion of the same file.
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Records in Printer files may not be blocked. Consequentiys the
Records per Block attribute is not applicable when the file s
directed to the printer. Records per Block is utilized orly when
the file is directed to a Backup medium. Also» the value
specified for Records per Block must be greater than a sinimunm
value» which is a function of the record size associated with the
fide and which 1is computed by the MCP when the file is opened.
It is reccomended that users not set Records per Block for
Printer fitles in the use of this facility but establish the file
size via the Blocks per Area and Number of Arsas attributes oniy.
for a file with 132-byte records» Records per Block will be set
to five by the MCP unless overridden by the user. The simplest
means of determining the vadus that witdl be computed for Records
per Block by the MLCP for any other giwen record size is to direct
such a file to the backup medium and interrogate Records per
Blocke.

The MCP insures that access to a backup file is in serial mode
onlye. 1f the user had reguested more than two buffers on the
original filer the number is reduced to two on the backup file.
Iin a simitar manners the MCP timits the number of disk areas
requested to 25. - The file type in the original FP8 is then
changed to indicate that the file was directed to disk or taps
intermediate storage.

BACKUP EILE CONIROL INEQRMAIION

The first block in any backup file is fitted almost entirely w«ith
control information. This information is used by SYSTEM/BACKU?P
when the file is printed or punched. -The first tuenty=-four bits
of the block wWidl contain the logical record size, in bitses as
computed by the prior portion of the 0OPEN routinea. The next six
bits of the block wid contain the number of bits that the record
5ize was incremented to make it modudo forty-eight», if the backup
medium was magnetic tape. If the backup medium was disks thesse
s5ix bits wild be equal to zero. The next sighteen bits specify
the controi information size» in bits. This field will contain
the number of bits which are used in the first block of the file
to contain the controt informations exciusive of the fFile
Paramater Block and the 1abel. In the 9.0 version of the NCP»
this number will be equal to 100, although altl of the 100 bits
may not be useda ' ,

The next twenty=-four bits of the block will specify the FPB size»
in bitse. This number may vary from release to reledse. For the
9,0 wvarsion of the softwares the FPB size is 16568 bitss The naxt
twenty=four bits will contain the size of the {abels, if any,
associated with the printer or punch file. This field wiid
always contain these vsluess» regardless of whether the file is
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4iabeled or not. The next four bits widl conptain a number which

specifies the type of label that is contained in the 1abel area.
In all casesrs at the present time» this number will be either
Zeros» indicating a standard 1abels» or ones idndicating that the
file is uniabetlled.

Uniess the computed logical record size of the §file 15 exactly
equal to the size of the control information {isted above, 100
bits for the 8.0 version of the MCP» a filler will be added after
the <controd information. This fidler widll be of a size
sufficient to make the next fiald in the ¥first block, the FP3,
begin on a logicat record boundary. For examples §f the originat
togical record size was 132 bytes and the backup medium was disks
the fidler woudd consist of 964 bitse.

The next field in the first block of the file will be the
original File Parameter Block 3s it appeared in the user progran
and before any changes ware wmade by the OPEN routine. Ontly
pertinent informations delinited by ¢the size specified by
FPBeSIZE widl be includeds. Foliowing the FPB» another filler
Wwill probably be regquired to make the next fisld in the first
blocks the originai file 1iabeil» begin on a logical record
boundarya.

Actualdy» sixteen bits of spacing information precedes the fite
Label? the spacing information fhus begins on the logical record
boundary. For the labels, all of the sixteen bits will be set to
zeros These sixteen bits widd be followed by the labels which is
censtructed exactly as if the file had been directed to its
intended medium originaliy. The Label is always constructed and
stored in the Backup files regardliess of whether the original
file was labelled of not. SYSTEN/BACKUP may or wmay not caise the
Label to be printed or punched» depending upon whether the fila
Wwas or was not 1abetled. The label in the first block will bhe
foldowed by a fidders if necessary» to allow the first logical
record of output data to DbDa2gin on a fogical record boundary
within the block. The first block #ill always centain at ieast
one 1ogical outputr record. :

gACKUP EJLE LOGICAL RECORD EORMAI

Fach logical record in the file Wwill consist of sixteen bits of
formatting information foldowsd by the user?®s outout datar
unaltered., If the 1logical record was generated by a Position
communicate operators the contents of the data fiedd are
unde fined and are ignored by SYSTEM/BACKUP. The sixteen bits are
defined as folliows.
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Beginning with the 9.0 version of the softwarss the sixteen bits
of carriage control information are subdivided as?

01 CARRIAGE_CONTROL BIT (156)»
D2 FILLER BIT (33»
02 BEFORE_AFTER BIT (1)»
02 CHANNEL_DR_SPACING BIT (8)»
D2 TYPE BIT (4)3

in the description abovesr the BEFDRE_AFTER field is applicabie eon
WRITE operations which are directed to a printer Tile. A one in
this bit position indicates the operation was HWRITE AFTER
ADVANCING. The CHANNEL_OR_SPACING field corresponds to the eight
bits of spacing information passed on a WRITE communicate in the
CT.ADYERE field in the communicate operatora. These bits are
defined dn the BDemand Management section of this documents Dut
the dafinition is repeated here for reference.

CHANNEL _OR_SPACING

0000 = No paper motion
0001 = 3kip to Channel One
0002 = Skip to Channel Two

-

i i

1011 = S5kip to Channel Elewven

1100 = Skip to Channal Tuelve

1101 = 5kip to first line of the form (1500 LPM
printer only)

1110 = Singls spacs

1111 =~ Double space

Wi

non

The TYPE field in the descriptisn provides information on tha
type of communicate issued by the user on this record. The
CARRIAGE _UR_SPACING vatue will have different meanings», depending
upon the vatue of the TYPE field. The correspondense between ths
two is shown belou.

TYPE Operation CARRIAGE_OR_SPACING Value

coao WRITE Printer Channel Nunmber

£001 WRITE Punch Stacker Numbar

0010 SPACE Number of Hecords to Position

0011 SPACE Printer Channel Number on Position

100 WRITE Printer Spacing Information
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Belatiye Files

A Relative file consists of records which are identified by
relative record nunmbers. The file may be thought of as corposed
of a serial string of areas» each capabie of hoeiding a 1ogical
record. Each of these areas is denominated by a relative record
number . For exampler the tenth record is the one addressed by
the relative record onumber 10 and is in the tenth record area,
whether or not records have been written in the first through the
ninth racord area. Relative filas are implemented using direct
filesa

Rirect Eilses

Direct is the primitive file organization. A direct file is
divided into 3 number of "record slots"™ of fixed lengths =each of
which may contain one record. A record stot is Tempty" if it
contains no valid record. Fuldl record slots m3ay be made empty by
dedeting the record they contains making the contants
unaccessable through tha normal mechanisg. Since ail bit
patterns are potentialiy mearningful as datas a3 separate area in
each block of the file is maintained to indicate which record
slots within that bDlock have been used., There widdl be one such
"Presence Bit®™ for each record slot in that block and the bit
vector thus formed is known as the Block Control Information
(BCI). The wuser is not alliowed to have access to the Block
Contrel Information under normal circumstances.

Belatixe Eile Data Sirtuctuce

The Relative fide is5 a dirsct filea.' The blocks of the Relative
file contain Block Control Information (BCI) as well as data
recordse. The numbsr of data ra2cords in a block is5 conatined in
the "Records per Block™ fjeld of the disk fide header in the case
of an existing file. Originadlys of courses this nusber is
specified by the user programmer in his File Declaration. The
data records wild be located on bDyte boundaries tc confore with
the addressing capabidities of the B1000 Interpreters. The B¢CIH
witl therefore be padded with zeroes to insure thiss. When a
Relative fide is onriginatdy created, all of the record slots are
emptys Consequently» the presence bits in the BCI must be
initialized when the aresa is5 allocated.

N

S‘\/éf“w\/ FokontT
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Belative File Disk Initiasdlization

The wuse of presence bits to idindicate that a record has been
written into an available record sliot means that disk areas that
are allocated to a3 Relative file must be initialized when they
are aldlocated. All presence bHits din the Block Controd
Information must be set to zero at this time.

When a disk area is requireds the MCP will De responsible for
aliocating the argar and widll also be responsible for
initializing presence Ditsa. If the access mode of the file is
sequential, the MCP just aitlocates the area and the Logicat X710
routines Wil initialize each block before accessing it. If the
access made is random or dynamics the MCP widl dnitialize the
entire area being allocated by automatically executing a special
initiadfzation program which widd run at the wuser®s priority.
The wuser wWill have the option of executing this program himsal f»
prior tn executing the program which accesses the file» to
initialize the entire file or any areas he choses. In the
spequential moder if the file is closed with the EZ0F pointer not
at the end of an areasr the MCP wiil dnitialize the remainder of
that area.

The program which initializes newly aliocated disk areas for
Relative files is5 calied SYSTEM/RELLINIT. If this program is
called automaticadly by the MCP as described abowe» the progrape
which requested the new disk area will not be allowed to execute
until SYSTEM/REL.INIT has completed the initialization of the new
area. :

Belatixye Eile Paragefer Blocks (ER@s)

The fPB for a relative fide i35 the same as foraa Conventionatl
random file except that FPB.ACLESS idis5 set to a vaiue of 2.

e e e i i

Relative Qisk Eile Headers (QFHs2

The OFH for a relative file is the same as for a Conventional
file except that the block size fiedld witl include the size of
the block control information.
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Beiative Eile Informatiop Blocks LEIBs)

The FIB for a relative fide 15 the same as for a Conventional
random filer except that a field which identifies the file as
being Relative has bhean added. The field 5 named the
FIBLORGANIZATION fdeldd and can assume wvalues of zeros indicating
a Conventional o+ AN3I *74 Seguential file» ones indicating a
Redative filesr and twor indicating an Indexsd Sequential file.

Buffers for Relative files will be the same as for Conventional
filesas They Wwild be alliocated when the file is opened with ore
170 descriptor for each buffer and the buffer size equal to the
block sizer» which is equal to the record size times the nurber of
records per block plus the size of the block control inforeation
{1 bit/record made modulo eight).

Buffer wmanagement for Relative files widl depend on the user?s
access method - Sequential, Random or Dynamics. For Random access
the management of the buffers widl be the same as that for
Conventional random fites. READ operations will be initiated on
demand and WRITE operations will be initiated immediately after
the logical I70 operation has occurred. If the access mode is
Sequential» the buffer management widl be the same as that for
Conventional serial files. The Open procedure will fitl all of
the buffers and the Operating System will try to stay ahead of
the user programs» initiating physical Read operations shen the
1ast 1logical record in a buffer has been delivered to a user and
initiating physical Writse pperations uwhen the 1ast logical record
of the buffer is received.

The Dynamic access mode in ANSI *7&4 COBOL atlows the user to
sWwitch between the Randow and Segquential modess. In the Dynamic
. access modes when switching from Sequential to Random» the last
block is written to disk if it has been updated. When switching
from Random to Seguential» the SMCP is called on to fill the
buffers as if an OPEN or Position had occurreds. In the ODynanmic
access modes’ ‘the access sode desireds, Random or Sequentials, must
be specified imn the communicate operator generated by each
logical READ operation.

Belative File Commuynicate QJperaiors

Three new communicate operations» corresponding to the verbhs
DELETE, START and REWRITE have been added to the 9.0 0Opsrating
Systenm. Yo simplify the implementation and to avoid potential
fite eqguivalence problemss new communicate operations for
relative files have been added to the socftuares rather than
modi fying an existing operation. The READ», HWRITE and REWRITE
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communicate operators have a format which 1is similar to the
format for the READ» WRITE and REWRITE communicate formats foar
conventional files. The format for the DELETE operations on
Relative files» 1is similar to the format for the same operation
on Indexed Sequential files. The ANSI *7% COBOL START verb has
been implemented as a new communicate and is handled by the Micro
MCPa
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indexed 3eguential Eiles

Indexed Sequential files consist of two new prigitive file types:
Direct files and Index fites. For each Indexed Sequentiat file
there is5 one and only one data file and this fite is implemented
as a Direct filea. For each ey of the Indexed Sequential file
there is a corresponding file of type "index™. In the MCFP codes
these two types are listed as INDEX.SEQ.DATALSET.FILE and
INDEX.SER.INDEXLFILES they will be refferred to as Direct files
and Index files in this document.

Direct Files

Direct files were discussead in the documentation on Helative
filess A oportion of that discussion is repeated here for
gonveniance. More details wild be found in the preceeding
di scussion. A Direct file i5 a primitive file type that is
divided into a number of "record slots” of fixed lengths, each of
which w@may contain one record. A record siot is "empty™ if it
contains no valid record. Fulil record siots may be made empty by
deleting the records they contain» making the contents of that
siot inaccessable by the normal mechanism. Since atll oDpit
patterns are potentially meaningful as a records a bit flag is
saintained for esach record siot to show the wvalidity of its
contents.

Since all record slots are the same size (MAXRECSIZE) the
absolute disk address can be easitly célculated from the recoard
slot number. The file is divided into groups of record slots
called "blocks™» each consisting of  "blocking factor™ record
slots plus the ™Block Control Information™s, a bit mask which
indicates the presence of a valid record plus snough filler bits
to make the container modulo eight. There is a significant
di fference between the Block Control Information for a3 Direct

file and an Index fide» hauaver.

Index Eiles

An Index file is the second new file type. Index files contain
fixed length records organized in tables with Block Control
Information to describe the table. Each block of an Index fije

will constitue a separate tablea The importance of this fact
widl be explained later.
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The records in the Index file consist of Key/A 5 pairss The

addresses point to other tables in the Index file or to records
of the Index Seguentijal file's data fide» the Direct file. The
tables in the Index file form a tree structure and the records in
the table are ordered by Xey value to aliow fast random access.

The tabies whose entries point to data records “are tinked
together to allow fast sequential accesss.

Llyster Eiles

In addition to these two new file typess there must resides
somewhere on diske information relating all of the warious ¥files
which compose an Indexed Segquential file. This information is
maintaineds by the MCPs in 3 third new structure which widd be a
separate conventional fidie on disk and which will be known as a
"Cluster™ file. The name of the Cluster file will correspond to
the user?®s declared name for his Indexed Sequential file. In the
MCP codes this file type is referred to as an
INDEXeSEC.GLOBAL FILE» though it Wwidl be called merely a Cluster
file in this document.

The Cluster file provides the abitity to rseference the entire
indexed Sequential fide structure by simply referencing the
Cluster file. ‘When the Compiters generate code which applies to
Indexed Seguential filess they actualdy reference the {luster
filesa The Cluster file witl contain the names o0f the other files
associated with the Indexed Seaquential file. As mentioned
previouslys» there wili be one Index file for each key 1listed in
the Indaxsd Sequential filea

The statement above dces not mean that all of the Index files
will be opened when a Cluster file is opened. The Index files
are oniy opened when they are first referenced in the progras and

this actually happens automaticalilys. = The compilers do not
generate code to open the Index files. The MCP simply detects
that the referenced Iindex file has not yet been opened, ocbtains

the mnecessary information from the Cluster filer»r and opens the
file.

The Liuster file does require an additional Disk File Header in
memorys, but only whide an Indexed Segquential file is being
opened., It i5 not necessary for it to be in memory after the
fite has been opened. The Cluster file also adds an entry to the
user?s disk directory. The diagram below shows a Cluster file
schematicaldy. This particular file has one primarys or "Prime™
Key and one Alternate Key.




3=69

BURROUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP B100D MCP 11
SANTA BARBARA PLANT P.5. 2212 5462 (E)
-
i Cluster i
1 Fite 1
Y . o
kIR B |
o mmmm n ] - -
] | N |
\Ni/ \Y ¥4 \N§/
o - pmmm .-
{ Primary 1 i Adternate | i Data i
1 Index 1 i Index i 1 File 1
t Fite ] .. 1  Fite 1 1 L |

This organization for Indexed Sequential files offers several
advantages over any other. Each files the file swhich contains
the actual data and asdl of the Index filess Wwill have fixed
record and block sizesa This will sigplify the problem of
managing the buffers that are assigned to thae filesa. g8oth of
these file types are nothing wore than Conventional files with
some order imposed upon the contents of the file, Conseguently.
the Disk File Headerss or "fFidla Descriptors™ required for each
file are the same-as those for CLonventional files. This 1is
discussed in morae detail later in the document.

Conceptualdiys this mechanism is esasier to visualize and implement
than swould be multipla structures residing in one physical file.
Al so» any of the files may be located an different spindles»
which widl cleardly improve performance» since arm movement time
may be overilapped» and sccess to all of the files may occur
asynchronously. The Direct filea and the Index fide may be
accessed independentiy of each othera.

The design does impose certain restrictions», which fall in the
category of "operaticnal” rastrictions and which do not idampact
performance. & <checking mechanism is required to insure the
integrity of files which are acrcessed indepsndentiy. The MCP
must insure that the correct version of the Index file is used
with its corresponding Direct fide. Alsor» some extra memory for
Disk File Headers wili be requiredr since more actual Feaders
will be required. A naming convention for aili of the files must
be imposads thus rempoving some small amount of genesrality fros
the user®s capabilities. This may actualiy be an advantages
however. The naming convention is implesented in the Compiler,
not in the MLPs, though this may not be apparent tor» and should
not be important to the user.
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The Ciuster file is a Conventional data file which contains the
inforaation relating all the component fites of the Indexed
Sequential file. The structure of the Cluster file 35 similar xo
the Data Base Dictionary format in the Data Management System.
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The DFH.EXTENSION and Structure Descriptor fields shown above are
both discussed in the paragraphs that foliowe. The pointer shown
above from the File Table is one of many. There is an entry for
each file in the File Table and each entry has a pointer to its
associated DFHLEXTENSION.

Indexad Seguential Data File Siructure

The data file of an Indexed Sequential file is a Direct file.
The blocks of the data file contain Bloack Control Information
~{BCI) and data recordss, similar to the blocks of a Relative fite
as presented previously. The number of data records in a block
is specified by the Recosrds per Block field of the disk file
header. A similar structure is used on Indexed Sequential files
in the 0ata Management Systen. Block Lontrol Information for the
Index files associated with atl Indexed Sequential files is
significantly different from that for Relative files.
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Indexed Seguential Ipdex Eile Structure

Index files contain records consisting of Xey/Address pairs
within a block. The file ditself is a tree structure whose nodes
are blockss Each block of the file is a node or table. The
first node is the root table. The root table and tables on att
levels except the last are called coarse tables. The tables 1in
the tast 4devel of the tree ars caliled fine tables. Entries in
coarse tables point to the next level table whose highest entry
matches the key of the coarse table entry. Fine table entries
point to 3 record in the Direct file whose ey matches the fine
table entry {3ee Figure 3). Fine tables are linked together in
logical order to provide fast sequential access and easier
Current Regord Pointer (CURRENT) amaintenance.

The addresses dn these tables are not absolute disk addresses.
Insteads they are thirty=tWo bit combinations of an area number,
a segment number within the area and a3 displacegent into the
segment. This displacenent is merely the record nuaber within
the blocke. ALl addressing of Index tables as well as of records
in the data file is accowmpiished on a relative basis as opposed
to an absodute one.

The blocks in Index files containm Block Control Informaticn of a
di fferent content and forwmat. The format and content of the
Btock Control Inforwation wmaintained in an Index file is showun
below. & simidlar structure exists for DMS Index files.

01 INDEX.FILE BCI BI7 {333;
02 BC.TYPE BIT (2)»% 0=COARSE, I1=FINE
02 BC.PRESENT.RECORD.COUNT 31T (12)»

02 BC.NEXT.LOGICAL-BLOCK ' BIT 243X VALID FOR FINE TABLES

The individual records in the Index files have a fixed format;
since the HKey specified by the user nust be contained in thess
recordss the size of the records may vary with the keys but the
format will always be as shoun belows. The same format is ised by
the Data Management 3System for records in Index tables.
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D1 INDEX.RECORD DECLARATION»X FOR DM5 AND ANSI *7& INDEX FILES

02 IR.POINTER>»
03 IR.AREAL.DISP»

04 IR.AREA.NMBR BIT(8)»
04 IR.SEG.NMBR BIT(16)»
03 IR.OFFSET BIT(8)» X WALID FOR FINE TABLES
02 IR.KEY BIT(KEY.SIZE)?

The organization of an Index file is shown in the diagram below.
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Figure 2 = Index File Organization

This structure for the Index files allows the dmpléementation of
the most efficient search and addition algorithus. Linking the
tast d4evel of the fine tables together allous efficient
segquential access of the records in the data file. Using this
{tink, the CURRENT nesd oniy point to the last entry accessed 1in
the fine tables and not to the path through the coarse tables to
the fine tables. This eliminstes the need for gsestrictions on
the number of devels aliowed in order to maintain the CURRENT.
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It also makes checking for changes in the LCURRENT. caused Dy
other users accessing the filesr easier.

The File Parameter Bidock (FPB) of the Cluster file of an Indexed
Sequential file will be positioned in the <c¢ode file among the
other FPBs according to the order of it?s declaration in the
user?s source code. In addition to the dinformation normalily
contained in an FPB for a Conventional filer» a Cluster file FP3
widldl contain a type field which identifies it as a Cluster fitsz
FP8» 4 pointer to the data file FPB and an integer which
indicates the number of keys associated with the Index Sequentiat
file. There widld be one FPB for each Key declaered and these FP8s
will immediately follow the FPB for the data file in the <code
fide of the program. This is shown in the diagram in Figure 3.

Default wvalues are wused for the file attributes of a Cluster
file. The user may not change these wvatluesa. The number of disk
areas wWild be set to ones records per block wWildl be set to one,
block size will be set to 180 bytes and blocks per area wili De
set to 50« The ALL.AT.OPEN boolean Widl be sets causing the disk
area to be aliocated when the file is opened for the first time.
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% New fiald in 9.0 Softuare

Figure 3 = Code Fidle on Disk

Some changes wera2 also necassary in the Program Parameter Block
in the 9.0 software. The changes are regqguired to prevent
programs which contain Relative and Indexed Sequential files fraom
being exscuted on versions of the MLPs reisased prior to the 9.0
versions furthers program code files which are executed under
control of the 9.0 MLP msy no 41onger be axsecuted under controi of
any prior MCPs. For this reasons, users who anticipate returning
to prior versions of the NCP are advised to retain copies of
their code files and to not execute these copies under control of
the 9.0 software.
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Indexed Sgguential Memory Structures

Generallys the memory structures used in the Indexed Sequentiatl
implementation are much {ike the current Data Management Systenm
memory structuress with but a few exceptions which take advantaage
of the more specific requirements of the ANSI *'74 C0B0oL
definition. Untike DM5» which does not use File Informaticno
Blocks in memoryr, Indexed Sequential files widl have an FIB
dictionary entry which will point to an Indexed Sequentisl FIE.
Since the files may be shared among the prograss that are
executings this FI8 widil contain only the information pertinent
to a specific user and will be referred to as the UYser Specific
Information (USI) field.

The USI will contain a pointer to the file specific informations
the information that relates only to the file itself regardless
of who is5 using its. The central element in this structure is the
information necessary to relate the various component files of
the Indexed Sequenti al file.  This is actuaily globat
informations global to all of the users, and will contain a table
whose entries peint to information spscifically concerning the
component file. The structure which contains this inforwation is
referred to as the Indaex Fide Structure Descriptor (5TR). There
Wwill be one Structure Descriptor for the data file and ore for
each Index file associated with the Indexed Sequential file.

Structure Descripters contain pointers to the DFH, Buffers and
CURRENTY information associated with the various Index files. The
relationship of the various memory structures used is shown
diagramaticadly in Figure &.
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Figure & = [=5 Fite Memory Structures
EIB Dictionacigs

From the user's wiew pointr, Indexed Sequential files are  mwore
tike a Conventional Random files except for the fact that
symbol ic key wvalues are useds than they are like DOMS striuctures.
Though the Data #Management System is5 a superset of the Indexed
Sequential implementations the user is more 1likely to have
several small and transient Indexed Sequential files than one
{arge fite which he would treat as a data basa.
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4 secondarys» but important, goai of the design of the ANSI *74
CO0B0L 1implementation wss to allow a3 smooth integration of
Relative and Indexed Sequential files with the Conventional file
mechanisa. For this rsason and for other reasonss» 3cCe€s5S to an
Indexed Sequential FIB is via the FIB Dictionarys, which is alsa

used to access Conventienal file FiIBs. The FIE for an Indexed
Sequential file is itself quite different from the FIB8 for a
Conventional file. The Indexed Seguential file is associated

with several physical files», whereas the Conventional file is
associated Wwith only one. Also. more than one user way share the
informations including the data bufferss of an Indexed Segquential
F187 a Conventional fide FIB is used by only one user. if two
users are accessing the same physical Conventionai Ffile, aach
user wWili have his own FIB. ' :

For these reasons» an Indexed Sequential FIB contains three wajor
parts:

1» User Specific Information
2e File Giobal Information
3. CLomponant File Specific Information

The entry in the FIB dictionary <corresponding to the Indexed
Sequential file points to the User Specific Information (USI) of
this Indexed Sequential FIZ.

Indexed Sgguential User 3pecific Information (USI2

The USI contains information associated with one user onlvy. The
MCP must know how the user has opened the fiter, for example as
INPUT» and how the wuser §s accessing the files» such as
sequentialiy. This information i5 kept in the USI. User
statisticss status and MLP workspace are also %ept 1in this
Structure. Finaldiy» there 95 3 pointer to the next part of the
Indexed Sequential FIBs the global information associated with
the physicatl file. ’
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D2 FIB-COMMON.PORTION
03 FIB.BODLEANS
04 FIB.OPEN
04 FIB.CLOSING
04 FIB.OQUTPUTY
04 FI8.INPUT
03 FIB.ORGANIZATION
%1 RELATIVE
2 INDEXED/SEQUENTIAL
UST.FIBe»
03 FIBLUSI.NOTLFIRST.TIME. THRU
03 FIB.USI.LAST.OP.READ'
03 FIB.USI.DUPLICATE
D3 FIB.USI.MATCH.FOUND
03 FIBLUST.UPDATE.FLAG
03 FIBLUSILFIRST.PASS
03 FILLER
03 FIB.UST.ACCESS.NIDE
03 FIB-USTI.JOB.NUMBER
03 FIB.USI.RECORD.ADDRESS
03 FIB-USI.KEY.POINTER
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04 FIB-USI.BINARY.SEARCH.ARGUEMENTS

04 FIB.USI.INTERFACE.PADS
04 FIB.USI.SAVE.STATELAREA
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The path to a particular cozponent file is provided by a systenm
descriptor contained in a table of system descriptors. The first
antry of the table points to tha data file. The regaining
entries point to Index files» one for each key declared; they
appear in the ordar of the declaration of their corresponding
keyse. For any operation uwhich specifies a ¥eys the compiler will
specify the key numbers, whicth will be used as an index into this
tablee.

The global information consists of pointers to the chain of 1/0
descriptors to be used for operations on the Indexed Seguential
data files a count of users who are updating the files and Lock

bits to support ANSI *74 COBOL?s fide {devel 1lockout. Al so
contained in GLOBALS are the count and flag fields necessary to
enforce the prohibition on cdoncurrent updates. A progrsmamatic

description is shown belous

01 GLOBALS
02 GLDOB.VERSION.NUMBER BIT(8),
02 GLOB.NUMBER.OF.USERS BITL{B)»
02 GLOB.NUMBER.OF UPDATERS BIT(6)»
02 GLOB.DISK.COPY.ADDRESS DSK.ADR»
02 GLOB.SIZE.IN.BITS BITC16)»
02 GLOB.MEMORY. ADDRESS BIT(24)»
02 GLOE-LOCK.BITS BIT(2)»
02 GLOB.I0.DESC.CHAINLADDRESS BITC24),
02 GLOB.MAX.STRUCTURE ~-NUMBER BIT(B)»
02 GLOB.FLAGS BITL{6)»
03 GLOB.DMS.FILE BITC1)>»
03 FILLER , BITC(4)»
03 GLOB.WRITE-ERRGR S BIT(1).
02 GLOB-CONCURRENTLINFO» %X AT THIS DMS INFO AND
03 GLOB. INUSEL.COUNT BIT{®6)» % IS INFO ARE DIFFERENT
03 GLOB.CONCURRENT.FLAGS» * TIL STR DIRECTORY
04 GLOB.FILE.AVAILIL BIT(1)»

04 GLOBLUPDATE.REQUIRED.ORLINPROC BIT(1),
02 GLOB.STRUCTURE.DIRECTORY» _ v
03 GLOB-STRUCTURELDESCRIPTOR SY-DESCe

AL of the pointers to subseguent portinns of the Indexed
Sequential structure» all of which are known as Structure
Descriptorss are contained in the GLOBALS field. This simplifies
the task of maintaining the structures and it aliows the buffers
to be shared among the wvarious users. It adds one level of
indirection to al{ accesses to the data of course» but this
expense is small for the benefits it yieids.
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Indexed Saquential structures

kept in the Structure Descriptor.
the key within the data recordss

duplicates are allowedr and whether or -not it 1s the prime key
are all stored in the 57R. A programmatic description is
heao‘“‘

01 STRUCTURE_DESCRIPTOR»

02
02
02
n2
02
42
D2
o2
02
02
92
D2
n2
52
02

02
02

As shoun in Figure 4» the Structure Beicripfar“contains a pointer
the MCP-defined structure which
as it always has»

to the Disk Fide Header.
1ast {davel.

the

STR.NUMBER
STR.TYPE
STR<USERCOUNT
STR.BUFFER.LOCK
STR.BUFFER.LIST.POINTER
STR.RECORDS.PER.BLOCK
5TR.SEGMENTS .PER.BLOCK
STR.RECORDSIZE
STR.BLOCK. SIZE
STR.BLOCKS.PER.AREA
STR.SEGS.PER-AREA
STRe OF H. ADDRESS
FILLER
STR.CURRENT.POINTER
STR.FLAGS
03 STR.PRIMELKEY
03 STR.OUPLICATES.ALLOWED
03 STRSIMPLE.KEY
03 FILLER
STR.SPLITFACTOR
STR.KEY. INFO»
03 STR.NUMBER.OF.SUBJKEYS
03 STReSUB.KEY»

04 STR.ITEM.OFFSET

04 STR. ITEM.SIZE

04 STR.ITEM.SIGNED

04 STReITEM.DESCENDING

inforsation relating almost
characteristics of the {file.

headers

The

version of the

software to

This structures
exclusively

Any logical information in the
was obtained

COMPANY CONFIDENTIAL
81000 MCP Ii
2212 5462 (E)

Structure Descriptor is similar to an FIB for a Conventionail
removed
For the Index files of an
nacessary key information
For examplies

sizes

BIT(8)»
BIT(4)»
BITL(S)»
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implementation. Prior to the <creation of the 9.0 versions

several pieces of information associated with ©DMS Data Bases»
which should have been part of the DFH» were mairtained
separately due to a 1ack of available space in the then curent
definition of the disk file headere. Thesa fields have also bheen
incorporated in the new disk file header. The new format has
been designed ta prevent the occurrencs of such probless in the
future» whenever the need for new fields dn the DFH arisesa.

Risk Eile Hesader Extensions

Some efficient means of available disk space maintenance had to
be devised for Indexed Sequential files. To asccomplish thiss the
necessary information regarding the available space is maintained
in the Cluster file as a data record. HWhen an Indexed Sequential

file is openeds this information is brought into wmemcry and

stored 1A a memory area which witd immediately follow the Disk
File Header for the data file. This area is known as the Disk
File Header Extension.

Indexed 3eguential Disk Fidle Header Extensien

When the Indexed Sequential file is openedr» the information an
the available space within the Direct fidles a4l of which sgace is
not available as far as the system is concerneds is brought into
memory and stored in the DFH Extension. The format of this
information in memory is as shown below.

0l DFH-IS.EXTENSION»

02 FILLER BIT(158)»
02 DFH.IS.EXTENSION.SIZE BITC(186)»
02 DFHSISEXTENSION. VERSION BIT(36)»
02 DFH.IS.NEXT.FREE.RECORD BIT(32),
02 DFH.IS.NEXT.FREE.BLOCK BIT(32),
02 DFH.15.RO0T.TABLE ‘ BIT(24)»
D2 DFH-IS.UPDATE.FLAG BIT (1);

Indexed 32guential Ayailable Space Allogcatien

The Indexed Seqguentiat fidle systen maintains two fields in the
DFHLEXTENSION of each file which keep track of available space

within the Direct file. This available space should not na
confused with the available disk space that is maintained by the
system. Avaijlable space in an Indexed Seguential file or in a

Relative fiie means that a record has never besn wWritten into an
avaidlable record slot or that a record was wWwritten at some time
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but was subsegquently and is now deleted. To the systems all of
the space allocated to the file 4i§s in use and none of it is
availdabile.

Both of the available space pointers shown aboves

DFHe IS NEXTLFREELRECORD and DFH&ES'MEXT,FREE.SLQCK, Wili contain
addresses of blocks - which have availabile 3pace. The

NEXT-FREE.RECORD pointer does not actuadly point to a record but
points to the block which contains the available record siot.
Record slot aliocation within a block is accomplished using the
presence bits in the Block Controi Information for that block.

The DFH-IS.NEXTLFREE.BLOCK field will contain the area and block
number of the naxt totally available block at the logical end of
the fileas The first disk area of the data file is allocated when
the fide is firsr opened and the NEXT.FREE.BLOCK field ‘is set to
zero» a valid address» at that rime. Alsor when the file s
first openeds» the NEXTLFREE.RECORD field is sst to AIFFFFFFFF3.
When the Micro HMCP needs to add a record to the file ard the
NEXTFREELRECORD field contains 3FFFFFFFF3, it gweans that no
records are available in a block that has already been
initiadizeda The allocation must be accomplished using the

The Micro MCP witl then initialize the Presence Bits in the Hlock
Control Information of the block addressed by the NEXT.FREE.BLOCK
field» move the address which is in the NEXT.FREE.RECORD fielid,
in this case IFFFFFFFF2 to the first thirty=-two bits of the tast
record slot in the blocks move the address of this block to the
NEXTLFREELRECORD field and increment the NEXT.FREL.BLOCK field.
If the incramented value of the NEXT.FREE.BLOCK field causes this
disk area to exceed the specified size of a disk arear IFFFFFFFFA
Will be stored in the NEXT.FREE.BLOCK field instead. The use of
this value is discused in a subsequent paragraph.

The record which is being added is then moved to the first record
stot in the newly atlocated block» the presence bit for this slot
is set and the block is uwrittens The presence bits for tha
second and all subseguent record siots within that block witl b2
set to zeror due to the initiaiization process. IFFFFFFFFd» tha
value that was previously in the NEXT.FREE.RELORD fieldr will b=
stored in the first thirty-two bits of the Last record siot ir
the block.

When the next record is added to the filer the MNicro NCP wili
again examine the NEXT.FREE.RECORD field and it witl now contain
the address of the block that was just allocated. The Micro MCP
widl read the block into memorys, §if necessary» and exawmine the
Presence Bits in the fBilock Control Information. The firszt
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available record slot wiil be the second slot within the block.
The Presence Bit for this slot will be set ands if this is the
Last record slot in the blocks the IFFFFFFFF3 stored in the first
thirty=two bits of the record siot wild be wmoved back to the
NEXTAFREELRECORD fdeldr, and the record wildi then be stored ir the
siot. If the second record slot is not the 1last in the block.
IFFFFFFFF3 wild remain in the actual 4ast slot and the
NEXTJFREEL.RECORD field will not be changed.

Aliocation in the Direct file will proceed in this =®=anner,
asuming that no DELETE operations are performeds wuntil the ‘disk
area becomes filled and» .35 mentioned previocuslys, JFFFFFFFFI is
stored in the NEXTL.FREEC.BLOCK field. This value serves as an
indicator to the Micro MCP that the next disk area has not yag
been allocated by the 5.MCP. When the Micro MLP encounters this
valuer it merely passes control to the 53.MCP which will allocate
the area and storz its address in the disk file header and in the
NEXTLFREE.BLDCK fieldas The Micro MCP widi then initialize the
Block Control Information and procesd as was described
previousiye.

The process just described may be interrupted by the occurrence
of a DELETE request from a user. Hhen this occurs» the address
in the NEXT.FREFE.RECORD slot is stored in. the first thirty=-two
bits of the record being deleted» the Presence Bit associated
with the deieted record is reset and the block is written to
disks The address of the block which contains the deleted record
is then stored in the NEXT.FREE.RECORD field. The next time 23
record is added to the filer it will consequently be stored in
the area occupied by the record that was just ~deteted anrd the
NEXTLFREELRECORD fieid wili be restored to its prior value. This
operation should siiminate the nansd to periocicadly rewrite the
entire fide to eliminate large numbers of empty record siots, 3
process commondy known as "garbage collection™.

Should more than one record in a block be deleteds the Micro MCP
only needs ta insure that the first thirty-two bits of the last
available record siot in that block contains the address of the
next bDlock in which a record siot is available or JIFFFFFFFFQ if
there is no such next block. This is true even if alt of the
records in a block are dedleted. No pointers need be changed» in
this 1atter caser until the next DELETE operation occurs.
Assuming that no new records hawe been added in the interim, the
Nicro MCP then needs only to insure that the address of the block
which 1is totaldy empty is storad in the siot previously occupiad
by the deleted record.

Allocation of space for an Index file associated with an Indexad
Sequential fide is somewhat simpler than for a Data file, since
record availability does not have to be maintained. Whenever a
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record 1is deleted» ths pointer to that record in the Index file
is destroyed and the table contained in the biock s compacted.
The count of the actual number of antries in that blocks which is
maintained in the Block Control Information of an Index fiter s
decremanted. No other action is required for the Index fite.

Maintenance of the NEXT.FREE.BLOCK field of an Index file is
exactdly 1ike that for the data filea. This field wilid atways
contain the address of the next available block at the 1ogical
end of the file. The ®icro MCP widl set the fiedd to IFFFFFFFFI
when the next disk area must be alioscateds exactly as is done for
the data file.

The NEXTLFREELRECORD fiedd is used to address a 1linked d1ist of
blocks within the file that are coapletely =2mpty. This can ondy
orcur when atl of the records that were addressed through this
block have been deleted» a situation which should seldom occur in
actual use.

Index File Tabde Splitting

The "splitting” of fine tables in the Index file is an operation
that is always performad by the S5.NCP. Any time the addition of
a record to the file causes a need for 3 fine table to be divided

in tuos the Micro HWCP passes controd to the SDL portion.
Consequentliys the S.NCP performs most of the awailable space

maintenance for the Index fiiess while the Hicro MCP performs the
majority of this work for the data file.

Current Becord Pginter (CURRENI)

The CURRENT is a structure thats for ANSI *7& COGBOL» togicaitly
belongs in the User Specific Information field» since there is
only one CURRENT per user. There are two reasons for associating
the CURRENT with the Structure Descriptor,» howgver. First, DNS
has a CURRENT for each structure and a pointer exists in each SIR
to the appropriate CURRENT. To be compatible with DMS» each 5TR
of an Indexad Sequential file points to the CURRENT far that
structure. A current structure number is maintained ir the USI
to satisfy ANSI *74 requirements. Seconds since the file can he
shareds an operation by one user can affect the CURRENT of
another user. To guard against this» each CURRENT is checked
when an operation which can affect it 15 perforwed. To aid the
search of CURRENTs», they are 1inked togethers the first one being
pointed to by the 5TR. A programmatic description of the CURRENT
field is presented below.
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01 CURRENT_DECLARATION.
D2 CURLLINK BITC24)»
02 CUR.JOB. INVOKES»
03 CUR.CUR.JOB BIT(18)»
03 CURLCUR.INVDKE BIiT(6)»
02 CUR.STATUS BIT(2)» X 0-DEL» 1-VAL
02 CURLFINELTABLE»
03 CURS-AREA BITL8)»
03 CUR.BLOCK ' BITC16).
03 CUR.RECORD BIT(12)»
02 CUR.STATISTICS» '
03 CURLSTR.READ-COUNT BITL24)»
03 CUR.STR.WRITE.COUNT BIT(24)»
03 CURWSTRL.REWRITE .COUNT ' BIT(24),
03 CURLSTR.DELETE.COUNT BITC24)»
U3 CURASTR-SPECIAL.COUNT BITL24)»
03 CURLSTR.EXCEPTIONLCOUNT BIT{24)»
03 CURLSTR.PHY-READ-COUNT BITL24)»
03 CUR.STR-PHY.WRITELCOUNT BITL24)5

CURRENT HMaintepapce

The current is maintained for Indexed Sequential files which use
either Sequential access or Dynamic access. When the user is
accessing the file sequentiallys, “the current is maintained for
the key of reference (USI.CURRENTL.STRUCTURE). For output files»
the key of reference must be the prime key and CURRENT  always
points to the dlast entry written. For a new fites CURRENT is
initialized to point to the first entry but CUR.STATUS is set to
indicate the entry has not yat been written. For an old fite
opened OUTPUT EXTEND, the current is initialized to the last
entry written. The Micro MCP uses the current on output files to
insure that records are written in sequence»r a requirement of
ANSI 74& COBOL.

Sequential INPUT or INPUT~-QUTPUT files require that the current
points to the last record read. ' 0On the next READ operations the
current is incrementad to point to the mext availabie record. If
the current record is deleted or the CURRENT was positioned by an
OPEN or START» then CUR.STATUS is set toe indicate that a record
has not yet been read. The next READ wiid dediver the record and
reset CUR.STATUS. '

For fidles in Dynamic access mode» the meaning of CURRENT is more
complicated. The CURRENT wiitl be handled exactly as in the case
of  Seguentiatl INPUT or INPUT~-DUTPUT. This means that sore
sequences of operations may not produce the desired intuitive
result. The exampde below Ftlustrates the problen.
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Consider the Index table at the right. pemeencamayg
What should the result of .-a READ NEXT 1 ABLE i

bes in the following sequence of operations? i ©BOG 1

‘ i GOLF 1

ae READ{ABLE)» ADD(BAKER)» READ NEXT3 pmmmememany

b. READ(DOG)» DELETELDOG)» ADD(ECHO)» READ NEXT:
c» READ(DOG)» DELETELDOG)» ADDA(CHARLIE)» READ NEXT;

For our idmplementation the READ NEXT produces the fodlowing
resuitss

a. BAKER

b. GOLF

ca GOLF

Indexed Sgguential Buffer Hapagement

The method of aliocating buffers in prior versions of the NCP and
in the 9.0 version for Conventional files is known as Static
altocation. This method of allocating buffers is simples once
the number of buffers has been chosen by the usser. The buffers
are merely allocated when the file is opened and they remain
assigned to the file until it dis closed. if the nusber of
buffers alliocated is too smalls» howevers then operations upon the
file may be inefficient. If the number of buffers atlocated is
too 4darge» then nothing is gained in efficency and memory space
is wasted.

On an Indexed Sequential file particularlys, the number of buffers
actually needed wvaries with the type of obneration and the state
of the Indexed Sequential file. The optimum number of buffers is
best chosen dynamicaliy to avoid the disadvantages mentionad
abovea.

Allocating buffers on demand and deallocating them when the
memory they occupy i3 required for other purposes is known as
Dynamic adlocatione. Dynamic allocation has always been uged for
buffers associated with-a DMS data basea It i5 accompliished by
caldling the MCP?s memory.atiocation procesdurss, GETSPACEs whenever
3 buffer is required. Dealdocation is accomplished by atlowing
GETSPACE to overdiay DHS buffers when necessarys. Dynamic
aliocation has also been dnmplemented for Indexed Secuertial
filese

The management of buffers associated wWith an Indexed 3sgquertial
file presents a special groblem for the MLP» since there can be a
variable nunber of thems depeniing upon the opserations, 3and they
can bhe different sizess dapending upon which component file is
being accessed. To solve the problems associated with a3 variable
number of bufferss the Prioritized Memory Management algorithnms
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developed for the 7.0 releass should be used. This memory
manager goverlays buffers whenever space is needed and the
priority of a buffer makes it a candidate to be overiaid. The

FIFD Memory Management algorithm can be used but performance may
be impacted on a sulti-programming system.

Yo solve the probdems associated with wvariable size buffers
addressing the same Indexed Seguential filer all of the buffers
used for one structure are linked together and pointed to bty the
structure» so that all pbuffers in a chain are of the same size.

indexed Segueniial Buffer Descciplor (8D

The Buffer Descriptor is the structure used to maintain the
buffers associated with the Indexed Sequentiatl file. It contains
the necessary ink fieldss» identification fields, and state
information. Since the memory manager may overiay the first
buffer din a chain, the memory tink fields WML.POINTER, will
contain the structure address so that STR.BUFFER.LIST.POINTER may
be updated. A programmatic description of the Buffer Descriptaor
is presented below.

01 BUFFER_DESCRIPTOR»
02 8D. AREﬂ.BISPLACENENTa

D3 BD.AREA | BITL(8).

03 BD.OFFSET BIT(16)»
02 8D.USER.COUNT BITC4)»
02 BDeIN.MEMORY o BIT(1)»
02 8D.10.ERROR BITC(1)»
02 BO.WRITER.CONTROL» ‘

03 BD.REQUIRES.A.HWRITE 8ITC1),

03 BD.CONTROL.POINT BIT(1)»
N2 BDNEXT.BUFFER.DESCRIPTOR BIT(24)>
02 BD.PRIOR.BUFFER.DESCRIPTOR BIT(24)5

170 descriptors are shared among ail ‘the buffers. The BECIN and
END addresses in the descriptors may be modified uhen 2

descriptor is used by the (parating Systen. The nusmber of
buffers aliocated depends on the number of active structures
associated with the Indexed Sequential file. This technique

serves to minimize the number of descriptors in the disk chains
thus reducing the amount of processing required by GISM3», and it
minimizes the pmemory requirements for descriptorse. It does
require an allocation mechanism for descriptors, in addition %o
one for bufforss Dut this sxpense has been found to be wsorth the
benefitsa.
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Copcurrent Update QOpecations

Concurrent READ operations on the same record of an Indexed
Sequential file are always altnued. For the 3.0 versiorn of the
softwares, all logical update operationss WRITE and REWRITE, wild
be started only after all accesses to the file have been
suspended. These update operations widll inhibit further accesses
to the fide untid they complete. To users» it will appear that
concurrent updates to the file are allowedr though this will not
actualdy be the caseas

This restriction simplifies the code necessary to insure that the

appropriate buffers remain in nmemory. Since only one wupdate
operation can be in  process at any given times. the update
operation will begin with a BDUSERLCOUNT of zeroe. Once the

update o operation uses a buffer, that buffer?®s user count Will De
satutnNgggy thus prevsntang tha Memmry Managemant aignrzthn from
overtaying jts T S

Upon completion of the update operation ald user counts wiltl be
set to ZEeros. For READ opsrationss the user count field is not
used because each buffer need be wused only once during the
process of the communicate. The buffer is automaticalily
protected from bheing owerlaid while the I70 operation is in
Brocess.

The code necessary to insure the integrity of the file is also
sinplified. The Record Contantion problemss, the complex probieas
involving changes to the file while another user is accessing it»
are avoided. For the siaple case of one user a3t a time updating
the file» The simplified code provides better performance.

Disk 1/0 Eccor Procedures

The disk I/70 error procedures in the MCP perform a certain number
of retry operations each time a disk I/0 operation completes with
the Exception Bits Bit 1 starting from zerc., set tg one.
Jifferent procedures may be invokeds depending upon the type of
I70 oparation that has conpleted and the type of control and
drive that encountered the error. MCP 170 operations are handled
by a different procedure which is not as extensive as the ona
described below. The following description applles to I1/0 errors
on user 170 operations only.

The I/70 error procedure first checks the Memory Parity Error hit,
Bit 5 in the Result Descriptors,» received from the control. If
the bit is5s on» 1t performs a maximuzm of threa retry operastionss
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fegs the result and exits the procedures without investigating
any other bits in the result descriptor.

The procedure next checks the Transmission Parity Error bits, Bit
15 in the result descriptor. If this bit is on and if the unit
being used is not a B9482 disk cartridge, the procedure perforns
a maximum of three retry operationss d1ogs the result and exits
the procedure without checking any further. If the wunit 1is a
B9482» no retry operations are performed for this case but and
the investigation continues.

The procedure next checks the Not Ready bits Bit 2 in the result
descriptor. If this bit is ons the procedure performs a saximsun
of three retry operationss Logs the result and  exits the
procedure without checking any further.

The procedure next checks the HWrite Lockout bit, Bit 6 in the
result descriptor. If this bit is on» The procedure looks a3t the
170 descriptor itself. If the first three bits of the operation
code are 010, 011 or 101ls» which would denote HWriter» Initiatize
and Relocater the procedure performs a maximus of three retry
operations» logs the result and exits the procedure without
checking further. If the first three bits denote scamething other
than the three operations tisted, Bit © is idgnored ard the
investigation continues.

The procedurs next performs a Logical OR operaticn an:

1. The Sector Address Error bit» Bit 10,

2. The Seek Timeout bit» Bit 11,

3. {(The Address Parity bits Bit 9» AND not B9482)» and
4+ The Data Ergor bits Bit 3.

If the result of the Logicat OR operation is trues the procedur:
becomes complex and varies with the type of disk connected.
Before describing the procedure for each type of disks, some basic
procedures should be described.

The Qffset Progedure

The 0ffset Procedure s a subroutine of the disk I70 Error
procedures Basdically» it performs six retry operations. If any
one of the six effect recovery of the errors the procedure is
exited immediately regardiess of how many operations have heen
performed. The term "offset™ as used here denotes positioning
the disk heads slightiy off of the center of the cylinder
specified in the disk address. In aldl disk pack drives which may
pbe connected to the BlOOO systems offset may be specified in the
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inward (positive) or outward {negative) direction.

The first two operations requested by the 0Offset Procedure are
per formed with the original I/0 descriptor uynmodifisd. The nernt
two operations are performed with negative offset and the 1last
two are performed wWwith positive offset. ‘1f recovery is not
effected by any of the sixes all bits which may have been set in
the original I/0 descriptor to cause the offset operations are
reset and the procadure is exited.

Ihe Sitobe Progcedure

The tera "strobe™ as used here denotes beginning the actual read
operation sligtly bafore or after the point in the rotation of
the disk where it would normaily begine. The Strobe Procedure
calls the Offset Procedure a aaximun of three times. This may
cause a maximun of sighteen retry operations to be performed. If
any one of the eighteen effect recoveryr the procedura is exited
regardiess of how many operations have been performed.

The first call on the Offset Procadure is accomplished with the
original 170 descriptor in its unmodified form. This will cause
si X retry operations to occurs exactliy as described for tha
Offset Procedures provided recovery is not effected by any of the
Si Xe The next cadd is accoumptished with a bit set in the
descriptor wuhich widl cause early strobe tg occur. Hence»
another six retry operations may be performeds» two with early
stfobe and neo offsets tuwo with early strobe and positive offset
and tuwo wWwith eariy strobe and negative offset.

Twelve retry operations have been performed to this point. If
the error has not yet been correcteds the Offset Procedure is
again called Wwith bits set in the I/0 descriptor &o cause 1late
strobe to occur. This may result in another six retry operations
being performeds as doscribed for the Offset Procedures, altl with
bits set in the I[70 descriptor to cause fate strobing to occur.

If none of these edightsen operations effect recovary, aitl bits
which may have been set din the 173 descriptor are reset ard the
procedure i35 exited. In the Strobe Procedure and in the (ffset
Procedures» if any retry operation does effect recoverys the /0
descriptor resposibie is5 entered in the log prior to axiting the
Procedurs.
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Ihe Errcog Corrsciion Progedute

All varjeties of disk pack that may be <connected to the 81000
system and some varieties of disk cartridge dnciude error
correcting capabilites in the form of a Fire Code remrainder
stor ed inmediately after the 1440-bit data segment. The
remainder is fifty=-six bits in tength on the 207 dis¥ pack and
thirty=tuwo bits in dength on all others. It is computed and
stored by the disk harduare when the data segment is written. If
an error should occur when the data segment is reads, the data as
it should have been written may be reconstructeds provided aldi of
the bits in the data that are idncorrect reside in the sase
*ourst™ of bits and provided thes dlength of this burst does not
exceed a specified {imiting nusber of bits. '

The Ervor Correction Procedure obtains a 2+080~=bit buffer fronm
avaidable memory. If such megory i5 not availabier the routine
exits without attespting to correct the errotr. In altl cases»
when error correction is performed, ald of the segments described
by the original descriptor are read and corrected one sector at a
timo. For ail disk devices which store the 32-bit remainder but
Wwhich do not have the abidity to correct Burst errors in input
datas the procedure must operate in this manner. Devices which
are capable of performing error correction» such as the 207 disk
drive» are capable of doing so on multiple=sector read
operationse but this feature is not utdilized by the softwarae.
Rather» atl of the sectors are. sead one sector per opevration and
the exact addresses of adl ~failed sectors are logged. This
information Wwould be 4o0ost on a suttiple~sector read operation.

Error correction is performed by the software for all varieties
of disk pack except the 207. The 207 hardware includes error
correcting capabilities. Error correction is also perforzed by
the software for the B?482 Disk Cartridges The softwares is
capable of correcting a six=pit error burst.' The 207 hardware is
capable of correcting an eleven~bit bursts.

Data and Address £rror Recovery = 215 And 223 Qcives

Two different varieties of 215 and 225 disk pack drives have been
delivered during the 1ife of the B1000 hardware, These varieties
are known as Design Level One {(DL-1) and Design Level Two (DL-2).
For both varietiess» the Strobe Procedure is invoked but there are
some operational differences in tha hardware itself. in DL-=1
drivess the Dits which cause plus and minus offset and early and
fate strobing are ignored by the hardwares since it does nat
include these capabilities. Consequentiy» on DL-1 drivess a
total of up to eighteen retry operaticns Wwili be performed by the
Strobe Procedure, but they witd actuadily be nothing more than
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eighteen repetitions of the originat I/0 descriptor. DL=2 drives
include & fult complement of offset and strobe capabilities. The
software cannot distinguish betueen the two types of drive.

If none of the eidighteen reo2try operations caused by the Strohbe
Procedure effect recovery», the I/0 descriptor is restored to its
original states and the Error Correction Procedure is invoked.
Each segment described by the I/0 descriptor is read individuatly
and error correction is performeads if possible, by the software.
In adl casesr» the results of the recovery attempt are entersd in
the Engineering Logs

Data and Address Ecror Begevery = 205 And 206 DOrives

for 205 and 206 disk drivesr, the Strobe Procedure is performed
exactly as it 5 describeda. Eighteen +etry operations are
performeds two operations with 2ach possibia combination of tha
strobe and offset variants. If any of these operations effect
recoverys the I/0 descriptor 1is restored to its originatl

condition and the procedure d5 exiteda. iIf nots the Error
Correction Procedure 15 invoked with the I/0 descriptor in its
original conditione. Error corvection is performed Ly the

software for 205 and 2086 drivesa.

In any cases the results of the recovery attempt wild be enteread
in the Engineering Log prior to exiting the procedure. The 1I70
descriptor is always restorsed to its originatl condition prior to
exiting the procedure. '

Rata and Address frror Bgcoyery - 287 Drives

207 disk drives include neither offset capabitities nor strobe
capabilities. The hardware does include a capabilty to vary the
threshold of a read operation but its use is not recommended for
recovery purposes by the manufacturing plant. ‘Consequentiys the
Strobe Procedure is not invoked for 207 drives. Tuo reotry
operations only are performeds» Dboth using the original version o
the 170 descriptora. If 2ither operation effects recovarys the
results are logged and the procedure is exiteda if nots tha
Error Correction Proceduyre is invoked.

207 drives include error corrgcting capabilities in the harduare.
Additionally» the  hardware is capable of correcting all errors
that are correctable in all sectors described in one nultiptle
sector ogperationa. This wmultiple sector capability is not
utilized by the software» howevers and each sector is read and
correctad dindividually. This 45 done ¥for diagnostic purposes
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only» to isolate the address of the failed sector(s) and idinsure
their entry in the Engineering Log. The results of the recovary
attempt widld be dogged and the procedure will be exited with the
1/0 descriptor restored to its original condition.

Data and Address Etror Begovery = DRisk Cactridass

For all wversions of disk cartridge except the 894382, the 4400
BPIs, 203 or 406 tracks 64 sector per track variety of cartridgesr
the error recovery procedures are very sinple. The procedure
merely repeats the original operation a maximum of three tires.
The results of this gsttempt are Hdogged and the procedurs is
exited with no further checkinge. There are tr0o other options
available in the hardware which wmight help 1in the recovery
attempte

For the B9482 cartridger the recovery attampt is slightly morea
gxtensive. This drive has error correcting capabilities siailar
to those of the 206 drive. Error correction on a Read operation
is parformed by the softwars2 in the Error Correction Procedure
exactly as it is described. On a Write operations, the rTecovery
attempt is actuadly more complex than for a disk pack.

When a Write error occurs on the B9482 cartridges the 170 Error
procedure will attempt to correct the errors if the three retry
operations mentioned above fail» by writing the data one sector
per operation. In the case of an Address Parity error, the
procedure will aiso atteampt o write that sector plus the
preceeding sector in an effort to corvrect the address parity.
The results of the attempt widl be logyged and the procedire will
be exited when recovery is effected or when all retry attempts
have been compileted. '

This concludes the discussion of Data and Address Error Recovery
for the various drives that may be connect. The remainder of
this section describes the remaining tests in the I/0 Error
procedure.

Repainder of the Disk IZ0 Error Procedure

If the results of the Logical OR operation mentioned previousiy
were falser the 170 Error procedure examines Bits 22 and 23 of
the result descriptor. If both bits 4dre set to ones they
indicate that an Extended Resuylt Descriptor was returned with the
operations though the ERD may not be stored in memory. The
procedure stores the Extended Result Descriptors if it is
availables» in the Engineering Log and performs a maximum of three
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retry oparations using the original I/0 descriptore. The results

of the attempt are logged and the procedure is exited with no
further checking.

Finatiy», if atl of the tests mentioned to this point were false,
the procedure performs a maximum of three retry operations and
logs the results. Since an exception did occures indicated by the
setting of Bit 1» the data is assumed to be corrupt and an
attempt is made to corract it. '

Tape 140 Eccor Progcedurss

There is one 170 Error procedure that is invoked for ali tape I/0O
operations that compiste with the Exception bit in the vrvesult
descriptor seta The procedurs is invoked regardless of whether
the operation was a user 170 or an MCP 170, It is also inwvoked
on the completion of Test operationss wWhere the setting of the
Excepton bit i5 a normal occurrences It is ailso invoked for
Emui ator Tape operationss though in this caser it may do nothing
more than pass the result descriptor on to the user for
resolutions

Essentially» the procedure wild retry the operation a fixed
number of times and vreturn control to the procedure which catied
ite 1f recovery was effected, this will be so indicated in the

previously failed result descriptor wupen return. If the
procedure was not able to affect recoverys, ths result descriptor
Widd contain an indication of the failure upon returna. in wost

instancess» the procedure will retry the operation ten timess but
this number will vary with the type of failure and the operation
attempteda.

The Tape I/0 Error procedura2s wWidl be described fully in a
subsequent version of this specification.
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3=MEMORY MANAGEMENT AND MEMORY REQUIREMENIS

This section of the specificatien has two principle partse.
S-memory management i35 described at the functionat tevel.
S-memory wrequirements for a given system configuration are then
presented. Using the second part of this sections, it shculd be
possible to estimate the amount of S=memory that witl be required
on a system to support a given programs.

S=memory management techniques were changed drastically in the
7.0 varsion of the software and were changed again in the 9.1
version. The discussion ocontained 1in the first part cf this
section may not be applicabler in all casess to versions of the
software reilsased prior to the 9.1 version.

GENERAL MEMORY MANAGEMENI CONCEPIS

The BiI000 software wutilizes a “"segmentation™ form of memory
management. In such a systams memory 15 requested and allccated
only when it is required and only in the amount that wiil exactly
satisfy the request. In other wordss» memory is divided into a
variable number of segmentss each of which is of any sizes» wWith
some obvious restrictions. A basic edemeant in this form of
memory managemenit 45 the "memory 1ink™.

The format of the memory tink was presented in a prior section.
Basicaldy» it contains a size fiedd which may contain any wvalue
from zetrto to i6»777+215 bitss It contains the addresses of the
memory dinks that precede and succeed it and the address of an
associated segment dictionary entfy. It contains a nusber of
other fieldss which wid4d bse discussed in turn. It is created and
maintained by the MNP and the. executing interpreters store
selected information in 1it. Iin aill casess it immediately
precedes the segment of memory that it describes.

LINKED MEMORY

Contiguous blocks of memory are reserved for system use at the
extreme ends of the memory on any system. This is described in
more detail in the second part of this section. Between the twuo
contiguous blocks lies the area known as "linked memory™ . At the
end of the reserved ar2a at the low end of memoryr there is a
dummy memory link known as the Lower Terminating Memory Link
(LTML). At the beginning of the reserved area at the upper end
of memory 45 the Upper Terminating Nemory Link (UTML).
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The terminating memory 1links are created during the — Clears/Start
procedure. Each has a size fiedd of zerosr 2 type field which
specifies the areca as TEAMINATING.LINK» but the "save™ bit wilt
be sat to one in both links. This allows the memory management
procedures to recognize the terminating mamory dinks. The
backward pointer din the LTML will contain JdFFFFFF3; but the
forwasrd pointer will contain the address of the next memory Llinke.
in address order. Simidariy» the backward pointer in the UTML
will contain the address of the previous mesory link in address
order; the forward pointer will contain RFFFFFFa.

Hences ald memory links form a chain in mesory. The mesory link
which inmmediately precedes each aliccated memory area witi
contain the address of the succeeding and preceding memory tinks
in the forward and backward pointer field respectively. The
chain #ill be terminated in the forward direction by the upper
terminating memory Llink and in the backward direction by the
lower terminating memory link.

The area %nown as 1inked memory is an exaspie of a "memory
subspace™s as this term is used herain. There may be other
memory subspaces withir 41inked memory. The Run Structure
{Base/Linit area) of certain prograss may ailsc be divided ard
allocated upon wrequest by the softuware. The same procedures in
the software are used to manage these snaller memory subspaces as
are used to manage linked memory.

IYBES OF MEMORY BEQUESYS

Memory requests may originate in a number of diverse manners.
This is evidenced by the large number of different values the
type fisld of a memory Llink may contain. The most common
occurrence of a semory request is for a code segment to be
brought into @mesROory. Other requests originate when a file is
openeds» when the MCP needs additional temporary storage for the
performance of one of itz taskse when additional sgace is
required to hoitd a gueue wmessagar and 50 forthe

There is probably no need to discuss each different type of
memory regquest. Many of the numbers assigned to each differant
type of memory request are for the benefit of the Dump/Analyzer
program oniy and have only pathological usas. The different types
of requests have common characteristics and may hence be grouped
into "classes™. The common characteristics widl be described and
explained.
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Parameters that are passed with a3 memory reguest are the size of
the required memory ares in bitses the address of the dictionary
entry which will be associated with the memory areas if anys» the
address of the Run Structure Nucleus of the program which caused
the regquest» if anys the type ¥field to be stored in the fmemory
1inks the priority of the requests a boolean wariable which
spacifies that the memory should be allocated at the highest
possible physical address and a boodtean swhich specifies that the
memory must be allocated above the "fence™.

JHE EENCE
The MCP has one set of stacksr oniy» o Store the variables that
it must manipudtate in the perforwance of any function.  This set
of stacks cannot be stored anywhere else; they wmust be

maintained in memory wuntil the function has been per formed.
Consequentiys onca2 the MNCP begins performing any functions it can
perform no other function until the original task is complete.

Almost all MCP ¥functions require more than one MCP code segment
to complete. A file Open may require more than thirty code
segments to be brought . -into moemory. The number of code segments
required could obviocusly be reduced by making each <code segment
{farger but ¢this would also reduce the possibitlity of finding
sufficient pemory on smatl systoms. It would also possibly cause
more user c¢ode segments to be removed from memory to make roonm
for the larger MLP segment.

Should the MCP begin performing a certain reqguest and not be able
to find sufficient memory to contain a necessary <ode segment»

the system would have to halte. A Clear/?Start would then be
required, with its resulting loss of all programs that uere
running at the time. In order to insure that there wiltl atways

be sufficient memory to bring in the largest MCP code segments a
fence is established in memoryr, Delow which only code segments
are alliowed to reside. The 1ocation of the fence may be
calculated by adding the size of the largest MCP code segment and
its associated segment dictionary to the address of the lower
terminating memory ink.

fertain exceptions to the statements .in the paragraph above

existe Code segments ®may not be overlayable at all tiames. To
bring a code segment into memorys the memory 3drea is altiocated
and an I/0 operation idnitiated. "The memory area may not be

deallocated until the I/0 operation is complets. Should the MCP
encounter such a situation and not be able to find a required
memory area anywhere else in memorys it wilt wait for the
completion of the operation.
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Lartain code segments associated with HICR applications progrars
are also not overiayabla. This i5 also true of segments of the
interpreter used by such programs. Consequentliys the fact that a
memory request is for a3 code segment is not sufficient to
determine whether the memory should be aliocated below the fence
and the boolean variable is reqguired.

MINIMIZATIQN DOF ZCHECKERBOARDINGT

Checkerboardings also knouwn as External Fragmentations is the
condition which exists when memory contains a large nusher cf
permanentiy~-ailocated areass or "save™ areas» nmost of which are
separated by small overlayable areas. In such a situations the
totad memory available may well be Llarge senough to satisfy a
given vreguest but ne single contiguous overlayable area is
sufficiently large. This sttuation can have a serious impact
upon per formancee.

To ninimize the possibility of the occurrence of checkerbcarding,
the NCP attempts to aldocate ail R2ROTY denoted EE]
non=overlayable or ™save™ at the highest possible physicatl
address. Examples of itemss which are so allocated are program
run structuress» files and 170 buffer areas.

¥ICTIN SELECTION

When a reguest for memory aldlocation is receiveds the mznagement
algorithm must select a ™victim™» a portion of memory which is
already adlocated which may be deallecated and assigred to
satisfy the new request. The area to be alioccated may also be
marked Availables of courses though this is seidom the case.
"Victim Selection™ is the process of detsrmining which allocated
memory segment or segments will be deadllocateds. This is the moest
intricate tdask¥ of the w®management atgorithu» the task which
regquires the most attention to strategy and the task which is
most influsntial upon the performance of the systenm. Two victiw
selection algorithms are oprovided in the software. Users may
choose sither the priority Victim Selactor or the Second Chance
Victim Sedlector wvia a systems 0option. The <change is oniy
effeccted during a Clzar/Strat operation.
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ROUND-BOBIN YICIIN SELECIION

Prior to the 7.D releaser wvictim selection was essentially a
round=robin among requestss The MLP kept a pointer which served
as the starting point of each search and was updated after aeach
at{ocation to point to the end of the newly altocated area. This
pointer 4s typically referred to as the "dleft-off pointer™, The
round=robin algorithm had the advantages of being computationaidy
simple and it served to minimize =2xternal fragmentations but
there are some sarious disadvantages associated with this victis
salection algorithms. Specificaldiy,

1« It has no knouledge of which segments are actually in wuse»
elements of the "working sst™» and

2. The swmemory rescurces of each job have equal importance.
Uniike processor scheduling» the memory is not allocated on a
priority basise.

These flaws lead to some bad porformance degradations in certain
situations. One such problem is the "cascading™ phenomencn.

Using Denning?s definitions a program?s working set W{T, t) is
the set of all segments accessed by the program in the intarvat
£T=t» T1. Denote the size of this set {in MCPII contexts size is
in bitsd» as HWiT» t)a This definition affords us useful
information with which to manage real store whenever the <change
{"drift™) from the set WOLTO0» t) to the sst HWI(T1, t) is smalt
for the interval L70, Til. The assumption behind working set
management is that for many programss the drift is indeed small
during most of their execution tifetimes.

Postulate a situation where the code and dictionary segments of a
single job completedly fidld overtayable memory. The round=robin
atgorithms» having no information concerning W{7T, t) made a choice
of wvictims among the resident segments which was essentiadly
random with respect to this idinformation.  Cali. the ratio
W(Ts, t)/Csize aof overlayable memory) the saturation ratio S.
Then the probability is apprux:mateiy 5 that the incoming segment
will overiay one or gmore elements of W(T» t). The overilayed
segments, of courser will immediately be needed again and has a
probability of about 5 of overlaying another element of WI{T, t).
This sets up an undesirable osciltation which should eventyally
damp back to stability. assuming no further externai
perturbancess The probable number of extra overiays required to
reach stability increases with 5» and becomes qQuite Large when §
exceedss 5ays (alas We call this oscidlation ™cascadinrg™ of
overlayss For ALarge vatues of 5» alwmost all time is consumed in
waiting for I/D on the bscking storer, so0 very littie work gets
dones. This is the situation commonly known as "thrashing”
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Nows suppose the m@mamory manager has some knowledge of the

elements of W{T» td). 1If the saturation ratio is not too close to
ones it will usualiy be possible to select a window containing no
edement of HW{T» t). The chance of cascading segments §is thereby
decreased in configuraticons running with 5 in the range of 0.5 to
Dui5 The difficulty is that elements of W(T» t) nouw clutter
memory and increase external fragmentatione. As S5 approaches (cr
exceeds) ones this becomes an important loss and makes selection
difficult for the memory manager. At this point» the advantages
of the round=robin strategy begin to outweigh the advantages of
utilizimg working set infermation.

WOBKING SET DEIERMINAILIOQN

in order to determine whether or not a code seggent in memory is
currently being useds» usage bits were added to the memory Link in
the 7.0 version of the softuwares. These appear in the
programmatic description of the memary 1tink as
MLL.PREVIOUS.SCANL.TOQUCH and ML.CURRENT.SCAN.TOUCH. Whenevear an
interproeter accesses a code segment dictionary entry and finds
the associated «code segment present 3§n wemoryr, it sets the
current scan touch bit to a value of one. Interpreters make such
an access whenever they ‘are reinstated and whenever a code
segment transition occurss It is not necessary for intserpreters
to set the bit in memory 1links which are associated with segment
dictionaries. These are usually marked as save space if any of
their code segments are present in menory. Also» data segments
are always overlaid in a round=robin fashion» regardless of the
vigtim selector that is currentily being used on a system.

SECOND CHANCE VICTIM SELECIION

The Second Chance victin selection algortihms first introduced in
the 9.1 version of the MLP» addresses the first failing of the
round~robin algorithm» the lack of knowledge of the working set

cf the code being used. Alsor the Second Chance algorithn
completsdy supplants the odd round=-robin strategy. The latter is
no doenger available for usse. The " change is completely

transparent to users and the only noticeable effect should be an
improvement in performance in installations where the round-robin
algorithm was used prior to reiease of the 9.1 software.

The Second Chance @igorithm wutiiizes the 1left-off pointer
described for the round=-robin algorithm. It begins searching for
a memory space #darge enough to satisfy the reguest at the
left=off pointer but it will not select any space whose touch
bits ML.CURRENT.SCANLTOUCH, 45 set. Upon encountering a merory
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segment whose touch bit is s8t», it resets tha bit and continues
to the next memory link. It wild atlocate the first segrent it
encounters that is sufficiently large and whose touch bit is
resets '

This atgorithm thus has the major advantage of the round=-raobin
algorithm’ it is computationalily simple and the procesing
required is minimized. Undike the Prioritized victim seiection
algorithme described belouws it reguires no knowledge or action on
the part of the user.

PRINRITY VICTIN SELECTION

The second failing in the round~robin strategy is its inability
to insure rapid turnaround to jobs which are designated as high
priority. In MCPIIs» prior to the 7.0 releases only the processor

was allocated on the basis of priority. A high priority
application was contending for the memory resource on exactiy the
same footing as a low priority "background™ joba. This ted to

severe performance degradation for wusers which required many
overlayable memory resources but frequantly relinquished
processor control to make operating system requests. In
particular» datacomm applications running in puitiple job shops
were suffering badliy. Background jobs tended te usurp critical
resources forcing the datacomm application to 1o0ose controdl still
more frequentiy. alliowing background jobs te run» grab more
memory resourcess and 50 forth.

The Prioritized memory management algorithm» first introduced in
the T.0 version of the MCP» addresses Doth of these problems.
The priority victia selector makes its choices on the basis of a
priority field in each memory Llink. This field is maintained by
runtime use of working set informationa The priority ¥field will
be maintained at its original value as long as the code segment
is not useds. This field is knouwn as the Residence Priority field
and 4s shown on the programmatic wmemory link description as
ML LRESIDENCE.PRIGRITY.

Associated with each program running on the system is a MNemory
Priority field. The memory priority value determines the ability
of the program®s code segments to overlay the code segments of
other programs running on the system. _ Memory Priority 'is stored
in each memory 1ink associated with each of the oprogram's code
segmentsa» It is shown programmaticaliy as NL.INCOMING.PRIODRITY.
Memory priority is also stored idnitiatdy in the Residence
Priority field. Whenever a reguest for a3 new code segment to bhe
brought intoc memory is vreceived. the wmemory priority of the
associated program is compared to the residance priority of every
memory {ink currentiy present in the system memory. - The current
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impliementation of the victim selector always chooses a3 victinm
having the lousst residence priority.

An exception must be made for MCP code segments. As presented in
a prior paragraphs the MNCP cannot be denied a regquested code
overiay without halting the system. Conseguentlys MCP code
segments have an imperative incoming priority. but their
residence priority value will decay at a rate equal to or greater
than tha programs running on the system.

At a wuser—specified intervalr, a routine in GISHMO known as the
sweeper is executesd. This routine moves the setting of the
current touch bit to the previous touch bit» destroying the priocr
setting of the previous bit and setting the value of the current
touch bit to zero. This routine is discardable and is eliminated
by the initializer if thse system s running wWith the Seconrd
Chance victim sedsctore.

The default time period between executions of the sweeper is 8€¢0
middiseconds. Users may vary this time period via a kdyboard
instruction within certain rangas. Since the sweeper routine may
be executed betwean any two S—=operations» alt code in tha
software which wmanipulates memory links must always insure that
the chain formed by the addrass pointer fields is intacte.

After the sweeper has moved the currant touch bit te the previous
touch bits it then examines the previous touch bit. If the value
is zZeroos it idincrements the current decay dinterval field,
ML CURRENT.DK. INT,» by the value of the sweep interwval. If the
value of the current decay interval is equal to or greater than
the specified decay intevals ML-DKSINTERVAL» the residence
priority field is decremented. ' '

The default value of the specified decay intervsil is zerc. . Users
may specify different decay interval values via a keyboard
instructione. Users may also saecifyjthat certain codse segments
within a program are important and thit their residence priority
should not decay until the specified decay interval has elapsed.
This 4s accomplished wvia a supplied normal=state program which
manipulates code files resident on diske. The residence priority
of <code segments «hich are not marked as important witd dacay
after the default decay intervals zero  secondss has elapsed.
Notices howevers that this cannot occur for at 1least one sweep
intervai. e ‘ ’

When executing with the priority victin selectors, the MCP stild
maintains a left~off pointer. When the system is thrashings uhen
the residence priority fields of all memory 1inks have ezgual
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valuess the wvictim selected wiii continue o be the next memory
area below the left~off pointer.

PROGRAMMATIC DETECTIION OF MEMORY ITHBASHING

One of the serious probliems confronting virtual storage systens
is memory thrashings On the Bl0O0OD systems memory thrashing
occurs when the working set of procedures for 3 program or set of
programs Witl not fit within the portion of sa3in memory available
for overiaysa. When this state occurs» the system®s pecrformancs
begins to degrade. The amount of degradation depends on the
overday space available» the size and number of segments
competing for memory,» and the freguency of segment transitions.

As the amount of main memory is reduced for a constant
programming tasks the amount of degradation due to nmemory
overlays normalty appears wery gradual at first. As the

available memory is further reduced» a point uwill be reached
where the degradation due to overlays increases rapidiy. This is
the point where the main wmorking set of procedures no ionger fit
in main memory and are competing for space. This point is
defined as the thrashing point and is shown in Figure 4.1«

1 w L]
1 *
45 * i
1 *
i ” |
i *
L * 1
0 + *
1 L
I REGION » +== THRASHING POINT
1 A X1 |
1 * 3
15 # (SLOW X<==4
1 EXECUTION wxxxX ,
1 TINES) 1 whuahaxX
i
i
e e e -
24 36 48 50 72

MEMORY S5IZE (K BYTES)

FIGURE 4.13 MENORY V5 EXECUTION TIME
EXAMPLE PROGRAM ARMO20
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As seen in Figure 4.1 execution of the prograsming task wWith
{ess memory than idindicated by the thrashing point yields
inefficient execution times in region A.

Beginning with the 7.0 version of the software, the MCP includes
a programmatic facility for detecting 2 thrashing condition in
the systes. The facility is dncluded in GISMO as a discardable
segment; it is retained or discarded during the Clear/Start
operation based upon the setting of a system option. It »ay be
used with either victim selection algorithnm. It must be used if
the priority victim selection algorithm is useds.

The faciiity is actuated by a clock maintained in the softuarae.
It utidizes a count of the number of overiay operations performed
by the softwarae. The count is also maintained in the software.
of Course. The sweeper routine discussed praviously is actuated
by the same clock that actuates the thrashing detection rdutinea.

At a user~salected intervals, the thrashing detector compares the
number of overiays which occurred during the idinterval to a
user—-specified target number of overlays., {f the overtiay target
is excesded» the thrashing detector suspends temporarily the
execution of the sweaper routine and begins a count of the number
of consecutive idntervals during which the number of overiays
exceeds the target number. The aldowable number of intervats
during which thrashings as defined by the users is detected is
thres.

If the thrashing condition persists for three intervals, the
softuwaresa informs the operator wia a2 S5PD message. The sessage
Wwill be repeated at N.SECOND intervals until the condition abates
or untit the operator requestss via another 3P0 messager that it
not be displayed continualdiye. The software also disables the
scheduie when thrashing is5 detectead so that no new jobs are
initiateds The schedule will be automaticaldly enabled again when
a program currently being executsd terminates.

MEMOBY INITIALIZATION

Memory is idnitially atlocated by the software during the
Clear/Start operation. This single operation is composed of
several components. for discussion purposess it may be thought
of as two separate operationss The first of the two is the
execution of a stand=-zlone routines commonly known as tha
Initializer and stored in the disk directory as SYSTEM/INIT. The
initializer 1is brought 4dnto memory by the Clear/Start code
contained on the cassett2. The second operation is the executian
of some code in the MCP» contained in Page Zero»,» Segment One cf
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the MCP"s code file.

At the completion of the initializer», memory will be formatted as
shoun in Figure 4.2. Permanently allocated areas widd be located
atr each end of memory. Linked memory will consist of four 1links
oniy. The processor is then passed to the HCP's code segment for
coepdetion of the Clear/Start operationa. Upon completion of the
MCP codes Linked memory will be formatted as shouwn in Figure 4.3.
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See Note 1|

Figure 4.2 MNemory fFormat After Initialization
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Figure %22 Notes

1. ™UTHL"™ and L TML™ ara acronyms for upper and diower
terminating memory 1inks. These two links have a size fietd
of 2ero and a type field uhich denotes a terminating mewory
Link. The upper Llink has 3 forward pointer of IFFFFFFI? the
Lower Link has a backward pointer of 3FFFFFFa3d. The Links are
used to mark the boundaries of linked memory for the memory
aliocation routines. MHepory allocated by these routines witl
always lie between these two links.

2. It is possibles during the initialization procedurer for the
operator to specify a maximum S-memory address that is less
than the actuail maximum address of wmemory on the systam.
When this is dones a proportionate asmount of memory is

reserved at the docation shown.  This memory is»  in effects
deieted from the system. Memory may also be deleted via
cartain keyboard instructions available to the operator. in

the latter cases the deleted memory may lie at almost any
address in the system.
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Figure 4.3 Linked Memory Format After Clear/5Start
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Eigure %23 Notes

is« Though nothing is shoun as present in figure 4.3 hetuween the
S0L Interpreter Segment Dictionary and the Lower Terminating
Memory Links this area widl typically be filled with MCP code
segments at the completion of the Clear/Start operation.

2. The purpose of the fence shouwn in figure &.3 was discussed
previously. The location of the fence is retained in the MNCP
stacks. It 15 not necessary to reserve any memory at atdl at
the fence location.

MEMORY BESUIREMENIS

The memory that will be required to execute a given program or
set of oprograms is composed of four components. There are the
static requirements of the operating systems» the dynamic
requirenents of the opersting systems the static requiresents of
the program and the dynamic requirements of the program.

Static requirements are composad of the data spaces necessary to
operate the system and the programe. Once the static requirements
are establisheds they typically do not change. For exanmplesr once
a program has alil of its files opensr the memory required for the
File Information Blocks and the buffers regain fixed untilt the
fides are closed. In the case of the MCPs once the system is
Clear/Started» the static requirements remain fixed until the
system is Clear/Started zgain.

Dynamic rwrequirements are eaxclusively code segsentsa. Assuming
that a2 working set of the code segments of a prograam is
established, the dynamic requirements for that program widl then
be the total amount of memory that is reqguired to contain the
code segmants that are 3 part of the working set. The operating
system?s sorking set dependss, of courses upon the comrunicate
operators that are issued by the program in its oWwn working set.

OPERATING SYSTEM SIATIC BEQUIREMENIS

Those dtems shown dn figures 4.2 and 4.3 comprise the static
memory requirements of the operating systenm. Lach item will now
be discussad and a means of detsrmining the amount of memory
required by the item wild be presented. The numericai vatues
praesented herein apply to the 9.0 version of the MCP only.
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MCP 3Stacks

MCP

The stacks wused by the MCP wild always reside at ltocation
zero in S-memory. ¥For each released version of the MCP» the
stacks will be of a fixed sizer» regardlsess of the machine
confiquration. The stacks reguire roughty 34,416 bits or
4302 bytess

Page Ddictionary and Segment Zero Dictionary

These two idtems may never be overiaid and are smaintained in
memory immediately above the MCP stackse. They will also be
of a fixed size for each released version of the MCP. The
10.0 version of the MCP code is divided intoc thirty-four
segment pages and Page Zero contains thirteen segments. Each
antry consists of a system dascriptors uwuhich reguires 80 bits
or 10 Dytese. For the 10%.0 version of the MCP» this iten
requires 3760 bits or 470 bytes of memory.

Interpreter Dictianary

An Interpreter Dictionary entry requires 224 bits or 23
bytess The number of dinterpreters that may be used on a3
system at any given times, and hence the number of antries
allowed din the Interpreter Dictionarys may be specified by
the user to be any value between 3 and 3i. If the user does
not specify this number» the Lol d/Start routine will set this
value to sixa. The memory required for the Interpreter
Dictionary may be calculated by muitiplying the nusber of
interpreters allowed by the size of one entry.

Cold/Start vVariables

The variabies contained in this area are originally set by
the Cold/Start routinea. Many of them may be changed by the
operator. The memory allocated for their storage may not he
changed. It will also be a constant value for each version
of the operating systanm. For the 10.0 varsionr» the memory
required is 2256 bits or 232 bytes.

Chip Error Table

This area is allocated on 31800 and B1900 series machines
only. @On ali other machines, no memory is required for this
item. On the B1800 and B1900» the area is used to store the
addresses of memory 1locations which are experiencing
correctable memory gparity errorsa The size of the area in
bits may be calculated by 40 plus (32 times the nusber of
entries allowed in the tabla)d. The pperator may specify tha
nusber of entries the table should contain. The default
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vaiuse for the number of entries widl be one entry per 156X
bytes of S~-memory on the systenm.

Eode in Page Zero» Segment Zero

This code segment is norgsally referred to as ™"Segment Zero"
and the size of the segment i5s a constant for each released
version of the MCP. This 45 the oniy MLP code segment which
does not require a memory link, since it is outside of tinked
ReMOTY . The code segment reqguires roughly 3S53»490 bits or
b668bH bytes of memory. ‘

Upper and Lower Terasinating MNemory Links

5oL

MCP

In the 10.0 verson of the software, a memory Llink requires
187 bits of memory. These two then require 374 bits or &7
bytesa

Interprater

The sizes of the 5DL Interpreters presented here are for
refearence only. Accurate size figures and figures for the
various segments of the intaerpreters are provided in the
appropriate product specification. Sagment Zero of the
S=Processor vwersion of the 50L Interpreter requires 31606
pbytese. The same segment of the M-Processor version reguires
BDZ24 bytese

Run Structurs Nucleus

The MNCP requires a Run Structure Nucleus field as does every
other program which executes on the system. For the 9.9
version of the softuares 2386 bits or 298 bytes are allocatad
for this field.

Nicro MCP Data Space

Currentlys, 1249 bits or 156 bytes are allocated for this
5pace. This requirament is a constant and is not dependent
upon machine configuration nor system options sedected» but a
dual processor configuration will require tWo such spaces.

GISMD Code

GISHO is not segmenteda. Selected portions of the GISKD code
are "discarded™ by the Initialization routine if they are not
required on a given system configuration with a given set cof
system options selscteda. The amount of memory that wiit bPe
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required to contain GISHO must therefore always be
calculatedas

The Main Block of GISMO reguires 5500 bytes of memory. No
memory link is requirad. The amounts of memory shown in the
following table should be added if the condition specified is

trues

System equipped with Memory Base 5 104 bytes
Processor is5 a B1830 436 bytes
Processor is B1720 series 540 bytes
Processor is 81860 series 542 bytes
Processor 5 Dual B1B8XX 1070 bytes
Reference address check option set 133 bytes
Thrashing detection option ssat 152 bytes
Prioritized memory management option set 36% bytes
TOUT option sot 100 bytes

In the 1list above» the <cassette device on the processcor
console is not considered a peripheral. MNeither the cassette
paripheral segment nor the magnetic tape or cassette segment
should be added due to the console cassatte.

The control exchanges sagment shoudd be added when the system
is sauipped with two or more disk or tape controls and the
controls address the same peripheral units. High—-speed
controis are ail disk pack controls and any controls which
address phase=encoded tape drives. Under no conditions is it
necessary to add any GISM0O code segment more than onca. Tha
Dual Processor segment and the B1l860 segment amust bLoth be
added if the system is a dual processor version.

Firmware Yrace Space
This area is allocated oniy when running with trace wversions

of the SDL Interpreter. It should never be allocated in a
customer?s machine. It rvequires 1,540 bits.

Interrupt Queue

Since idinterrupts occur asynchronously on ths B1000 systews
they must be gueued until they <can be handled by the

appropriate operating system routinas. One entry in the
interrupt gqueue requires thirty=six bits. Forty=tws bits are
required for pointers and counters. The number of entries

which may be queued on a given system depends upon the amount
of memory on the system. The number of entries that will be
aliocated may be determined from the foliowing table.

S=Memory on Systen Entries
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Less than 64K bytes 16

At least H54K Dytes bur 1ess than 96K bytes 20

At least 96K bytes but less than 128K bytes 25

128K bytes or more 30

The smallest amount of memory that widl be aliocated for the
interrupt queue is then (42 + (16 X 38) or 518 bits. The
Largest amount 95 1122 bits.

GISMO Data Space
The GISMO data space is a work area required by GISMO. It is
a fixed size and amounts to 376 bits.

DCPU DATA SPALCE
This s als0 a #ork araa. It is reguired on ald dual

processor machines and requires 350 bits.

fooking now at figure 4.3» ths MCP» prior to compieting the
Clear/5tart operations wild altocate space for those additional

items shown on the figure. The Location of the ™Fence™ is not
impertant to. tha discussion of the memory requirements of the
MCPa The fence is merely a means of guaranteeing that the HCP

Wwill always find space for its own purposes shen such space is
needed. The system would be forced to halt if the MCP could not
find the space requirede.

A1 of the items shown in figure 4.3 reside in tinked rmemory.
One memory dlink {187 bits) is required to describe each of the
items in figure 4.3

Extended Result Descriptor Area

One extended result descriptors I/0 descriptor and buffer is
required for each 5N head-per=~track disk control and €for each
disk pack spindle on the system. Each descriptor and its
associated buffer requires 256 bitse. This requirewment
applies to a#t disk pack drives interfaced to the B10CO
systes but not to cartridge drives. The memcry wrequireds, in
bits» may be calculated by 256 X (5N controls ¢+ disk pack
spindles) + memory linka
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SOL Interpreter Segment Dictionary

The segment dictionary of the SDL Interprazter {5 considered
non~ovaeriayables since it contains a descriptor for segment
zero of the interpreter which aust be non-overlayable to
execute segment zero of the HLP. The size of this arear in
bits» may be calculated by 6% plus (80 times the number of
segmaents which comprise the interpretaer) plus the space
required for one memory link. The SDL Interpreter contains 6
segmentss plus Segment IZero.

Micro MCP Segment Dictionary

This segment dictionary is also considered non-averlayabie.
Its size may be calculated in the same manner as the size of
the SCL Interpreter segment dictionarys 6% plus (B0 tiwmes thse
number of segmsants) plus space for one memory link. The
Micro MCP <contains 18 segments», plus Segment Zerg. The
segment dictionary theresfore requires 170 bytesas

Queue Disk Temptate

The MCP reserves 500 sagments of system disk for 1its osn
te@porary uUsSe. The address of this reserved area of disk,
known as Queue Disk» is stored in the wemory area known as
the Queue Disk Template. This memory area wiitl also contain
one bit to denote the availability of each of the 500
segmentse a 24<bit field which wWwild be used to store the
memory address of the next AQueue Disk: Template if an
additional 500 sagments must be allocated and a 12B<bit fiedd
known as the Communicate Splitter Maske. This latter field is
used to determine which communicate operations may be handled
by the Micro MNCP. The size of the idnitial Queue Disk
Template field is therefore, 500#36+24+128 or 588 bitsa.
Additional Queue Disk Template Fields» if required» widl
gccupy S60=bit areas. One memory link is required on each
Queue Disk Template allocated. \

Additional Port/Channed Tables
The MCP and GISMO communicate in a number of ways. One such

Wway 115 the Port/Channel tabile. One Port/Channed table is
allocated with the SP0O varijables and buffer at the high end

of 1inked memorye. If the system is equipped with multi=-tline
controls» an additional Port/Channed table wilil be required
for each one. A& Ports/Channel table requires 768 bits of

memory plus the space required for one memory Llink.



4-21

BURROUGHS CORPORATION COMPANY CONFIDENTIAL

COMPUTER SYSTENS GROUP 81000 MCP II
SANTA BARBARA PLANT PeSe 2212 5462 (E)

IGAT (I70 Assignment Table)

Several items are grouped together in the space reserved for
the I0AT. The I0AT dtself reqguires one antry of 512 bits for
each peripheral wunit connected to the system #ith the
exception of the 5P0. €Each disk pack spindie is considered a

peripheral unit. Head=per=track disk is note Data
communications devices are not considered peripheral units
for the purpose of calculating IDAT size», but gacn

single=iine control connected to the system requires one IQAT
entry. One "Pause™ descriptors, requiring 96 bits of nemorys
is raquired for =e2ach tape controls, cassette control and
MIC=2/MTC~4 exchange on the system. One "Lock™ descrigtor»
requiring 168 bits of memory» 1is required for each tape and
cassette unit connected to the system. One I/0 descriptor of
248 bits is required if any number of flexidisk units are
connected to the systenm. One memory Llink s required to
describe the area containing these items.

Port/Channel Tables» 5P0 Variables and Buffer

Information which the MCP naeds to perform its function which
is primarily concerned with the system 5P0 but also includes
information on other aspects of the system is maintained in
the area known as 3P0 Variables. This information requires
1351 bits of memory. The Port/Channel tabies requires 768
bits and the SP0O buffer requires 560 bitss for a total of
2679 bitse {ne memory link is5 required to describe the area.

OQPERATING SYSIEM DYNAMIC REQUIREHENIS

The opsrating system?s dynamic memory requirenments are determined
sodely by the size of the code segment which performs the
functions requested by the user in the working set of his
progranmne. In determining this requirements it is necessary to
know what the program in gquestion is doing. While programs could
be and are written which hava file open and close opserations as a
part of their working sets this is not normally the casee. The
vast majority of programs requast only those functions which are
micro~coded and included in the Micro MCP in their working set
code. This statement is not true for programs which use DMS.

This document will not present the menmory regquirements for
programs which use DMS. This information will probably be added
at some point in the futures but for the presents only the code
segment sizes for operations believed to be common and exclusive
of DMS operations will be presantad.
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The list below presents a brief description of the function and
the menmory requirement for s2ach of the Micro NCP segments.

SEGMENT, ZERO0 =~ 2306 Bytes

Sagment Zero of the Micro MLP is always required ir mewory
when programs are gxecutinga.

SERIAL - 1360 Bytes

This code segment handles re2ads and writes on serial files
that are opened input or output but not in any coambination
form» such as input=output. Alsor, some files assigned to
data recorders may not require this seament.

SEQUENTIAL = 762 Bytes

This code segment handles reads and writes on saguential disk
fites that are copened input=output.

RANDOM =~ %44 Bytes

This code segment handles readss» writes and seeks on code
segments whose access mode i5 randome. This code segrent is
required for all random disk filess even 9if the access mode
is delayed randonm.

COMP.WAIT - 1136 Bytes

This code segment is reguired to handle complex wait
communicate operations. All data communications handlers
generated by the NDL compiler require the complex wait code
to be present.

DATALRECOR = 344 Bytes

This code segment is requirsd to handle reads and writes on
files which are assigned to data recorders and which are
opaned input=-output or input with stacker selection
capabidiities requested.

HI.PRI.AND = 1292 Bytes

This code segment s required to handie ali communicate
operations on files which are assigned to reader=sorterse.
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QUEUE.READ - 856 Bytes
This code segment handles read and write operations on
queues. Please refer to the paragraph at the end of this
{ist.

PQM. GOM = 2674 Bytes
{Put Queue Message.Get Queur Messagel. This code segment
handiaes reads and writes on files assigned to gueues and to
remote files. Please refer to the paragraph at the end of
this liste

REMOTE.WRYI = 2300 Bytes
This code segment ds required to handle writes or files
assigned to remote files. Pilease refer to the paragraph at
the end of this list.

RENOTE.REA = 2890 Bytes

This «code segment handles reads on files assigned to rewmote

files. It idis also required to handle many NDL/MACRI
comaunicates. Please rafer to the paragraph at the end of
this liste.

DC.INITIAT = 410 Bytes

This code segment handles the DC.INITIATE.ID communicate
operationa. This communicats is dssued by all dats
communications handlers generated by the NOL compidier.

MESSAGE.CC = 208 Bytes
This code segment is required to handle the nmressage count
communicate operatore also issued by adl data communications
handders generated by the NDL compiler.

VYARIABLELL - 412 Bytes
This code segment handies read and uMrite operations on- tape

and disk files which use variable-tlength recordse. it is
required in addition to the SERIAL code sagment.
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EMULATOR.T = 508 Bytes

This code segment 1is required to handle communicate
operations regquested by any enulator interprster on files
assigned to tape.

DELAYED.RA - 592 Bytes

This code segment», in addition to the random code segments, is
required to handle readss Writes and seeks on files whosa
access type is delayed randone. Emulator disk files are in
this category.

INDEXED.SE = 3020 Bytes

This seqment is used for I/0 operations on Indexed Sequential
files» first introduced in the 9.0 version of the software
and described in the section of the document on the 1/0
Subsystems

RELATIVE ~ 3638 Bytes

This segment is used for I/0 operations performed on Relative
filess also described in the I/0 Subsystem section.

iPC.CODE = 568 Bytas

This segment is used to perform Inter~Process communication.
a part of the ANSI *74 COB0L implementation first incliuded in
the 9.0 software.

Ald code necessary to handle gueues» renote filess tha
DC.INITIATE.IO communicate and the MESSAGELCOUNT communicate are
included #n the Micro=MCP. Microcoding these functions resulted
in some substantial performance idimprovements for wsost data
communications applications. There are several reasons for the
improvemant» the most obvious Heing the greater efficiency of the
codea. Anocther factor is5 that a wminimal amount of state
information must be saved when communicating with the Micro=NCP.

A third factor is the elimination of the "bottleneck™ problenr as
it has come to be cadleds for data communications applications.
This problem arises from the fact that MCPII is a flat structure
and is capable of performing one thing at a time oniy. In other
Wwordss once the MWCP begins performing an open request for
examples it can do nothing else until it completes the open. An
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openr of courser requires many accesses to the disk subsystes and
the MLP mwmust wait on the cogpletion of each onea. Normail=-state
programs are free to executs while the MCP is waiting or each
accesss provided they do not request an MCP service which gust be
handdied by MCPII.

Consequentiys, user programs may now use the queue subsysten and
the other items mentioned above while MCPII is servicing another
request for other userse In previous releases» these sape user
programs had to wWait wuntil the MLCP completed servicing the
request it was sNorking on at the time. Unfortunatelyr, howevar,
all requests for functions in the queue subsystem are not handled
by the Nicro~NC(P. Many of thems and possibly all of thegs may
stild be handied by NCPII.

Ad1  memory management functions are stidl handlied by S5SDL code in
MCPI1. Any gueue request which involves szemory management will
therefore hawve to be handlad by MCPII. This will wmost oftean
occur in situations where the avaidable memory on 3 system is

Ltimited. Queue buffers may be written to disk by MCPII» and
hence removed from memorys whenever the MLP needs space for
something else. This wWwiil «cause MCPII to be invoked when a

progras attempts to read a queus entry from that buffer.

Further» if a producer of queue entries fidls an entire buffar
before the <consumer can empty it» a new memory buffer xill ba
requireada. MLCPII widl be invoked to accomplish the alioccation.
Unfortunatelys in both of these instancess the entire working set
of Micro=HCP gueus handling segments widl be brought into mamorys
only to determine that SDL MCP segments are ready required. This
can result in substantiai performance degradations particulariy
on systems where available memory is {imited.

The situation described can be avoideds of courser by insuring
that the consumer of queue 2ntries removes thea from the gueue at
the same rate that the producer enters then. Since it is only
rarely possibie for the prograsmer to insure that synchronization
existss» a system option has also been provided in the 6.1 release
which widl insure that all gqueu2 requests are handled exclusively
by the 5DL MCP. By setting the options the user may insure that
performance does not degrade when going to the 6.1 releaser as a
resudit of the microcoded gqueue implementations though he will
receive no benefit from it at all.

5ix naw segments were added to the Micro=MLP to accomodate the
data comnrunications facilities in the 6.l release. The new
segments are RQUEULLREAD through MESSAGE «COUNT inclusively.
Typically» data communication applications which use a handler
program gensrated by the NDL compiler should consider ait six
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segments to be a part of their working sets though only the first
four of the six are concerned wWwith the gueue implementations. The
MESSAGE.LCOUNT segment is invoked by the cosmunicate operator of
the same name and is used to determine whether or not a fressage
exists in the qusaues. The DCLINITIATE.IO segment is also invoked
by the communicatz operator of the same name and should always be
considered a part of the working set for any data communications
applicatiaons.

EROQGRAM-DEPENDEN] STATIC REQUIRLMENIS

The static memory regquirements of a programs that memory which is
required for everything except the program's coder may be divided

into two classes. Three items which are required are fixed in
size and the user has no controtl over them. The user actuatdy
has 1littie control over amany of the static requirements» though

there are some items which he may cause to vary. ftems in the
Latter category are referred to as conditional requirements.

The fixed requirements of the Program Static Memory are composed
of three components. These are listed below.

Run Structure Nucleus

This is a table of information constructed by the ¥CP when
the program reaches BDJ. It is5 a fixed size of 2386 bitse.

Interpreter Segment Zero

-s

The size of Segment Zeros the non=overtayabls segments of the
Interprater being used »ust be determined and addede. Space
for one memory 1link sust be included.

Interpreter Segment Dictonary
The number of segments in the Interpreter must be determinad.
The space vrequired for its segment dictionary is then ten

bytes times the number of segments plus space for one memory
links {10 X number of segma2nts) + memory link.

The following are the corditionad items which must be included in
the calculation of Program Dependent Static Requirements.

Program Code Segment Dictionary

The number of code segments which comprise the progrars may be
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determined from the compiler listing of the progranm. Code
segment dictionary space in bytes is then determined by €10 X
number of segments) + megory dink.

Data Bictionary

The number of data segments used by the program is known to
the programmer and is avasilapble from the compiler 1listing.
The space for the data dictionary in bytes is cailculated by
(10 X number of data segments). No mewmory Llink is required.

Base=Limit Area {also known 2s Program Run Structure)

This number is readily avail able from the <compider {isting.
It i3 the total data space raquired by the program (between
Base and Limit Registers). 5Space for one menmory 1ink sust be
ad’deda .

File Dictionary
Thers is one entry in the file dictionary for each file
declared in the programs regardless of whether it is ever
used or not. File Dictionary space is given by (10 X number
of files deciared)s, No memory link is reguired.

File Information Block {FIB) 3Space

This may be calcullated in bits by:

1048 x Number of MICR Files open plus

796 x Number of Printer Files open plus

505 x Number of Remote Filas opsn plus

796 x Number of Tape Files open plus

1048 x Number of Disk Files open plus

433 x Number of Queue Fides open plus

1043 x Number of all other files cpen at the time.

FIB8 Memory Links

One memory 1link is required for sach file that is open.

Totai Buffer Space

The number of and the size of the buffer areas asscciated
with sach fide that is open may be determined from a compiler
Listings This size should be totaled and added. If the code
file on disk has been modified» howevers, the size given on
the listing may be incorrect. True buffer size mray be
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determined through an MCP keyboard instruction. (Refer to

81000 Software Operational Guidea.)

170 Descriptors

There is one I/70 descriptors which requires 272 bits cof
spaces for each dbuffer in sach file that is opens

Disk File Headers

Disk file headers are maintained» either in mewmory or on
disk» for aldl disk files that are open. If the fite 1is
processad in a random access modes the header i3 mairntained
in memory. ODtherwises the header is stored on disk and
brought into memory when new disk areas are allocated. Fach
header will raquire 580 bits plus 36 bits for each area
requested by the fide declarations regardless of whether of
not the area is5 aliocated» plus space for one memory Llink.
This area is required only when the header is5 in memory.

Header Dictionaries

Disk file he aders are addressed by the MCP through
dictionaries. Thase dictionaries ars segmented. One segmant
contains space for ten dictionary entriesa. Lach dictionary
entry is a system descriptor and requires 80 bits of nmemory.
The space required for header dictionaries may be calculated
by (800 + mewory link) X ({disk files open NJD 10) #+ 1) bits.

PROGRAM-DEPENDENT DYNAMIC REQUIREMENIS

To determine the wWorking set of segments for any progras one must
know where a program spends its time or its "main Lline™ of
procedure cadisa. The carrassponding segment sizes must then be
added up for this main sequence. Sagment sizes can be obtained
from compiler listings. For RPG programss all code segments must
be idncluded in the wWorking set. For alil cother progrems the
compilers produce a 1ist of code segments and sizes. Then the
working set segmsents should be disted and totalled. All segment
sizes shoudd have 20 bytes added to account for the size of an
associated memory 1link.

As previously discussedr, if any interpreter segeents are used by
the programs, these must also be included in the total.
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M-MENCRY MANAGEMENT

The function of M-memory management §is to best manage the
available control memory (M-memory) idn a dynamically changing
environaent. There are four events which are able to affect the
system's demand for MN-memory by the iptroduction or removst of
interpreterss:

BOJ

£EQJ
ROLL IN
ROLLOUTY

Upon the occurrence of any of these» if the interpreter set
changess the new dewmands will be evaluated and M-mewmory
reallocatad.

One of two allocation schemes #ill be emplovyed:

RISIRIGUILION

This method distributes the available M~memory staticatly among
the active interpreters. The size of each portion depends on the
interpreter®s needs» - and the availablle amount of H~gemory. The
poertion of the interpreter which is not able to be placed in
M=memory vremains in S"manorye. As the number of active
interpreters increases» this allocation schege remains in effect
until furthar dispersion of M-mamory would result din a3 severe
performance degradation. When this threshold is reachedr, the
second allocation scheme is put into effect.

CONTENTION

This method dynamicaddly shares M-memoryr in the form of n fixed
size pagess among greater than n interpreters contending for
these pages. When an ingerpreter succeeds in capturing a page of
M-memorys, the low=order portion of the interpreter will be copied

into the page from S<-smemory. Howevers when the page s
re-captured Dby another interpreters since there is no mechanisn
for transferring information from MNe-memory to S—=mamory: the

information dn that page will be 1lost. Hencer ail active
interpreters must be entirely in S=memory.

DETAILED DESCRIPTION
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le When a new interpreter is to be brought into memorys the

2

3

procedure "M.,IN.M.OUT™ is calied. This may be called sither
from 80J» EOJ» ROLL.IN» or ROLL.OUT. The last entry in the
interpreter dictionary is5 first stored in "DIC.LAST.LOC".
Then the interpreter dictionary 4§35 searched for entries
whose wusercount is egual to zero {thus no Llonger in use)d.
These entries are deleted by catling "M.CLEARQUT".

The previous allocation method is then stored. 1f there is
no M.MEMORY on the system (B1l710 serias)» then the procedure
"NO.M" is called. NO.M examines in turns» each entry in the
interpreter dictionary to ascertain if it is in S.MENORY or
not» and if not» the procedure "D.T0.5" 9is catlled tec bring
in the interpreter from disk. The presence d0it is then set
{although the system has no M.MEMORY)» and 2 pseudo N.MEMORY
address is calculated and stored in "ID.M.ADDR". NO.¥ then
exits to M.IN.M.OUT and thence to the procedure which caltled
MaIN.M.OUT.

Assuming that M.MEMIORY does exists the total mininum numbear
of M.MEMORY pages required for 2all interpreters is added to
that required for C5M» then this total number of pages is
compared to the total number of pages of M.MEMORY avaitable
on the system.

If thse total number of pages required is greater than those
availablesr then the contention method is invokeds otheruise
the distribution method i3 invoked. The contention method
wild be discussed first. For the distribution aethod»
proceed to step 6.

The contention wmethod <calis the procedure "CNTN.SETUP"™.
CNTN.SETUP first checks to see if the pages remaining after
CSM ds aliocated is tess than 2» and if soc» then ali the
interpreters Wwill be contending for the remaining gage,
including 50L» and ths procedure contention s caltled
{proceed to step 3)» If the number of remaining pages after
allocating C£3M 45 not less than 2» then this number of pages
is stored in "M.NUNBER.PAGES™. The SDL interpreter is
assigned a pages plus any fraction of a page which may he
1left overe. This may occur if CSM does not occupy exactly a
full pager» normaldly 102% wordse. Nexts the number of active
interpreters is counted and this number compared sgainst
M NUMBER. PAGE S If N.NUMBER.PAGES s grsater than or eqgual
to the number of active interpreterss then the distribution
method is calded {proceed to step Bl). (This could be caused
by an interpreter with a very large minimus requirement.)

The procedure contention first ascertains if the SoL
interpreter i5 partiadly resident in S.MEMORYs, and either
M. NUMBERLPAGES i3 ecual to 1» or the portion of the SDL
interpreter in M.MEMORY is greater than the size atlocated
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I

S5e

6.

for 50L. iIf so» then the procedure "HIL.T0.5™ is <catled»
else proceed to step %. HIL.TO.5 saves the current S.MEMORY
address of the 50L interpretars and stores the disk address
of the SDL interpreter in the interpreter dictionary entry
for SDL. The procedure "D.T3.5™ is5 then called to bring in
the interpreter from disk. D+«70+5 d00ks for memory for the
interpreters, makes the found address mod. i6» reads the
interpreter into memory and marks the interpreter dictionary
entry present. If sufficient mewmory space was not found»
then the previous {partial) SDL interpreter is restored in
S+ MEMORY» and ald procedures exitedr returning atl zeros to
the procedure swhich called M. IN.M.DUT, Btherwise» the newu
copy (complete) is marked not present in M.MENDRY and the
memory space of the oild partial copy marked available.
HIL.T0.S now exditss returning to the contention procedurs
{proceed to step 5).

If neither "M,.NUMBER.PAGES™ dis equal to 1 nor the portion of
the S5DL dnterpreter in MN.MEMDORY 1is greater than that
alliocated for 50Ls and if the portion of the 5DL interpreter
in M.MEMORY is less than that alloweds then the oprocedure
*"1K.OUT.MOR® 45 c¢alled to move more of the SOL interpreter
from S.MEMDRY to M.MEMDRY.

The procedure "N.CLEARQUT™ is then cailed to clear out of
the interpreter dictionary aid partially resident
interpreterss with the exception of SDL. Each entry in the
interpreter dictionary is then in turn sxamineds, and passed
through the procedure “"CNIN.LJADR™ until 3ali entries are
examnineds at which time contention is exited to M.IN.N.OUY
{procead to step 10).

The function of the procedure TCNTN.LOADR™ is to 1oad
interpreters either from disk to S.MEMORY, and/or fron
S.MEMORY to MJMEMORY. It first examines the interpreter
dictionary entry to determine whether the interpreter is on
disk or in S.MEMORY. If it i5 not in S.MIMORY» then the
procedure ™D.T0.5™ is called to bring the interpreter in
from diske. If sufficient memory space is not founds then
DeT0+5 exits through aldi proceduress returning atil zeros to
the procedure which called M.IN.MH.OUT. *ID.M.ADDR™ and
*ID-TOPN™ are calculated. Each interpreter jis set up for
one page of memorys. If there is available M.MEMORY {eft,
then the page s overlayed from S.MEMODRY to NK.MEMORY
{proceed to step 13).

If the total number of pages required is not greater than
those avgzilabde» then the distribution method is invoked,r
and the procedure "REDISTRIBUTION™ calied. The procedure
redistribution calculates whether ths amount of available
M. MEMDRY is exactly of a size required to house the =rRiniamunm
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requirements of ald interpreters and (SM. If so» then the

e

procedure "M.GRINDER™ is catlied passing a vatue of 1.
(Proceed to step 7).

Otherwise» the total amount of memory required to house tke
maximum reqguirsments of all interpreters and CSN is
calculated and comparad against the total amount of N.MEMORY
availabler» and if less than or equai to the amount of
M.MEMORY awailabies then the procedure M.GRINDER is catieds
passing a4 value Lfield WHICH ) of zero {proceed to step 7).

If neither of the above conditions is met (that is» neithar
the minimum nor the maxinmum of all interpreters widl fit in
M. MEMORY) then the procedure "DISTRIBUTE™ is calleds passing
a value (field HUH) of zero. The procedure distribute
stores the maxinum available M.MEMORY» amount required for
C5M» then if HUH = 0, it initially assigns esach interpreter
its minimum required space» {increments each one in turn by
one page» until all avail able N.MEMDRY §s5 aldiocated. If HUH
= 1» each interpreter?s minimum is assumed to be zercs then
incremented by one pags until all available M.MENORY is
allocated. The procedure M.GRINDER is then calied» passing
3 value (field WHICH) of 2.

The main function of H.GRINDER is to reallocate M.MENCRY one
of three different ways» depending on the values of "WHICH".
M.GRINDER examines each idinterpreter dictionary entry in
turne. After having examined all interpreterss, 1{if there is
stidld some MJMEMORY remaininge then proceed to step 9.
otheruise proceed to step 10.

If the entry being examined is5 not in M.MEMORY» or the page
being examined is not the current M.MEMORY pages, then
proceed to step Y. Btherwises if the size of this page in
M« MEMORY 45 not the size it should bes» proceed to step 8.

If this M,.MNEMORY page is the correct sizes and if the
interpreter is sither partially resident in S5.MEMORY or if
the total dength of the interpreter is less than or ecual to
the amount of this interpreter currently in M.MEMDRY (i.e.»r
the interpreter is entirely in MN.MEMORY)? and this
interpreter is not in S5.MEMORY» then proceed to step 9.

Otherwise {that is» the interpreter is entirely resident in
S.MENORY» $50 the portion of S.MEMORY which was copied to
M.MENORY must be returned)» the interpreter is wmarked as
partially resident in S.MEMDRY. If the total 1length of the
intarpreter is dess than or equal to the amount of the
interpreter currently in M.MEMORY» then the procedure
"ALL.IN.M" dis called to return the entire S.MENORY space for
this interpreter. Dthersises the procedure "LK.DUT.MEM™ is
called to return the S5.MEMDRY space corresponding te¢ that
portion of the interprater which has been copied into
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M. HENORY.

8 If the amount of the dinterpreter in M.MNEMORY is 1less than

e

0.

the amount aliocated in MN.MEMORY for this interpreters then
the procedure "LX.OUT.MOR"™ is caldied to copy more of the
interpreter frog S.MEMBRY to M-MEMORY.

If this point is reacheds then the appropriate interpreter
must bDe brought in from disk.

The procedure “M.CLEARQUT™ dis5 cadiled to cilear ouvt ait
partial dnterpreters from the interporeter dictionary (with
the 2xception of the S50L interpreter and already fitted
interpraters).

I1f the «current entry in the interpreter dictionary is SODL»
then the procedure HIL.T0.5 95 callied {rafer to step 3 for
the functions of HIL.TDaS5). I1f sufficient memory space is
not found in HIL.TD.5» than exit through all procedures
passing a value of all zeros to the procedure which catted
Mo IN.N.OUT. Nextr, each entry in the interpreter dictionary
is examined in turns and if present in S5.MEMORY but not in
M. MEMORY» then the procedure "S5.T7T0.M" is called to overtay
the appropriate page from S.MEMORY to N.MEMDRY» and to
return either the entire S.MEMORY space occupied by the
interpreter or else to reaturn only the portion overiaid.
Each entry in the interpreter dictionary 1is once again
examined in turns, and if the presence bit is set, proceed to
step 10.

If the presence bit is not sets then the procedure D.¥0.5 is
calded to bDring dn the interpreter from disk to memory
{refer to step 3 for a description of D.T0.S5). 1f
sufficient memory s not found In D.T0.5» then att
procedures are exited» passing a value of 31l zeros tc the
procedure which calied H.IN.M.OUT,

The procedure S5-T0.¥ is then called {see description sbove).

At this point, the allocation method (either distribution or
contantion) has been decided and executsds and control
passed back to NJIN.M.JUT,

If the new atlocation method chosen was successfuls and if
the new aliocation method i3 the same as the old ones
proceed to step 11. If the new method is distribution
{therefores the old was contentiond» then the procedure
RELEASELALSEG 3s calded to mark the MHCP segment REIN.STATE
availabde {reset save bit in the memory {ink)d. If the new
method idis contentions then the procedure SAVE.ALSEG is
called to mark the MCP segment REINLSTATE saved f(set save
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bit in the memory link).

11. If the value passes to M.GRINDER (WHICH) was 0 or 1. Then
return from M.GRINDER through redistributions to M.IN.M.OUT.
If the value passed to M.GRINDER (WHICH) was 2» then return
from M.GRINDER through DISTRIBUTE to REDISTRIBUTION, to
M. IN.M.OQUT and thence to the procedure which calied
Me IN2MNBUT.
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EROLES3 (PROGRAM) MANAGEMENT

Vieuwing the MCP as a3 manager of processes emphasizes its role in
the management of job execution. That part of the MCP concerned
With such management may be termed the ™process controller”.
While the process controdder is not a distinct module in the MCP»
it is a convenient term to describe all those distinct functions
whiche taken togethersr form a conceptual package. Certain of
these functions, namedy "ROLLIN™, “ROLLOUT", *CAUSE™» "HANG
PROGRAN™» are best understood within this context and widl be
discussed in depth in this section.

The actual execution of programss the allocation of processor
time to processes which are ready to sxecute and ares therefore»
in the Ready Queues» is acconplished by micro code <contained in
GISHMO knovwn as the "Micro Schaduler™. The Micro Scheduler is5 3
part of the process controliera. The Micro Scheduler is
responsibde for the allocation of all processor time on ail
processors which may be attached to the systenm.

The pracess controdler is driven Dy the occurrence of certain
software eventsr, calded "soft ewvents™» which can be iderntified
and anticipated by the NLP. When a process subgits a reguest to
the MLP» the process may or may not be required to waite. 1f a
Wait is necessarys the NCP is able to anticipate the event upon
which that process must wait. Thus the MCP can label the job as
Wwaiting for some “"soft event™s suspend the job by placing it in
the ™wait queue®s, and continus to execute its other duties. When
the soft event "happens™s» the Hicro MCP can search the wait queue
to discover the process marked waiting for the happening of that
avent.

The "HANG PROGRAM™ functions uwhich places programs in the wait
queues and the "CAUSE™ functions which takes programs from fthe
Wwait gqueuesr are crucial. Both functions must be ceocgnizant of the
sane s0ft events. "HANG PROGRAN™ is responsible for creating a
unique bit string which widl reprasent the soft event for a
Processs. On the other end "CAUSE™ must have the proper soft
event generated for it» S0 that the waiting process can be
Located.

~

The main asset of this method of process manipulation is to free
the MCP from waiting for the completion of I/0 operations. It is
able to initiate a requested operation and to indepesndently match
a soft event with its corresponding process at a future tise when
the operation has been completed.
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The process controlier receives inputs from two sources: sn “I/0
DEYICE™ or a "CONTROL DEVICE™. Both may affect processes in the
systeme User damands wupon the system are submitted through a
controd device which may accept only control language statementsa.
On the Bi000» the supservisory printer {5P0) may only be used as a
control devicee. The card reader may be dynamicadly assigned as a
control  device or an I/70 device. Alt other peripheral devices
may be usad as I/0 devices only. In additionr a progras may act
as a control device by sending a communicate to the MCP which
contains a control tanguage statemente. See *PROGRAM
COMMUNICATES" .

Control 1danguage statementsr of direct interest to the process
controllers, may pDe divided into three categoriess

{1) Statemeants which generate a so0ft event (2eger aitow a
suspended process become actives direct a proctess to a
peripheral device)

{2) Statements which cause job suspension

{3) Statements which requast job execution and provide ail the
appropriate parameters

If the contrel dangusge statement reguestad that a3 job be
executed» the "Control Language Processor™ directs that the joo
be scheduled. Brieflys» the scheduling function involves placing
it in the ®schedule queues™ but allocating no machine resources.
In the NMCP outer 4o00p» thes schedule queue is periodically
checkeds and the first job in the queue is initialized.

*Program Initialization™ involvyes allocating the gachine
resources and setting up the structures necessary for progran
execution. Once the job has been dinitializeds, it is placed 1in
the "READY QUEUE" to await actual execution.

Once a program has been initialized» it widl move in and out of
six possible states during the course of its life in the system:

READY QUEUE

COMMUNICATE QUEUE

WAIT QUEVE

NOT QUEUED» EXECUTING

NOT QUEUED» COMMUNICATE BEING ANALYZED
M COMMUNICATE QUEUDE
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The ready queue contains jobs which are ready to runa. The

communicate queue contains jobs which have requested some MCP
function. The wmait queue contains jobs which are waiting for the
happening of a "soft avent”.

The queuing mechanispe is managed as follows. A1l run structures
are linked in memory by priority. A field in the run structure
nucleuss» PRILDLIDENT™S specifies the current state of the
Processe The first member of a queue can thus be found by
searching the {inked Qlist of run structures untii the proper
value in BS5.Q.IDENT is founda.

A job waiting in the ready gqueue represents a demand for
processor time upon the systeme. This gueue is interragated by
the Micro Scheduler. If a job is founds the reinstate functions
which is performed by the Micro Scheduder in GISMO> is catled in
preparation for turning the processor over to that job. B8riefly,
the reinstate function performs certain housekeeping duties and
causes a processor to begin execution of that joba.

The program widll executs until one of three things happen:

(1) The oprogram?s interprerer discovers an interrupt which
ragquires the NCP's attantion.

(2) The program needs some MCP service performed before it can
continue

{3) The master processor instructs the stave to idie.

in any case a communicate message is built in a field calted
RS.COMMUNICATE WMS3GLPTR in the program?’s Run Structure Nucleus and
control is passed back to the Micro Scheduler.

The contents of RS.COMNUNICATE.HNSG.PTR» analyzed by the
"communicate handler®™ 4in the Micro Schedulers, specifies what
action is to be taken upon the programs In the case af (1)

abovesr the message will simply contain a reguest to be put back
in the ready guaue. {The Micro Scheduler then returns to its
outer Loop where it independently discovers the INTERRUPT.)

A request for service (2) may or may not reqguire that the progranm
wait for the happening of some so0ft esvent. If the request can
immediately be serviceds the Micro Scheduler does so and places
the job back in the ready queus.  If the program must wWaiter
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howavers the "HANG PROGRAN™ function is catled.

"HANG PROGRAM™ oputs the job in the wait gueue and fabels it as
waiting on the appropriate soft avent. Depending on the reason
for the waits, the program may or may noct be "rolled out™. The
"ROLLOUT™ function will copy all but a centrat core of the
program®s Run Structure Nucisus to diske. For a detailed
discussion of these functionss sea thedir respective sections
belove

The oprogram will remain in the wait gueue until the event upon
which it was waiting has bean “caused". Tha seft event upon
which a job must wait may come from three basic sources:

{1) I/0 intervupts
{2) Control {anguage statements
{3) MCP

I70 interrupts are "hard events™ which must be transforwmed into
soft events before they may be associated with a process. A hard
event is any asynchronous occurrence in the hardware of which the
software must be cognizant. The occurence of such a hard event
is usuaddly manifested by a flag in the processor. The function
of "Is0 COMPLETE™ 4§s to transform those hard events of interest
to a process into its corresponding soft event. .

Some <control language statements widd cause the control language
processor to generate soft events. Such statements signify the
happening of some event a process might be waiting for (Reg.»
=mAX™, "IL™s "UL™s "G0"» and TDK™).

Other soft events are generated internally by the MCF. For
examnpler processes waiting on a no-memory condition or a parent
program wWaiting for the termination of a nested program must be
notified when they are able 0o resume processing. The MCP
generates such soft events.

At the point when the soft =2vent has been generated (from
whatever sourca)s pne can say that the "event has happensd®.
This soft event is usad by the Nicro Scheduler function to {ocate
the corresponding process in the wait queue.
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1f the process is in memory {(had not been rolled cut), the Micro
Scheduler analyzes the reason that the process had been waiting
to determine whether or not the last communicate was completed.
If it was» the job is put in the ready queue to await
reinstaternent. if the communicate was not completedr the job is
put in the communicate queue to wWwait for the reinitiation cf the
communicate Dy the communicate handlier.

if the oprocess was not in memory and memory is availabler» then
tha TROLLIN" function i35 calded. 1Its duty is to re-establish the
run structure that had been "™roidled out” to disk. The reason for

waiting is then analyzed in the same manner described above. If
there was no memory available for roii=-in, then the job is put
back in the wait gueue to wait for menmory. The wait reason witit

be updated to refleact this status change and to specify into
which queues the job would have gone had memory been available.
When memory becomes awvaidables the job will be put dirsctily into
the specified gueue.

The process Widl continua to be manipudated in this fashion untit
it has completed executione. At that time it will request the
end=of=job function from the MLP and terminate.
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DENAND MANAGEMENI
MCP QUIER LOQP

The MLP can be viewed as a program whose sole duty is to respond
to demands made upen it by the systems This seemingly innocuocus
statement is walid even though the HNCP idis a wvastly cosplex
programe The complexity arises» howevers by virtue of the
diversity of demands to which the MCP is able to respond.

There are five basic categories of demands to which the MCP
initiadly respondsas These categories are recognized at the
outermost or most giobal level of tha NMCP» which iteratively
searches for each. Once a demand is found» it is analyzed at
increasing dlevels of detail and resolved according to its
specific request. Control 1is then returned to the outer loop
which continues to search for damandse.

The five types of demands recognized by the MCP's outer locp are
described Delow.

IINER INJEBRRURI

The first type of demand recognized by the MCP is called a timer
interrupta. There are two fields in the MCP?'s global data space:
A software maintained system clock and a clock masks. Every tenth
of a second an interrupt is <caused by the hardware. GISND
detects this idanterrupt and bumps the system clocke. Every time
the MCP begins its Loop searching for demandss it checks tc see
if the vaiue of the system clock has exceedad the value of the
ciock mask. If it hass the MCP cadls the "N.SECOND™ routine to
perform its housekeeping duties and resets the clock mask to some
value greater than the system clocke See "N.SECOND routine™.

170 INIERBRURIS

An I/70 dirterrupt 3s 23 soft mechanism by which GISMO notifies the
MCP that an I/0 opersation is complete. GISHD will only do so
when the MCP requests that it be notified or when an exception
condition has occurred on the I/0 operation. This should not be
confused with a8 ™service raquast” type of interrupts. This
service request dis a hard level in the processor and is used to
notify the software that a hardwara I/70 control is in need of
services
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The MCP will request notification of the occurrence of I/0
compietion only when there is a need for it to knowe The MCP
does not request the return of 170 complete interrupts on user
170 operations unless the program which caused the operation to
be initiated is waiting on the I/0 operation. This is discussed
further in the sections of the specification covering READ and
WRITE.

When an 1/0 operation i5 completedr GISMO stores the result
descriptor associated with the operation in its proper location
in memory. The field is known as the ™result descriptor field"®
and is a part of the actual I[/0 descriptor. There 1is an area
allocated in memory &nowun as the dinterrupt stacks which is
actualdly a gueue of I/0 complete dinterruptse. GISMO» after
storing the result descriptors if the interrupt reguest bit in
the descriptor was on» stores the address of the resultx
descriptor in the interrupt stack and ™causes™ the MLCP» §f it is
waiting. In its outer 4cops the MCP reguests that GISMO deliver
the address on the top of the interrupt stack. It analyzes the
descriptor at that address and takes the appropriate action. The
MCP continues to regquest addresses from GISMO in this fashion
untili the stack has been exhausted.

Upon receiving a descriptor?s address from GISMO» the HCP invokes
a routine called "I0.COMPLETE” to begin the analysisa. Depending
on the value found din a field of the resuit descriptor»
I0L.CONPLETE dnvokes one of the following MCP facilitiess, each of
which is discussed in depths on the following pages.

CAUSE MECHANISH (SEE "PROCESS MANAGEMENT™)
CONTROL LANGUAGE PROUCESSOR

IBAYT MAINTENANCE

I70 ERROR HANDLER

SPO MAINTENANCE

J08 SCHERDULING AND INIIIALIZATION

After exhausting the interrupt stack» and if an MCP globatle
"CHANGE.BIT™» is trues, the MLCP checks the ™schedule queue™ to
determine if any jobs have bean scheduled for axecution.
CHANGE.BIT wWwidd4 be false whenever a previous attempt at program
initialization failed because of insufficient memorys, and nothing
has intervened to create a possibility of success at this
attempta The program initialization routine sets CHANGE.BIT to
zero {false) whanever anm initialization fails. It is set to one
{true) whenever a block of memory is freed by job termination or
*"roliout™, whenever a new job is placed at the top of the active
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schedules or whenever explicitly set by the "P5"™ control language
statement. The MCP is thus abde to maximize its own resources by
by=passing a futile atteazpt at job dnitialization.

The schedule queue contains an active and a wWaiting schedula.
Both are dinked 1ists on disk which contain those jobs awaiting
execution but for which no memory resources have vyet hasan
allocated, The control language processor identifies a request
for a job to be executed. It builds a log entry {see “LOGGING
INFORMATION™) for that job and dinks it by priority and time of

request to other jobs waiting to be initialized. S5ee "LONTROL
LANGUAGE PROCESSOR™ for exact specifications. The active
schedule 1ists those jobs that are ready to runs. The waiting

schedule contains those jobs whose initialization must await the
occurrence of some event {i.2.r» the termination of ancther job or
operator conterol messaged. Wnen the event happens» the job is
transferred from the Wwaiting schadule to the active schedule»
where the NCP will find ite.

The MLP selects the first job dn the active schedule for
initiadization. once the job has been de~queueds control is
passed to the "program initializer™ which adlocates the machine
resources and sets up the structures necessary for the program?®s
executions.

COMMUNICATES

A program wmay reguest certain services from the MCP. These
requests represent another class of demands to which the MCP must
responde The “communicate queue®™ contains jobs which have
submitted such a reguest.

The queuing mechanism is managed as follows. Each run structure

nucleus contains two fields: "R5.COMMUNICATE.MSG.PTR” which is a
standard message area and "R5.Q.IDENT® which specifies in which
queue» if anys, the program is. The value of RS.4.IDENT may be:

0 = READY QUEUE

1 = COMMUNICATE QUEUE
11 = WAIT QUEULE
=2 = NOT QUEUED (i.e.» running)
10 = MMCP COMMUNICATE QUEUEL

3 = EXTERMINATE RQUEUE

Al4 rcun structures are iinked together by priority. Thus tha
members of a given queus may be discoverad by searching the
{inked dist of run structures and checking RS.G.IDENT.
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The first job in the comnmunicate gueue is serviced according to
the contents of RS.COMMUNICATE.HASG.PTR. Thse message is initialdy
analyzed by the communicate message handling routine which calils
the proper subroutine to further analyze the sessage and take the
appropriate action. The proper subroutine is determined by the
first two pbits of this message area called ™RSLITYPE". The
values and corresponding meanings of this fisld are as follous:

INTERPRETER GENERATED COMMUNICATES

00 =

01 = PROGRAM GENERATED COMMUNICATES
10 = UNDEFINED

11 = FILE CLEANUP COMMNUNICATE

Interpreter generated «communicates contain rsequasts from the
program?s interpreter for services which are unrelated to the
programn's codae. These include requests for missing segmentss
trace and run time error messagess 2iC.

frogram ganerated comumunicates are requests for code rediated
services such as I/ operations. These are specified under
"PROGRAM COMMUNICATES™.

The file clesanup communicate is an MCP generated communicate used
in conjunction wWith program end-of=job.

PROGBAM BEIN2IAIL

To be specifieds

PROGRAM COMMUNICATES

414 objsct programs communicats HWith the MLP by means of a
Communicate S5~operator. The operator serves to transfer controt
from the user®s dintsrpretar to the MCP%s, Though many
compunicates are now handled by micro=code in the Micro=MCP», the
means of communication has not changed. The compiler generates
code which estabiishes an area in the programs?s run structure.
This area generaily conforms to a standard format which is
recognizable by the MNCP. The fields in this area are definsd
arbitrarity» houever. Only the first twelwe bits of the field
must conform to the format presented below.
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COMNUNICATE EORMAT

L EE E L ENRNLESIELREEFEEREREELEEELEEREL EREREYES NS T ]

VERB 0 - 11
0BJECT 12 -~ 35
ADVERS 36 = &7
CT.1 43 -~ 71
CT.2 72 - 95
CT.3 96 =~ 119
CT.4 120 = 143
€T.5 144 = 167
CT.% 18 =~ 191
CT.7 192 = 215
CT.8 216 = 239
CT.% 240 = 283
CT.10 264 =~ 297
Ci.11 298 = 321
CT.12 322 = 345
CT.13 346 =~ 369
CTa14% 370 - 393
CTa.153 394 ~ 417

P ELE R S EE R LR ESEE R LTSS EELEEEEEEE R YT

Notez: A4l communicates return a value of 0000000000003 or
aN00GLIBD000003 in the RAS.REINSTATL .N3G.PTR unless
otherwise specified.

441 interpreterss, when executing the Communicate S<=operator.
store a pointer to the reserveds, formatted memory area in the
fiedd callled RS.COMMUNICATE.MS5G.PTR of the RSNUCLEUS of the
program being executeds This forty-eight bit field specifies not
only the relative address of the communicate aress but also the
size of the area in bitss. For further information on this aspect
of the operations, refer to the programmatic description of the
Run Structure Nucleus.

If the MCP needs to convey information back to the object program
after executing the requested communicates it does 50 by setting
the field called RSAFEINSTATE.NSG.PTR to a selected value. If no
information is to be conveyads this field §s set to either
a00000000003 or 3JV000130000003 before weinstating the progranm.
Bther valuess» and their associatad meanings depend upon the type
of communicate bDeing executed» and are described for esach
communicate in the sections which follow.
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CT.VERS 00

ILLEGAL COMNUNICATE

BEAD LMICRD MLR)

CT.VERB 01
CT.0BJECT FILE.NUMBER
CT.ADVERSB 817

] REPORT & RETURN TO USER ON EOF
1 REPORT & RETURN TO USER ON PARITY
2 REPORT & RETURN TOD USER ON INCOMPLETE I/0
3 LENGTH ADDRESS PAIR IS5 PRESENT FOR RESULT MASK FIELD
4h=% -
i STACKERS~-STACKER # IS5 IN (CT.3
§=11 -
CT.1 LOGICAL RECORD BIT LENGTH
CT.2 LOGICAL RECDRD BASE RELATIVE BIT ADDRESS
CT.3 RANDON FILE ACTUAL BINARY DISK KEY
{RECORD NUMBER INSERTED BY MCTP FOR SERIAL FILES)
grR
LENGTH OF KEY FOR REMOTE FILES
CT.% ADDRESS OF KEY FOR REMOTE FILES ONLY
£LT.5 LENGTH IN BITS OF RESULT MASK
CT.5 ~ BASE RELATIVE ADDRESS OF RESULT MASK FIELD
REINSTATE.MSG.PTR VYALUES
9 GOOD READ
1 END OF FILE
2 170 ERROR
3 INCOMPLETE 170
4 IMPOSSIBLE SEARCH (RPG SEARCH OP)

A READ communicate on the Bl000 System serves to detliver a
{ogical record to the user program. It does this by moving the
record from the I/0 buffer area in memory» where i1t was
previously stored by the C535M» to the user"s Run 5Structure
(Bases/Limit) area. 1In almost ali casess the READs WRITE and SEEK
communicates are performed by the Micro=MCP. This has been true
since the 5.1 release of the softuware.

The information passed in the communicate area must include a
unigue file number. This number is assigned by the compiters and
is passed to the MCP in CT.OBJECT. The same statement is true
for all communicates which deal with an I/70 operations such as
WRITE», SEEK, OPEN» CLOSE» POSITION and so fortha.

The communicate information must also contain the base=relative
address of the memory area where the record is to be stored and
the Length» in bitss of this area. These itemws are passed 1in
T .2 and CTe1» respectively.



tha
for
not
For

user program to wait until 3 requested I/0 completesa I1f»
exanple» the progran is reading cards and the card reader i3

ready» it may be a long tiwme until the operation completes.

such praograms», the third bit in CT.ADVERB is used. Setting
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this bit causes the MCP to return control to the wuser prograns
regardiess of whether a record was delivered or note. If no
record was delivered» the program is informed of the situation by
satting proper values in RSLREINSTAYE.MS5G.PTR. This is discussed
in more detail later in this sectiona.

Remote files may consist of more than one data communications
terminale In such a cases it is necessary for the chbject progran
to specify the identification of the terminal it wishes toc read
from. ‘This s accomplished by setting CT.3 and CT.4 to the
proper values.

In ail three of the cases described previously» where bits one»
tuo or three are set in LTLADYERB, it is necessary for the MLP to
inform the user program of the =existing <condition. This is
accompiished by setting a field in the RS.NUCLLEUS to a specific
value prior to reinstating the program. The field is defined as
RE.REINSTATE.M3G.PTR and is accessed by the user?s interpreter as

soon as it i5 reinstateds after doing a communicate. If a valid
record was delivered to the user» the message field is set to a
value of zeroc. It wil{ be set to ones tWwoc oxr three if the

respective bits are on in LT.ADYERB and the condition assigned to
these bits 2xistse.

If a user program READ communicate sencountsrs an end-of=-file
condition and bit onre in CTLADVERB is not setr» the program will
be discontinued by the NCP. If a user I/70 operation results in
an irrecoverabie error and bit two §s not set in the READ
communicate which requests the records the program w#idl be
discontinued by the MCP. if a user program reguests the data
from an I/0 operation which is not yet complete and bit three of
the adverb is not set» the program is meredly forced to wait for
the I70 completion.’ :

For files which are assigned to Data Recorders and other selected
card Input/0utput dewvices» the user may specify that the card
which wWwas read is to be routed to a certain physical stacker on
the device. This is5 accomplished by setting the specified bit in
CT.ADVYERS to one and by setting CT7.3 to the binary number which
designates the physical stackers. In this caser» there is never a
need for rore than one buffer area to be assigned to the fila,
and the MCP OPEN routine wWwild prevent this from happeninge. Card
1/0 operations in this case are not "buffered™ and card
throughput will decrease accordingly.

For vrandom disk filesr, a READ communicate may not result in an
170 operation being initiatad. If the user who does the [READ is
the sole user of the file and if the block which contains the
requested record i35 already in memory in one of the user?'s puffer
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areass the requested record will be simply moved to his work
area. This action is not performed if there is more than one
user of the file.
BRITE (MICRQ MCE)
CT.VERB 02
CT.DBJECT FILE .NUMBER
CT.ADVERS BIT
0 REPDRY R RETURN TQ USER ON EOF
1 RKREPORT & RETURN T0 USER ON PARITY
2 REPORT R RETURN TO USER ON INCOMPLETE 1I/0
3 LENGTH ADDRESS PAIR IS PRESENT FOR RESULT MASK FIELD
4=3 -
6 QUEUE FILESs WRITE TO FRONT OF
QUEUE {™STALK™).
7 STACKERS~-=-STACKER # IS5 IN CT.3
8=11 PRINTER SPACING {4 BIT VALUE)
0 NO PAPER ADVANCE
1 SKIP TO CHANNEL 1 AFTEZR PRINTING
2 SKIP TO CHANNEL 2 AFTCR PRINTING
3 SKIP TO CHANNEL 3 AFTER PRINTING
h SKIP TD CHANNEL 4 AFTER PRINTING
5 SKIP TD CHANNEL 5 AFTER PRINTING
b SKIP TO CHANNEL & AFTER PRINTING
7 SKIP TO CHANNEL 7 AFTER PRINTING
8 SKIP TO CHANNEL 8 AFTER PRINTING
9 SKIP TO CHANNEL 9 AFTER PRINTING
A SHKIP TO CHANNEL 10 AFTER PRINTING
B SKIP TO CHANNEL 11 AFTER PRINTING
€ SKIP TO CHANNEL 12 AFTER PRINTING
D SKIP T0 T4P OF FORM 1500 LPH PRINTER DNLY)
£ SINGLE SPACE AFTER PRINTING
F  DOUBLE SPACE AFTER PRINTINSG
CT.1 LOGICAL RECORD BIT LENGTH
CT.2 LOGICAL RECDRD BASE RELATIVE BIT ADDRESS
£T.3 RANDOM FILE ACTUAL BINARY DISK KEY
{(RECORD NUMBER INSERTED BY MLP FCR SER%AL FILES)
Oor
LENGTH OF KEY FOR REMOTE FILES
CT.4% ADDRESS OF KEY FJOR REMOTE FILES ONLY
LT .5 LENGTH IN BITS OF RESULT MNASK
LT.5 BASE RELATIYE ADDRESS OF RESULT MASK FIZLD

PLANT

r=3

COMPANY CONFIDENTIAL
31000 MCP 11
P.5. 2212 5462 (E)

REINSTATE.MS5G-PTR VALUES
0 GOOD WRITE

A WRITE

END

OF FILE

1
2 1/0 ERROR
3 INCOMPLETE 1I/0

communicate
similar to READ.

The user program constructs a

tha B100D systewm operates in a manner

{ogical record

on
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somewhera within its Run Structurs and communicates uwith the MCP.
The MCP will then nmove the data from the work arear» the address
and dength of which are described by LT.2 and CT«1 respactively»
to the next awvaitabie I/0 buffer area. The program will be
allowed to continue as soon as the movement of the data occurss
it is not forced to wait fer completion of the actusl 1I/0
operation,.

As in the case of the READ communicater edther blank=fill or
truncation of the record wiilit oceccurr, depending upon the sizes of
the work area and the fide*s logical record. The buffer witl be
released» which means that the corresponding I/0 operatior will
be idnitiated, as soon as the buffer area has been filled to
capacitys A prograws is forced to wuwait for I/0 completion if the
MCP cannot find an available buffer to uwhich it can move the
record. A buffar is unsyvailable if the previous I/0 operatiaon»
which may have been initiated some time agos is5s not yet coapletsa.

End=of~file is not raported to a user on an output file except in
the cases of disk fides and some printer files. End~of~file for
a disk file is defined to be an attempt by the user to wWrite past
the declared size of the file. The declared size of atl disk
files is wmaintained in the File Header, a perpsanent entity
created when the file is opened output for the first time.

For files assigned to printars, end-of-file may be defined to be
the sensing by the hardware of the physical end of the page. In
all cas2s» this is not actualiy the end of the pages but rather
the sensing of 2a channel twalve punch in the Carriage Control
Tape. This sensing will be reported to user progranmss if
requested Dy setting bit one in LTLADVYERB and by setting a bit in
the FPB8 for the file. Notice thats because of the fact that the
MCP i5 examining the result of I1/0 oparations which may have bean
initiated some time agos end-of=-page i3 not reported when it
occurss» but ™n™ urite operations flaters, wWhere *"n"™ is the number
of buffers assigned to the filea.

I70 errors are also reported to user programs on the WRITE
communicater if reguested. This information i5 necessarily of
little practical uses on any Burroughs operating systam,
Ostensiblye the I/0 error routines of the MCP{s) should be of
such a nature that the need to report this occurrence never
arises.

The same Data Communications applications which use bit three of
the adverd on READ» wuse it in a similar manner on WRITE. When
using this bit dn the adverbsr control is returnsd to the user
when a HRITE is requested but the buffer that should be wused is
not yet available to the M(CP. Agains this can be caused by the
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device itsetlf going not rsady.

Printer spacing information must be passed to the MCP or each
WRITE communicate for a fide wWwhich is assigned to a printer.
This is accomplished by setting the proper bits in the adverbs, 2as
pictured in the preceding.

Serial disk fides may be opened by the user program for both
input and output operationse. In other dwords» the file pay be
opened in such a manner that both a READ and a WRITE cowmunicate
are acceptabier with no intervening Close and Open. Hher this
type of OPEN communicate occurs» the HCLP will pre-fidl ali of the
bufferss as if the file had been opened INPUT only» but the
buffers are ratleased 2t different points in the READ and HRITE
communicate processinge.

The MCP widi not move buffer pointers at the conclusion of a READ
communicater, as it normally doeps. Insteads dL must wait until
the next communicate operator associated with that file is
received. If the succeeding compunicate is a ARITE, it wiil move
the data from the Wwork area to the buffer and change the
operation code in the I/0 descriptor to a Hrite. It widl mark
the program "ready to be reinstated™», and then rotate the buffaers
in anticipation of the next commuynicata operator. In this
specifications the term "rotate the buffers™ means that the MCP
moves the necessary buffer pointers and initiates the I/0 if
Nece s5arys

If the next communicate received at this point is a WRITE» the
MCP» after idnsuring that the next buffer is available for use,
will move the data agains from the work ar2a to the buffer and
fotate the buffer pointers. If the communicate had been a READ,
the MCP would hawve moved the data in the opposite direction and
it would not have rotated the buffer pointers.

In summary, €for this typs of filer two successive READ operations
will move two successive records from the file to the user?®s work
areas Two successive WRITE operations will cause two successive
records to be written into the fide. A sequence of operations
such as READ=-WRITE~READ~MRITE widl cause two successive records
to be delivered to the wuser and the same recordss but not
necessarily the same data» to be written in the fiie. Tha
End=of-File pointer for a sequential file may be extended when
the file is opened in this mannera.

Disk files which <contain wvariable-length records may not be
opened for both input and output operationss, or for random access
processing.
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For Seguential I/70 filess a physical 170 operation is not
necessarily initiated each time the user program does -a WRITE.
for biocked files» 1if the user has done a HRITE on any record in
the block» the operation will be initiatsed only shen the buffer
pointers are moved past the end of the blocka

For data communications filess the fields described as LT.3 and
CT.% are used on HRITE communicates exactly as they are on READ
communicatesa.

For randonm disk files a WRITE communicate may result in more than
one2 physical I/0 operation. If the file is blockeds the block
which contains the requested raecord nmust be in a buffer in memory
be fore the record is inserted in the block and actually written
to disk. This 1is5 due to the fact that the hardware can only
initiate 1/0 operations and terminate fhem on segment boundariess.

If the block which contains the requested record is not in memory
when the KRITE is issueds the MCP will dnitiate a Read aperations
force the requesting user to wait for its completions move the
record 1into its respactive position in the block after the I/0
completess allow the user to be reinstated at this point and
initiate the requested Write operations if the fide is being
accessed in the RANDOM mode.

In the 6.1 reiease of the software», a file access amethod known as
DELAYED RANDOM wzs inplemented. When DELAYED RANDOM is useds the
first request for a {ogical record of a given block of a LCELAYED
RANDOM file widl resudlt in a3 physical 1I/0 which resds the
necessary block into memory. Subsequent accesses to the block
Wwididl not generate any physical I/0%s as Long as the block remains
in memory. A block is overlayed if a request is made for a block
not currently in memorys, at this time the ieast recently accessed
block is chosen as the one to overiay. If the chosen block has
peen updated in memory it is uritten to disk before the new block
is reads. Periodicadlyr» all blocks that have been updated in
memory are written to disk by the SMCP.

2EEK C(MILCRO MLED

CT.VERB 03

CT.OBJECT FILE <.NUMBER

CT.ADVERSB -

LT.1 -

CT.2 -

CT«3 RANDOM FILE ACTUAL BINARY DISK KEY
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The SEEK communicate is an instruction to the MCP to position the
arms properlys on movable=arm devicesr and to fidl one of the
pbuffers assigned to the file with the block of data which
contains the requested 1logicail record. This communicate 1is
applicabie to random disk files oniy. The user is not forced to
wait for the completion of an I/O operation initiated by a SEEK
communicate. He may be forced to wait if there i5 no buffer
available to use for the operation.

The SEEK communicate may be used by ths user programmer to mask
sope or all of the time required by a READ communicate with
computatione It may also be used» prior to a WRITE communicate,
to eliminate the nacessity of waiting for a buffer to be
pre~filled when using blocked files.

No data i35 moved to or from the user?s work area by the togic of
a SEEK communicate.

SCRIELR CONIBIL

CT.VERS 04
CT.0BJECT FILE.NUMBER
CT.ADVERS BIT

0=4 -

5 TRANSFER

6 POCKET SELECT

7 STOP~FLOW

8 BATCH=COUNT

9 POCKET LIGHT

i0 -

11 ENDDRSE
€T.1 POCKET NUMBER
CT.2 BASE RELATIVE TRANSFER ADDRESS
CT.3 BIT LENGTH OF TRANSFERRED DATA

The SORTER CONTROL communicate is used in conjunction with files

assigned to Reader=Sorters only. Such files may be utilized
properly in £D0B0OL programs onily. Other languages may include
portions of the syntax nsecessary for proper use of a

Re ader =Sorters though only CD030L contains everything that is
necessary.

When the MCP receivaes an I/0 Complete interrupt from tha
Reader=Sorters it idimmediately references the program which is
using that sorters determines the memory address of the ™USE
ROUTINE work area™» and places a formatted copy of the result
descriptor from the I/0 operation fodllowed by an image of the
item itself in the work asreaa. It then reinstates the user at the
code address of his USE ROUTINE. {For additional information on
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Item Processingr refer to the R1000 L080L Reference Manuals Foras
Number 1057197.)

The MCP takes the action described above regardless of other
processing that is occurring. The action described is cosmonily
known as "High=Prierity Interrupt Handling™.

Only three of the five possible adverb bits may be set in a
communicate addressed to tha MCP while the user program is
executing the USE ROUTINE. These three bits are TRANSFER,
STOP-FLOW and POCKET SELECT. The TRANSFER bit is discussed in a
subsequent paragraph. If the POCKET SELECT bit is sets the MCP
Wwill use the value in £T.1 as the pocket number on the sor ter for
that item. If the STOP-FLOW bit is set in the adverbs, the HCP
widd also dissue the appropriate 170 Descriptor to the sorter.
After receiving the communicater regardiess of the adverb bitse
the MCP will continue doing whatever it was doing at the Yime the
interrupt was received’ the user must give up control at this
pointas

Pocket selection on the sorter thus happens asynchronousiy with
everything that is occurring on the systems except the sorter.
This is «currently the only device connected to the B10G0 which
operates in such a manner. The necessity for this action 1is
dictated by the fact that the sorter is actually a "real=-time®
device and nust be serviced in a specific time period after 3
check has been read by the hardware.

The TRANSFER bit and its functioen was added to the 8.0 vercsion of
the MCP. When the TRANSFER bit is5 not sete which widl be the
case for all programs compiled prior to the 8.0 release of the
softwares, the MCPs upon veceiving the POCKET SELECT communicates
Wwiddl dispatch the pocket nusber supplied to the sorter controi
and place an image of the item in a "™tank™ area in memory. The
number of dtems that may be contained in the tank area is
specified by the user and corrasponds to the number of buffers
requested for the sorter file. In actualitys there uwill te only
one buffer and 170 descriptors regardiess of the numper
requested» but the buffers requested will be used to determine
the size of the tank area.

Item images widl be removed from the tank when the user progran
does a SORTER READ operation on the sorter file. The images witl

be dedivered in sequence to ths program. Obwiousiye the tank
area wildi become fudd if items are introduced to the system more
rapidly than the user program does SORTER READ operations. If

this occurs» the MCP will dispatch a STOP~FLOW I70 descriptor to
the sorter controls, thus stopping the idintroduction of items.
Flow widl be automatically started by the MCP when the tark ares
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is again empty. In this manners the system prevants

TOO_LATE_TO_POCKEY_SELECT and TOO_LATE_TO_READ conditiors from
OCCUTTINgG.

If the TRANSFER bit is set in the SORTER CONTROL communicates» the
MCP will not tank the actual image of the item but will store the
data at the {ocation specified by CT.2 and (7.3 from the
prograr's rvun structure. Iin this manner» the user may cause the
MCP to tank whatever he choosess» thus eliminating the need for
several oprogramming steps from the user progran. A maximpum of
one hundred characters may be passed and tanked per itenm.

The BATCH=COUNT bit in the adverb is used to adwvance the batch
counter on the sorter by one» each tiwme 3t is received by the
MCP. This adverb bit willd only be accepted by the MCP when the
user program is not in the POCKET SELECT USE ROUTINE» and a High
Priority Interrupt condition does not exist.

fach pocket on a Reader=Sorter has a red indicator ilampr visible
to the oaperators above it. The 1lights =3y be turned on
programatically by the object program issuing a SORTER CONTROL
comnunicate with the POCKET LIGHT bit in the adverb set. Upan
receiving such a communicates the HCP wildl dssue an 173
descriptor to the sorter which Wwill instruct it it turn on the
1iight above the pocket specified by CT.1. The hardware will onty
take such action when the flow of items through the sorter has
been stopped. The sasme is true of the BATCH COUNT operatione.

20BIER BREALD (MICRO NLP2

CT.VERSB 05

CT.O0BJECT FILE.MUMBER

CT.ADYERE -

CT.1 READ AREA BIT LENGTH

CT.2 READ AREA BASE RELATIVE BIT ADDRESS

Check {item) images ara passed to the user prograa
asynchronousiy. As described aboves an item image is5 passed to
the program whenever one is available to the system. The wuser
program is expecting to READ these images synchronouslyr however,
by issuing SORTER READ communicates.

The MCP therefore temporarily stores these images in  msemorys
passing them to the user program in successiony, upon receiving
this communicate. {(Notica that the user progras has alrseady seen
the 4mages in his POCKET SELECT USE ROUTINE.) This operation is
commonly known as "tanking".
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The operation of the SORTER READ communicate is similar to that
of READ. Item images are passed to the user?s work area by the
MCP3 the length and {ocation of the work area is specified by
CT.1 and C7.2 raspeactively.

There i5 actualdy a secondary purpose to the SORTER READ
communicates it informs the HCP fo the user prograwm®s procassing
rate. As described abover dimages are passed ipmediately to tha
user for pocket selaction but any other communicate from within a
POCKET SELECY USE ROUTINE is prohibiteds The images may not be
written to disk or saved by the user in any manner, except when
they are received via a SORTER READ communicate.

Therefores if the soft "tanks™ of item images maintained by the
MCP begin to fiil up» which dndicates that the sorter is
deiivering images faster than the user can process thems the MCP
will automatically stop flow on the sorter until the user progran
catches upe The sorter may therefore operate sporadicalty, 1in
burstss, but atl dtems will at least be pocket selected.

The image of the item in the tank is5 preceded by a twenty-four
digit fCninety=six bit) expansion of the actual result descriptor
received from the hardwaare in connection with that item. This is
passed to the user program on the SORTER READ communicates just
as it is placed in his USE ROUTINE work area prior to reinstating
his USE ROUTINE.

Though only tuwo communicate formats are implemented for use with
Reader=5Sorterss, the MCP must do a 40t more to maks this operation
possible. A program which opens a sorter causes many different
items to be markad non-overiayable in memory. This is described
more fully under the 0OPEN comrmunicate. For a more comprehensive
explanation of Reader=-5orter operations, refer to the 81000 C0B80L
Reference Manual», Form Number 1057197.

QBEN (RN

LT.VERB 086
CT.OBJECT INVOKE HUMBER 8 PATH NUMNBER
CT.ADVERB BIY

0 INCLUDES PACKID OF DICTIONARY
1 -
2 DM.STATUS FORMAT

O=BINARY

i=4~81IT7T DECIMAL

ON EXCEPTION

UPDATE

REDRGANIZATION ( REORG ONLY)

[~ %) I )
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CcT.1 DM-STATUS REGISTER 3IT LENGTH
€T.2 DM.STATUS REGISTER BASE RELATIVE BIT ADDRESS
€7.3 DATA BASE NAME BASE RELATIVE BIT ADDRESS
CT.4 DATA BASE NAME BIT LENGTH
CT.5 PACKID BASE RELATIVE BIT ADDRESS (BIT O OF
CTLADVERB = 1)
CT5 PACKID BIT LENGTH (BIT 0 OF CT.ADVEREB = 1)
CLOSE (DM2
CT.VERSB o7
CT.O0BJECT -
CT.ADVERS BIT
0=1 -
2 DM.STATUS FORMAT
0=BINARY
1=4=-BIT DECIMAL
3 ON EXCEPTION
4=11 -
CTel DM.STATUS REGISTER BIT LENGTH
CT.2 DM.STATUS REGISTER BASE RELATIVE BIT ADDRESS
QPEN
CT.VERB 68

CT.OBJECT FILE .NUMBER
CT.ADYERB BITY
INPUT
guTPuUT
NEW FILE
PUNCH
PRINT
ND REWIND/ZINTERPREY (DATA RECORDERS)
REVERSE/POCKET (CARD PUNCH)
LOCK
LOCKOUT
REPDRY FILE MISSING

10 REPORT FILE LOCKED

11 QVERRIDE NAMING CONVENTION AND SECURITY
REINSTATE.MSG.PTR WALUES

0 G00D OPEN

1 FILE NOT PRESENT C(INPUT DISK)

PACK NOT PRESENT (OUTPUT DISK)
NO MORE FILES ON MULTI-FILE REEL (TAPE)
2 FILE LOCKED (DISK FILES ONLY)

OO N NN ke O

The OPEN communicate serves primarily to associate a rhysicat
file with the dogical file declarsd in the user?'s prograns. The
communicate has other functions and is also used when such an
association has already been made. Basicaldy» the Dprocessing
invoked by an QPEN communicate obeys the rules set forth in the
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definition of the COBOL languaga.

The object program must pass the unigue file number assigred to
the file by the compiler in CT.0BJECT. The KCP will use this
number to obtain the disk address of the FP3 constructed by the
compiler for that file. It will read the FPB into wmemory
allocate memory to contain the FIf8» the proper number of 170
descriptors and the buffer areas for the filea It will ther
construct the FI8» based upon the information in the FPB, the
physical <characteristics of the dewice assigned to the file and»
in some casess, the logical characteristics of an existing file.

The memory area alliocated for a file is» except in the case of a
Data Management file» a contiguous area. 0Ona mepory dink conly is
necessary to describe a file area. The file area witl contair
all of the items mentioned in the preceding paragraph. FIBs vary
in sizes depending on the type of device assigned. No memory is
adlocated for this purpose until a device assignment has been
made .

One of the first tests made in the OPEN routine is» "Is the file
already Open?™. This 1is a wviolation o0f the rutes of atl
Languages and the MCP has no choices if the test is truer» but to
discontinue the prografm. There cannot pDe twWwo consecutive DPEN
communicates on the same file without an idntervening CLOSE
communicates

Another preliminary test is » ™Has a device assignment slready
been made?™. If trues the OPEN processing follows a different
cCourse. Device assignment is of prime importance to the JOPEN
routine.,

Davice Assiapment (Except Diskl

A third preliminary test 95 whether or not the file 1is to be

assigned to disk. If the file is a disk file»r the course of
action followed is5 describad under the heading ®Disk File
Assignment™. The remainder of the discussion under Device

Assignment applies to non-disk files» that are being Opened for
the first time.

The next major test made by the DOPEN routine is whether the file
is being opened for inputr output or both. Oniy <certair card
devices» such as Data Recorderss may be opened for both input and
outputs, exclusive of disk files. Certain other combinations of
the warious bits in the advers are also illegal. These will bhe
discussed in turn. For the case mentioned abover attempting to
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open a card reader» for exapple» for ocutput purposes will result
in the program being US5S=ed by the MCP.

If the file is being opened inputs the MCP wili attempt tc match
the external names in the FPB of the filer FPB.HMULTI.FILE.ID and
FPB.FILE.ID» with the labeis read previousiy by the STATUS
routine on each peripheral device. If no match is found» the
operater is notified and the program is forced to wait urtil a
file with the requested Label is introduced to the systemsr or
until the operator resolves ths "No Fide™ condition is some other
manner. System SPD and Controdl Card syntax is5 available to atlow
the operator this alternative. The program uWwilt removed fron
memory if possible.

If a match dis found on two or more unitss the operator is
notified of this also and agains, the progranm is forced to wait.
The MCP cannot recover automaticaddly from this conditions; the
operator aust inform it that he has resolved the ™Duplicate File"
situation. Againe system SPD and Control Card syntax is
avaidable to do this.

The MCP*s Contro{ Card routine is invoked whenever a card input
device goas from a Not Ready condition to a Ready condition. The
routine then reads the first card from the device. If this cards,
or in some cases» a subsequent card causes a job to be scheduled
for executions» the Control Card routine retains control of the
MCP» reads the next cards and processes it. It will continue to
retain control untid the card reader goes not readyr» or urtil a
DATA card is encountered. [f the CLontrol Lard routine terminates
processing due to the encountering of a DATA cards the physicatl
input file described by the DATA card is associated with the tast
job which it placed in the scheduls. This is only true if the
Control <Card routine did not 4o0se control between the tise it
encountered the card which caused a iob to be scheduled ard the
time it encounterad the DATA card.

The MCP wiil not report a Duplicate File situations if one
existse if the input file being opened 1{is a card file or a
pseudo=reader file and if the job has a physical file associated
with it in the manner described abovea. Rathers the MCP nereily
aliows the associated physical file to be opened by the job»
provided the external identifiers in the physical label and in
the FPB are squal.

Control Card syntax is provided to allow the operator to specify
the physical unit which contains a specific {ogical file. This
specification may bde made when the job is scheduled for execution
or it may be wmade permanently by modifying the FPB 1in the
program®s code file on diske. 1f such a specification has beer
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mades the MCP?’s OPEN routine will not attempt to match external
identifierse but w«ill simply assign the physical file an the
requested unit to the logical fidla being openeds provided, of
course» that the unit is5 available for such an assignment. It
should be noted that making such a specification in an FPB alsag
changes tha hardware type2 in the FPB to match the hardware type
of the unit specified. Units are specified by mnemonic nare.

if the unit being opensd i5 a tap2 unit» additionat tests are
necessary befaore the device msay be assigned. The Reel Number
field in the unit's label must match the corresponding field 1in
the logical file®s FPB. For tape unitss Multi-Fide Identifiers,
File Identifiers and Reel Numbers must all be egual. Alsor in
the case of a tape fider Control Card syntax is provided to ailow
the operator to specify the Serial Number of a particular reel of
tape. If this is done» all four conditions must be met. As in
the case of wunit anemonic specifications Serial Nuasber
specification may be made when the job is scheduled for execution
or it may be made permanentiy.

The MCP will aliow tape files to be opened when the wuser
programmer does not knouw the logical record and physical block
sizes actually written on the tapea. These fields are 1left
unspecified in the FPB by the compiler but the default bit in the
FPB» FPB.DEFAULT» i5 turned one. The recording mode of 3 tape
file may also be left unspecified if the bit is5 set. The NCP
Wwidd insert the proper values into these fields when the tape 1is
openeds» proyided the information is present in the tape's label.
If the information 1dis5 not oprea2sents the program wild ba
di scontinued when the OPEN is attempted.

The MCP witl also insert wvalues for record and bdock sizes when
atl card input files are opened and FPB.DEFAULY is set.

The MCP wiil discontinue amy program which attempts to open a
file contained on seven~track fape if the logical record size
contained in the FPB for the file 35 not modulo six and if the
programmer has specified the tape to be read without harduare
transiation to EBCDIC. This is true regardiess of which bit»
Input or DJutputr, is set in the Adverb.

When the MCP receives a raquest to OPEN a file for output
purposess, one of the first items that must be checked is whether
or not the file should be assigned to a Backup devices which may
be tape or diska. If the user has reguested that the file be
directed to backup-» this will occur before the search for a
suitable output unit is wade. Backup capabilities are discussed
in a separate part of this documente.
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Assuming that the file 45 not to be sent to Backups, the NCP next
checks to s2e if the user programmer has reguested that the file
have special forms for output. This test is made for all output
filesr» regardless of device type. I1f FPB.FORMS is set to one»
which idndicates that special forms are required, the MCP will
print an appropriate message and force the program to Wwait untit
the operator replies in the proper manner. Syntax is provided to
adlow thiss. When the operator repliess, the UPEN routine is againr
invoked and the file will be assigned to the device specified by
the operators, is anys provided the unit avaidabloa.

In the absence of a Forms specification by the usere the MCP will
search the I0AT for an available unit of the type specified by
FPB.HDWR. As described in a prior section» certain values which
this field may contain are not actuaily hardware types but
specify a group of typess such as ™any tape®» "any head—per=track
disk™ and so fortha in order to be available for output
purposess» the unit must be readyr, must not be currently in use by
another program and must be wWrite enabled.

If the MLCP cannot find an available unit of the type reguestads
it widl check %o see if it is permissible to direct the output to
a Backup dewices If so0» it wWitl attempt to do so. This is alse
discussed in the section of this specification describing the
Backup operationa.

If there 1is no available unit of the type specified by the user
and if it is not permissible to direct the fide to a Backup

device» the HLP widl print a message on the SP0 to infore the
operator that such a unit is required before the programn» which
uidl be identified» can proceed. The program will bDe forced to

wait at this pointr» and will be removed from memorys, if possible.

The MCP may recover the program from this conditian
automaticadly, with no operator interventijon. If a suitable unit
becomes availabie for output opurposess the OQOPEN comminicate
processing for the program will De repeateda. Controt Card and
Keyboard syntax is provided to allow the operater to override the
hardware type specified in the wuser?s FPB. Syntax is also
provided to allow the operator to force the OPEN processing to be
repeated. In this cases the MCP merely tries again.

The MCP wWwidl automatically discontinue any programs which attempts
to OPENs, for output purposasr a file whose hardware type
specifies a paper tape readerr, 2 reader—sorters 3 card readers a
System SP0O or an unknown dewice.
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LCertain devices on the B10DD may be opened for both input and
output operations. Thes2 devices are all card devices? no tape
unit may be opened for both types of operationss except via the
Emul ator Tape constructs. At the present times there are aniy
three such devices» and they have Ccome to De commoniy known as
"Data Recorders™. Actually, according to the B100O Systewss
indexs P.S. 1504 5681, they arz thes

1. B9418-2 80~=Column Keypunch=Printer
2+ B%419~2 95=Codumn Keypunch=Printer
3. B9419~-6 95=Column Keypunch~=Printer-5Sorter

ALl of the devices in the above list have one "Wait 5tation™. A
Wait Station is5 used for holding the physical card after it has
been readr» or at 4east fad from the input hopper» and before it
is printed or punched or both. Alil of the devices listed have at
least ons hardware buffers, capabls of hoiding the information
contained on one carda. This buffer is used on input coperations
only. ™"Input™ as used here will mean input to the computer.

The tabie Delow present the number of input hoppers and output
stackers on esach physical dewvice.

Device : Hoppers Stackers
finput) {0utput)
89418-2 2 2
B9419~-2 2 2
B89419-6 2 ()

Three different 170 Controls are used to interface the devices to
the 81000 system. They asre:s

1« MFC~=1 (P.5. 2208 3034
Z2e NFC=2 (P.S5S. 2208 3034)
3. CRPC (P.S. 2211 1371)

The following I/0 operations are defined 4§n the appropriate
product specification for all of the controls.

READ = {From the buffer in the peripheral). This operation is
known, for conversational purposes», a5 the REPEAT.READ. ¥atid
variants are:

Stacker Select

Inhibit Feed

Hopper Select
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STACKER.SELECT.ANDREAD - {Read the information from the next
card in the hopperd). Valid variants ares

Stacker Select

Inhibit Feed

Hoppewr Sedlect

PUNCH. ¥alid variants are?
Stacker Selsect
Inhibit Feed
Hopper Select

PRINT., VvYalid variants are3s
Stacker Select
Inhibit Feed
Hopper Setect

PUNCH=PRINT. Valid variants are:
Stacker Seiect
Unegual Data
Inhibit Feed
Hopper Select

PUNCH=PRINT.AND.READ ¥alid variants are:
Stacker Selact
Unequal Data
Hopper Select

The Stacker Select variant §s actualdy a three=bit field in the
170 Descriptor. When the three bits are set to num2ric values
other than zeroc and sevens the device routes the card to the
stacker selected by the descriptor. Valid numeric values for the
devices range from one to 5i Xe The MCP does note and cannot»
edit the numeric value passed by the object program to ascertain
that it is valid for the connected device.

The Unequat Data wariant is wvalid only in 170 descriptors which
cause a Punch~Print operation to be performed. If the variant is
not sete the device wWwidl print the same information that s

punched on the card. In other wordss the beginning wmemory
address for the information to be printed is the same as tha
beginning menmory address for the information to be punched. If

the wvardfant is sets» the information to be printed widl bte taken
from a memory location which immediately fodlows the information
that is punched.

The Inhibit Feed variant causes the Hait Station in the device to
be empty at the completion of the operation. No cards will be
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fed from the 1dinput hoppers §if this wvariant 1is set in the
descriptor.

The Hopper Select variant causes the feed card to be taken froa
the sscondary input hoppers» if there is one. If the Inhibit Feed
variant is sets the Hopper Select variant is ignored.

Thaere is5 a timitation» which was mentioned briefly in 3 prior
paragraph. The MCP cannot distinguish between the B9419-2» which
has two output stackerss and the B89%19=6» which has six. The MCP
does not edit stacker numbers before it sends them to the
controi. Therefores programs which utilize all six stackers on
the B9419=-6 may not be transportsed to systems which do not have
such a device. Even if the MNCP could distinguish between the two
devices, the editing would have to be micro=coded and would
seriously degrade performance.

The capabilities available to the object progranmer are
programmaticaily selected Dy variants on the CPEN communicate and
by variants on the READ and WRITE communicates. The discussion
is categorized according to the different types of QOQPEN
available.

When the NCP receives an OPEN reguest with none of the bits in
the ADVERB area sets it Wwill assume that the program oniy wants
the information contained on the cards and does not intend to do
st acker selections Read=Punch operationss» or any other variatior
available in the hardware. The I/0 descriptors constructed as &
resudt of this type of OPEN wildl all be of the Repeat.Read typee.
There may be any number of buffers associated with the file. Ald
of the buffers widd be fidled when the fide is opened. Stacker
Selection is not addowed when the file is opened in this wanner.

When the MCP receives an OPEN request with the Poacket bit set» it
will <construct one descriptor, the operator field of which will
contain a STACKER.SELECT.AND.READ instruction. The buffer wiid
not be fidded when the file is opened. The first READ on the
file will cause the first card in the data deck to be moved past
the read head and stoppad in the Wait S5tation. The data from thea
card widld be transferrad to the object program?s work area before
control is returned to the progranma. Stacker Select information
passed on the first read may or may not be passed on to the
device and will have no effect at all.

The second and adl subsequent reads shoudd hawe Stacker Selection
information associated with them. The MCP will not» howevers,
include code to insure this. The MCP will not aliow more thanr
one puffer to be associated with this type of filee
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This action is distinctly di fferent from the most common type of
READ request handlisd by the MNCP. The actual operation is always
issued after the communicate is receivedr» and never pefore, as it
is with aimost alt types of input files. The I/0 operation can
never be comieted ahead of the demand for it. This operation iss
howevers similar to the current MCP action for Seguential 170
files on Disks The file can actually be thought of as an
Input/Dutput fide» for adl opractical purposes. It sust be
considered such a file by the HCP» in order for the 170 to be
initiated at the proper time in a card read cycle. The QUTPUT
bit in the OPEN adverdb should never be set when the JPEN 1is
requested, however. This will cause the communicate to hawve an
entirely different meaning.

Quite obviouslys, due to the differences in timings» it is
mandatory that the object program close and re—-open the file in
order to change from pure INPUT to INPUT WITH STACKERS., and
conversely.

A number of varjations sre possible when the device is opened as
an output file. There variations are?

1. PUNCH

2. PRINTY

3. INTERPRET
4. POCKET

The Pocket variant may be applied to any of the first four
variations» or it may be the only adverb associated wWith the 0OPEN
statement. The MCP» upon receiving an OPEN communicate without
PUNCH» PRINT or INTERPRET requesteds, will assume that Punch s
desired, Thereforer, OPEN DUTPUT is eqguivalent to OPEN OUTPUT
WITH PUNCH and OPEN DUTPUT WITH STACKERS is eguivalent to OPEN
QUTPUT WITH PUNCHs STACKERS.

OPEN OQUTPUT HITH PRINT means that the program does not want to
punch anything idnto the cardse. It only wants to print
information.

OPEN QUTPUT WITH PUNCH» PRINT ameans that the program wants to
punch information into the cards and wants to print different
information on thems The MCP will allocate the number of buffers
requested by the program’ each buffer wiill be 192 bytes long.
The MCP widiit expect to receive 192 bytes of information or each
WRITE communicater 9% of which widl be punched in the card and 9%
of which will be printad. As alwayss it 45 not mandatory that
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the program deliver the full 192 bytes. The move from the work
area to the buffer is left~justified with blank fill.

OPEN QUTPUY WITH INTERPRET means that the program wants to punch
9% bytes of information into the cards and print the same data.
The MCP wildl allocate the nusber of buffers requested;’ which
must be at least two» each widl be 956 bytes in Llangth. The 1730
descriptor constructed widl specify a PUNCH=PRINT operations and
the UNEQUAL DATA bit will be set to zeroc. The INTERPRET request
widl have precedence over PUNCH» PRINT and a combination of the
tWo. OPEN DUTPUT WITH PUNCH, PRINT, INTERPRET should protably be
rejectad as a syntax er<vor by the compilers. The MLP will accept
the communicater however» and assume that the programmer meant
only INTERPRET. The same applies to OPEN QUTPUT WITH PUNCH»
INTERPRET and OPEN OUTPUT WITH PRINT» INTERPRET.

The POCKET wvariant may be specified on any valid request for an
GPEN OUTPUT. The variant is ignared by the NCP on the OPEN
requests This is not true for OPEN INPUT HWITH STACKERS. It must
be true for OPEN OUTPUT» howeavers to avoid problems which may
arise when the device assigned to the file is5 changed by.a FILE
card or an "0QU™ message. The WRITE communicate contains a bit
which requests stacker selection. The MCP examines this bit and
takes appropriate action on each WRITE communicate.

441 of the variations possible when a file is opened OQUTPUT are
also possible «hen the file 4s opened INPUT.OUTPUT When the MCP
receives an OPEN INPUT.OUTPUT request with none of the wvariants
sets it assumes that the user wWants to read the informaticon fros
the cardss» and punch additional information into themr» and print
the same information on thenm. Therefore» OPEN INPUT.OUTPUT is
equivalent to OPEN INPUT.OUTPUT WITH INTERPRET.

The adverbs PUNCH and PRINT are relatively useless when the fite
is opened INPUT.OUTPUT. Both punching and printing occur when
the PUNCH-PRINT.ANDLREAD I/0 operator is dispatched to the
control. There is5 no Wway the device can be made to print and
read or punch and read oniy. These opeations can be simrulated,
of courser DLy setting the UNEGUAL.DATA bit in the descriptor and
loading the proper portion of the buffer with blanks. This
requires some action on the part of the programmer.

The UNEQUAL.DATA birt is set in the I/J0 descriptor when the MCP
receives an OPEN communicate Wwith both the PUNCH and PRINT bits
set in the adverb. As in the case of OPEN DUTPUT» the INTERPRET
bit has precedence over both PUNLH and PRINT. OPEN INPUT.QUTPUT
WITH PUNCHs PRINT» INTERPREYT should be considered a syntax error
by the compilerse. When the MCP receives such a requests
howevers, it generates a PUNCH=-PRINT.AND.READ I70 descriptor with
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the UNEQUAL.DATA variant reset.

Files opened with wvarious attributes require or can only use
various number of buffers.

Attribuies Reaquires Can Use

L E_E X B B R R E L ] LR L EE T K - ..

Input only» not Stackers 1 infinite
Input ondly with Stackers 1 1
Qutput only 2 infinite
Jutput and Input 3 3

If the number of buffers specified for a file is 4ess than the

number requireds, it will be atlocated the nusber reguired. it
the number specified 1is more than the number that can be
effactively used» it widl be adlocated only the number it can
USEw

As in the case of OPEN INPUT WITH STACKERS» the MCP will not fitl
the buffers when the file is opened. The first READ issued for
the file will cause a card to b2 fadr» read and stopped in the
Wwait station. The information from the card will be passed to
the object program at that point. It may be necessary for the
MCP to treat the first READ on such a file differently from ali
other reads. This should he of no concern to either the cosmpiler
or the objact progranmer.

After the first READ on the filer the MCP will normally expect to
receive two cogmunicates for e2ach card passed through the device.
There shold He one WRITE request and one READ request for zach
physical card. The program should pass 96 bytess or 192 bytess
of information to the MCP on s2ach WRITE request. The information
Will be moved from the program”s work area to the buffer on ths
WRITE communicates The actual I/0 operation will be initiated at
this time and the progras widl be allowed to continues without
Wwaiting for the completion of the operation.

The MCP widl normally expect to receive a READ communicate at
this points, and the program may be forced to wait for the
compietion of the 1/0 operation dssued previousivye. After
completions, the information read from the card will be passed on
the READ communicater as alwWwayse

it is not mandatory that the program always follow the REAC/WRITC
sequance described in the foregoing. If the proagaram issues LwNo
successive HRITE requestss the input information on one of the
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cards involved will be 1ost to the program. The consequences §f

a2 program issues two successive READ requests are somewhat more
dire. The information punched and printed on the first card will
atso be punched and printed on the second. Though this sounds
rather bad» this coudld possibly be of some use to someonea.

Since tha actual 170 operation for this type of OPEN is initiated
on the WRITE communicater any stacker selection information wmust
be passed along with the WNRITE communicate. Stacker information
passed on the READ will be ignored.

The MCP widdl automaticaliy discontinue programs that attespt to
OPEN a file on any of these devices if:

i» Neither the Input bit nor the Jutput bit is on in the
Adverb»

2» Both ths Print and the Interpret bits are on in the advertb»
or s

3. The program is attempting to use a 95~column device in the
binary recording mode.

Disk Eile QPEN

When a user program attampts to DPEN a file which is assignred to
diskr, the first test made in the Open Routine is whether the file
is a new file which the program is creating for the first time or
an old file which already exists in the disk directory. In the
first cases a disk file header will eventually be constructed in
memory Dy the 0OPEN routine. In the second cases the disk file
header already exists and is stored in the directory and will
have to be brought into memory Dy the Routines. The 0Open
procedure for a new file willd be discussed first.

Programs which attempt to open new files for input and output in
the serial access mode widl be automatically discontinued st this
point. #1lso» programs which attempt to open a new MNulti-Pack
File and have blanks 1in the PACLK.ID field or the FP8 wiil be
automatically discontinued.

If the Open communicate specifies that the file is a code file»
the proper names for the file will be stored in the FPE at this
point. Alsocs, tha number of disk areas requested in the FPB wiil
be automaticadly set to one. The fact that this is a code file
will be recorded by the MCP in the FPB for the file. This
information is reguired whan the file is closed.
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I¥f the PACK.ID field of the FPB contains something other than
EBCDIC blankss the program §s requesting that the file be
directed to a3 wuser pack with that ID. The MCP wills at this
points examine the Pack Information Table maintained in wmemory
for a pack with the corresponding identifier. If such a pack is
present on the system» the routine continues. ODtherwiser §f the
user has regquested that he be notified when the pack is not
present by setting the REPAIRT FILE MISSING hit in the adverbs he
widl be so notified at this point and controdl will be returned to
the user through the normal processor guaue mechanisms.

If the REPDBRT FILE MISSING bit is5 not sets a ®message to the
operator widl be displayed and the program wiil be suspended
untii the requested pack is dntroduced to the system or the
operaor overrides the PACK.ID specified. Contraol syntax is
provided to aliow the operator several means of accoaplishing
thisa. )

If the fide being opened is a multipack filse and if the serial
number of the physical pack is zero or if the pack is already s
continuation pack for another muitipack file» the program witl be
automatically discontinueds If the number of areas requested for
the file by the programmer i§is greater than 105» it will be
automaticaldy set to 105 by the MLP. In the 1latter <caser no
Wwarning is sent to the operator.

Memory for the file header is aldiocated at this point. If the
user had requested that the disk arsas to be assigned to the file
be allocated when the fide is openeds, the allocation is dones at
this points provided sufficient disk is avaitable. If sufficient
di sk is not awvailable» the program s suspended 2and an
appropriate message is displayed on the 5P0.

The File Header is nox constructed in memory, based upon
information contained in the FPB. The ultimate dispensation of
the header is dependent upon the type of CLOSE communicate
parformad on the file.

At this point in the OPEN processings the logic becomes the same
for new and oid files. Bafore proceading with a description of
the 1ogic at this points it will be advantageous to describe the
processing Wwhich occurs when tha user opens an existing file.

When the user requests an Open of an existing file» the first
occurrence is & deternination of whether or not the file is
present on the system. Ald three names in the FPB must match an
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existing file if the name fields contain something other than
EBCDIC blanks.

If the PACK.ID Fiedd is bdanks the file i5 assumed to reside on
system disk. The directory on the system disk will be searched.
If the PACK.ID field is not blanks, it specifies that the file
exists on a removable user pack of that name. If there is no
such pack on the system at that time» the program is suspended,
with an appropriate operator messager untilt the pack is
introducad to the system or the operator overrides the PACK.ID in
the FPB. There are several means provided for the operator to
accomplish thisas I1f the REPORTL.IFILE.MISSING bit is set in the
communicate adverbs, tha program is not suspendeds but control is
returned to it through the normal processor gqueues and the fact
that the pack is not present is reported to it. in sither case»
the OPEN cannot procesd past this point.

After the decision aboves the MCP next searches the directory on
system disk or on a user pack for a fidle identified by the names
in FPB.NFID and FPB.ID. If the file is not founds the action is
identical to that described above. If the file is founds further
decisions are nNneCcassarye.

If the LOCK bit i3 set in the OPEM adverbs there may be no othar
users who are writing to the file. Thera may be other users of
the files» but none of them may be using the file for cutput. it
the LOCKOUT bit is set in the OPEM adverbs there may be no other
users of the file? the user wWwho i5 presently opening the file
must De the sole user. If these conditions ares not mets, an
operator message §is displayed ands» depending upon the setting of
the REPORT FILE LOCKED bit in the adverbs the user is either
suspending or notified of the conditiona

Assuming that all of the conditions specified are net
satisfactorildy., the File Header is brought into memory by tha
MCP» 4f it i5 not there already» and the user count field in the
header 1is incremented. if the DBUTPUY bit in the adverb is sets
the output user count field is adiso incrementeda.

At this point in the OPEN processingrs all of the paths converge.
If the file is not a disk files» a3 device has been assigned to it.
If the file is5 a disk fidlesr the File Header is in memory and its
associated disk areas» if anys are essentially "assigned®™ to tha
file. The Fide Information Block (FIB) must now be constructad.

Construction of the FIB is a rather mechanical process. After
jnitializing certain fields in the I/70 Assignment Table (I0AT),»
memory to contain the FIB is allocateds, if this has not already
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occurred. As mentioned in a prior ssctions the amount of memory
allocated for an FIB i§s dependent wupon the type of device
assigned.

The FIB itself is constructed from information contained in the
FPBs from information in the Disk File Hsadere and from the
parameters passed din the DOPEN communicate. After this occurse
the 170 descriptors are constructeds. Memory space which contains
the I/70 descriptors and their associated buffers is aldiocated
with the FIBs, such that the FIB contains noet only the file
information but aldso the descriptors and buffer areas. The
memory necessary is then a contiguous block. This statement does
not apply to Data Management System buffers» which are atliocated
sgparatelye.

for serials input ondy fides», sach I/0 descriptor is initiated as
it 1is constructeda. The buffers are hence "pre~filled™ by the
cperating system when the file is opened. This is true of aii
files except those assigned to a reader=-sorter and those assigneg
to a data recorder where the user has specified that stacker
selection is to be performed on the cards.

For output files which are not assigned to disks 1abels are
constructad and written according to the user?s specifications.
Tape labels are discussed in the portion of this document which
describes Magnetic Tape Management. For input files» the device
assigned will be positicned such that the first READ issued by
the program yeilds the first physical record from the device.
This is often accompiished by the Open routine.

If the wuser has requested that translation be performed by the
software, w®memory to contain the Transiation Tabie specified Dy
the user is aildocated by the Dpen routine. The Transiatien Table
is also brought into memory by the Open routins and pointers to
it are constructsd §n the FIB. If the specified Translation
Table is not present on disk 3t the time of the DOpens the progran
is suspendsd and an appropriate operator message is displayed.

If the LOG System Dption is sets entries are wmade in the {og when
the fide is opened. The FPB for thse fide is also the log entry
and certain fields therin are updated and modified. At the
conclusion of the QOpen processing» control is returned to tha
user if OPEM was invoked by a communicate. In all {anquages
except COB0L», OPEN may be invoked by a READ» WRITE or SEEK
communicate. If this was the case» control is returned to the
appropriate communicate handder via the systems processor Cueues.
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CLOSE
CT.VERS 09

Cr.0BJECT FILE.NUMBER
CT.ADVERS BIT

REEL

RELEASE

PURGE

REMOVE

CRUNCH

ND REWIND
OVERRIDE NAME CONVENTION AND SECURITY
LOCK

IF NOY CLOSED
ROLLOUT

AUDIT SHWITCH
TERMINATE

s bt W3O NOOY U B IO e O

- 5D

The CLOSE communicate adlows the user to specify the dispensation
of files that he has created., Should a program terminate without
performing a3 Close on any file that he has opanedsr the MCP will
assume that the device assigned to the file s to be reaturned to
the systenm®s resources and that the data contained in the file
should not be retained.

A second purpose of the Close routine 1is to bring the I/0
activity on a devicer which happens somewhat asynchronously with
2 program’s processings %o an orderly hailt. It aisoc returns any
memory assigned to the file to the system. Cleariy» an I7C
descriptor and buffer area cannnt be returned to availabie memory
untid the I/0 operation it describes is conmplete. In order tc
accomplish this» it is often necessary for the Close routine to
give up controd of the processor and regain it when certain [/3
operations go to completion.

The first tost performed by the Close routine is whether or not
the file has 2ver peen opensde. A CLDSE communicate issued for
such a file 1is considerad 2 programming srror and the projgraa
widtl be discontinued at this point. This 45 done primarily to
inform the object programmer of the fact that there is something
is Hrongs

The second test performed by the Close routine is whether or not
the file is opaen nNow. It is considered a programnrning error if a
user requests a Close on a fite that ds already closeds as
opposed to never having been opaneds, if the IF NOT CLOSED bit is
not set in the CLOSE communicate adverb. The oprogram Wil bs
automatically discontinued if this error is detected. If the IF
NOT CLOSED bit is set in the adverb and the file 45 already
closed, control is retuyrned to the user program through the
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normal processor gqueue mechanism. Add other bits in the adverb
will have no effect and the file is not closed a second timea.

Before proceeding wWwith a description of the mechanics of the
CLOSE communicater it will be beneficial to explain the function
of the various bits in the adverb. The REEL bit is used on files
which are assigned to magnetic tape only. It is ignored by the
code if the file is assigned to any other device. It causas the
MCP to close the reel of magnetic tape that s currently being
processed. The file wilt be closed and the reel witl be lacked
by the M{P. If the usaer program issues another OPEN communicate
for the fiie» the next reel of the filer» in numerical segquences
Will be sought by the Opan routine.

it is not necessary for the user program to issue CLOSE REEL
communicates when the physical end of the reel is5 encountereda.
This s done automaticaldy by the MCP. Reel-to-reel transition
is accomplished without the involvement of the user program.

The RELEASE bit 4n the adverb means that the resources assigned
to the file are to be returned to the systeg. New disk files
which are closed with RELEASE wWwill have their assignred disk
areas» 1§ any» returned to the 1ist of available disk. Permanent
disk files which are closed with RELEASE wildd have their user
count fields decremented but will remain in the disk directory.
Devices other than disk will be marked available for use bty other
jobss provided their physical status permits.

The PURGE function is applicabie to files assigned to disk or
tape oniye. It is idgnored §f the fide is assigned tc other
devicess. If a CLOSE PURGE is performed on a file which is
assigned to a tape unite tha tape reel widl bs rewoind and
purgeds, provided it is write=enabled. If it is not
Wwrite-enabled,» CLOSE PURGE will be equivalent to CLOSE RELEASE.
For a permanent disk file which is closed with PURGE» the file is
removed from the directorys, provided the user who is5 doing the
CLOSE is the sole user of the files and the disk space assigned
to the file widl be returned to the avaiilable table. A new disk
filesr often known as a "temporary”™ filer uwill not yet be entared
in the disk directorys» but the disk space assigned to it witi{ be
returned to the available table also. In the case of a temporary
file» there can be only one user and it i5 not necessary to check
user counts before purging.

The LOCK bit in the adverb is intended to be used on files which
are assigned to disk and tape oniy. It is ignored if the file is
assigned to other devicesa. When a file assigned to tape 1is
closed with LOCK» the tape reel is rewcocund and the unit's status
is marked as ™Locked”™ in the I0AT. fhe wunit will prot bRe
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avaitable for use by other jobs untiil the gperator intervenes»
gither by making the unit not ready and then making it ready or
by entering a "Ready™ message on the 5P0. .The intended purpose
of this function is to prevent the MCP from assigning the unit to
other jobs before the operator has had a chance to rewove any
tape files which may have been created on the unite.

The LOCK bits when set on a3 CLOSE directed to a file swhich 15
assigned to disks causes the file to be entered in the disk
directory if it is a temporary filer» subject to the restrictions
bed owa If the file is a permanent file which is already in the
directorys, the LOCK function is equivalent to the RELEASE
functione.

A file may not have its name entered in the disk directory if
there is already a file by that name in the directory. A user
who attempts to CLOSE LOCK a fiter the name of which is alrasady
in the directory causes what is known as a ™Dupilicate Library”
condition. The program wili be suspended at this point and an
operator message describing the conflict will be displayed. The
operator must intervene at this point and cause the existing file
to be removeds or instruct the MCP to <change the CLOSE LOCK
communicate to a CLOSE PURGE or CLOSE RELEASE. Syntax is
provided to allow this.

The REMOYE bit in the adverbd is intended to ba used on disk files
only. Its function is to allow temporary disk files to be Closed
with LOCK without operator intervention. It operates in a manner
simidar to CLOSE LDCK except that if a Duplicate Library
condition arisess, the existing file is removed from the directory
and the disk space assigned to it is returned to the available
table automaticallvy. The function is performed by the MCF with
no operator intervention «sreguired., The new disk file is then
entered into the directory and control is returned to the user.

The CRUNCH bit in the adverb was originally intended for wuse by
the compiterss. This restriction is not enforceds howevers and it
may be used by any program whose source language dncludes thae
construct necessary to set the bit in the Cozmunicate formate.
its purpose is to return any disk that was requested but not used
by the file to the available disk table. The unused disk must
{ie beyond the End-of-File pointer for the file and the file amay
have no more than one disk area assigned to it. When a Close
Wwith CRUNCH operaticen 1is5 performed on a file»  always in
conjunction with the LOCK bits the number of segments per area in
the file header is modified by the Close routine such that it is
exactly equal to the amount of disk used. The header is then
uritten to disk» per the LOCK Dit» and the wunused space 1is
returned to the sSystenm.
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The NO REWIND bit when set is applicable to magnetic tape files
oniye. It causes the magnetic tape to be positioned imnmediately
beyond the tast fLabel racord written. The unit remains assigned
to the program and is not avaidabie for use by anyone else. Tha
user then has the option of opening another file in the forward
directions» thus creating or continuing a nulti-file tapes or of
opening the file just written as input in the reverse direction.

The IF NOT CLOSED bit aliows a user to close a file that is
already closeds. Ordinarilys, this is a programming error and wiil
resuit in the user®s being terminated by the MCP» as described in
a prior paragraph. This bit is wmerely a means of avoiding
termination.

Fide Information Blocks» I/ descriptors and buffer areas require
substantial amounts of memory. Thse ROLLOUT bit in a CLOSE
Communicate uas provided to aliow a user to temporarily close a
file, Leaving the associsted device assigned to the programs and
have the FIB stored on disk so that it does not waste memory
spaces When the file is reopened», it is wmerely a matter of
reading the FIB in from disks updating certain fields therins, and
proceeding. This i35 often quicker than recreating the entire FI5
and it elimiates the opossibility of another program gaining
control of the peripheral daevige in the interim.

The TERMINATE bit in the CLBSE adverb 1is set when the MCP’s
termination routines c¢all the Close routine. This occurs only
when a program terminatess normally or abnorsally» and the
peripheral devices are stidl assigned to the program.

The MCP insures that the external names associated with a file
assigned to disk are proper names when the file is closeda dhen
a compiler closes the code file it has generateds the external
names of the file are inserted by the {lose routine based upon
information supplied by the user in the Compile Control Card.
Alsos the MCP will not allow a disk file to be closed with LOCK
with a blank mudti-fide ID. The internal name of the file will
pe inserted in FPB.MFID and an operator message will Bbe printed
whan this is attempted.

The FPB.LOCK booleans  if setr widd cause the LICK bit in the
CLOSE adverb to be turned on when the file is closeds provided
the TERMINATE bit 145 also set. This causes the file to be
gntered in the disk directory and was added as an aid to
debugginge. Occasionally» when a program has a fatal error» disk
fites that the program was using at the time are helpful to the
object programmer in determining what caused the error. Locking
the file in the directory enables the programmer to Ltook at the
data he was processing whan the error occurreaeds.



7=335

BURROUGHS CORPORATION COMPANY CONFICENTEAL
COMPUTER SYSTEMS GROUP B1000 MCP 11
SANTA BARBARA PLANT Pe.5S. 2212 5462 (E)

The CRUNCH bit in the adverb will be turned on automatically by
the MCP if the file besing closed is5 a backup filer 3 pseudo=deck
or a code filea The LOCK bit will be turned on if the file is a
backup file or a code file and if it should be entered in the
directory. This Ulatter case can only be determined fronm
information contained on the Compile card which 115 not readily
available to the compiler.

Any fils which was opened with the output bit set in the 0OPEN
adverbs» any file to which the user may have beepn 1issuing WRITE
communicatess requires some special attention by the MCP during
the Closa procedure. Since physical 170 operations happen
asynachronousiy with the user programe output I/0 operations may
have been initiated or marked ready for initiation and be
incompiete or not even in process at the time the MCP receives
the CLOSE communicate. The actual Close operation must therefore
wait for the completion of all output I/0 operations associated
with the fide that is being closed.

input fides presant some similar problems. Since all of the
user*s buffers are filled when the file is openeds» provided the
file is accessed seriatly, and since the MCP attempts to stay
ahead of the user program in initiating I/0 operationsr, as socon
as the user has read ail of the records from a buffer, physical
1/0 operations may be in process or marked ready for initiation
when the file is closed. In the case of an input files it is not
necessary for the MCP to wait for 170 completion. Any operations
which have not been physicaldy idnitiated may be cancelled by
removing them from the channel chain. The MCP must wait for the
completion of any 1/0 operations that are already physicadly in
processs» bDut this i5 a relatively short time period.

in the case of Seguantial I/0 and Detayed Random disk files» the
data in the buffer may have been altered by a HWrite operatior
from the user but the [/0 descriptor may not yat have been marked
ready for initiations. The Close routine widl dnsure that alt
such buffars are actually uwritten to disk prior toc the complation
of the Close operation. Sigitartyr» for serials, blocked cutput
filess the user may have done several write gperations but not
yet filled an entire buffer. The I/0 descriptor in this casa
also widll not yet be marked ready for initiation but the buffer
Wwill contain data which must be written to the physical mediae.
The £iose routine widl initiate ail such operations and insurs
that they are conmpleted satisfactorily before allowing the file
to be closed.

In order for the events described in the preceding paragraph to
occurs the physical media must remain accessible. In other
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Wwovrdss if the unit goes not ready and there are I/70 operations

which must be completed hefore a Close can occurs the progran
will remain in a waiting condition until the unit goes back to a
ready condition and the necassary operations are compilete.
Keyboard syntax is prowvidedr, however» to alliow the operator to
override this restriction. Tha syntax shouid be used anly when
the user program 4ds Dbeing aborted. The output data in the
buffers widl be lost if the syntax is invoked and the data in the
file will be suspect. Further» if the device is 2 magnetic tapesr
the MCP widl not be able to write closing tape marks and {labels
on the media and an I/0 error willd resuit when the tape is read.
Possiblys» no 170 error «ill result, which may be worse.

The Close routine next begins operations which are depsndent upon
the type of device assignad. In the case of a card reader which
is closed by a user, the device may contain cards which have not
yet been read by the program. The MCP wild cause the cards to be
passed through the reader» stopping when the device goes not
ready or when the next control card is ancountered.

In the case of a reader~=sorter», <code segments would have been
marked noen-overlayable in memory when the file Wwas openede These
code segments will be marked overiayable by the Cliose routines
provided the user who issued the CLOSE is the sole wuser of 3
sorter. Reader~=sorter files may only be closed swhen the flow of
documents is stopped. Alsa»r they may oniy be Closad with
Redease. The MCP widl interpret ail Close operations on sorter
files to be Close uwith Releases» regardlaess of the setting of the
RELEASE bit in the adverb.

By fars, the most complicated processing occurs when the file is
assigned to disk. If thse file i5 a multipack filer the Hase Pack
must be on=line at the time of the Close. The Close procedure
will not proceed past this point §if it is not.

The MCP next attempts to do the LOCK function described
previcusly. Bew disk files willd be entered 1in the disk
directorys» provided there is no file with an iddentical name
already in the directory.

Existing files in the disk directoery cannot be removed under any
circumstances if they are in use. Similarlys, files classified as
n»System™ files cannot be removeds even though their user=count
field in the disk header 5 zero. The MCP code file being wused
is an example of such a file. Existing fites wild be removed by
the Close routine §if the REMOVE bit is set in the CLOSE adverb or
the RM0Y system option i5 set» if the Llose routine encounters a
dupliicate file in its processings. If neither of the above
conditions are truer» the program will be suspended at this point
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and the operator aust intervene to resolve the conflict.

If the file is a permanent fide and if the user has added records
to the file while it was opens, the end-of=file pointer in the
fiie header will be adjusted by the Llose routine.

I1f the PURGE bit is set in the adverd and the file is a permanent
file or if the file was temporary and is bDeing Closed with
Releases the disk space used by the fide is returned to the
available table.

If the file being closed is assigned to tapes» the Close routine
Writes tape marks and f{abels on the tape. Also» the Close
routine sends 3 rewind descriptor to the units if not prohibited
by the type of Close being performed.

The information in the I0AT is wuwpdated by the <Cilose routine.
Test and MHait for Ready I/0 descriptors are rte-initiatedsr if
appropriate. Atl of the user?®s 170 descriptors are removed fronm
the 170 chain.

information in the FPB is updated and stored on disk in the
working copy of the FPBa Finaliy» the memory assigned to the
file is returned to the system?s available memory. Control is
returned to the user through the normal processor queue
mechanisms.

BOSITION (MICRO M¥CP LBACKUE EILES ONLYJ)

CT.VERSB 10
CT.DBJECTY FILE.NUMBER
CY.ADVERS BIT

0 REPORT & RETURN 70 USER ON EOF
i REPORT & RETURN T0 USER ON PARITY
2 REPORT & RETURN TO USER ON INCOMPLETE 170
-7
8 POSITION TO END OF FILE
9 CT.1 CONTAINS PRINTER CHANNEL NUMBER
10 CT.1 CONTAINS RECORD COUNT AS A FIXED NUMBER
11 CT«1 CONTAINS RECORD NUMBER DESIRED
CT.1 DEFINED B8Y BITS IN CT.ADVERB ’

REINSTATE.MSG.PTR WALUES
¢ GOOD POSITION
1 END OF FILE {OR END OF PAGE ON PRINTER)
2 I/0 ERROR
3 INCOMPLETE 17D
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The POSITION communicate allous the user to change the physicai
and Logicat position on a file. it is used with serial files
ondly» of course. The file may be assigned to disks tape or to a
printer. The communicate is ignored if the file is assigred to
any other device.

Positioning a printer file widll be discussed firste. 1f the
POSITION communicate is directed to a printer file» CTel will
contain =2ither a channel number which widd correspond to a punch
in a carriage control taper, or a number which will specify the
rumber of 1lines the printer should be spaced. If pit 10 in
CT.ADVERB is5 ons CTa.l will be assumed to contain the channei
number . If the bit is off, CT.1 will be assumed to contain the
number of {ines.

The Position routine will always space the printer the number of
Lines requested. Due to the design of the 81000 Printer
Controlss» it spaces the printer tuwo 1lines per descriptor ands if
the number of 1ines raequested was an odd numbers» issues 3 space
operator for one line to conmplete the operation. If a channet
twedlve punch 1din the carriage control tape 45 reported anytinme
during the spacingr, End-of=-page is reported to the progras when
the operation is complete. It is therefore possible», though
highly ingfficient, to cause sevaral pages of paper to be passed
through the printer with one POSITION communicate. End=cf=page
is always reported to the users §f it was reported to the MLCP»
regardless of whether of not he has included code to handle the
situation. Programs are not automatically discontinued if there
is no such cods.

I1f CV.1 contains a channel number» and if the channel numsber is
{ess than twelves the routine constructs and sends zn {170
descriptor to cause the printer to space to the reguest=ac
channel. If the channel numbar 1f CT.1 is twelve or greaterr, 3
message is printed on the 5SP0 and the communicate is ignored.

With some restrictionssr disk files may be positioned forward or
backward a specific nrumber of records or they may be positioned
to a3 specific record number within the file or they may be
positioned to the end of the file. The file may be oapened for
input or for output but it may not be opened for both.

Random disk files and files with variable 1ength records may not
be positioned at all. Attempting to do so will resuit in the MCP
automatically discontinuing the programe.

Input disk files may be positioned to the end of the filesr out
may not be positioned beyond. Attempting to do so will result in
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the file being positioned to the end of the file. Jutput disk
files may be positioned beyond the end=of-fide pointer but may
not be positioned beyond the declared physical bounds of the
files The "declared physical bounds” of a file are the number of
records per area declared times the number of 3reas in the file
declaration.

Files may not be positioned ¢to a negative record nuasber.
Attempting to do so widi result in the file being positioned to
the first record in the file automaticaliy.

In ail cases mentioned aboves the first bit in the adverbd nsust be
sete Attempting to position a disk file to or beyond the
end~of-file pointer or to the first record in the file or a prior
record will resuit in the MCP automatically discontinuing the
program if the Report and Return EOF bit is not set. This is
applicable regardiess of whether the file is opened for input or
output purposes.

Files assigned to tape may also be positioned forward and
packwards provided the file does not contain variable=iength
recordsa Attempting to position such a file will result in the
program being discontinued by the MCP. Alsos tape files will be
positioned to the first record in a file or to the
end=of=the=-files provided the first bit in the adverb is setsr in
the same mannesr as disk fides.

in order to function properlys the MCP maintains a record count
for ail tape files on a "per reel” basise. When the Position
routine receives the communicate, it first computes the recorc
number desired by the program. If the record count desired
exceeds the current record count» the tape is positioned in the
forvward direction to the desired record.

The record count for any reel of tape is set to zero when the
file is opened. This is applicable regardless of the ¢type of
Close previously performed on the files if there was a prior
Close. Hencer wWhen a tape reel 1is opened in the reverse
direction» Record (One is actuadiy the tast physical record on the
tape. The "forward” direction is therefore defined to bLe the
direction that the tape is currently being passed. When a file
is opaned reverse» 3 "Backspace™ operation widll cause it to move
toward the physical end of the reel.

Tape files may not be positioned to the end of the file if the
file 15 opened output or if it is opened reverse or if it is5 not
an ANSII-iabeded tape. When a Position to end-of-file accurs»
the record count field maintained by the MLP will be lost» since
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the I/70 opserator addressed to the unit wilil pe a "Space to Tape
Mark". The record count field must therefore be recovered from
the ending dlabel and ANSII 1abels are the only tabels which
gquarantee that a record count field is present.

The B100D tape subsystem is capable of spacing tape one physical
record per /0 operation or to a tape marke. It is not capable of
spacing for a specified number of physicat hlocks with ore 170
descriptor. Hencesr spacing to a specific record occurs one block
at a time. Irrecoverable I/0 errors encountered on any of the
blocks widd result in the program?s being automaticalily
di scontinued by the MCP if the second bit in the adverb 115 not
set. If the second bit is sets the I[/0 error will be reported to
the program and the position communicate Wwill be terminateda. At
this point» the record count field maintained by the MCP will not
be reliable.

If a tape mark is encountered while the MCP is spacing the tape
to a specific records End=of=File will be reported to the progranm
if the first bit in the adverh is set. The program wiil be
automatically discontinued if it is not.

ACCESS EILE PARAMEIER BLOCK CEPB)

CT.VERS 11
CT.0BJECT FILE.NUMBER
CT.ADVERB BIT

0=-10 -
11 O=READ
1=WRITE
CT.1 RECEIVING FIELD BIT LENGTH
£T.2 RECEIVING FIELD BASE RELATIVE BIT ADDRESS

The ACCESS.FPB Communicate atlows the user access to any of his
file Parameter Blocks. The working copy only of the FPB may be
accessed by this communicate. The FPB is read directly from disk
into the user®s run structure. The address and size passed irn
the communicate wmust lie wholly within the run structure. The
program will be automaticaily discontinued by the MCP if this
rule is wiolated.

Information §s not formatted by the MLP. If the FPB definition
in the MCP is changed for any release of the softwarer, it is the
user?s rasponsibility to make corresponding changes in his
progran.

The communicate operation is ignored if CT.0BJECT specifies a
file which 1is non-existent or if the user attegpts to read less
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than 56 bits of an FP3.

Changes made to the FPB while the file 115 open wWilil rot be
gffective wuntil the fide is opened againe Dus to the fact that
the Llose procedures use fields in the FPB, changing a File
Parameter Block while a file is open may resudt in unpredictable
errors and even system halts.

ACCESS EILE INCORMAIION BLOCK LEL1Z)

CT.VERS 12
CT.OBJECT FILE LNUMBER
CT-.ADYERS BIY

g=-10 =~
11 FORMAT
0=CHARACTER
1=BINARY
LTa1 RECEIVING FIELD BIT LENGTH
CT.2 RECEIVING FIELD BASE RELATIVE BIT ADDRESS

The ACCESS.LFIB comanunicate does not really access the entire FiB.
It returns only the End~of~File pointer and the type of hardware
device assigned to the file. It returns these items 1in either
binary or decimad forwmat. The End~of-Fide pointer is tuenty~-four
bits or eight bytes. The hardware type is six bDits or two bDytes
respectively.

Programs widl be automaticaliy discontinued §f the receivirg file
is not wholiy containad within the program®s run structure. An
ACCESS.FI8 communicate for a file that i5 not open will be
ignoreda.

DAIA DYERLAX

CT.VERB 13
CT.0BJECT BASE RELATIVE BIT ADDRESS DOF 76 BIT FIELD IN FORMAT
4 BITS -

24 BITS BEGINNING ADDRESS
24 BITS ENDING ADDRESS
24 BITS RELATIVE DISK ADDRESS

This communicate is issued by programs which are written in SDL
and which dinciude paged arrays only. The S0L Compiler generates
code which manages the paged array space and this communicate 1is
the means whereby it transfers information in the paged arrays to
and from diske

aF
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The area described by the fields 1isted above nmust die whoily
within the program®s run structure. ¥iolation of this rule wild
resudt in the automatic discontinuation of the progranm.

The relative disk address passed must lie within the disk overtay
ar ea allocated to the oprograme. This fhas been discussed
previously under programn BOJ facilities.

Due to hardware dimitations» the overlay area can be no smaller
than 56 bitse

This communicate is not used by COBOL, RPG or any other progranm
written in a source language other than S5SDL.

This compunicate uses the program®s overiay descriptor in the Run
Structure Nucleus. The program is placed in the WAIT.G untit the
170 operation initiated by the procedure goes to completion. At
that time» controd is returned to the program through the normal
processor gueues.

ACCESS DISK EILE HEARER LDEH)

LT.VERB 14

CT.O0BJECT BASE RELATIYE ADODRESS OF 30 CHARACTER FILE IDENTIFIER 2
PACK.ID CAT MFID CAT FID

CT.ADVERB BIT

g=5 -
b OVERRIDE USERCODE NAMING CONVENTION AND SECURITY
7 REPORT SECURITY VIOLATION
89—9 -
10-11 0=WRITE
1=READ

2=READ & FORMAT IN BINARY
3=READ & FORMAT IN CHARACTERS
CT.1 RECEIVING FIELD BIT LENGTH
CT.2 RECEIVING FIELD BASE RELATIVE BIT ADDRESS
REINSTATE.MSG.PTR VALUES
] COMMUNICATE COMPLETE
1 FILE NOT PRESENT DR SECURITY VIOLATION AND
CT.ADYERB BIT 7=0
2 SECURITY VIOLATION AND CT.ADVERB BIT 7=1

This communicate allows the user access to disk file headers
contained in the system?s disk directory. The receiving or
sending file described by CT.1 and C€T.2 must Llie within the
progranm®s gsun structure. If it does nots the program will be
automatically discontinued by the MCP. The field in the run
structure which specifies the file identifier must be exactly
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thirty characters in 1e2ngth and must conform to the fixed format
described in the Communicate Layout above.

This communicate has four variations as defined by LT.ADVERB. If
CT.ADVERB contains a zero or a ones the sending or receiving
field 1is assumed to correspond exactliy to the current definition
of a disik file hsader. The T™current™ definition means the
definition used in the actual MCP that 1is handling the
communicate operators and not the definition wussed in any
subsequent MCP.

If CT.ADVERB 1is set to zeros <certain fields are nroved from the
prograa’s run structure to the actual disk file hesder and
Written to the disk directory. Only selected fields may be
writtens those not selected are ignorad.

If CT.ADYERB is a ones information is moved directly fros the
fite header to the receiving field spacifiad. The wmove is
left-justified with zero fill. The entire file header wray be
read in this manner.

If CT.ADVERB is5 a two or a thress the fields Listed in the table
below only are moved to the program?s vsun structurse. The
formatted wmove also occurs teft~justified with no fitlinge. If
the receiving field is not sufficiently longs the move is merely
truncated from the righta.

FIELD NAME LENGTH LENGTYH
{BITS) {CHARACTERS)
OPEN.TYPE XA 1
NOLUSERS {(Number of Users) 24 2
RECORD.SIZE 24 4
RECORDS.PER.BLOCK 24 4
EQOF.PDINTER 24 8
SEGNENTS.PERLAREA 24 R
USERS.OPEN.OUTPUT 24 1
FILE.TYPE 24 2
PERMANENT 24 i
BLOCKS.PERAREA 24 5
AREAS.RAST (Requested) 24 3
AREAL.COUNTER 24 3
SAVEL.FACTOR 24 X
CREATIONLCATE 2% 5
ACCESS.DATE (Last) 24 5
REC.SIZE - 5
MPF (Multi-Pack File) i 1
PROTECTION 2 1
PROTECTION.IO 2 1
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If the file is not present in the disk directory» the program is
notified by dinserting a one in the RS.REINSTATE.MSG.PTR. in

either cases»

controd is returned to the progras throtugh the

normal processor quaue mechanisma.

£INDLZHORIEY (0M)

CT.VERB
CT.OBJECT
CT.ADVERSB

CT.2
C7.3
CT.4
CT.5
LT.5

Refer to P.S.

SIORE

CT.VERS
CT.O0BJECT

CT.ADVERS

15
INVOKE NUMBER & PATH NUNBER OF THE PATH=NAME
BIT
Y RETURN LIST HEADS (REORG CONLY)
1 RETURN LOGICAL ADDRESS (REOQORG ONLY)
2 DM.STATUS FORMAT

0=BINARY

1=4~817 DECIMAL

ON EXCEPTION

3
4
5 MODIFY
=10 SELECTION EXPRESSION
0 NEXT
PRIDR
FIRST
LAST
NEXT AT
CURRENT
AT
i1 DATA SET SELECTION EXPRESSION
DNL.S5TATUS REGISTER BIT LENGTH
DMLSTATUS REGISTER BASE RELATIVE B8IT ADDRESS
DATASET RECORD WORK AREA BIT LENGTH
DATASET RECORD WORK AREA BASE RELATIVE BIT ADDRESS
SEARCH KEY {CAT OF COMPONENT NAMES) BASE RELATIVE 2IT ADR.
INVOKE NUMBER & PATH NUMBER 0OF DATASET=NAMNE

S U B N e

2212 5470.

£04)

1%
INVOKE NUMBER % PATH NUNBER
(SUBSET IF INSERT)

BIT

g INSERT

1 )

2 DM.STATUS FORMAT

O=8BINARY:

1=4=81I7 DECIMAL

ON EXCEPTION

BEGIN TRANSACTION INOT INSERT)
INCLUDES .LIST.HEADS (REORG ONLY)
END TRANSACTION (NOT INSERT)

[+ R ¥ B
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7 ND AUDIT {BEGIN DR END TRANSACTION ONLY)
& SYNC (END TRANSACTION ONLY)
9 -
190 STORE INDEXES ONLY (REORG ONLY)
11 PSEUDO CREATE (REORG OANLY)
CT.1 DM.STATUS REGISTER BIT LENGTH
£r.2 DM.STATUS REGISTER BASE RELATIYE BIT ADDRESS
C7.3 DATASEYT RECORD WORX AREA BIT LENGTH (NOT INSERT)
INVOKE NUMBER & PATH NUMNBER OF ODATASET C(INSERT)
CT.4 DATASET RECORD WORX AREA BASE RELATIVE BIT ADDRESS

Refer to P.S.

{NOT INSERT)

2212 5470.

DELEIE QM2

CT.YERB
CT.O08JECT

CT.ADVERB

CT.1
CT.2
CT.3

CT.4

Re fer to Pa.S.

17
INVOKE NUMBER & PATH NUMBER
(SUBSET IF RENOVE)

BIT
0 REMOVE
1 -
2 DM.STATUS FDRMAT
0=BINARY
1=4-BIT DECIMAL
3 ON EXCEPTION
4=1i1 -

DM.STATUS REGISTER BIT LENGTH

DM.STATUS REGISTER BASE RELATIYE BIT ADDRESS

OATASET RECDRD WORK AREA BIT LENGTH (NOT REMCYE)

INVOKE NUMBER & PATH NUNBER OF DATASET (REMOVE)

DATASET RECORD WORK AREA BASE RELATIVE BIT ADDRESS
{NOT INSERT)

2212 5470,

CREAJE/RECREATE £DM)

CT.¥ERS
CT.OBJECT
CT.ADVERSB

CT.1
CT.2

18

INVOKE NUMBER & PATH NUMBER

BiF¥

1 RECREATE

2 OM.STATUS FORMAT
0=83INARY
1=6=817T DECIMAL

3 ON EXCEPTION

4=11 -

DM.STATUS REGISTER BIT LENGTH
OM.STATUS REGISTER BASE RELATIVE BIT ADDRESS
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CT.3 DATASET RECORD WORK AREA BIT LENGTH
CT.4 DATASET RECORD WORK AREA BASE RELATIVE BIT ACDRESS

Refer to P.5. 2212 5470.

SHIICHLTAPE-DIRECTION

CYT.VERS 19
CT.0BJECT FILE .NUMBER
CT.ADVERB BIT

C-7 NOT USED

8=11 0 = READ FORWARD
1 = READ REVERSE
4 = WRITE

REINSTATE.MS5G.PTR VALUES
0 GOOO SWITCH
1 FILE NOT OPEN
2 WRONG DIRECTION OR NOT A TAPE FILE
3 END OF FILE

This operator was added to facilitate the implementation of the
Tape Sort featura=a. It has found use in other applications since
that timea. Essentiadlys» dt merely changes the direction of a
tape file without time=consuming Close and Dpen invocation.

There 1is no way that this communicate can cause discontinuation
of a programn. Adld errors are merely reported tc the progran.
The file may be changed from input to outputs provided it ¥s not
peing read in the reverse direction. Direction way be charged ar
the same communicate which changes the 1I/0 mode. In other words,
a file may be changed from input and reverse to outpyt and
forward with one communicatea.

Buffers are fitllad by the MCP as a function of this communicate.
No fields in the FIB8 are changads» however. CLonseguentlys, use of
this communicate is not practical on blocked files.

This comnunicate will not function if one of the file's buffers
has already encounterad the physical end of the file.

IERMINAIE £(STOP RUND
CT.YERB 20

This Communicate calls the Terminate Procedure directliy. Tha
Terminate Procedure is5 also called when a program is being
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discontinued. There is very littde difference between a3 normal
terminate procedures where the routine is cadled via a
Communicate and an abnormal ones where the procedure is called by
the MCP to discontinue a programs

Programs @ay not be terminated if they are using a reader-sorter
and the device 15 operating. In this caser the terminate
rountine will wait wuntil the flow is stopped on the sorter and
then proceed with the termination. This is due to the fact that
High~Priority Interrupts from the sorter can only be handled in
code written exclusively for that purpose. At any rater, altt of
this Will be transparent to the user and the program wWill be
terminateds though not necessarily at the time the Terminate
Procedure is first invoked.

& similar situation exists if the program has Data Management
operations in processs I/30 Compiete on such an operation can
only be handded by 0Oata Management <code» and the Terminate
Procedure witl be forced to wait for completion of any such
gperations.

The Terminate Procedure may also have to wait for Roll=in and
Rodi=0ut operations to be completed. Tha prograx must be present
in memory before it can be terminated.

As mentioned previouslys» all of the conditions listed to this
point are transparent to the user. The Terminate Procedure has
its own mechanisms for waiting for such svants to be compiete.
No action is required on the part of the usera.

The queue of keyboard messages antered via the Accept response
widl be purged of any messages intended for this progras st this
point. Refer to the Software Jperational Guide explanation of
the "AX" message for details on this gueue.

At this points» the Terminate Procedure will wait for any code or

data overlays which may be in process Io go to completion. The
Terminate Procedures» {if it must wait for such an events, yields
control to the outer doop of the MLP. The Procedure wilt be

continued when the I/0 goes to completion.

Any 170 operation which was initiated by the program and which
did not use the porwal Fide I/80 mechanism Wili be halited and
delinked from the channel chain at this pointa. Exampdes of such
operations are disk 170 initiated by the Disk Initialization
utitities and all Data Communications I/0 operations. Tesporary
disk storage obtained by the MCP to execute the progras is
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returned to the disk availabis tabies.

The Teraminate Procedurs next proceeds 1o close all the files
which are associated with the program and xhich are not yet
closed. A file which is closed by a user with no bits set in the
Cilose Adverb or with the NO REWIND bit set in the adverd is not
considered clossd by the MNCP. The units in these casess remains
assigned to the programs even thouagh there can be no I/0 in
process for the file. The unit must be returned to the {ist of
available resources when the program terminates. Files are
aluays Closed with Release by the Terminate Procedure» s8xcept
when the file is assigned to disk and FPB.LOLK is set.

The Terminate Procedure next performs those functions asscociated
with memory assigned to the program. The code segment dictionary
user count is decremented. If it becomes zZerfces ®Wemcry occurpies
by the <code ssegments and the s2gment dictionary is returned to
the avaidable memory 1list. Similariys, the user counmt for tha
Interpreter used by the program §is decremented. If it becomes
zero» memory occupied by the interpreter and its segments is also
returned. If the interpreter was partially or totaliy resident
in M=Memorys it is ramovade. This may result in a change in tha
mode of M=-Memory nmanagenmesnt. If s0» it is performed at this
point.

Similar functions are perforsmed on any Intrinsic Code the prograa
may have been using. The user count for the Intrinsic File and
for the Codea file itself are decramented and stored in the disk
file header in the disk directory.

If the Log option is sets the Log is updated at this point. In
addition to the type of termination» a count of code overlays, a
count of data overdiayss the current time and date and the amount
of processor time used by the program are stored in the Log.

The program?s overlay descriptor is ramoved from the disk <chain»
a SPD wmessage is printed if the E0J option is setr and if this
praogram was axecuted by another using the PROGRANLCALL
communicater the calding program is marked ready to run. Memory
occupied by the oprogram?s run structure 115 returned to the
availabie pool. The number of jobs running is decremanted. A
bit 15 set which will cause the next execution of the OUTER.LOOP
to check the active job schedules.

If any oprograms are in the Waiting schedule and are waiting for
the successful termination of this programs they are moved to the
Active schedule»r provided this is a normal termination. If this
program was a "Compidle and Go™ or a "Compile and Save™s» the code
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file generated is placed in the active schedule.

EBEE LIM)

CT.VERB 21
CT.0BJECT INVOKE NUMBER & PATH NUMBER
CT.ADVERS BIT

0-1 -
2 DM.S5TATUS FORMAT
0=BINARY
=4=BIT DECIMAL
3 ON EXCEPTION
4-11 -
CTat DM.5TATUS REGISTER BIT LENGTH
CT.2 DM.S5TATUS REGISTER BASE RELATIVE BIT ADDRESS

Refer to Pa.5. 2212 S5470.

JIMEZDAIEZQAX

CT.VERB 22
CT.O0BJECT BASE RELATIVE 8BIT ADDRESS OF WHERE TO PUT THE RESULT
CT.ADVERS BIT
0 1=DATE REQUESTED
1-2 FORMAT
0 YY/DDD TJULIAN)
1 MM/DD/YY
2 YY/MM/DD
3 DD/MM7YY
I=4 REPRESENTATION
0 BINARY
1 4=-BIT DECIMAL
2 8=-8IT DECIMAL

5 1=TIME REQUESTED
6=7 FORMAT
0 COUNTER

1 HH3NM2355.5 (24-HOUR CLOCK)

2 HH3MM2SS5.5 TT (12-HOUR CLOCK» TT=AM/FH)
8=9 REPRESENTATION

0 BINARY

1 4=BIT DECIMAL

2 B=BIT DECIMAL

10 1=TODAYS.NAME REQUESTED
NDTE = TGBAY%?NAHE RETURNS 9 CHARACTERS LEFT JUSTIFIED
FORMAT BINARY 4=3I7 DECIMAL B-8IT DECIMAL
YY7D0D CJULTANY 749=16  8+lz=20 16+24=40

MM/DDIYY 4+5+7=156 B+B8+8=24 16+#16416=48
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YY/MM/DD T+425=16 B3+8+48=2% 1564164 16=48
DD/7HM/IYY S#4+7=1b B+8+=24 lo+ib+16=48
COUNTER 20 24 48
HH3MM25S,.5 Sthetbes=21 B+BAB8+4=28 16+%16¢16+8=5b
HH3MM255.5 T7 L5456 +44156=30 BeB8+8+4+1b=44 16+16+1648+16=72
TODAYS.NAME 72 (9 CHAR» LEFT JUST.)

ANITIALIZER 170

CT.¥YERSB 23
CT.OBJECT BASE RELATIVNE ADDRESS OF
5 BYTE UNIT MNEMONIC
R
170 DESCRIPTOR
CTLADVERS VALUE

0 ASSIGN UNIT T0O THIS PROGRAM

1 RELEASE UNIT

2 INVALID :

3 LINK IN THE I/0 OESCRIPTOR AND INITIATE
4 INVALID

REINSTATE.MS5G.PTR VALUES

iF CT.ADVERB=0D0 THEN

PORT» CHANNEL AND UNIT OF DEVICE REQUESTED
PORT BIT (3)
CHANNEL BIT (&)
FILLER BIT (1)
UNIT BIT (&%)

ALL OTHER CASES
0 GOOD COMMUNICATE
i DISPATCH TO INVALID PORY OR CHANNEL

This communicate 1is intended for in<-plant use only. Anyone
outside of Santa Barbszsra Plant who attempts to use this

communicate does 59 at his ouwn riska. The communicate forsat and
function may be changed from time to time. No notice o8f such
change Wil be suppiied to any user prior to the changea Such

information will be available aon request.

Released MCP%s widd not atlow a Write descriptor to be idnitiated
on system disk. Attempting to do so will result in the program?®s
being D5=-8d.

The MLP does not assure that the A and B addresses in the 1I/3
Descriptor are bounded by the prograw's Base/Limit registers. It
is the programmer®s responsibility to do this., fajlure to do so
Wild resuit in unidentifiable system halts.

To wuse this communicates the programger should first issue it
with CT.ADYERB set to 2ero and CT.O0BJECT opointing to a
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si x=character unit #nesonic. If the requested wunit is not
available for any reasons the calling program will be D5~ed. If

the wunit 1is avaitlablise» it wWwidl be assigned to the calling
program. It is possible to read any unit without reguestirg that
the unit be assigned to youe.

After the unit is assigned to the programs the communicate may be
issusad with CT.ADYERB set to two or thresz. The HLP copies the
1/0 Descriptor outside the base={Limit before it {inks inrto the
chain. ¥hen the I/70 conrpletess, the [0,ACTUALLEND and ID.RESULT
are moved back into the base~limit area. Hhen the 170 operation
is completedsr the I/0 descriptor is removed from the associated
channsl <chain. In order to again execute the [/0» the progran
must issue another communicate with CT.ADVERBE set to two or
three.

The program should issue the communicate with CT.ADVERB set to
one before it goes to end=of~job.

It should be emphasized that this communicate was added to the
MCP for purposes of on~line pack dnitialization only and is
intended for use only by that programs in the form supplied by
Santa 9Harpara Plant. Requests for maintenance or support from
any other source Wwill ba ignored.

¥ALT C3NQOZED

CT.VERS 24
CT.OBJECT LENGTH DF TIME IN 10THS OF A SECOND
FUNCTION PROGRAM IS PUT TO SLEEP FOR SPECIFIED LENGTH OF TINE

Z1E
CT.VERS 25
CT.O0BJECT -
CT.ADVERS -
CT.1 MESSAGE AREA BIT LENGTH
CT.2 MESSAGE AREA BASE RELATIVE BIT ADDRESS

REINSTATE.MSG.PTR ¥ALUES
1] NO ERRORS IN ZIP TEXT
i ZIPPED INVALIOD CONTROL CARD

This communicate provides a means for programs to pass control

cards and keyboard wessages to the M(LP. There are no
restrictions on the messages which may be passed. No messages
are returned to the program by this procedure’ the only

information returned is an indication of whether of not the
syntax of the control instruction was valid.



=353

BURROUGHS CDRPORATION COMPANY CONFICDENTIAL
CONPUTER SYSTEMS GROUP B1000 MCP II

SANTA BARBARA PLANT Pa5. 2212 5462 (E)

Any program placed idn the schedule as a result of a controi
message received from a ZIP Communicate will execute
asynchronously with and independentliy of the program whicgh
executed the ZIP» unless programmatic means for synchronizing the
two programs afe provided in the programs.

If the control idnstructions passed via the ZIP communicate are
invalides a message is printed on the 5P0 to inform the systen
oparater of ths occurrence. This is necessaryr, since invalid
control dnstructions c¢an result in incorrect operational
behavior.

ACCERT
CT.VERS 26
CT.DBJECT -
CT.ADVERB  BIT
0 RETURN IF NO MESSAGE
1-11 -
CTa1 MESSAGE AREA BIT LENGTH
cr.2 MESSAGE AREA BASE RELATIVE BIT ADDRESS

REINSTATE.MS5G.PTR VALUES
0 MESSAGE OF LENGTH ZERQ
IFFFFFFQA NO MESSAGE PRESENT
ANY OTHER YALUE LENGTH OF MESSAGE IN BITS

This commpunicate was provided as a means of implementing the
COBOL ACCEPT wverb. Its use is not restricted to programs written
in a particular fanguage’? it may be used by any prograns.

The receiving field must {ie within the bounds of the program?s
run structure. The program will be forced to wait for an
operator response if bit one in the adverb is a zero and §f there
is no message in the Accept Queue For the progranme. Control s
returned to the program through the norsal processdar queues when
a response from the operator is received.

Messages are moved to the receiving field deft-justified with
btank fitd.

DI3PLAYX

LT.VERB 27

CT.0BJECT -

CT.ADVERS BIT
0=10 =
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11 O=CRUNCH BLANKS 0OUT OF MESSAGE
1=PRINT MESSAGE aS IS
CTa1 MESSAGE AREA BIT LENGTH
£1.2 MESSAGE AREA BASE RELATIVE BIT ADDRESS

This communicate was provided as a means of implementing the
CO0BOL DISPLAY verbs. Like ACCEPT», it may be used by any prograne
It serves merely to print the message described by LV.1 and CT.2
on the 5P0.

If bit eleven in the adverd is sets, the MCP will reformat the
entire message such that non-blank fields in the messasge are
separated by no more than one plank. This 1is wmerely a
convenience for the user programmer wxhich may be used when the
spacing of the words in the message wupon the 3P0 is5 not
important.

VSE/ZREIURN
CT.VERB 28

This communicate is not implementad. I1f raceiveds it is ignored
and controdl is returned to the usere

208 HANDLER

LT.VERB 29
CT.O0BJECT BASE RELATIVE ADDRESS OF SORT INFORMATION TAEBLE
CT.ADYERB BIT (12)

1 = SORT.RESTARY

2 = SORT.DUPCHECK

3 = S0ORT.W1.PID

5=12 FILLER '

CTal BASE RELATIYE BIT ADDRESS OF S0RT KEY TABLE
LT.2 INPUT FILE.NUMBER OR ADDR OF MERGE .INPUT.TABLE IF MERGE
CT.3 OQUTPUT FILEL.NUMBER
CT ek TRANSLATE FILE .NUMBER 0OR NOT 0
CT.86 DATALADDRESS (DELETELKEY.TABLE)
CT.7 IF (SORT.W1.PID 2= Wl.PIDFLAG)Y THEN
DATALADDRESS (W1aPID) ELSE D
CT.53 IF (SORTLUZ.PID 2= H2.PIDFLAG) THEN

DATA.ADDRESS (WZ2.PID) ELSE 0

This communicate provides a means for the user program toe cait
the Sort Intrinsic. For details on the implementations refer to
the proper Sort or Merge Product Specification.
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0L IRACE
CT.VERB 30

CT.0BJECT TRACE FLAGS

This communicate is used by alt interpreters which include Trace
capabilities. Its wuse dis not restricted to SPL oniye. The
communicate is merely a means of turning the Trace on and off.
The print Lline is passed wvia a type 61 interrupt from the
interpreter, The code invoked by this interrupt is little wmora
than a caid on the 5DL Read/Write Procedure in the MCP.

EBULATOR TAPE (MICRQ MCR2

CT.VERS 31
CT.0BJECY FILE .NUMBER
CT.ADVERB 81T

G=2 OP.CODE

§ = READ
1 = WRITE
2 = SPACE
3 = REWIND
& = JEST
3-8 OP.CODE LVARIANT

3 = REVERSE (READ» SPACE)» ERASE (HWRITE).»
TEST.WAIT.READY.NOT.REWIND (TEST)
ONEL.RECDRD (SPACE)» TAPE.MARK (WRITE).»
TEST.HAIT.NOT.READY (TEST)
O0DD.PARITY (READ» SPACE» WRITE)
6 NOISE (READ» SPACE)
7=8 NOT USED
9=-11 SCHEDULING. VARIANTS
g FETCH.RESULT
10 UDNT.HAIT
11 REPORT AND RETURN ON I0 ERROR

A

5

L1 T

Woion

CT.1 USER TAPE BUFFER BIT LENGTH

CT.2 USER TAPE BUFFER BASE RELATIWE ADDRESS

CT.3 USER ERROR MASK (BIT SET IMPLIES USER WILL HANDLE THE
CORRESPONDING ERROR)

L)
sy

{MAY NOT UsE)

{NAY NOT USE)

NOT READY

PARITY (NDT ON TEST)

ACCESS (NOT ON TEST)

TRANSNISSION (ON TEXT ONLY)

END.OF . TAPE

BEGINNING.OF .TAPE

WRITE.LOCK.QUT

END.OF.FILE (NOT ON TEST)» UNIT.PRESENT (OA
TEST)

G NOUN SN N Om
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10 REWINDING

11 TINELOUT CNOT ON TEST)

12-16 (MAY NOT USE)

17 SHORT.RECORD

18 LONG.RECORD

19 DROPOUT

20 INITIATELLATE

21 (MAY NOT USE)

22 TRANSMISSTON.ERROR.MEC

23 TRANSMISSIONERROR.MTC
CTo4 BASE RELATIVE ADDRESS OF USER'S 48 BIT RESULT

BIT 0=23 OF RESULT COWNTAIN THE RESULT DESCRIPTOR
BAT 24~47 OF RESULYT CONTAIN THE ACTUAL LENGTH
REINSTATE.MSG.PTR VALUES

D = RESULT RETURNED
1 = I0.ERROR
2 = RESULT NOT AVAILABLE

This communicate Was added 50 that the Emulators of
second=generation hardware oroduced by Santa Barbara Plant might
be operated under control of ths MCP. It was necessary to add a
neW communicate to do thiss since prograszss wuwritten for these
machines routinely manipulate magnetic tape idn manners which
violate the rules of the MCP"s Adogical [/7C wmechanisms. The
normal file mechanisms in the MCP» which were promulgated upon
the specifications of the CDBOL 4anguage» are certainiy
inadequate to atlow ali of the many tape operations which wera
commron to second generation sachines.

Essentiaily» the procedure builds an I[/70 descriptor according to
the specifications passed by th2 communicate forsat and initiates
it. The Emulator progras is not allowed to execute until the I1/0
operation goes to completion. The procedure is re—-entered at
completion of the operation and the program is then alloaowed to
continue.

The oprocedure first tests to see if the file is Open, If 3t is
nots the Open procedure is called directiy from the communicate
and control is returned to it when the open completes. At this

points the procedurs continites provided the open was successful.
If it was nots the ensulator program would have been placed in one
of the precessor queues and marked waiting. In the latter case»
the communicate procedure mere2ly returns control to the ocuter
loop of the HCP.

The procedure next perforams minor editing on the files passed ir
the communicate format. If the operator request involves a data
transfers the buffer area described must 4ie whoily within the
bounds of the user?'s run  structure. Pue to hsrdware
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restrictionss certain variants and combinations thareof are
invalid for certain operation codes. The variants here are those
passed in bits three through seven of the communicate adverhb.
Validity of the wvariants is checked by the procedure. If the
tiser has violated esither the bounds check or the variant checkes
the program is automaticadly discontinued Dy the MCP.

The procedure next constructs an I/0 Descriptor which corresponds
to that requested by the user. The I[/0 Descriptor is outside tha
user?®s run structure. A full tape file FIB8 1s sllocated» along
Wwith space for one I/0 descriptors by the Open Procedure. This
is done a2ven though many of the fiedds in it are not used by the
Emul ator Tape Handler routines directly. Most of the fields are
required by the Close Procedure.

The regquested I/0 operation is5 then initiated and the program is
marked uwaiting for its completion. Control is returned to thsa
outer loop of the MCP at this point and the MCP is free to
service other users.

When the I/0 operation completess the procedure is again invoked.
It first moves the vresult descriptor received with the [/0
concatenatad with a twenty=four bit field which will specify the
actual length of the operation just completed. The Le2ngth of the
operation is specified in bits. Alsces prior to doing the wove of
the result descriptor, the procedure verifies that the receiving
field is within the run structure of the prograna. If it is5 nots
the program i5 automatically discontinued.

If the exception bit is set in the result descriptors the
procedure determines if the exception condition is one that the
user has incduded code to handie himself. If it is» control is
returned 1to the user through the normsal processor queue
mechanisn. If the user does not have code to correct the error
himself» the procedure calds the NMCP's /0 Error procedure
directly. I70 Error will then retry a number of times and
eventually return control to the Emulator Tape Handler. If the
error Was irrecoverabler the progranm is discontinued. Otherwises
control i5 returned to tha user.

COBOL EROGRAN ASNORMAL END
CT.VERE 32

This communicate was added so that jJob streaming may be
terminated at the discretion of the user. It functions exactly
as the STOP communicate does except that instead of a standard
End=of~Job messages it causes "LOBOL ABNORMAL END™ to be printed
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on tha S5PT. Also0», any programs that are in the Waiting Scheduie
waiting for this job to finish will not be moved to the active
schedudies by the abnormal termination.

0BT EQJ

CT.VERE 33
CT.0BJECT FILE.NUMBER
CT.ADVERB CLOSE TYPE

CTa1 END=OF=FILE PJINTER
CT.? RECORD 517t
This communicate serves to terminates in a normal manner:s the

Sort and Merge Intrinsics and to return control to the calling
program. For details on its operation» refer to the appropriate
Sort or Merge product specification.

EREEZEJTHAW BUN STRUCTUIE

LT.YERSB 35

CT.OBJECTY BIT ¢ (HIGH ORDER BIT)
O=THAN
1=FREEZE

Depending upon the functions being performed by a8 user prograwms
it may not be permissablae for the NCP to change the memory
docation of the program?s run structure or to roil it out to
di ske The wmost obvious oxample of this is5 the Nisk
Initialization Utilities. which have actuail I/70 Descriptors
within their run structure. There are several other such cas2se.

The field in the Run Structur2 Nucleus» RS« TEMPORARYFREEZES
gives notice to the MCP*s Rodl Out procedures that this run
structure wmay not be moved. This communicate provides 3
programamatic means of bumping and decrementing that field.

COMPILE CARD INECQRMAIIGN

CT.YERB 36
48 BITS SDL ODESCRIPTOR {WHERE TO PUT INFD) IN FORMAT 3
16 BITS=LENGTH
24 BITS=ADDRESS
RETURNS COMPILE CARD INFOD IN FOLLOWING FORMAT 2
¥CHARS INFD
30 OBJECT NAME
02 EXECUTE TYPE
10 PACK.NAME OF THE RUNNING PROGRAM
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30 INTERPRETER NAME OF THE BUNNING PROGRAM

10 INTRINSIC NAME (PACK & FAMILY)

g2 PRIDRITY

0B SESSION

05 J0B NUMBER

20 15T & 2ZND NAMES OF RUNNING PROGRAM

o7 CHARGE NUMBER

01 FILLER

36 BITS DATE COMPILED
04 BITS FILLER

10 USERCODE

10 PASSWORD

H PARENT JOB NUMBER

20 PARENT QUEVUE IDENTIFIER
01 LOG 5PQ

G4 SECONDS BEFORE DECAY

1 PRIVILEGED

This communicate returns selectad fields from the working copy of

the Program Parameter Biock to the user®s rcun structure. Tha
receiving field described by the SDL Descriptor must tie wholly
within the run structurea. The program «#ill be automatically

discontinued 1¥f it does not., The fields returned are presented
in the fixed format shoswn in the table above.

DYNAMIC MENDRY BASL

CT.VERSB 37
VALUE IS RETURNED IN COMMUNICATE MESSAGE POINTER AS
SELF RELATIVE DESCRIPTOR

This communicate returns the relative address of the dynamics, or
overdiayabler area in the run structurse. It is intended for use
by programs written in 50L onlye.

BEMORY DUME 10 DISK

CT.YERS 38
USED 8Y ALL LANGUAGES» INCLUDING SDL.

This communicate causes the prograam s trun structure and other
pertinent information to be dumped to disk and docked in the
directory with a unique name. The information may be processeds
formatted and printed later by 3 normal state pragram written for
that purpose.

Programs which are alresady in the process o9f terminating mey not
be dumped. This is academic in this cases howevers since a
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program which wWas terminating could not idissue the communicate.
Prograss which are rolled out to disk widl be rolled back in and
dumpedr, via an operator?®s actions provided sufficient memory is
avaitlable. Agains if the program were roiled out to disk» it
could not possibly have issued the communicate.

The amount of disk which wili be required to contain the dunmp
file wusually exceeds by a considerable margin that required to
contain just the Base/Limit aresa of the program. In addition tao
the run structures the dump fidle widd also contain the File
Pictionarys, the FIB's and bufferss, the Data Dictionary and all
data segmeniss the code dictionary and the code segments which
are present in maemory at the timer and other miscellaneous
informations. If sufficient disk is not availabier, a message will
be printed on the SP0 and a one Wwidl be returned to the progranm
in RS.REINSTATE.M3G.PTR. The program widll be ailowed to cantinua
processinga.

The format of a dump file is as foilowus?

1. A4 mPointer™ records, which is described below.

2ae The program?s run structur?2 and Run Structure Nucleus.

e The Data Dictionary.

4a Every data segment in the dictionary. Segments which ara
not in memory will be copied to the dump fide from their
docation on diske

Se The File Dictionary.

G Fach FIB and its associated I/70 Descriptors and buffers.
This idincludes all files that are open and those that are
cldosed with no form of relesase.

7 The working copy of the Program Parameter Biock.

Ba The working copy of the initial scratchpad settingse.

9. The working copies of all File Parameter Blocks.

10. [If the program s uritten in SDL» the LAYOUT.TABLE.

Control is returned to the program through the normal oprocessor

queure @mechanism. Actuallys the program is marked ready to run
after the scratchpad is copied.

The format of the "Pointer™ record iss
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DUNPF ILE . NUMBER BITL24)
TIME .OF . DUNP BIT{36) % Julian Date plus Time
NCP.DATE BIT{16) %X MCP Version Date
RELEASELHMCP BITK4)
LIMITL.REGISTER BITCZ24)
DATALDIC.PIR BIT{(24) X Reitatrive Disk Address
DATALSEGSPTR BIT(24) % Relative Disk Address
FI3.DIC.PTR BITL24) % Rel ative Disk Address
FIB.PIR BITL24) X Relative Disk Address
PPB.PTR 8I7T{24) X Ralative Disk Address
NET.CONTROL.MACRD BIT(4) % 1 3if Data Communications Handler

MCP.RELEASE.LEVEL BIT{186)
LAYOUT.TABLELPIR BITCZ24)
LAYOUTL.TABLE.SIZE BIT(2%)
DUMP.SYSTEM.ID BIT(12)

GEI 3E3510N NUMBER

CT.VERB 39
CT.0BJECT SESSION IS PUT INTO RS.REINSTATE.NSG.PTR

DC-INITIATE-1D
CT.VERB 40
24 BITS PORT
24 BITS . CHANNEL
24 BITS BASE RELATIVE ADDRESS OF I/0 DESCRIPTOR

This cosnmunicate provides the capability of initiatirg 170
descriptors on the data communications equipEent which may b

attached to a system. The I/70 descriptor dtsedlf if constructed
by the programr which is usually the Data Communications Handler
program generated DLy the NOL Compiler. This is not a

requirements howevers and no test for this condition is wsade by
the code in the MCP. The communicate operator may be used by any
program whose source language contains the proper syntaxe

The program will be automatically discentinued by tha MCP if the
requested I/0 controd is5 nmot a data communications control or if
the control is already in use by another program. Alsos, if the
address of the 1/0 descriptor does not 1ie within the program's
run structure or §if the program attempts to initiate an I/0
descriptor with the "high priority interrupt request™ bit sets»
the program wild be automatically discontinueds.

After the editing described above has been performeds tha
requested operation is initiated. Control 3s returned to the
user through the nermal processor queue mechanism. The prograam
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is not forced to wait for the completion of the operation
initiated? control is returned immediately after the initiation.

NOLZMACRQ COMMUNICATES

CT.VERB 41

CT.0BJECT INDICATES FUNCTION

DESC1 BIT 1-48 MESSAGE AREA 1
DESC2 BIT 49~96 MESSAGE AREA 2

QUEUE.PTR BIT 97-106 REMOTE FILE NUMBER OR STATION NUMBER

RLHRIIE
CT.DBJECT 11
DESC1 RESULT AREA
DESCZ DC.WRITE MESSAGE
NOTE: NUMBER AT SUBSTRADESCZ2,6,2) I5 MESSAGE TYPE

4O0=FINISH OPEN

41=NDL/7MACRDO PRESENT

42=ATTACH STATIONS TO REMOTE FILE
43=DETACH STATIONS FROM REMOTE FILE

QuUICK QUEUE WBITE LREMOTE EILES)
CT.OBJECT 12

DESC1 MESSAGE HEADER
DESC2 MESSAGE
RMT.FL REMOTE FILE TO WHICH THE MESSAGE IS DESTINEGD

SUICK QUEUE HRITE C(STATIQN NUMBLR)
CT.0BJECT 13

DESC1 MESSAGE HEADER
DESC2 MESSAGE
ST.NR STATION NUMBER

ALLESS USERCUDE EILE

CT.¥ERB 42
DESC BIT D=47 DESCRIPTOR TOD PARAMETER LIST.
PARAMETER LIST LAYOUT
MODE BIT (&%)
g SET ALL PARAMETERS IN LIST EXCEPT USERCODE AND

PASSWORD. THESE MUST BE SUPPLIED TC FIND
CORRECT ENTRY.

i SET ALL PARAMETERS IN LIST EXCEPT INDEX. INDEX
MUST BE SUPPLIED TO FIND ENTRY.

2 SET OVERRIDE. USERCODE AND PASSWORD MUST BE
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PRESENT 70 FIND ENTRY.

SEYT OYERRIDE. INDEX MUST BE SUPPLIED TO FIND ENTRY.

ADD ENTRY. ALL FIELDS HAVE TO BE SUPPLIED.

DELETE ENTRY. USERCODE AND PASSWORD MUST BE
SUPPLIED 7O FIND ENTRY.

INITIALIZE ALL OVERRIDE BITS,

CHANGE BY USERCODE. ALL ENTRIES FOR A GIVEN USER~-
CODE CAN BE CHANGED WITH ONE COMMUNICATE. USER-
CODE MUST BE PRESENT. PACK FIELD MUST NOT BE
EQUAL TO ZERD TO CHANGE IT. CHARGE NUMBER MUST
NOT BE EQUAL TO ZERD TO CHANGE IT. PRIORITY MUST
NOT BE EQUAL TO ZERO TO CHANGE IT.

3 DELETE ALL RECORDS FOR A GIVEN USERCODE. USER-
CODE MUST BE PRESENT.

9 SET ALL PARAMETERS IN LIST EXCEPT USERCODE AND
PASSWORD. ONLY USERCODE HAS TO EBE SUPPLIED
BECAUSE SEARCH STOPS ON FIRST ENCOUNTER OF
GIVEN USERCODE.

10 CHANGE BY INDEX. INDEX MUST BE PRESENT.

PRIORITY CAN BE CHANGED BY SETTING FIELD TO NON-
ZERD. CHARGE CAN BE CHANGED BY SETTING CHARGE
FIELD YD NON-ZERQ. PASSWORD CAN BE CHANGED BY
SETTING PASSWORD TO NON-ZERD.

-~ o

11 CLEAR PACK OVERRIDE FIELD FOR ALL CGCCURRENCES OF
THIS USERCODE. USERCODE MUST BE SUPPLIED.
12 CLEAR PACK OYERRIDE BIT FOR ALL OCCURRENCES CF

THIS USERCODE. INDEX MUST BE SUPPLIED.

INDEX BIY (10)
USERCODE CHARACTER (10)
WHEN SET BY PROGRAM (MODE = 0» 2» 4» S» 7» 8» 9» 11)»
THE USERCODE MAY OR MAY NOT CONTAIN PARENTEESES.
IF PARENS ARE NOT FOUND» ONLY THE FIRST EIGHT
USED.
WHEN SET BY MCP {(MODE = 1)
USERCODE WILL ALWAYS CONTAIN PARENTHESES.
PASSHWORD CHARACTER (10)
PACK NAME CHARACTER (10)
CHARGE # BIT (24)
PRIDRITY BIT (&)
PRIVILGD BIT (1)
BYERRIDE BIT (1)
REINSTATE.M5G.PTR VALULS
0 NJ ERRORS.
1 FERROR ON INPUT: EITHER INDEX IS WRONG OR
USERCODE/PASSWORD IS NOT PRESENT.
2 T™(SYSTEM)/USERCIDE™ FILE NOT IN ™US™ 5LOT.

EBOGRAYN CALLER

CT.YERS 44
43 BITS SDL DESCRIPTOR
24 BIT LENGTH OF TEXTY
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24 BIT BASE RELATIVE ADDRESS OF TEXT

This communicate functions in a manner similar to the ZIP
compunicate described previousdys», with one notable exception.
The program which issues this comnunicate is suspendeds» and
removed from memorys untidl the program which is dnitiated by the
communicate goes to end=-of-job. This communicater thens provides
a means for one program to call another and wait for its
complation. Tha text which is addressed by the forty=-eight bits
passed Wwith the comamunicate should be wvalid MCP CLontrol Card
syntax which causes the sxacution of a program.

Unfortunatelys no means are provided for passing parameters
petween the two programs involved. This can be done only via the
File mechanism of the HUP. The FILE Controil Lardr, described in
the Software Operational Guides does provide some assistance 1in
this areas

The text passed by the communicate must fie within the program?'s
run structure. The program will be automatically discontirued it
it does not. No further aditing is performed by the commuricate,
The program which issued the communicate is not informed of the
validity of the control syntax passed.

LOAD-DUME MESSAGE

CT.¥YERB 45
CT.0BJECT BASE RELATIVE ADDRESS OF MESSAGE
CT.ADVERB 8IT

0 1=L0ADED O=DUMWPED

i-i1 -

This communicate causes the thirty bytes beginning at the address
specified by CT.O08JECT concatenated with either the word ™LOADED™
or the word "OUMPED", depending upon the setting of bit 1 of the
adverb», to be displayed upon the 5SP0 if and only if the LI3
system option is5 set. Refer to the Software Uperational Guide
for details on the LIB option. A1l non-blank EBCDIC fietds in
the message widl ©be shifted to the left befeore printing untii
they are separated by noe more than one EBCDIC biank.

COMPLEX WAIX (MICRO MCE)

CY.VERSB LT
CT.0BJECT NUMBER OF EVWENTS
CT-ADYERS FIRST EVENT 70 CHECK (CHECKED IN CIRCULAR
FASHION FROM THIS POINT).
CTLLI=ETC. BIT ENCODED EVENTS (NUMBER SPECIFIED BY CT.OBJECY
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MAX=15).,

0= 3 EYENT TYPE
L= J EVENT PARANI
8=15 EVENT PARAN?
16=24 EVENT PARAMN3
EVENT TYPES:
0 = NULL = PARAM1»2Z»3
1 = SPO INPUT PRESENT PARAM1»2»3 3 NOT USED
2 = TIME = PARAM1»2»3 CONCATENATED BIT 20
FIELD CONTAINING THE LENGTH OF TINME 70
WAIT IN 10THS OF A SECONT
3 - READ OK ~PARAM1: NOT USED, PARAMZ:
FILE NUMBER, PARAM3: MENBER NUMBER IF FILE IS
O=FILE-FAMILY
4 = WRITE 0K = PARAM1,2,3: SAME AS READ OX
5 = QUEUE WRITE OCCURRED - PARAM1: NOT USED»
PARAMZ: FILE NUMBER OF Q-FILE-FANILY»
PARANM3I: NDT USED
6 = DATA COMM IO COMPLETE -~ PARAM1»2,33 NOT USED
REINSTATE.M5G.PTR VALUES
ZERD RELATIVE INDEX TO VHE COMMUNICATE EVWENT LIST ELEMENT
WHICH IS COMPLETE

NOT USED

e

MESSAGE LOUNT

CT.VERS 48
CT.OBJECTY FILE .NUMBER
CT.ADVERSB g DECIMAL FORMAT RESULTS IF TRUE
CD8oL (=PIC 993%™)
ELSE BINARY (BIT (24))
i-ir -

CT.1 RESULT FIELD LENGTH
CT.2 BASE RELATIVE RESULT FIELD ADDRESS

FUNCTION RETURN THE COUNT OF THE MESSAGES CONTAINED
IN THE QUEVUE-FILE SPECIFIED. IF THE OBJECT
I35 A QUEUE-FILE~FAMILY» THE COUNT WILL BE
RETURNED A5 A LEFT-JUSTIFIED ARRAY OF
24=31I7 CDOUNTS, ONE FOR EACH NMEMBER OF
THE FANILY.

RECOYERY COMELEIL
LT.VERSB 50

Refer to Pa.S5. 2212 5470.

SET-ATIRIBUIES

CT.VYERB 51
CT.O0BJECT FILE NUMBER
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CT.ADYERS COMMUNICATE LEVEL (MK 7.0 LEVEL=1)

CT.1 TOTAL ATTRIBUTES (MUST BE 1 IN 7.0)

CT.2 BASE RELATIVE ADDRESS OF ATTRIBUTE LIST

CHANGELATTRIBUIES
CT.VERS 52

CT.OBJEXT FILE NUMBER
CT.ADVERB COMMUNICATE LEVEL (MK 7.0 LEVEL=1)

£T.1 IDTAL ATTRIBUTES (MUST BE 1 IN 7.0)

cT.2 BASE RELATIVE ADDRESS OF ATTRIBUTE LISTY
ACLESS.GLOJALS

CT.VERB 55

CTO0BJECT 0 = CT.3 CONTAINS AN ABSOLUTE NEMORY ADDRESS

i = HINTS. CT.3 WILL BE USED AS AN OFFSET
INTO THE FIELD
2 = RS.NUCLEUS. USE OF CT.ADYERB AND CT.3 IS
DESCRIBED BELDOHW
3 = IDAT., USE OF CT.ADYERB ANC CT.3 IS DES~-
CRIBED BELOW
4 = DCH.SCRATCH.MEM
S = PACK.INFD TABLE
5 = S5P0.53
CT.ADVERB SEE BELOW
CT.1 and €T.2 A BASE-RELATIVE SDL DESCRIPYTOR WHICH SPECIFIES
THE RECEIWING FIELD IN THE PROGRAM. THE FIRST
EIGHT BITS OF CT.1 ARE IGNORED BY THE MCP
CT.3 SEE BELOW

Since HINTS actualdiy begins at absolute location 2ero» there 1is
no functional difference between reading an absolute memory
location and reading HINTS with an offset. Both settings of
CT.O0BJECT are ailowed to accomodate possible future expansion to
the function of accessing HINTS.

When reading Run 5tructure Nucldszir» all nuclei are returred if
CT.ADYVERB is set to zero. The number of nuclei that are
currently present in memory is returnesd as a self-relative value
in R5.REINSTATE.M5G.PTR. A1l of the nuclei will be copied to the
receiving field in the program in the order that they are linked
in memory and up to the limit contained in the size specification
in LTel. If the nuclei of all executing programs are transferred
to the receiving fisld before it is exhausteds the rexaining
portion of the field will be set to blanks.

To access the Run Structure Nuclaus of one particular executing
programs CTLADYERB should be set to one and the job number of the
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progran should be contained as a3 twenty=four bit binary valus 1in
£T.3. If CT7-.3 contains zeror the nucteus of the requesting
program wiild be returned. If the nucleus of the progrsan

specified by CT«3 is not in memory for any reasons the receiving
field will be set to 3FFFFFF2 and fidded with blanks and a
self-relative value of one widd be returned in
RS.REINSTATE.M5G.PIR.

When reading the I[0AT», if LTLADVERB is set to zeros» C(T.3 will be
used as an offset into the IDAT and the remaining portion of the
tables widd be transferreds up to the dimit specified in CT.1.
The .value of CT.3 may be zeros of courses and the entire table
may be transferred. If CT.ADVERB is set to ones CT.3 wilt bhe
assumed to contain the ftwenty=four bit binary value of a file
number associated with a file which the program currently has
opens All of the IDAT entries which foldow the associated entry
may beg transferred, depending upon the value contained in CT.l.
If the Ffile 14s not open or is not prassnt in memory for any
reasons JIFFFFFF3 will be transferreds the remainder of the
receiving field wili be set to blanks and RS.REINSTATE.¥S5G.PTK
Wwitl be set to a self-relative value of one.

I1f CT.ADYVERB i35 set to a value of two when reading the I0ATs the
tow=order twelve bits of CTs.3 wWwidl be assumed to cortain 3
Port/Channel/Unit combination in the following format:

Bits 12 =~ 14 Port
8its 15 - 18 Lhanned
Bits 19 = 23 Unit

The MCP wWill scan the IDAT for the entry associated with the
specified unit and wWwill return that entry plus all subsequent
entriss up to the limit of the IGAT or that specified in (CT.1.
If the specified unit is not present in the I0AT», the MCP will
set the receiving field to AFFFFFF3 followed by blanks and will
set RS.REINSTATE.MSG.PTR to a self-relative value of ona.

INQEXED 3CQUENTIIAL POSITION

CT.VERB 56
CTLOBJECT FILE NUMBER
CY.ADVERB BIT
0 -
1 REPORT TO USER ON PARITY
2 -
3 RESULT NASK FIELDS PRESENT
4-5 -
T RELATIONAL OPERATOR

0 EQUAL TO
1 GREATER THAN
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2 NOT LES THAN (> 1 =)
8=10 SELECTION CONDITION
0 NEXT
1 PRIODR
2 FIRST
3 LAST
L NEXT AT
5 CURRENT
6 AT
7 RANDOM
11 -
CT.1 LENGTH OF RESULT #MASK
CT.2 ADDRESS 0OF RESULT MASK
CTa.4% -
CT.5 STRUCTURE NUMBER
CT.5 KEY ADDBRESS
CT.7 KEY LENGTH

INDEXED 3EQUENTIAL READ

CT.VERB 57
CT.0BJELCT FILE NUMNBER
CT-.ADVERSB BIT
0 REPORT TD USER ON EOF
i REPORT TD USER ON PARITY
2 -
3 RESULT MASK FIELDS PRESENT
4=5 -
b=7 RELATIONAL OPERATOR
¢ EQUAL TO
i | GREATER THAN
2 NOT LESS THAN (> § =)
3=-10 SELECTION CONDITION
N NEXT
i PRIOR
2 FIRST
3 LAST
4 NEXT AT
5 CURRENT
6 AT
4 RANDON
11 -
CT.1 LENGTH OF RESULT MASK
C1.2 ADDRESS OF RESULT MASK
CT.3 LOGICAL RECORD LENGTH
CT.4 LOGICAL RECORD ADDRESS
£T.5 STRUCTURE NUMBER
CT.6 KEY ADDRESS

CY.7?
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INQEXED SEQUENTIAL WRIIE

CY¥.VERB
CT.aBJECT
CT.ADYERSB

CTa1
CT.2
cT.3
ﬁT""ﬁ
CT.5
Ci.7

58

FILE NUMBER

BIT

0 REPORT YO USER ON EOF

i REPDORT 7O USER ON PARITY

2 -

3 RESULTY MASK FIELDS PRESENT
=11 -

LENGTH OF RESULT MASK
ADDRESS OF RESULT MASK
LOGICAL RECORD LENGTH
LOGICAL RECORD ADDRESS
STRUCTURE NUMBER

KEY ADBRESS

INDEXED SEQUENTIAL REWRIIE

CT.VERB
CT.0BJECT
CT.ADVERS

CT.1
1.2
CT.3
CT.4
CT.5
CT.6
CT.7

59

FILE NUMBER

BIT

0 -

1 REPORT TO USER ON PARITY

2 -

3 RESULT MASX FIELDS PRESENT
=11 -

LENGTH OF RESULT HMASK
ADDRESS OF RESULT MASK
LOGICAL RECORD LENGTH
LOGICAL RECORD ADDRESS
STRUCTURE NUMBER

KEY ADDRESS

INDEXEQ SEQUENIIAL DELELIL

CT.VYERB
CT.OBJECT
CT.ADVERSB

CT.1
7.2
CT.3
CT.4
LT.5
CT.5

60

FILE NUMBER

BIT

0 -

1 REPORT 70 USER ON PARITY

2 -

3 RESULT MASK FIELDS PRESENT
4-41 -

LENGTH OF RESULT MASK
ADDRESS OF RESULT MASK

STRUCTURE NUMBER
KEY ADDRESS

=69
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CTa7 -

BELAIINE I/£D COMMUNICAIE = SIARI

CT.VERB 61
CT.0BJECT FILE NUMBER
CT.ADVERSB BIT
4] REPORT T0O USER ON EOF
1 REPORT ANO RETURN TO USER ON PARITY
2 REPORT AND RETURN TO USER C(INCOMPLETE I/70)
3 RESULT MASK FIELD PRESENTY
k=5 -
b=7 RELATIONAL OPERATOR
0 EQUAL TO
1 GREATER THAN
2 NOT LESS THAN
g=11 =~
CT.1 LOGICAL RECORD BIT LENGTH
CT.2 LOGICAL RECORD BASE RELATIVE BIT ADDRESS
LT.3 ACTUAL BINARY DISK KEY (RELATIVE KEY)
SUPPLIED 3Y USER
CT.4 -
CT.5 LENGTH IN BITS OF RESULT MASK FIELD
CT.b BASE RELATIVE ADDRESS OF RESULT MASK FIELD
REINSTATE.M5G.PTR
0 GOOD READ
H END OF FILE
2 173 ERROR
3 INCOMPLETE I/0

(ADDITIONAL ITEMS FOR FILE STATUS DEFINED IN THE SEQUENTIAL
FILES DESIGN SPECIFICATION)

BELATINE I1/0 COMMUNICAIE = WRIIE

CT.VERS 62
CT.0OBJECT FILE NUMBER
CT.ADVERSB BIT
0 REPORT 70 USER ON EOF
1 REPORT AND RETURN TO USER ON PARITY
2 REPORT AND RETURN TO USER CINCOMPLETE I/70)
3 RESULT MASK FIELD PRESENT
4 ACCESS TYPE
0 SEQUENTIAL (NEXT)
1 RANDOM (AT KEY)
5=11 =
CTal LOGICAL RECORD BIT LENGTH
CT.2 LOGICAL RECORD BASE RELATIVE BIT ADDRESS
CT.3 ACTUAL BINARY DISK KEY FOR RANDOM OR DYNAMIC

FILES (SUPPLIED BY USER? NOTHING IF 1IN
SEQUENTIAL MODE)D :

CT.4 -

CTu.5 LENGTH IN BITS OF RESULT MASK FIELD
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CT.6 BASE RELATIVE ADDRESS OF RESULT MASK FIELD
REINSTATE.MSG.PTR
0 G00D READ
1 END DF FILE
2 1/0 ERROR
3 INCONPLETE I/0

(ADDITIONAL ITEMS FOR FILE STATUS DEFINED IN THE SEQUENTIAL
FILES DESIGN SPECIFICATION)

RELATIYE I/0 COMMUNICAIE = RENBIIE

CT.YERS 653
CT.OBJECT FILE NUMBER
CT.ADVERB 317
¢ REPORT TD USER ON EOF
1 REPORT AND RETURN TO USER ON PARITY
2 REPORT AND RETURN TO USER (INCOMPLETE I/7DD
3 RESULT MASK FIELD PRESENT
4 ACCESS TYPE
D SEQUENTIAL (NEXT)
1 RANDOM (AT KEY)
5=11 =
CTa.1 LOGICAL RECORD BIT LENGTH
CT.2 LOGICAL RECORD BASE RELATIVE BIT ADDRESS
CT7.3 ACTUAL BINARY DISK KEY FOR RANDOM OR DYNANMIC

FILES (SUPPLIED BY USER? NOTHING IF IN
SERQUENTIAL MGDE)

CT.y
€T.5 LENGTH IN BITS OF RESULT MASK FIELD
CT.56 BASE RELATIVYE ADDRESS OF RESULY MASK FIELCD
REINSTATE.HSG.PTR
4] GOOD READ
1 END OF FILE
2 {70 ERRIR
3 INCOMPLETE 170

{ADDITIONAL ITEMS FOR FILE STATUS DEFINED IN THE SEQUENTIAL
FILES DESIGN SPECIFICATION)D

THE REWRITE COMMUNICATE WILL BE ESSENTIALLY THE SANME AS
THE WRITE, SUT WILL HAVE A DISTYINCY MEANING IN LOGICAL I/0

BELATIYE 1,0 COMMUNICAIL = DELEIL

CT.VERS b4
CT.0BJECT FILE NUMNBER
CT.ADVERB BIT :
0 REPORT 70 USER ON EOF
1 REPOGRT AND RETURN TO USER ON PARITY
2 REPORT AND RETURN TQ USER (INCOMPLETE 1I/0)
3 RESULT MASK FIELD PRESENT
% ACCESS TYPE

0 SEQUENTIAL (NEXT)
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1  RANDOM (AT KEY)
5=11 =
LT1 -
1.2 -
CT.3 ACTUAL BINARY DISK KEY FOR RANDCOM DR DYNAMIC
FILES (SUPPLIED BY USER? NOTHING IF IN
SERUENTIAL NMDDE)D
CTe4 -
€T.5 LENGTH IN BITS OF RESULT MASK FIELD
CT.56 BASE RELATIVE ADDRESS OF RESULT MASK FIELD
REINSTATE.MS5G.PTR
] GO0D READ
1 END OF FILE
2 1/0 ERROR
3 INCOMPLETE 170

CADDITIONAL ITEMS FOR FILE STATUS DEFINED IN THE SEQUENTIAL
FILES DESIGN SPECIFICATION)

BELAJINE I1/0 LOMNUNICAIE = BLAD

CY.VERB 65
CT.0BJECT FILE NUMBER
CT.ADVERSB BIT
0 REPORT 710 USER ON EOF
1 REPORY AND RETURN TO USER ON PARITY
2 REPORT AND RETURN TO USER C(INCOMPLETE I/70)
3 RESULT NASK FIELD PRESENT
4 ACCESS TYPE
0 SEQUENTIAL (NEXT)
1 RANDOM (AT KEY)
5=-11 =~
CT.1 LOGICAL RECORD BIT LENGTH
CTa2 LOGICAL RECORD BASE RELATIYE BIT ADDRESS
CT.3 ACTUAL BINARY DISK KEY FOR RANDCM DR DYNANIC

FILES (SUPPLIED BY USER’} NOTHING IF IN
SEQUENTIAL MODE)D

CT.5 LENGTH IN BITS OF RESULT MASK FIELD
CT.5 BASE RELATIVE ADDRESS OF RESULT MASK FIELD
REINSTATE.M5G.PTR

1] GA0D READ

i END OF FILE

2 170 ERROR

3 INCOMPLETE 170

{ADDITIONAL ITEMS FOR FILE STATUS DEFINED IN THE SEGQUENTIAL
FILES DESIGN SPECIFICATION)

SEQUENIIAL RENRIIE L(MMELR)

CT.VERB 66
CT.0BJECT FILE NUMBER
CT.ADYERB 817
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0 REPORT AND RETURN TO USER ON EOF

1 REPORT AND RETURN TO USER ON PARITY :

2 REPJIRT AND RETURN TO USER ON INCONPLETE 1I/0

3 LENGTH ADDRESS PART IS PRESENT FOR THE RESULY

MASK
4-11 -

CT.1
LT.2
LT3
CT.4
LT.5
CT.5

LOGICAL RECORD BIT LENGTH
LOGICAL RECORD BASE RELATIVE BIT ADODRESS .
RANDOM FILE ACTUAL BINARY KEY

LENGTH IN BITS OF RESULT MASK
BASE RELATIVE ADDRESS OF RESULT MASK FIELD

INDEXEDLZSEQUENTIAL DEEN

CT.VERSB
CT.O0BJECT
CT.ADVYERS

57

FILE NUMBER

BIT

g REPORTLFILE .NISSING

1 REPORT.FILE .LOCKED

2 REPORTLEXCEPTION (SECURITY ERRORS)
3=11 -

(THE OPEN TYPE IS TAKEN FROM THE FPB.ADVERB AND
FPB.EXPANDED.ADYERB FIELDS)

LENGTH DF USERCODE/PASSWORD FIELD

(IF OPEN.ON.GEHALF .OF)

BASE RELATIVE ADDRESS OF USERCODE/PASSWORL FIELD
OPEN STATUS = RESERYED FOR THE SMCP TO KEEP TRACK
OF WHERE 70 RESUME IF THE ENTIRE OPEN CANNOT BE
COMPLETED.
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INIELB-PROKESS COMMUNICATION

SQUEUE SYJSTEM AND INTERFACES

A message queue system has axisted in MCP II since 1973. This
section describes the current Queue implementation and the
interfaces between the Queue System and other system software.

The word "Queue™ as used in this docunent, most often refers to
the actual data structure maintained by the operating systef.
This data structure is5 used as a aeans of inter-process
communication. Queues may have various aitributes just as filas
dos For exampler Queues may have two ten-character names, user
counitss, message countses and s0 forth. The data structure is used
to address 3 {ist of messages. This List may be empty. A Queue
user may add to the back or remove from the front of this list.
The Queue may be shared == gne or more processes Mmay put messages
in the 1ist and one oOr more processes May femave MEesSSAJeS. Only
the MCP may access the data structure directly. User programs
must use other mechanismss which are constructed from this data
structure» such as Rusue Files or Remote Files.

DESIGN EHILOSOPHY

The design of the data structure (Figure 8=1) was strongly
affected by the need to reduce the S=memory needs of cueues.
Reusable structures like message buffers and message descriptors
are pooled for the use of the whole queue sSysten. The semory
space used by empty w®message buffers and descriptors is not
automaticaldly returned to the system. The Queue implewmentations
rathers retains them for later use. This results in cuicker
altocation when this space {5 required again and in less
disturbance of the wWworking set of the code in the systenm. Since
Queue Files and Remote Files are unbiocked, their FIB*s need not
have buffers. This minimizes the amount of memory required to
contain the FIB.

QUEUE EILE EAMILIES

A Queue File Family may consist of a maximum of 1023 Queuess, each
having the same first name or MFID and the same attributes. A
gueue Fide Family is shown diagrammaticadly in Figura 8-~2. A
user program may READ a message from one of the individual Queues
in the fanily or it may reqQuest a message from any gqueue in the
famidy.» Bn a WRITE operationr, howevers» the individual family
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member must be specifiad.

If individual Queues of a Queue File Family are to be addresseds
the individual member must be specifisd Dy an ordinal numbers, or
keys much dike Switch Fides in certain languages. A key cof zero
specified on a Read of a Queue Fide Family means that the user
will accept a message from any of the individual Queues which
comprise the family. Vion sefecTive read. :

SUEUE DESCRIPIURS

For a given Queuer the Queue namer, maximum lengths, pointers to
first and last messages» e2tcs are stored in the fueue Descriptor.
The descriptor m@must be in memory during the existence of the
dueue. Users of the Queue are given “@-~keys™s» which serve as
pointers to the Queue Descriptor, when the Queue File is openea
and the user has specifisd the desired attributes of the Queue.
For a flueue Files the Q~key is stored in the file?s FIB., If the
Gueue i5 enpty» the 360=bit descriptor is the only memory
structure dedicatad solely to the Qusue.

QUEVE DISK

Messages stored in a queue may reside on disk or in memory. At
Ggueue creations, an area of system disk is obtained for the Queue
large enough to hold D.MAX.MESSAGES of s5ize Q.MAX.MESSAGELSIZE.
These two attributes are normally specified by the user. A Queue
spacified to contain a maximum of 255 messagess, each of a maximum
size of 200 bytes will require 255 »{{200#1i79) DIV 180) or 510
disk segmentss where DIV dsesnotes an Integer Divide operation.
The required disk space wild be allocated when the Queue s
openeds oprior to the tige it 45 actually required. This is done
to minimize the processing requirad to store the message or disk.
Users who have minimal amounts of disk storage available may
control the amount that is reguired by 8Queues by manipulating
Q. MAX.MESSAGES. The disk space that is allocated to dueues is
not locked in the directory. If the system fails while QLeaues
are activer» the disk is returned to the availabie {ist during the
ensuing Clear/Start operation. Disk is always allocated to
Queues» even 1if sufficisant memory is available to contain the
raxinum number of messages.

Queue messages are wWritten to disk when a message being put into
a gqueue makes the count of wmessages 'in memory equal to tha
attribute C-.BUFFERS. When this situation occurs» a disk Writa
operation on the 1last message in memory 1in the {dueue is
initiated. This widl make one of ths buffers availabte for an
ensuing 1insertion in the fSusuea. There is one exception to this
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statemente The disk Hrite operation will not be initiated by the
dueuye routines if the attribute RQ.BUFFERS is equal to or greaater

than the attribute Qe.MAX.MESSAGES. In this casesr mesSsages
associated with the fQueue may only be uwritten to disk by the
Memory Managemeni routines. The HMemory Management routines may

Wwrite Queue Ressages to disk anytime memory is required in the
systems. This ensures that Quaue messages Wwidl not fill memory to
the point where thrashing occurs.

Hhen a user removessr or READs» a message from a Queue the first
message in the Queue is5 transferred to his Run Structure ard the
next message in the Aueue is examined to determine if it is an
disks. If it is» a look=ahead disk Read operation is initiated to
minimize the time that the user will have to wait for delivery of
the next Queue message.

The I/0 descriptors that are used for the disk Read and HWrite
operations just described reside in the Queue Fite?'s FTIB. fFor
each mode of use» input or output» a program opering a Queue File
is given one I/J0 descrigtor. A file opened input and ocutput is
given two I1/0 descriptor s. I1/0 descriptors are shared among ail
members of a Queue File Family» so that no Queue File FIB witl
ever contain more than two I/0 descriptorsa.

MESSAGE RESCRIPIORS

The method of storing messages in the queue 15 by ®means of a
linked list of Message Descriptorss. £Zach Message Descriptor (MD)
consists of an 30-bit system descriptor and two link fieldss, for
a total of 128 bits each. The system descriptor actuaiily
describes the message texts according to normal NCP conventionse.

To reduce checkerboarding, MD's are allocated in blocks of ten.
Assigning a3 Message Descriptor to a message is accomplished by

searching the block(s) of ten for an available MD. If nopre are
availables» memory space for an additional block of ten is
obtainged via a cald on the Memroy Management routines. The

bplocks of HMessage Descriptors are surveyed periodically to
consolidate and raturn unused blocks to tha system. At least one
plock is retained as 1ong as any Jueues exist.

MESSAGE QUEELRS

If a queued message is in memorys the memory area which contains
the message is known as a Message Buffer (MB8)., The ML.TYPE field
in the memory {dink which describes ths ares Wwill be set to a
unique value which denotes a3 Message Buffer. No Queue will ever
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have more than Q.BUFFERS messages im memory at any times
including those messages which are in transit between memory and
disk. Actuallys since the Memory Management routines are capabls
of writing Queue messages to, disk and removing them from sgeamory»
the Queue routines cannot gquarantee that any messages wili be in
memory at any given time.

SUEUE ATIRIBUTES

In addition to attributes common to ali files» the wuser may
specify tuo attributes swhose interpretation has smeaning for Queue
fites only:

1. Q. MAXLMESSAGES = the maximum number of wmaessages a Yueue can
stores at which point it is considered fuli (mpaximua 10233}.

2 Q.FAMILY.SIZ2E = the number of sub=qusues in 3 Quers Fite
Family (maximum 1023).

In additions Q.BUFFERS as described in the foregoing may be
specified by the BUFFERS file attribute. Thuss the user may hawe
some control over the number of messages that may be contained in
memory at any given time. in the C080L Languages 3 Rueve File
Declaration may appear as?

SELECT MY.@ ASSIGN T QUEUE.

»

FD MY.q3 VALUE OF Q.MAX.MESSAGES IS 20
RESERVE 3 ALTERNATE AREAS.
01 MY.Q.BUF PIC X{80).

SELECT MY.GFF ASSIGN TO QUEUE.

-

FD MY.QFF FILE CONTAINS 3 QJUEUES
VALUE OF Q.MAX.MESSAGES IS5 10
RESERVE 2 ALTERNATE AREAS.

D1 MY.AFF.BUF PIC X{84).

If a Queue File Family is openeds, the same attributes apply ¢to
every memsber individually. In MY.QFF aboves for examples all
three members may hold ten messagess each having a maximum of tuwo
in memoTvy.
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The name assigned to a Queue File is specifed by the user as the
MFID/FID combination. For a Queue File Fanmily» the MFID is
specified by the wuser and is5 taken to be the first ten
characters» and an FID is synthesized from the sember number for
each queus in the familye. The First member of MY..QFF would be
named "MY.AFF/7#00000001".

When a Queus File is openeds the MCP compares the 20=character
name wWith the names of adl dueues currently in existence. If a
aueue of that name if found», the opener is linked to the existing
queue and the Queue®s user count is incremented. If the Queue
does not exists a3 new GQueue 1§35 <created with the attributes
provided by the FPB. Queues attribute binding occurs when the
Queue is first createdrs by the first process to open the Queue
File. If two programs share a Queue {e.g.» both agree on the
named» the first program to open the shared Jueue file birds the
attributes.

Blocking of records is not allowed in Qusue Files. The Record
Size attribute determines the upper {imit on the {length of a
message which may be stored in a queue fila.

QUEVE EILE LOGICAL I/0 OPERAIIONS

Queue Fite logical 170 operations are rather sinmple ang
straightforuarda As mentionsd previously, all Queue Fites must
be unbiocked. Truncation or blank fill may occurs, dependinrg upon
the size of the user®s wWwork area and the s5ize of the wmessage
being movad», exactly as 4s done on all other logicat 1/
operations on Bl000 systems. The user wmay request that thrae
di fferent exception conditions De reported to him on all Quaue
File 1o3ical 1I/0 operationsa. These three conditions are»r ir
CO0BOL syntaxs

1. ON END-OF-FILE
2. ON EXCEPTION» and

3. ON INCOMPLETE~IQ.

Un READ operationss, END-OF=FILE is reported to the user when the
Queye File 15 empty and no program exists wWwhich has the Queus
opened for output. EXCEPTION is reported on Queue File Famidies
only and on READ operations only» and actualiy denotes an invalid
key passed on the READ to specify the desired family member.
INCOMPLETE~ID is reported if tha Queue 5 empty but oprograms
stidd exist which have the Queue opened for output purposes. All
three conditions are reported only if requested, of course.
Failure to request that END-OF-FILEL or EXCEPTION be reported witl
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oe considered a program error if either condition occurs and the
program widdl be discontinued.

The precise meaning of EOF on READ §s that (a) the last writer on
this Queue has closed his Queue Fidle and {b) the Queue is empty.
EQF is treated as a pseudo~message in the Sueus. That is» when
the last massage has bean read from the Queue File> the Fite
stildl exists and actually remains ™not empty™ for WAIT purposesa
A subsequent READ will result in the EQDF branch being taken. The
Queue is then emptys Dbut stidll in EOQF statuss so 3if yet another
READ is dissued on the Gueue Filer the reader Witl again take the
EQF branche. EDF can be cieared by either the reader closing and
reopening the file or by the opening of the Gueue by a new
Writer.

READs to specific members of a Queue File Farmily are treated
exactly 4dike READs on singie Queue Filesa. An unspecific READ on
a Queue File Family will return EOF only if all members of the
Family are at EOF (i.2.» empty» no writers). When the tast
Writer closes any member gqueus of a &£FF, the evant
e WRITELOCCURRED will be caused for the QFF; this will put a
reader in the READY.Q when it WAITS on this eventas

A  MESSAGE COUNT communicate operator is implemented to enable
user programs to deterpinz §f any messages are present in the
dueue Files they are using. This function is described in a
{ater paragraphs A MESSAGE COUNT compunicate issued for & Queue
that 1is marked as being at END=DF-FILE widl show the EOF status
as a pseudo=message = the count for that particular Queue Fide
Wwidl be one more than the count of real messages. WKhen the
reader exscutes a specific READ on the member Queue which is at
EDOF» the EOF branch will be taken. The next MESSAGE.COUNT widl
show the member Queue as containing no wessages. Ancther READ on
the member will result in thae E3F branch being taken agains, as is
done for a single Gueus File.

On Queue WRITE operationss, END=OF=FILE is not defined and wildi
never OCCUr. EXCEPTION has the same meaning as it does for READ
operations = it denstes an invalid kevy condition on Queue File
Famidies oniy. INCOMPLETE~ID widdl be reportedsr if requesteds
when the Queue is fuld and there is no space available to store
the message that is being written. If no INCOMPLETE~ID raport is
rguested and the fQueues is full when a WRITE occurss the oprograa
is suspended until space is available in the RQueue.

As mentioned previously» when a logical 1/0 request is directed
to a Bueus File Familyr, a key nmust be included to identify the
spacific Queus in the family to which the operation is directed.
This 45 simitar to Switch Files in the 30L Language. Family
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members are nunbered logically from one to na. Giving a key of
zero on a READ is defined as an unspecified reade. The smenmbers

widd be searcheds beginning with number one» and the first queue
member found not empty widl be read. A key of zero on a write is
invalid.

SRITING I0 IHE IOQP 0F A QUEULE EILE

Writing to the top of a Queue File is allowed in the MCP though
it may or may not be allowed in a given languagea A message
written to a queue file normally goes to the bottom of the Sueue
though soeme rare occurrences in applications w@ay require the
CONverse. This capability is 1invoked 1in the comeunicate
operation by setting bit 7 of LT.ADVERB.

MESSAGE-COUNT COMMUNICATE

This communicate operation returns thes count of messages in the
Gueue Fide specified. If a Rueus File Family is specifisds the
count of each member will be returned in an array (member one in
the first position» member two in the secondr etc.)» Up to the
Ltimit of the result field. Counts wildl be returned either in
decimal {COBOL "PICTURE 999™) or binary (SDL "8IT(24)") depending
on the value of the first bit of CT.ADVERB. This operation may
not be implemented in all {anguages.

Formats
CT.VERB 48 (HEX 3303)
CT.ABJELTY File Number
CT.ADVERB BIT 1 Decimal forwmat results if true
cCr.1 Resudt field length in bits

CTa2 Resutt field address
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Reader FIB Hriter FI3
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x Device=Queus = « Device=Queue =
* ) * *
* * x *
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Figure 8=1:

* "THiRB MESDensoannne AK===

LR R AR EERESEREEERERERESR R
* &
(I EERIES AR EEREREEERESEERR S

Two Programs Comapunicating in a Queue File Called "NY.G".
The fWueue contains three messages.
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SRR EZEE R SRR RERREERFN
* TMYL.GFF" *
* *§400000001 x
* Q.BUFFERS = 2 *
* QJMAXJMESSAGES=10 «
* G.M5G.CT = 0 *
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"4¥00000002 *
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g Family wWwith three nembers.
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INTER-PROGRAM COMMUNICATION

Another means of accomplishing inter=process cosmunication is the
Inter-Program Communication Module, first implegented in the 9.0
software to satisfy the requirements of the ANSI *74 COB0L
Languages. According to the specifications of that languages th2
facitity provides synchronous CALL and EXIT wverbss», as well as a
shared data inmplementation. The module provides a facility 1to
transfer control from one program to another and the ability for
both programs to have access to the same data items. The nrames
of the programs to which control is to be passsed may or gay not
be known at compile time. Additionally» this module provides tha
abitity to determine the availabitity of memory for the prograna
to which control i5 being passed.

BUN UNII DEEINITION

The definition of a ™Run Unit™ is critical to the implementation
of the CALL/CANCEL wmechanism described in the ANSI *74 COBO0OL
specifications. The execution of any program via an EXECUTE
controd instruction does not establish a Run Unite. A Run Unit is
established only when an executed program injtiates another

programs via the CALL communicate. That called program is now a
gember of the Run Unit associated with the program that was
originally executed. Simidarly» any program calded by a program

within the Run Unit becozes part of that Run Unit and remains in
that HRun Unit until terminated or canceidied. A job cannot be a
member of wmore than one run units The foliowing figure
represents seven programs (A = G) which have been called within a
run unite.

{A was Executed)

A
i
] <==== Current Path
B

Previous ====> - A\
Path .D

The connecting Links are generated by and represent the last usead
path» and the 1link exists until a raturn (EXIT PROGRAN) is
accompiished. Once a called program has been exited {(Ds» F» G)»
it remains suspended in its current state. The only path that is
of interest is the path last traversed.
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The current path is important in order to check the validity of a
CALL or CANCEL statement’? if a program tries to CALL or CANCEL
jtself or any of its predecessorss the entire run unit witl be
BS%ed. The other 4inks are unimportants a5 any program in tha
run unit can CALL or delete other existing programss With the
previously mentioned exceptionse or can CALL new programs.

if, for examples» oprogram "E? cancedis progras "0? then the Run
Unit would consist of all of the following programs and appears
ass

Unattached
Programs
Fr 5

A CALL to any of these programs will resuit in a transfer of
control to the existing state» whereas a CALL to any other
programs inciuding *"D%, widll cause an initial state copy to be
invoked before controd is transferred. The terminations wia STCP
RUN or ABDRT» of any program in a Run Unit willd resuit in the
removal of adl programs in that Run Unit from memory.

1PC IMELENENTAILION DE SHARED DATA

For those not familiar with tha ANSI *74 COBOL definition of
Inter~Program Compunication» ali programs within a Run Unit
execute synchronously. No two programs in a Run Unit wmay ba
executing simultaneously at any time and conssguentlyr there are
no problems associated with twe or more programs contending for
the wuse of shared data. Control is passed to a program via the
CALL verb. YThe program which contains the CALL widl nrot be
allowed to execute again until the calied program perfecres an
EXIT PROGRAM werb.

The calling program may specify one or more data items to which
the called program has accesss The shared data may be any 01 or
77 1evel item described in the calding program This idincludes
jtems whose addresses have been received through a CALL. The
data items may be named and defined differently in each progranm
as Llong as the length of the item remains the same in sach
programe. This mechanises is stricly a "pass by name™ facility.
Parameters cannot be passed by value. Additionaliy» storage for
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the shared data is naver allocated in the calied oprogranm. In

other wordss, the address of the datar only, is aiways passed to
the called nrogranm.

IEL BUN STRUCTURE NUCLEUS CHANGES

In order to maintain ail of the necessary information vregarding
the programs which comprise a Run Unit, several fields were added
to the Run Structure Nucleusr, RS.NUCLEUS» the field in wmemory
which contains information about each program that is executings
in the 9.0 version of the MCP. This fieldr as it has always
beens is shared by the Operating System and the user prograa’s
interpreter. The following is a list of the fields wWhich wuwere
added in the 9.0 version and a brief description of each.

B32BUNLUNIT BIIC16)

When a job initiates a CALL» he establishes a RUN UNIT. This Run
Unit is didentified by his own (the originator?®s) job number.
RS «RUNLUNIT» for any job in the Run Unitr» will contain the job
number of the program which initiated the Run Unit.

RS BUN.UNIT.LINK BITL12)

This field witdl contain zero for the job that dnitiated the run
unit and for any job din the Run Unit that has done an EZXIT
PROGRAM. For any job that is currentiy active in the Run Units 3
job that has not done an EXIT, this field will contain the jod
number of his calier.

B5.IBC.DICT BIILZ24)

This field will contain the absolute address of the
IPC.DICTIONARY through which parameters will be accessed within
the calling job's base~{imit space. The field widl be 2ero if
the dictionary does not exista This is5 the 1list of parameters
that this job will passe. The IPC.ODICTIONARY §is5 adjacent to the
RSNUCLEUS and found only in the callers Run Structure Nucleus.
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B3 IEC.PARANETLRLLIST BIIC24)

This field will contain the absolute address of the
IPC.PARAMETERLLIST. This space will be adjacent to the Run
Structure Nucleus for any called job that can receive parameters.
The IPC.PARAMETER.LIST widl be a5 series of 24 bit fields. The
first field will contain the number of parameters that this job
is capable of rece2ivinge. The remaining fiedds in the tist wiil
contain the length in bits of each parameter. This 1list is built
only for the called program from the IPC.PARAMETERLLIST in the
called program?s code file that is generated by the compiler. If
the job cannot receive parameterss this field will contain zero.

RS.1BC.RICT.51ZE BIT(1B)

This fiedd widdl contain the number of sntries in this prograa®s
IPC Dictionary.

BS-EXECUTELTYPE BITL4)

This fieldd is used to store the type of execution that originated
the jobe If the job is not an Execute type or 3 Calil types» then
it cannot be caliedse The fisld can contain the fodlowing valves:

Execute

Compile and Go

Compile for Syntax

Compile to Library

Compidle and Save

Go Part of Compile and Go
Go Part of Compile and Save
Calt

Co N OV N e
Wit oW W

BS.NAML CHARACILEL3ID)

This fiedd will contain the name of this program. 1In the casz2 of
compilations, denoted by he wvatue of the previous field, it will
contain the name of the compifer as welil.
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BS2CALLEBSLE 51113&2
This fiedld widl contain the Limit Register of this job's caller.

B32IBC-EYENT BIT (1)

This field 14s a dummy avent for any IPC hang or suspension of
execution. If a3 program 45 waiting on RSJIPCLEVENT and s
currently passiver which witl be dindicated by a zero value in
RSRUNLUNITLLINK» the RS.S5TATUS wild be set to a value to
indicate ™Waiting to be Called”. If the program is currentily
activer, dndicated by a non=zero value in RS.AUNLUNITLLINK, the
RS-5TATUS wild be set to a walue indicating "Waiting on caltleag
program™.

B3-CANCELED BITL1)

If this boolezan is trues then at ieast one CANCEL communicate has
been idissued against this programa. When this is true», this
particular job is effectively no d{onger a member of the Run Unit
and is waiting to be terminated by the SHCP.

{PL Progras Parameter Blogck Chanagss

It was also necessary to make changes in the Program Parameter
Blocks the two=sector field that is generated by the <conpilers
and stored in the code files to .accomodate the [IPC
implementation. A iist of the fields that have been added 1is
presented below.

£ROG2IRC-51ZE B11L18)

This field indicates t he number of entries in the
IPC. PARAMETER.LIST. If tnis fiedd i3 not equal to zero» it
indicates to the MCP that this program can only be called = it
can never bes EXECUTEd.
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EROG.IPC-PIR BIIL24)

This field is used to store the relative disk address in the code
file of the IPL.PARAMETERLLIST. The IPC.PARAMETERLLIST will be a
series of 24 bit fields that contain the length in bits of the
parameters that may be passed to this program with a CALL.

EROG2IPCaMAXSEND.PARAMS BITC16)

This field indicates the maximum number of parameters to be
passed by this program through a CALL» wuwhich widl also be the
number of entries in the IPC Dictionarye.

It was ailsoc necessary to add a fiald to the format of the Progras
Parameter Block that is used by the MLCP after the job is
scheduled for execution. This field» knouwn as PPE.RUN.UMIT, is
sixteen bits in length and 45 used to contain the Job nuerber of
the run unit that this program wili become a3 part of.

IPC.DICTIONARY

The IPC.DICTIGNARY 15 a3 list of System Descriptors built by the
program to describe the parameters to be passed on a CALL. This
dictionary witd be within the space defined by RS.IPC.DICT in the
RS.NUCLEUS of the cadling programs. The length of this dictionary
is passed in the CALL communicate. The Micro MCP will verify
that the number and 1ength of parameters passed match the
IPC.PARAMETERL.LISYT of the called program.
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IBC COMMUNICAIE QRPERAIOR

One new communicate operator was added to the Operating System to
accomodate the IPC implementation. This operator is generated by
the Compiders to implement the CALL, CANCEL and EXIT PROGRAM
VETDSa. It may be handled by the Micro HNCP or the 35DL MCP»
depending upon tha circugstances. Its format is presented below
and in the Demand Managesent ssctiona.

CT.¥ERSB 43
CY.0BJECT 0 = CALL
1 = CANCEL
2 = EXIT PROGRAM (No EOJ
CT.ADVERSB Bit
0 - if CALL», return on NO MEMORY
i=11 = Not used
CLT.1 Base relative address of a 30 character

field that contains the name of the job
to be called or cancelled.
CT.2 Number of parameters to be passed

RSREINSTATE.M5G.PTR values returned if requested:

Communicate completed as requested.

For CALL» insufficient memory to complete the CALL.
For EXIT PROGRAM» the program was initiated by an
EXECUTE dinstruction as opposed to a CALL.

- Not used for CANCEL.

0
i

IPC Yerb Opsratian

One of the primary objectives of the IPC idmplementation was
performances Therefores as much as possible of the IPC function
was implemented in the Hicro MCP. In the ANSI '74 (CO0BOL
Language» the CALL and CANCEL werbs require the specification of
program names wWithin the source texte. On the B100D systessr the
name of a program may be unknown to the user when the program is
compiled», since the Run Unit may be executed under a Usercode.

To simplify the task of associating program names with those
specified by a program in 3 CALL or CANCEL comwmunicatesr a new
system structure was implementad. A programmatic description of
the structurer IPCRUNUNIT.LIST» is presented below
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91 IPC.RUNZUNIT.LIST BITC320),

02 IPC.RUN.UNIT.NUMBER 3IT (16)»

02 IPC.PGM.NAME CHARC30),

02 IPC.PGM.JOB.NUMBER BIT (16),

02 IPC.PGM.LR BIT (24),

02 IPC.FORWARDLLINK BIT (24);

IPC.RUNSUNITLLISY 4935 a 1inked serial list which includes all
members of all Run Units. The entries in this list aren®t in any

particular order and are not grouped by Run Unit. The S50L
portion of the MLCP idis responsible for the manragemert and
maintainence of alil IPCLRUNLUNIT,LISTs. The first

IPC.RUNLUNITLLIST is5 addressed by a field in the MCP*s stack.
Both the S5.HMCP and the Micro MCP (M.MCP) access these structures
for information.

IEC CALL OPERATION

The MICRD MCP receives all CALL communicates. Any namad job is
considered a candidate for a3 <CALL by the Micro MCP. If the
requested job is not currently a mamber of the correct Run Unit,
then the CALL request wWidd be transferred from the Micrao MCP to
the SDPL portion of the MLP» to make the cailed program present.

To determine if the requested job is a member of the correct Run
Unit, the Micro MCP searches the {ist of Run Unitss beginning
with the firsts, which is addressed by a fiald in the MCP stacks.
EFach program that 4s 2 member of any Run Unit wili be found in
the serially 1link list described by the IPC.RUNSJUNITLISY
structure.

if the program is presents, the Micro HCP will first examine the
program’s RS.CANCELED boolean in its Run Structure Nucleus. 1f
this boglean 15 true» then this copy of the program has beern
cancelled and a new copy nmust be initiated. CANCEL operationse
like all program termination operations do not happen
immediately. If a new copy must bhe initiatedr the Micro MCP uwidl
cadl the S.MCP to dnitiate a new copy of the same program. S.MCP
operationss, upon receiving a CALL communicates are described in
later paragraphsa.

If the RS.CANCELLED booilean is falses then the Micro MCP checks
to determine whather the cailled job is active or passives which
will be indicated by the RS.RUNLUNIT.LINK field of the Run
Structure Nucleus. If the job is already actives ther sonme
theoretically 1impossible error has occurred and the Micro MCP
must call the S5.HCP so that the Run Unit can be terminated. If
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the <called oprogram 1is found to be passives then the #icro MCP
Wwill next check to insure that the number of parameters to be
passed» if any, agree. This wilil be indicated by the calling
program?s RS5.IPC.DICT field being equal to the catled oprogram®s
IPC.PARAMETERL.LIST.

If the number of parameters do not matchs then the Micro MCP
cails the S.MCP for tersination of the run unit. If the nuwber
of parameters do agrees the MNicro MLP next checks to insure that
the dength specified for esach passed parameter i5 the same in the
calling program and the called program. If any of the length
descriptions are not equals the Micro NLP wWwill caidi the S5.MCP for
termination of the entire Run Unit.

iIf parameters are being passed» 1if the number of parameters is
equal and if they all have egqual length attributes» then in the
calling program®s Run structure Hucleus» the Micro MCP increments
the RS.TEMPORARY.FREEZE field» to fix the program in memory ang
sets the RS.ARUNLUNIT.LINK fiedd to the cailer?s job numbsr. Iin
the Run Structure Nucleaus of the called jobo» it sets the
RS.CALLERS.LLR field to the 1limit register of the calling program.
it then hangs the cadling program on its RSLIPLCLEVENT field and
sets the calter®s RS5.5TATYS field to ™waiting on the caitled
progran”™ and marks the cadled job "ready to run™. It showdid be
noted that it is not necessary to freeze the caliing program in
memory if parameters are not passeda.

Considering the case where the called program is not a memnber of
the Aun Unit and the S.MCP is calied wupon to execute the
requested programs whenever the 5.MCP receives a CALL communicate
and usercodes are involved, it widil first search the Llist of Run
Units» using all pernmutations of the usarcoded name»s to deteramine
if the job exists in thes Run Unit under a different name. 1i1f so»
the new name and corresponding information will be entered into
the Run Unit List and control witd be returned to the Micro MCP.
If Usercodes are not involved and if the name does not exist in
the Run Unit List» then execution of the job must be attempted.

The S.MCP must then determine that the reguested program is
present on diska I1f not presents, the program which issued the
CALL wWitl be hung until the requested program is made present.
If the raequested progranr is present on diskes the 5.MCP must then
determine that there is snough memory to execute the reguested
program. If there is insufficient mamorys The prograg which
performed the CALL may hawve askad to be notified of this facte.
If sos the calied job will not he scheduled but the progras which
performed the CALL will be notified of the insufficient memory
condition. If the program which performed the CALL did neot
request to be nofitieds the called program wiil be scheduled and
the catling progras wilt not be allowed to execute until the
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calied program does an EXIT PROGRAM communicate.

Actually» after the cailed program reaches BO0Js the S.MCP will
hang the called program on his own RS.IPC.EVENT with RS.STATUS
set to "Waiting to be called™ and put the cadling progras back in
the M. CONN.Q. This allows the Micro MCP to complete the CALL
operation.

IBC CANCEL OBLRAIIQN

All aspects of the CANCEL and EXIT PROGRAM communicate opertors
are handled by the Micro MCP. Upon receiving a CANCEL operator»
the Micro MLCP must first determine 3f the job exists in the Run
Unit and whether it 15 active or passive. If it is not fresent
or the program is present but its RS.CANCELED boolean is true»
the request is ignored and the cancediling job is reinstated. If
it is present and passiver the Micro MCP will then place the
specified program in the EXTERMINATE.Q» set the RS.CANCELED
boolean and return control to the job w«hich idissued the
communicate. The EXTERMNINATE.Y widl cause termination of the
joba

A regquest to CANCEL a job that is both a3 member of the Runm Unit
and active is a wviolation of the COBOL specifications and witl
resuit in termination of the entire Run Unit.

IBC EX1I EROGEAM QRERAIIQN

If a called job issues an EXIT PROGRAM commrunicate operations the
Micro MCP widll hang the issuing program on its RS3.IPC.EVENT
field,» satting RS5.STATUS to ™Waiting to be called™» decrement
RS.TEMPORARYLFREEZE in the Run Structure Hucleus of the proaram
that calied the idssuing program and mark the calling progranm
ready £o Tunle If a program that was not called dssues the
communicates, the communicate Will be ignored and control will be
immediately returned %o that prograns

IPC IERMINATION CONSIDERAILONS

If any program in a Run Unit perforas a STOP RUN communicate
operators the entire Run Unit will be cancelled and al4d prograss
in the Run Unit widdl be discontinued. 3Similardy», if any progranm
in the Run Unit terminates abnormally» the entire Run Unit will
be discontinued. Programs within a Run Unit may only stop
exscution wia the EXIT PROGRAM verbe. Normal termination will
occur when the program that initiated the Run Unit terminates.
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Upon termination, for any rzasonr of any member of a particular
Run Units the BS..MCP will idmmediately delink adl entrises
pertaining to the specified Run Unit from the PRun Unit List.
Hhen the parent of a Run Unit goes to a normal £0J, then ail jobs
attached to that runm unit will be cancelled. If any job in a run
unit is aborteds then the entire run unit will be aborted. If
one program in a Run Unit does a CANCEL on another program in the
same run units, then the cancelled job must be delinked from the
run unit and sent to E£0J.

IBC MICRD MCRZ2.MCP COMNUNICATION

The transfer of information betWween the Micro MLP and the S.MCF
is acconplished wusing an existing mechanisme. This mechanisr
utilizes the Run Structure Hucleus field» R5.M.PROBLEM, Al
instances of such required communication are shown in the
following table. The table shows the value that Wwill bhe stored
in the R3.MPROB.P2 fiedds a subfield of RS.M.PRDBLEM, the
condition that caused the communication and the action that will
be taken by the S.MCP. Whenever such communication is necessarys
the RS.MPROB.P1 fieldr also a sudbfieldr wildi be set to a value of
9, which wiil indicate the family of problems related to IPC.

RS- MPROB.P2 = Ervror Description Required Action

0 Reguested program not S+MLP should make
not in mix. program present.

1 Number of parameters S.MCP will DS entire
do not match. Run Unita.

2 Parameter SpecsSe SMCP wiltl DS entire
do not agree. Run Unit.

3 Attempted recursive S.MCP will DS entire
CALL Run Unite.

4 Attempted CANCEL S.MCP wilit DS entire
of predecessor. Run Unit.

5 Invalid Comamunicate S.MCP widl DS entire
paramsterse. Run Unite.

b Found requested job Terminate specified
and RS-CANCELED true job and make newu

copy present.
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IEC EBOGRAN DUMES

If any nrember of the Run Unite regardiess of whether the
spacified programw is active or passive is D5-eds, DP~ed» or DM-ed»
the entire Run Unit willt be dumped ands, if DS=ed or DP=-ed»
terminated.

ABLC LCANDIDATES EOR ROLL=QUI

After the Micro MCP processes an IPL communicate» it witl not
purposely mark the appropriate job TO.BE.ROLLED.JUT. If the
S« MCP needs memorysr 3t will follow the norsal selection process
in determining a candidate(s) for Rolli-out. There will b2 no
special consideration given to members of Run Units.

IBPC JASK CONSIDERAIIONS

Each cailed program will actually become a TASK associated with
the ordiginator of the Run Unit. By becoming a2 TASK as opposed to
a normal jobs several advantages will be realized.

1) TASKS are not subject to MIX Limits and other scheduling
constraints.
2) Thers widd be corresponding entries in the SYSTEM/LUG.

IPC PROGRAM NAME 3SRECIFICAIIONS

Information passed for the oprograss name 1in the CALL/CANCEL
communicate will be subject to the same naming restrictions as &
file uwith respect to D5 or DP conditionss eas.ger CALLiNgG a3 prograe
with a blank MFID will result in the termination of the entire
Run Unit. ’
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MEMORY INITIALIZATION 4=10
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MEMORY REQUIREMENTS 4=15
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MULTI=PACK FILE GENERAL RESTRICTIONS =42
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N. SECOND =1
NOL/MACRO COMMUNICATES =52

aPcN 717

QPEN (DM) 7-15

DPERATING SYSTEM DYNAMIC REQUIRCMENTS 4=21
DPERATING SYSTEM STATIC REQUIREMENMTS 4=15
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PACK LABEL 3=24

PE/NRZ EXCHANGES 31~-31

PHYSICAL DISK FILES 3=36
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PRINTER FILES 3=43
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PROCESSSR Is0 INSTRUCTIONS - 3-8
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QUEUE SYSTEM AND INTERFACES §~1
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SRITCH.TAPEL.DIRECTION 7=47
SYSTEM/RELLINITY 3~55

TAPE 170 CHAINING 3=-16

Tape I/70 Error Procedures 3=35

TAPE LABELLING» INITIALIZATION AND PURGING
TERMINATE {STOP RUN) T=47
TERMINDOLDGY AND DEFINITIONS 2=1
TEST.AND.WAIT I/70 OPERATORS 3I=-23
The Error Correction Procedura 3I=-32
THE FENCE 4=3

THE I70 SUBSYSTEHM 3-1

The O0ffset Procedure 3-89

The Strobe Procedure 3-81
TIME/DATE/DAY 7=50

TIMER INTERRUPTY =1
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