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INIRGOUCIION

The purpose of this doecument ijs to define and discuss the Master
Control Program I1 (MCP) for the 31000 machines. The concept and
design of the MCP widd De discussed and the functional
specifications of the NCP's oper ations will be cstalogued.

The sorts data communications, . and data management systews will
not be discussed in any depth in this documenta. Detailed
descriptions of these features appear in other Burroughs
publications (See Related Documentation belowl.

BRELAIED QOCUMENTATION

Name Number
51000 MCP Utilities P.5. 2212 5579
31000 Network Definition Language PeSs 2212 5223
81000 Data Management Systems Il PuaS5e 2212 5470
81300781700 Sort PeSa 2201 6732
81000 Software Operationsl Guide 1058731
These specifications are written for those people with

programming experienca and a3 knowledge of basic software
conceptss Those unfamiliar with operating systea desigr will
gain insight into the Rurroughs philosophy of systes management.
Those individuats famitier with operating systems of other
manufacturers or of other Burroughs machines witl gain an
understanding of the Master Controt Program implemented
specifically for the Burroughs 831000,

also included in this specification are brief descriptions of
various functions operformed Dy the micro=coded 170 driver
routines. These same routines are often referred to as mGISMC™
and “I/0 interpreter™. The discussions are necessary for
complateness and for a thorough understanding of the 81000
operating system of which the I/0 driver is an integral part.

MCP II is a modulars supervisory program that assumes COFMON»
{ogically complex functions to simplify and expedite the tasks of
programming and systen operationa. Its wmost important duties
inctude such functions ass
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* Scheduling» initiations vunning» and teresination of jobs

® Providing a sysbolic ameans 0f‘cummunicating Wwith the syster
while shielding the user from the detail of the hardware

* Providing a family of compon facilities such 35 mansgement
of input/output operations and file maintenance

* Managing the system?s resources for optimum utilization in a
mul ti=programming environment

SZMACHINE

The Bi#00 is a small-to~wedium scaler general purpose computers
systems. Its distinguishing feature is its flexibility» made
possible through interpretive processing. In any cowmputer system
a representation of any process has two components: (1) a family
of structures representing the state of that processs» and (2) a
series of operators able to manipulate those structures. Untit
the advent of fourth generation computers» Dboth components wWere
represented in the machine hardware idtself. A compiler or
ianguage translator transformed the source <code (eager CORCL»
FORTRAN) into a ™wmachine 1language™ (object code) which was
defined in terms of the hardwara architecture.

For the set of processes able to be generated by any particular
programming 1anguager, there exists a machine architecture which
best represents those processess For instances COBOL is 4
character~-oriented Language and performs decimal arithmetic
exclusively. Because of its data manipulation featuress it might
best utilize a machine architecture Wwith multi-address operators-
capable of performing efficient "moves»™ "compares»™ and simpla
expression evaluation. Dn the other hand» FORTRAN was designed

to compute complex mathematical functions. It favors a stack
structure for parameter passing and coeplex expression
evaluation. 1t perforas binary arithmetic and would prefer 30~

to 50=bit word sizes.

The difficulty of designing a hardware structure carable of
handling two such divergent 4danguages 1in the wost efficient
manner becomes apparent. It would be possibler in principle ax
feaste to design the hardware in such a way as to adecuately
represent both sets of structures. However» this would prove to
be prohibitively expensive. The typical approachs therefore» has
been to either design the hardware to favor one {anguage at the
expense of others or to design a compromise structure capable of
handiing several 1langucges» but none 1in the nmost afficient
manner. The wide variety of programming langusges in current use
has placed a great strain on the capacity of the hardware to
gfficiently execute code compilad from very different langiLages.
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It is to this probles that designers of fourth generation
softwares and the B1000 in particulars have addressed thesseives.
Rather than build a particular structure into the hardware» the
concept of the "™soft machine™ has been developed whereby the
jdead environment of structures and operators is programsatically
simulated.

The B1l000 hardwars was designed uwith as tittle explicit structure
as possible. Because memory may be addressed to the bit» no one

structure 1is idinherently favored owver any other. The only
required structure is that which will allow the simulation of any
"s50ft machine™. Thus the range of structures able to be

represented on the B1000 is unlimited.

As stated previousiy», for svery compider language there exists a
machine architecture within which the algorithms generated by
that compiler will best run. On the BI000 this hypotheticai

environment is called the "S=-machine”. An S=machina has been
defined for each language such that any process may ha
represented in its most efficient or most natural form»

unrestrained by any arbitrary hardware configuration.

Compilers on the 81000 generate code files which contain (1) the
information necessary to initialize the appropriate S-machine at
run time» and {2) the "S=-code™ to be executed on this S=-machine.
S=code ds written in S=-lLanguager» the machine language for an
S=machines Execution 1is achieved by the 5=code being
interpreteds an S=-operator at a times by a micro-program calded
an interpreter.

S0EIHARE

The term "software™» as used in this documente. refers to ali
programming supplied by the Santa Barbara Plant. When the tersm
is usedr it most likely is referring to programs that are written
in a higher~tevel {anguage. This may not always be the casesr but
typicallys, the term wild refer to the <compilers and wutility
programs created by the Programming Activity.
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The firmware consists of a set of interpreters», those portions of
the MCP which are micro-coded and reside in an entity known as
the MICRO/MCP» and a program called "GISNO™. For each 5-languaqe
a wmicro-coded program caldied an interpreter acts upon the
hardware and executes the cospited 5=code as defined by the
S=-machine. The B1000 software has been implemented in such a way
that any number of interpretive structures may be active in the

system at any given timea. This is achieved by dynamically
gstablishinge upon demxands the S=machine structure for any
PDrOCEe5Sa

For instances the MCP» which is itself a programe is Wwritten in a
high=level {anguage» SDL» that §s designed specificadly fer
writing softuware. It has its own optimum environment (the SDL
5-machine) consisting of the structures and operators recuired
for software applicationse It has its own S5=ianguage and its oun
interpreter {(the S5DL interpreter). Running simultaneously in the
system may be another program written in a3 different Llanguage
{e.ge.» ' COBOLD. This program also has its own structure (the
COBDL S-machined)» S5=language» and interpreter. The systems, when
executing the MCP?s supervisory functionss assumes the
architecture of the SDL S-machins and»  when executing the COBCL
instructionss takes on the COBOL S-machine structure. This
switching of interpreters and process environments 15 wanaged
completely by the software and is invisible to the user of the
machine.

The B1000 MCP has actualdly evolwved to its present state.
Originaliy» all functions of the MLP were coded in S5DL.
deginning with the 4.0 release of the software, the most commonly
used routines of the MCP were written in micro-code and placed in
GISMO. This resudted in substantial performance improvements.
Beginning with the 5.1 release of the softwarer these commonly
used routines were removed from 5ISM0 and placed in the entity
mentioned previousiys the MICRO/MCP.

These specifications have also evolved along with the MCP. Many
of the functions described herein are now performed by th2
MICRO=NCP» though the furction itself remadns exactly the same 35
it was when it was performed by SDL code. Since this document ic
intended to be a functional specification of the B1000 operating
systems all MCP functions are described herein. Whether tha
function is performed by SOL <code or by micro code should b=
complately transparent to the user. Actuallys the functional
result is the same for bothes but the time and rcesource
requirements are not identical. The difference is therefore not
alvways transparenta.
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Throughout this documents the acronym "MCP™ may be referring to
the MICRO/NCP or to the SDL HCP. In cases where the distinction
is importants, “MCP” widl not be used but the two teerms mertionad
above will be. This document» thens will actually be a
functional specification of the operating systems as it Was
originally intended to be» though it wild actually be describing
tWwo separate and distinct prograns. Since GISMO is also &
critical part of the operating system» the document wmay also
touch upon portions of GISHD. .

GISMO §s a micro-coded family of critical routines common to all
processes. GISMD may also be referred to in this document as
"CSM™» an acronym for Central S5ervice 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
systame

e Recognition and queueing of interrupts received from the 179
controls or from other processes in the systems

3. Initiation and management of the I/0 controls connected to
the machiness usually at the request of another process.

Processor allocations the swWitching of control between two or
more processess is handled by the "Micro Scheduter™ module in
GISMO. This module may be thought of as an "futer Loop™. It has
absolute control over the process which will be performed next on
the systaem.

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

GI5SMO's service request module (soft I/0) performs the function
of a hardware device capable of performing a memory access at the
request of an 170 control. an 170 control on the B1000 is a
nardware device which acts as an inter face between soft I/70 and a
peripheral device. It requests access to memory on behalf of the
device and manages the device itself. The codilection of 1/0
controls is called the 1/0 sub=system.

Typical data transfer operations involve frequent but brief catlls
upon soft I/0 by the I/0 sub=system. The firmware was designed
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in such a way that between the execution of any two S=pperatorse
the interpreter in control wiil check a flag in the ©processor
{calted the Serwyice Reguest Bit) to see if the I/0 sub=system is
demanding attention. If it is» the interpreter passes control to
GISMO wWhich performs the necessary memory a3CCess and returns
control to the interpreter.
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Before proceeding wWith 3 detailed description

does and how it goes about it
terms and data
throughout the document.
but a thorough understanding of the many

number of
famitiardly

meanings of the terms»

it Wwill be necessary
structures

whosea

R1000 MCP II
2212 5462 (E)

tha MCF

to define a

are used

The reader should krow the

diverse programaing structures presented herein is not recuired.
The structures are presented only in the interests of
completenesss and as a possible aid in under standing the

narrative descriptions of the MLP's functionss
later sections of the specification.

MEMORY MANAGEMENT AND MEMORY LINKS

presented in the

The MCP organizes and allocates space in memory through the us:2
of fields known as memory linkss. Each Link immediately precedes
the block of memory it describes and inctudes such information
as: The size of that block of memory’ the type of use (if any)
to wWhich it is put’ snd pointers to the immediately preceding
and succseding links. If the hlock of memory is classified as
available (i.ce» not currently in wuse by any processl)s an
additional set of descriptors point to the 1inks of the prior
available and next available Dblocks of memorys Thus it i
possible to search all Llinks or onty those 1links describiny
available memory. A programmatic description is given belowu:

DEFINE MEMORYL.LINK.SIZE AS #1872
DECLARE MEMORY.LINK TEMPLATE BITC(MEMORY.LINK.SIZE)?

DEFINE MEMORY.LINK.DECLARATION AS #
DECLARE 01 DUMMY REMAPS MEMORY.LINK»

2 ML.DISK DSK.ADR»
2 ML.GROUP.»
3 ML.PODINTER ADDRESS»
3 ML.JOB.NUMBER BIT{1ib)»
3 ML.TYPE BITL(B)>»
3 ML.SAVE AIT{(1)>»
2 ML.SIZE BITC24)>»
2 ML-PRIORITY.FIELD gITL303)»
3 ML.DK.INTERVAL BITC10)»
3 ML.CURRENTLDKWINT BIT(10)»
3 ML. INCOMING.PRIORITY BITL5)»
3 ML.RESIDEMEL.PRIQORITY BIT{(5)»
4% ML.RP.WHOLE BIT(%)>»
4 ML.RP.FRACTION BIT{1)»
2 ML.FRONT BIT(24)»
2 ML.BACK BITL24)»
? ML.USAGE.BITS BITL2)»
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3 MLLPREVIOUS.SCAN.TOUCH
3 ML.CURRENT.SCAN.TOUCH

USEC ML.DISK
#MLL.POINTER
»ML. JOB. NUMBER
»ML. TYPE
»ML. SAVE
+MLaSIZE
PMLLFRONT
»ML.BACK
) OF MEMORY.LINK.OECLARATION?

DEFINE Q.ML.DECLARATION AS#DECLARE
D1 Q.MEMORY.LINK TEMPLATE

02 C.ML.Fa.AVL ADDRESS
02 Q.ML.Ba-AVL ADDRESS

“ws w w @

#3

DEF INE
TAKE.LO ASHOR
» TAXE.RIGHTMOST AS#1#
;
DEF INE % TYPES FOR "ML.TYPE"
CODE AS #0¥%

AVAILABLE AS #2837
RN.S A3 #34%
MCP. TEMP AS Bauz
USER.FILE AS A5#%
SEG.DICTY AS #5633
MICROCODE #7R%
DICT.MASTER AS #84#
QUEUE.DIRECTORY.TYPE

AS 9%
» M5Ga. BUFFERV

AS  R10#

» MESSAGE.LIST.TYPE

AS #2114
T0.BE-FORGOTTEN AS #42#%
DATALSES AS 2134
DBM., BUFFER AS #14%
TERMINATING LINK AS #15#%
MCP.PERN AS #16#X
PSR. MEM AS #¥17#2
MCP. IOAT AS F18%X
DISK.HEADER AS #19#X
PACK.NEM AS #2082
SD.CNTNR AS #21#3%
SCHEO . MEM AS #22#%
SORT.MEN AS Z23#%
DCHa MEM AS #24#%
MICROCODE.NON.OVERLAYASLE AS #25#%

T %" % W W W @9

- % W

W % " W W % % W ¥
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BIT{1)»
BITL1)7 %5

02 FILLER BITUMEMORY.LINKL.SIZE)D
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» QUEUE.AVL.BUF.YV AS #26¢%¢

’ DMS.DISK.HDR AS#27#2

» DMS.STRUCTURE ASX28#%

’ DMS. TEMP AS #2542

’ DMS.GLOBALS AS #30#X

’ DMS.TEMP.LOCK.DESCR A5 #3112

’ XM MEMORY AS %322

» PERM.SPO.BUFF AS #33#

r

»TEMPLATE” in the above description is defipned as "REMAPS BASE™.
This is not idmportant to an understanding of memory 1ink
operation. *ADDRESS™ is defined 1in the MCP symbolic as
2"IIT{24)%. The word "ADDRESS™ here is used as 3 denotation of
memory address. Hences T"HL.BACK™ in the description above is i
pointer to the previous memory fink and "ML.FRONT™ is a pointer
te the succeeding 1ink. MlLe5IZE will contain the size of the
arear in bitss and ML.GROUP is valid ontly if the area is in use.
#ML .POINTER will contain the memory address of the segment
dictionary entry associated With this memory area. Segment
dictionaries are described in the next section. ML .JOBLNUMBER
will contain the job nuasber of the program using the area.
ML.SAYE» the description of which is defined as "BODLEAN," is set
on if the memory area must b2 saved on disk before it is
overiaid.

As can be determined by adding the sizes of the various
componentss a memory link requires 187 bits of storage space.
Since mewory is allocated dynamicallys, it is often difficult to
predict with any degree of accuracy exactly how much memory will
be required by any task. The sizes of all memory Links involved
must be included in the calculations. This is discussed further
in a later paragraph.

SEGMENT DICTIONARIES AND SYSJEY DRESCRIBIORS

yirtuadl memory is supported by aliowing process segmentation. 3y
segmenting coder datas and interpreters and dynamically moving a
segment into or out of memory 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
Dictionaries» Data Segment Dictionaries, and Interpreter Jegment
Dictionariess Fach dictionary consists of a string of systewm
descriptors each of which describes one segment including 1i¢ts
tength» 4docation and status. As a segment is moved in or ott of
memory its dictionmary entry is updated accordingly.

At run time the MNCP creates the <code and data segmant
dictionaries from information in the program”s code file. The
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interpreter segment dictionary is created from the dintegrprater
code file in the same manner and is referenced by an entry in the

interpreter
Ciear/Start

into
given below:

SYSTEM DESCRBIPINRS

DECLARE

dictionarye

time. The
pointers to the code and data segment dictionaries and an
the interprester dictionary.

run

structure
structure of the program contains

fixed in mamory at

index

A programmatic description is

01 SYSTEMLDESCRIPTOR TEMPLATE BIT(SY.SIZE)S

z

DEFINE SY.DECLARATION AS #S5Y.DECLCSYSTEM.DESCRIPIORI#GZ
DEFINE SY.DECLA(X) AS #DECLAREX

01 DUNNY REMAPS X»X

02 5Ya.IN-USE

N2 SY.MEDIA

02 SY.LOCK

02 SY.IN.PROCESS

22 SYLINITIAL

02 SY.FILE

02 SY-DK.FACTOR
D2 SY.5EG.PG
02 SY.TYPE

02 5Y.ADDRESS
03 FILLER
03 SY.CORE

02 SY.LENGTH

BITC(1)»
BITC1)»
BIT(1)»
BIT(1)»

BITL1)»

BITC(1)»

BIT(3)
BITL7)»
BITL4)»

BIT{36)»
8IT(12)»
BITL(24)»
BIT(24);

NNNK“NHNRNNNNRN“N’NNMHNN&!HRH&NNNNNRHN

TO HELP MEMORY MAMAGEMENT
0=DISK» 1=5=MEMORY

TRUE IF THERE IS5 AN I/C IN
PROCESS FOR THE INFORMATION
REPRESENTED BY THIS DESCRIPTOR.
IF TRUE» ™SY.CORE™ CONTAINS A
POINTER TO THE I/0 CESCRIPTUR.
*ADDRESS™ IS READ-ONLY MCTHER
COPYs HENCE IF T"WRITE™ THEN GEV
NEW DISK AND REPLACE ADDRESS.
THE OBJECT OF THIS DESCHIPTOR
IS A FILE WHDSE USERCOUNT MUST
BE DECREMENTED WHEN THIS
DESCRIPTOR IS RETIRED.

MENDORY DECAY FALTOR
MEMORY.ACTIVITY AUDITING

UNITS FOR SY.LENGTH.

BITS

DIGITS (4 BIT)

CHARACTERS (2 BIT)

NORMAL DESCRIPTURS

DISK SEGMENTS

SYSTEM DESCRIPTORS

SYSTEN INTRINSIC

INCIRECT REFERENCE

ADDRESS GIVES RELATIVE
DISPLACEMENT IN BITS
(SIGNED NUMBER).

8= MICROS

T T | O TR T B I 1}

W{ PO A WD

PORT,»CHANNEL AND UNIT.

CORE, OR ADDRESS WITHIN UNIT.
NUMBER OF UNITS, AS DETERMINEC
BY SY.TYPEL.



2=

BURRUUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP 31000 MCP 11
SANTA BARBARA PLANT PaS. 2212 5462 (E)
%
%
%
DEFINE ND.DECLARATION ASH
DECLARE
01 DUMMY REMAPS NORMAL.DESCRIPTOR BITAND.SIZED»
02 ND.DK.FACTOR BIT(3)»
22 FILLER BITL(H)»
02 ND.CORE BITC(24)»
N2 ND.TYPE BITL3).
02 ND.LENGTH BIT(24)3%;

SY.SIZE is defined in the MCP code as eighty. Hence eighty Bits
are requirad to contain one seqgment dictionary entrys or systam
descriptor. The wuse of the term ™DESCRIPTOR™ in 81004
documentation is often misleading and ambiguous. There are many
different types of descriptors, all of which have different
me@ory raquirements and formats. Consequentiy» systen
descriptors witl always be refarrad to as such or as segment
dictionary entries. '

The comments on the wvarious fields «comprising the systes
descriptor are targely sglf-explanatory. Perhaps som2
explanation of selected fields would be beneficial, however.
SY.LOCK is set true if the system descriptor describes & data
field and if the interpreter is currently accessing the field.
This 1is to avoid the situation which arises in a8 simple
replacement statement where the sending and receiving fietld are
both in overlayable segments. In order to do the replacemants
both data segments must be in memory sinmultaneously.

SY.INITIAL ds true for initialized data only. The most common
case of this occurs when executing a COBOL program and the
programmer has used the value clause to initialize data fields
and the data field itself is in an overlayable seqgment.
SY.ADDRESS may be either a disk or a memory address», depending on
the setting of SY.MEDIA. If it is a memory addresse the most
significant twedve bits are ignored. If it i5 a disk address»
the most significant twelwve bits contain the ports channel and
unit associated with the disk addresss ‘

INJERPRETER MANAGEMENI» PARAMEIEZR BLOCKS AND RICIIOQNARIES

The B1000 MCP maintains a 1ist or directory of all files or disk.
file stored on disk has 5 unfique name» which may consist of up to
three fields» =2ach of which may consist of up to ten characters.
Associated with each file on disk is an item called a "Disk File
Header™. The disk file header serves essentially to describe the
filea Al of this is described in detail in d1ater sections.
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This brief discussion ds being idincluded at this point to
facilitate the foliowing discussions on interpreters.

Included in the disk file header is a field which denotes the
type of file. There are separate type numbers for data files»
code files» interpreterss and so forth. Code files {(programs)
and interpreters are further described by the first disk segmernt
contained in the file., This segment is called the T"FProgram
Parameter _ Block™ or  the "Interprefter  Perameter Elock™s
respectively. A detailed description of the program peramter
block is presented in a later section. A programmatic
description of the idnterpreter parameter block s presented
below.

DEFINE IPB.DECLARATION ASH

DECLARE 01 DUMMY REMAPS IPB BIT(144D)»
02 FILLER BIT(1192)»
02 IPB3.HARDWARE CHAR(1)»
02 IPB.ARCHITECTURE.NAME CHARC10),
02 IPB.CCMPILERL.LEVEL BIT(E8)»
D2 IPB.MCPLLEVEL BIT(8).»
D2 IPB.GISMD.LEVEL BIT(8)»
02 IPB.ARCHITECTURELATTRIBUTES BIT(30)»
D2 FILLER BIT{56);

#3

IPB.HARDWARE will contain either an "S" or an "#"», dependirg upon
whether the interpreter was generated for an S=memory ofr an
M=memory processor. ALl B1890"s are considered to be N=memofy
prOCBSSOrSs IPBLARCHITECTUREZNAME will contain the generic name
of the compiler» such as COBOL or FCORTRAN. IFB.COMPILERLLEVEL
will be a number which will correspond to the release dlevel of
the softwares» as described below. IPB.MCPLLEVEL, IPB.GISMOLLEVEL
and IPB.ARCHITECTURELATTRIBUTES are parts of the interpreter
verification feature of the MCP.

The B1000 MCP dinciudes facilities to recognize the hardware
configuation it is executing upon and select the corresponding
interpreter from the disk directorye. A{1 programs which ars
compiled for execution on a B100D wiil have an interpreter "TYPET
requested the prograw parameter block of the code fide (described
in a later section)s, or the specific name of the interpreter to

be used. As explained in a later section» the program parametar
block contains space for three names to be associated with an
interpreter. For discussion purposes herss the three names will

be referred to as the "PACK”™ namer the TFAMILY™ name anrd the
"OFFSPRING™ name.
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The 31000 compilers genserate the last two names of the
interpreter only. The family name generated always corresponds
to the danguage the program is uritten ins such as "CCBOL™ or
"FJRTRAN". The offspring name is always one of the reservead
words TINTERP™» "DEBUG™ or "TRACE™. At BDJs the MCP modifies the
offspring name by concatenating one numeric character denoting
the compiler level and either the character ™M™ or ™57 depending
upon whether the machine is equipped with an S-wmemory or an
M=memory processor.

The tevel number concatenated s contained in the progran
parameter block as "PADG. CONPILERLLEVEL™. FEvery time the
compilers are changed in such a manner that the interpreater must
also be changeds the level number generated by the compiler is
incrementod~ The interpreters are then modified accordingly and
released to the field under a new nName. The new name will bhe the
same as the old ones except for the {evel number contained in the
names For a COBOL oprogram which is being executsd on a4
B1720=-series machine and had Dbeen compiled by the 4.1 COBO0L
compiler, the MEP +#itl generate mCOBOL"/"INTERPIM™ a5 tha

interpreter name to be wused for the execution. 1t should be
noted that this feature was first included in the 4.1 software
redease. Level numbers were not included in the progfran

parameter block prior to the 4.1 release.

Once the interpreter name is ganer atedr, the disk directory s
searched for the interpreter. Upon finding the interpreters ths
MCP will bring it into S<memorys if it is not already theresr and
construct an entry in the nINTERPRETER.DICTIONARY ™. ALt
jnterpreters are re-entrant on the B1000. Att of this s
described in greater detail in the paragraph which follou. Fach
entry in the interpreter dictionary has the following format.

DEFINE ID.DECLARATION AS#DECLARE
D1 DUMMY REMAPS INTERPRETER.DICTIONARY-

02 ID.SEG.DIC SYDS5CR»
D2 IDLENTRY.IN.USE BOOLEAN
p2 ID.RSDNT.USERCOUNT BITL7)>»
~ 02 ID.TOTALLUSERCOUNT BITLT7)»
02 ID.MIN.M.SIZE BIT(4)»
02 ID.MAX.M.SIZE BIT(4)»
02 IDLPARTIAL.BIT BOOLEANS
02 ID.BLOCK.COUNT BIT{4)»
N2 FILLER BIT(19)»
D2 ID-M.PRESENCE.BIT BOODLEAN.
D2 ID.M.ADDR BIT(12)»
02 ID.TOPN BIT(4)>»
02 ID.MEDIA ' BITL2)»
02 IDL.LOCK -~ BODLEAN,
02 FILLER BIT (13)»

D2 I0.TYPE 3ITC4)»
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N2 IND.ADDRESS BITL36)>»
03 FILLER BIT(12)»
03 IC.CORE BIT(Z24)»
N2 ID.LENGTH BIT(24)545

Theres is one entry in the interpreter dictionary for each
interpreter presently in use. The I/0 driver is always the first
interpreter enterad in the dictionarys the Micro W®CP dis tha
second entry and SDL is always the third entry in the dictiorary.
gn the 810092, it is possible to segasent interpreters.
Consequentiys a code segment dictionary is constructed for each
interpreter as it is brought into memory. The system descrigtor,
the first item in the interpreter dictionarys, is a3 pointer to the
interpreter®s code segment dictionary. Interpreters wmay be
segmented» exactly as programs are. The same routines in the MC?
are used for handling program segments and interpreter segFerts.

A certain amount of information about each prograw currently

being executed is maintained in memory by the MCP. The field in
which this information 4s maintained 1is known as the Run
Structure Nucleus of the programnme. It is5 abbreviated as

RS.NUCLEUS. In the RS.NUCLEUSs there is an index inte the
jnterpreter dictionary. Ail programs being executed at any givean
time which are using the same interpreter will have the same
index in the field in their respective nucleus. In this manner.
interpreter re-entrancy is accomplished.

The remaining field in the interpreter dictionary entry will not
be described in detail at this point. For a more detsiled
description of interpreter managements, the reader is referred to
the section of this document which deals with M-memory
managemente it should be sufficient at this point to say that
all interpreter segments except the first are treated as ardinary
code and ars considered overlayable. The first segeent of =aach
interpreter is not treated as ¢code and 1is not overlayable.,
howevers

The I/0 drivers which is «considered an interpreters is an
exception to the above statements.

CODE FILES» PROGRAM PARAMEIER BLOCKS AND FILE BARAMEIER BLOCKS

The wcode file of every program must contain two types of recorgds
to allow the MCP to manage the execution of that progran: the
"File Parameter Block™ (FPB)» and the "Frogranm Parameter Block™

{PPB)._ There is one FPB for each fide declared in a program rlus

one entry for a trace file.
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The first 2880 bits C(two disk segments) of every code file is the
"Program Parameter Block” {PPB) whose format is -rigidly defined
by the NCPa. Every compiler generates a PPB of the sanme format.
It providess for the MCP», all the vital statistics of the program
includings The program®s name? the name of the interpreter to
be used during exscution? the relative addresses of the FPB"s»
iPB8» code segment dictionary and data segment dictionarys ®emory
reguirements for the program?s pxecutions’ and tracing
information.

At run time a working copy of the PPB is written into a tesporary
or permanent 4og {as dictated by the systenm 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 particul ar execution. A
final segment is reserved for an apnormal termination messages

[f the code file is an interpreter code file» it contains an
additional segment called the "Interpreter Parameter Block™. It
contains information concerning the software compatibidity of the
interpreter. A field in a program®s PP3 specifies under which
interpreter it will run. Wwhen the program is scheduled for
executions the IP3 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 inferms the systenm
operator via a SPD message if the interpreter cannot run. Refer
to the appropriate MCP listing for a nrogrammatic description.

[ Seend
The ™File Parameter Bilock®” (FP8) is a 1440=pit recerd created by
the compiler from the user®s file attribute declarationsa Its

format is rigidily defined by the MCP» and it contains the vital
statistics which allow the MCP to manage the file's usage. Whan
a job is scheduled for axecutions, a working copy of the FPB is
Written into a permanent or temporary iog {depending on systen
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 was

openad and closed’? the total asmount of time the file was opens
the number of records read’ the number of I/0 errors; and the
file type. Refer to the appropriate MCP tlisting for a

programmatic description.

EILE INEQEMAILON BLOCKS i) ”fjk
o

As each file is opened by the user program. 2 structure known as
a File Information Block (FIB) is created in memory by the MCF.
The FI2 contains all information necessary for the MCP to perform
normal» requesteds I1/0 operations on the filea Much of the
information in the FIB is taken directly from the FPI. Gther
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information in the structure is inserted by the NCP» based upon
the characteristics of the peripheral device assigned to the
filas Device assignment is discussed in the section of this
specification which describes the OUpen Communicate.

F18's vary in sizer depending upon the type of device assigned to
the file. Due to the amount of idinformation which must be
maintained» a disk file FIB is much larger than that of a card
punch filer for example.

i17/70 descriptors and bhuffer memory arsas are allocasted and
jnitialized by the NCP at the same time. There will therefore ke
one memory Link only» for each file that is active in a progran.
Buffer areas and descriptors are not normally shared tetwesan
filess though the Data Management subsystems the Data
Communications subsystams the Relative file implerentation and
the Indexed file implemesration offer some exceptions toc this
ruie.

A complete structural description of the FIB will rot be
presented heresins, due primarily to the length of the structure.

AM so» the FIB is onf idinterest to the various portions of the
Operating System onlys. The programmatic description of the
structure 1s readily &vailable in the MHCP listinge. Sizes of

FIB's for the different peripheral devices are presented in the
following table. '

File Assigned to: S5ize in Bits
Reader =Sor ter 762
Printer 724
Remote Dewice . 557
Tape 724
Disk , 875
Guaue 385
AllL Other Devices 512

RUN STRULTURE

The structurse in memory that represents the state of any process

is the run structure. fach process has a unique run stricture.
When a job 15 initialized before executions the MLP creates thz
run structure from an analysis of the program”s code file, and
adds certain information it «will need for management of the
execution. All 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 managerjal space calied the run structure rucleuss, and
the file and data segment dictionaries.  Ihe program?s address
spaces residing between its base and limit registerss, is that
area of memory that may be accessed and manipulated by the

program itself. A program®'s base register is 3 memory gddrass
that marks the lower bound of its addressable space. The Limizx
register specifies the upper bound. 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 ooth resident ant
overlayable datae. The resident data area contains those fields
which wWili be present in memory throughout the duraticen of the
executione. The overlayabie data space contains sagmented data
which may be brought into or out of memory as needed.

BUN SIBUCTURE NUCLEU3

The Run Structure Nucleus is an area structured and maintained by
the MCP and contains the essential information about the program.
it resides in memory directly above the program?®s limit registar
and is accessible by the MCP and the progranm's interpreter. 1¢
contains such information as:s

* Pointers to

BASE AND LIMITY

SEGMENT DICTIONARIES (CODE AND DATA)
FILE OICTIONARY :

INTERPRETER DICTICONARY ENTRY

NEXT RUN STRUCTURE (BY PRIBRITY)
CODE FILE ON DISK

DISK LOCATION OF RUN STRUCTURE IF "ROLLED OUT"
PROGRAM®s LDG ENTRY

VIRTUAL DATA SPACE ON DISK

NEXT INSTRUCTION TO BE EXECUTED

CMS PODINTERS

x Structures necessary for communication between the prograr and
the MCP

* Fields to reflect the state of the S=machine

& Fields for program swifches

A programmatic description may be obtained from the MCP tistinge.
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DAIA AND EILE CICTIIONARIES

The data segment dictionary resides at the end of the Run
Structure Nucleus and is pointed to by a field in the nucleus.
If there is no segmented data and the user has not requested that
his resident data area be initializeds then the pointer will be
nuil» and there wWwill be no dictionary.

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

The iast element of a run structure is the file dictionarye.
There is one B80=bit descriptor for each declared file plus one
additional descriptor for a trace file fused for tracing)d. While
a file is opens its dictionary entry points to the fite?s FIB in
memaory. If a file has never been opened» its entry is null. 1f
a file has bean temporarily closed isce>» ne1 0SE ROLLOUT™)»  dts
dictionary entry points to its FIB which has been written to
disk. After a permanent closes the file's dictionary entry will
again be nuill.

RE=ENIRANT PROCESSING AND CODE SEGMENI DICIZIONARIELS

The B1000 MCP allows re-entrant processings the ability of two or
more processes to usa the same <code sagment dictionary and»
thereby» the same code. The code segaentis) and code segment
dictionary reside outside a program®s run structure- and & field
in the run structure nucleus points to its code segment
dictionarye A structure called the segment dictionary containes
contains the information necessary to govarn the wuss of a
particular code segment dictionary. When a job s being
initiated for executions the MCP determines whather or not th2
code segment dictionary desired by the job is already in use. [f
jt is» that dictionary will be used. The segment dicticonary
container reflectss among other thingses the nunmber of processes
using the dictionary it describes. If thers is more than one
US BT » the segment dictionary container Wwill remain in memory
until atl users have comrpleted execution.
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IHE 170 3UB3X3IEH
This section of 'the specifications is5 a description of:

1. I/0 Descriptors
2« GISHO QOperation
1. Channel Table
2. GISMD/Hardware Interface
1« CAJ/RL Cycles
2« Processor I/0 Instructions
3. Service Request .
4a Status Counts
5. Data Transfers
3. I/70 Chaining
4o Dis¥k I/0 Chaining
Se Disk I/0 Overlapoed Seek
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
S« Disk Identification = Pack Labels
6. Pack Information Table
7. Tape Labedling», Initiadization and Purging
8. Tape PE/NRZ Exchanges
4. File Structures
1. Conventional Files
1. File Attributes
2» File Naming Conventions
3. Logical Disk Files
4. Physical Disk Files
1. Disk Space Aldiocation
2= File Access and Identification
3. Disk File Identification
4e Disk Fidle Header
5. Multi=Pack Fides
1. Base Packs
2. Continuation Packs
3. Multi~-Pack File Information Table
4. Multi=-Pack File Gaeneral Restrictions
5. Printer Fides
1» Logical /Physicat I70 Relationship
2+« Logical Page Implementation
7» Printer and Punch Backup Lapabilities
1. Backup File Biocking Factors
2« Backup File Control Information
3. Backup Fide Record Format
2« Relative Filas
1. Direct Files
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2« Data Structure

3. Disk Initialization

4. File Parameter 3locks

S5« Disk Header .

be File Information Blocks

f- Communicate Qiperators

3. Indexad Sequential Files

1. Direct Files

2« Index Files

3. Cluster Files

4. Data File Structure

5 Index File Structure

bs Memory Structures
1« FIB Dictionaries
2. User Specific Information (USD)
3. file Global Information (GLCGBALS)
4. Structure Descriptor
5. Disk File Header Extension

7. Available S5pace Allocation

8. Index File Tabla 5Splitting

9. Current Record Pointer

10. Current Maintenancgce

11. Buffer Mznagement

12. Buffer Descriptor

13. Concurrent Update Operations

5» The I70 Error Procedures

There is some overdiap Detween the information contained ir this
section of the specification and that contained in the Demand
Management section of the document. The Demand Management
section was originally intended to cover the wmanagement of the
peripheral after it had been assigned to a user as a file’ tha
1/0 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. Thes reader may have to
refer to both sections of the document to find the answer to 2
specific questiona

149 DESCRIEBIORS

Normal state programs raguest I/0 functions in a symbolic fashion
{eege» Write a Record)e. The MCP must transform these expressions
into explicit 1/0 operators catled 1I/0 descriptors. Apn 1/3
descriptor allows the MCP to cosmunicate directliy with 3
peripheral device via the soft I/0 routines of GISMO. GISMI
manages the execution of these opsrators by the I/0 subsystem.
Each I/70 descrigtor provides such information as the type of 173
operation requesteds source or destination wmemory addressess tha
device which ds5 to execute the operatorses and space for result
information used when control is passed back to the MCP. Certain
other fields vary with the type of descriptor and contain
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information pecudiar to its specific function.

Any number of I/0 descriptors may be linked together to form a4
singte ™chain™ and T"dispatched™ in one MCP operation to lessen
the MCP?s interaction with the I/0 subsysten.

The transformation of Adogical I/0 requests to physicel 1170
descripter manipulation dis discussed in the Demand Mancgement
section of this specification. The discussion below is intended
to describe the operations performed upon the descriptor atfter it
has been transformeda. A programnatic description of an 170
descriptor is given below. This particutar descriptor is typical
of one which might be constructed for a disk filea

DEFINE I0.DESC.DECLARATION A5 3%

DECLARE 01 DUMMY REMAPS I0LDBESC

» 02 ID.RESULT HORD

» 03 ID.COMPLETE BIT (1)

’ B3 I0.EXCEPTION BIT {1)

’ 03 I0.PACK.NOT.READY 3IT (1)

» 03 I0LDATALECC.ERROR BIT (1)

» 03 FILLER BIT (1)

» 03 J0.MEMLPARITYL.ERROR 8I7 (1)

’ 03 I0.WRITE.LOICKOUT 217 (1)

» 03 FILLER BIT (2)

» 03 I0.ADDRESS.PARITY.ERROR BIT (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 I0W.RESULT.BIT.17 31T (1)

» 03 10.PORT.RS BIT {(3)

» 03 IDLCHANNEL RS 8IT (4

» 02 I0.LINK ADDRESS

» 02 10.0P HORD

» 03 I0.0P.0P 81T (3)

» 03 I0.0PaH BIT (1)

’ 03 10.0P.HW 8IT (1?2

» 03 I0.0Pa.V 21T (12

» 03 1ID0.0P.E B8IT (1)

» 03 10.0P.D BIT (1)

» 03 I10.0PaAKNN BIT (3)

» 03 FILLER BIT (5)

» 03 I0.0P.P 81T {1)

» 03 FILLER BIT 132

» 03 I0.0P.UNIT BIT (4)

» 02 i0.BEGIN ADDRESS

» 02 IDEND ADDRESS

» 02 I0.DISK.ADDRESS ADDRESS

» 02 I0.M.EVENTS BIT (8)

’ 03 I0.M.EVENTS.IOC BIT (1)
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» D3 I0.M.EVENTS.51I0C BIT (1)

’ 03 FILLER BIT £1)

» 03 IDM.EVENTS.INT.M BIT (1)

’ 03 ID.MJEVENTS.S.INT.S5ENT BIT (1)

» 03 IDM.EVENTS.MaINT&SENT BIT (1)

> 03 FILLER BIT (1)

» 03 I0.M.EVENTS.INT.S CBIT (D)

» 02 I0.MCP.LIO 2IT (16)

» 02 1I0.FIB ADDRESS

» 02 I10.FI3.LINK ADDRESS

» 02 10.BACK.LINK ADDRESS

’ 02 I10.PORT.CHAN BIT (7)

» 03 I0.PORT IT (3)

» 03 I0.CHAKNEL BIT (&)

» 02 I0.BEEN.THRUL.ERRGR BIT (13#5

GISMQ = IHE 1/0 ORIYLR

With the exception of the Multi-Line Control wused on Data
Communications configurations» on the B1000 harduware the 178
controls have no direct connection Wwith main wemory. Attt datas
transfers between the controis and memory must go throigh the
Processors GISMO is a set of micro=-coded routines whose primary
function is to interface betwsen the MCPs and the actusl
hardwares. This allows the MCPs to wiew the I/0 subsyster as an

I70 processor. The MCP can initiate I/0 Descriptors and GISMD
witd handile idnitiation of the control» data transfer and
termination. The MCPs «gan gueue several descriptors for

execution by a controis by properly setting the 1link fiedds in
the descvriptorsr and GISMD will initiate each one in turn.

User programs make vequests to the Micro MCP» and sometimes thsa
Micro MCP must ask that the request be handled by the S5.MCP, Dut
in either caser the MCP will pass the request to HGISMO who in
turn Wwitd pass it on to the I/0 controid.

The I/0 subsystem allows fifteen controls or channels tc be
connected to any machine. After GISHMD initiates a controls, it
does not wait for completion of the operation Dut returns control
to its calier. Consequentliy» ones and possioly more operations
may be in process on the machine at any given time. At any given
moment, howevers when GISMO is executing it may only address on:
control.

The primary communication between the MCPs and GISHO 1is througn

the 1I/0 descriptor s. The S5.4CP will dinitiate I/0 operations
using the DISPATCH S=-operator and the M.MCP contains micro-code
to perform a similar function. This S—=operator requires two

parameterss the port and channe2d of the dewvwice being addressed
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and the memory address of the descriptor. The 170 decsriptor

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

An  I/0 descriptor is usually located by its "Reference Address™s
the memory address of the result descrigtor field of the I/
descriptor. The result descriptor field is often referred to as
the "RS field™» or Result Status field. All of the descriptors
associated with a given control wilt be {inked together in
memory» by setting IO0.LINK to the memory address of the RS field
of the next descriptor. The descriptors are also linked in the
reverse diractions, using the I[D.BACK.LINK field, to facititate
adding and deleting descriptorse. A link field may not be zeroe
but a descriptor may be linked to itself.

The Reference Address points to the RS field. Each RS field 1is
twenty=four bits in dengtha. Thae bits in the RS field have
di fferent meanings at di fferent times. GISMO is most concerned
Wwith the setting of the bits when the I/0 is initiated. The MCPs
are more concerned with the setting of the bits when the I/0 is
complete. When the descriptor is ready for initiations the RS
field is formatted as shouwn in the following diagram. This field
is usually referred to as the result status field when the
descriptor is ready for execution or is in process and as 3
result descriptor fiedd when the I/0 operation is complete.

3its 0=1 = RS Status 8Bits

00 - Ready to be Executed

01 1703 Currently in Process

10 I70 Complete with no Exception
11 1/0 Complete with Exception

Hits 2=11 Gismo Toggles

MCPs may not alter any bits in this field 1if
RS Ststus = N1

Bits 12~14% Port to which this 170 is directed. (Not used)
it 15 - Interrupt requested on I/0 Completion.

Bit 16 ~ High=Priority interrupt reguested on I/0
Completion.

Bits 17-19 Port to which interrupts are to be sent upon

1/0 Completion (Always Processor 7erojl.

Bits 20=23 Channel on which I/0 is to be per formed.
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The leftmrost bit of an RS field is always set when the operation
ijs complete. Consequentiy, storing a resutt descriptor tocks the
descriptor to GISMO. The MCP may tock a descriptor as well» if

the status field is not 0Ol. Gismo will oniy initiate Tready"™
descriptorsr those whose status hits are equal to 00 When the
operation is initiateds GISHMD sets the status bits to Ol. ¥ he

GISMO toggles area is used by GISHMO when an I/0 is in process tao
store information which it needs concerning the operation.

CHANNEL I2QLE

Another structure associated with peripheral managesent is the
channel tablee. There is one channel table for each port and sachn
element of the table describes ane channel of that port. While
GISMO wuses the I/70 descriptor to communicate directly with the
170 subsystems the channed table is a structure for passing
information Dbetween the MCP and GISMO. The channel table
reflects the status of a particular channel. Certain information
is passed to GISHO during a md4jspatch” operation and is used by

soft I/0 in managing the execution of that operation. Certain
fields are updated before GISMD passes control back to the MCP
which direct the course of action the MCP wWitl takse. A

programmatic description is given helowus

"DEFINE CHANNEL .TABLE.DECLARATION AS # X
DECLARE 01 DUMMY REMAPS CHANNEL.TABLE X

» 02 CHANNEL »BUSY BOOLEAN X
» 02 CHANNEL .PENDING ROOLEAN X
’ 02 CHANNEL .EXCEPTION BOOLEAN %
’ 02 CHANNEL .PAUSE BOOLEAN % 0 = TAPE» DISK» CAS
’ 52 CHANNEL.OVYERRIDE BOOLEAN %
’ 02 CHANNEL ~.EXCHANGE BOOLEAN X
’ 02 CHANNEL.OLD.MOODE BOOLEAN X
» 02 CHANNELLINTEGRITY BOOLEAN X%
» 02 CHANNEL -NO.HALT BOOLEAN %
» 02 FILLER BIT (3) %
» 02 CHANMEL.TYPE BIT (4) X% DEVICE TYPE FOR DUMP
4 TYPE = 0 = SERIAL DEVICE
% TYPE = 1 = DISK
% TYPE = 2 = TAPL
X TYPE = 3 = CASSETITE
» 32 CHANNEL .LAST BOOLEAN % DELIMITS CHAN TABLE
» 02 CHANNEL -EXCHANGE.PC BIT (7)) X%
’ D3 CHANNEL.EXCHANGE.P BIT (3) X
’ 03 CHANNEL.CXCHANGE.C BIT (4) 2
» 02 CHANNEL -REF.ADDR ADDRESS %
PR 2 1

In the CHANNEL.TABLE, BUSY is set and reset by GISMO only. It is
set when the control is busy. PENDING is also set and reset by
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GISHO. It §s wused on tape and disk devices only and it tells

GISMO to continue d1inking through the head of ths qgueue.
EXCEPTION is5 used on all devices except tape and disk. It causes
GISMO to inhibit dispatch operations on the channel until a prior
exception condition has been handled by the MCP.

PAUSE is also known as the TIMER bit. 1t is set by the MCP and
it never changess It causaes GISMO to issue a dispatch to tha
channet at each 100 willisecond timer interval and is used to
implement TEST.AND.WAIT operations on tape and disk controls.
This is discussed in more detail {ater.

The OVERRIDE bit is used on all devices and causes GISMO ta reset
BUSYs PENDING and EXCEPTION when a new operation is dispatched.
it is set by the MCPs and reset by GISMO. Essentially, it causes
GISMD to override an existing operation with a new operatione.

The EXCHANGE bit is set by the MCP and it never changes. It is
used on tape and disk controls only and it means that the
information in EXCHANGE.PC is valids that there 1is another
control connected to this contrel by a hardware gxchange. The
OLD.MODE bits also known as the PAUSE bits i5 also set by the MCP
and never <changes. 1t is set for Single-Line Controils and for
04 sk Cartridge Control dn2. It causes GISMO te¢ pause for 100
milliseconds when a tocked descriptor or a Pause 170 descripter
is encountered. If this bit is not sets GISNG Wwitl stop in this
circumstance on these controls.

The INTEGRITY bit is set by the MCP uhen the channel table entry
is initialized. {t is also used by the MCP to stop GISMO fron
linkimg on the channel.

The TYPE field is used only by the Dump Analyzer program. It 45
necessary because the @analyzer =may have no other means of
determining this information. The REF.ADDR field contains the
address of the descriptor that is in process an this channel. It
is considered the head of the queue by GISMO.

GISMD/HABRDHARE INIEREALL

The 1170 descriptor contains most of the information GISMO needs
to accomplish an I/0 operation. In the actual hardware
interfacer the OP» BEGIN, END» CISK.ADDRESS and ACTUAL.END fields
are useds. The ACTUAL.END field is twenty-four bits in Length and
jmmediately preceeds the RS field in each descriptor. It is not
shown in the preceding I/0 descriptor diagranm. The fielg-is used
by GISMO while the operation is in process to store the memory
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address of the data that is toc be transferred to or frce the
memory buffer. When the operation is completer ACTUALLEND wi td
contain the address of the next bit that data would have been
transferred to or from.

Fach control is able to puffers or stores. a certain amount cof
data to be transferred. The amount varies among the devices.
For some devicess such as the card reader and iine printer, it is
a full record. For otherss the size of the puffer may vary and

each contol may contain a portion of the data. Disk control s,
for exampler are equipped with 2 gcertain number of 180-byte
hardware buffersa The amount of data that may be contained in

the controls and the procedures that GISMO must follow in th=2
execution of an operation are fixed when the control is designed
and do not change afterward.

£A/RC CYCLES

The hardware in the processor that is used Dby GI5M0 is the
Command Registers the Data Register and the Ssrvice Request
Leved. The Command Register is used to send information to a2
controd» the Data Register to resceive from the control and the
Service Request level indicates that a control needs attention
from GISNMO.

Most transactions with the controd consist of a
Command=-Activate/Response=Complete (CA/RC) cycle. Data or
command information is sent out to a control with a CA. Controt

information or data is returned with a RC.

PROCESSOR 170 INSIBULTIONS
The processor instructions whch GISHO wuses to accomplish 2an
operation areg:l

TEST STATUS
GISMO reguests and the control returns its current status
count and the device ID. GISMD uses this information to
decide what to do nexta.

TEST & CLEAR
This operation clears the control.

TEST SERVICE REQUEST

GISNO requastse snd the processor returns. a mask of aidl
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channels that are currently requesting sarvice.
TERMINATE OATA

This operator is used to terminate data transfer wWhen tha
mediar disk and tape for examples» has no fixed record sizes

TRANSFER QUT A

Moves one or tuwo bytes of data from memaryﬁto the controd
for output to the device. NData is sent at CA times tha
control returns its status at RC time.

TRANSFER QUT B

Moyes three bytes of data from memory to the controt far
putput to the device.

TRANSFER IN

Moves one» two or three bytes of data from the control to
main wmemory on input cparations. The dzta is sent at RC
time. When one or two bytes is transferred, the control
also sends its status.

SEBYICE BESUESI

The Service Reguest level is a toggle in the processor which is
settabla by any control. It is DR=ed into the TAny Interrupt”®
togglies Each Interpreters prior to executing an S~oerators, wiill
test the Any Interrupt toggle and», if it is sets transfer contrei
to GISMO instead. GISMO witl determine what caused the toggle to
be sete In this cases it will discover that Service Request 1is
raiseds

It witd then do a TEST SERVICE REQUEST CA/RC cycle. The RC will
return a mask of all controls that are currently requesting
service. GISMO will select the highest channsel from this mask
and begin handling that control. Conrols are usually in status
count 11 or 18 when they raise Service Reqguest. This status
indicates that the control is resady to send 2 Reference Address
to GISMO. GISMD accepts the Reference Address and uses it o
tocate 170 descriptor in memory.

GISMO widl then do a TEST S5TATUS CA/RC cycle to detemine what
service the control is resquesting.’ Once the regquested service
has been per formeds and the control no ftlonger s requesting
services GISMO will again perform a TEST SERVICE REQUEST CA/RC
cycle. 1t will continue handling Service Reguests from wvarious
controls until the TEST SERVICE REQUEST returns all zeros. GISMO



3=19

BURROUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP B1000 MCP I
SANTA BARBARA PLANT P.S. 2212 5462 (E)

then returns control to the Interpreter that uas interrugted.

STAIYS COUNIS

The Status Count returned by a control is the primary means in
which GISMO detearmines what dis to be done next in an 170

operations Dperations may consist of sending the Op code and
file addresss sending the Reference Address» receiving the
Reference Addresss» sending or receiving data and receivirg the
result. Various controls perform these steps in different
ordersa.

A1l controls begin in Status Count 1 and return to Status Count 1
after Status Count 23. fach 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 H. A simplified table of the allowable Status Count
transitions is shown in the table below.

To send each of the twenty=-four bit fields OP» DISK.ADDRESS and
Reference Addresss three TRANSFER OUT operations are useds» each
CA/RL sending one byte. For wa@ach TRANSFER OUTs the Status
Counter advances by one. Sisilarlys to receive either the Result
Descriptor or the Reference Addresss three TRANSFER IN operations
are used» each CAZ/RC receiving ona byte.
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Status Count Meaning

o A T _ W A W T T T TN VD N . T o S o o o S T T . — . - =

V] Control Not Present
1 Cleared (Initial) State

i» 2» 3 Ready to Receive 0P, Bytes 1» 2 and 3

4y 59 O Ready to Receive DISK ADDRESS. Bytes 1» 2+ 3

7» Bs 9 Ready to Receive Reference Addresss Bytes 1l» 2Z» 3
149 Busy (Operation in process). from 19» Controls

usually go to Status 11 or 13 and raise
Service Regquests

1i» 12+ 13 Ready to Send Reference Addresss Bytes 1» 2» 3.
14 Ready to Receive Data {output)
15 Ready to Send Data {input)
16 End 0of Hardware Buffer = Ready to Send or Recaive

Last Byte. More Buffers Remain.
17 End of Hardware Buffer and tLast Buffer.

18, 19» 20 . Ready to Send Reference Address», Bytes 1v 2» 3.
Implies that a Result Descriptor is to Follcow.

21» 22s 23 Ready to Send Rasult Descriptor» Bytes 1» 2» 3.

Table X.X = Typical Controi Status Counts and their Mearing
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DATA IRANSEERS

GISMO transfers data to and from the controlt in one or more
jterations; each iteration will involve only one control buffer.
For some devicess there is only one buffer and this buffer will
always contain the full physical record. GISNO will only perform
data transfer once per I1/0 operation for these controls. Othear
controls have physical records of undefined length’ for these
controlss there are usually pultiple buffers of fixed length in
the controd and each iteration of GISMO will fill or emoty one aof
these buffers.

Whenever Service Request is raised and GISMO 1{is invokeds the
requesting control will first send the reference address. GISNG
witl then test the control”s status. If the control is in Status
14 or 15» GISMO will begin data transfer. for each ocperation:
data transfer will continue until either the control's buffer s
empty or the END address of the I/0 descriptor is reached. In
the first cases the control witl have gone to Status 7 after thz
last data character{s). GISMO will test its status» see that it
§5 in Status 7 and send it the Reference Address» thus cowpleting
the iteration. In the latter cases on most controls, GISMO will
send it a TERMINATE command. Some controls require data transfer
to continue untidl the end of the controt?s buffer. n input»
GISMO wild accept the remaining data from these controls but will
not store it in memoTy. On output GISMO will send blanks to
these controls.

Data is always transferred to a control in one, two or three byte
portionsa. Most T"Serial”™ dewvicess sych as printers and card
devices» use one byte transfers. This data transfer is performed
from a Adoop wWwithin GISHI which consists of a CA/RC cycler
transferring one data byte» until the control®s buffer is full or
the END address is reached. A buffer fudl condition is detected
by the control sending or receiving the last data byte in Status
Count 15 or 17.

Many disk and tape controls transfer data two bytes per CA/RCa
Disk input and output is always terminated by GISMO when the END
address 1is reacheds possibly in the dast of multipte disk
SecCtorss When the record length is an odd number» GISMD will
normalize the last byte as Tequired. On output oparationss the
controil widl pad the remainder of the tast obuffer (and hence
sector) with zeros.

Tape outpute possibly in the last of pultiple buffers, s also
terminated by GISMO when the END address is reached. When the
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physical record size is an odd number of characters.» GISMNGO will
rormalize the last byte for the last CA/RC cycle. It will send 3
TERMINATE command. followed by a special command which will
indicate "odd character count™ to tell the control that the {last
data transfer consisted of one byte oniy. Tape input operations
Will terminate either when the END address is resched or when the
end of the physical record is encountered, which may bes in the
1ast of muitiple buffers. If the end of the physical record
occurs and the 4dength of the record is an odd nusber of
characterss the control wili set a flag in the RC portion of the
last CA/RC cycle. GISMO wild then normalize the last byte of the
recorda.

A1l disk pack controiss the SN head=per~track controli and att
phase=-encoded tape controls use three byts data transfar s. In
this case onlys an exception is made to the general rule that alt
transactions invoive one CA and one RC. On these controlse oORe
CA may be followed.- by one or more RCs. This is accomplished as
foliowss

Prior to entering the transfer loops on inputs GISND witl use a
special CA/RC cycle to ask the control how many butes it has to
send. It wilt then initiate the transfer toop with a CA and
continue it wWith as many RCs as are required» receiving
twenty=four bits of data on each RC. For outpute GISMO will teti
the control how many bytes it has to send. [t will then initiate
the transfer 1loop with a CA command of TRANSFER OUT B, and
continu2 it with as many RCs as are required» sending the data
out Wwith the RC.

170 CHAINING

The I/0 subsystea of the 31000 system does not use queues for 179
operations. Using the facilities presented in the preceding, it
connects all I/0 descriptors that are directed to the sare
controls, or group of controls connected by an exchange» in a
circular chain. This eliminates the necessity of an I/0 complete
jnterrupt being directed to the MCP» provided the producer of Ir0
requestse most often A user programe does not producs the
requests faster than they can be satisfied. In other wordss if
the I/0 subsystem is completing opesrations before they are
actualdy required by the users then the user Wwill never need ¢to
wait on the completion of an I/0 request and the MCP witl never
have to suspend the program waiting for such a corpletion.

Even if this isn't the cases if the user pragram is forced to
wait wupon the completion of his 1/0 reguests» the amount of
processing that must be done te accomplish the suspension and f£o
reinstate the prograr upon completion is winimized wusing
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chaininge The processing is 1limited to only that which 1is
concerned Wwith program execution and no processing is required to
tedl the I70 subsystem what it should do next. This information
is already contained in the I/0 descriptor.

For all devices except tape and dis%» thens the MCP constructs 3
circular chain of descriptors in memorye. GISHE executes the
reguested operations in turnes as each descriptor is unlocked by
the MCP. Upon encountering a locked descriptors GISMO simply
pauses or stops untid the dsscriptor is uniocked. This will
occur when the user program next executes an I/0 reqguest or when
the file is closed for any reason. If the prograr must wait upon
an operations an I/0 complete interrupt is requestedrs using the
appropriate bit in the RS field» and the program is suspended
pending the occurrence of the intarrupt.

DIsK I/0 CHAINING

The disk I/0 subsystem operates somewhat differently from the
operation just described, Since each disk 1/0 descriptor
contains 3 disk address field, it 4s not necesary for the
operations to execute in any particular order. ¥aricus @eans are
provided in the software to prewvent any contention probless that
might arise. It may be noted that these same means are necessary
on I/0 subsystems which utilize queueing instead of chaining.

Ati I/0 descriptors for all disk controls that are connected to
the system are connectad in the same chain. If the system is
equipped with more than one controds then each Channetl Table
entry will point to the head of the chain. If GISHMD encounters 3
descriprtor which is not ready for execution or which is szslready
in processs, specified by the first two bits of the RS field being
set to anything other than 00» it does not stop or pauss but

continues to the naxt descriptor in the chain. Atso» if an
exception condition occurs» GISMO does not stop or pause as it
does on other controise. Both of these actions are specified by

the CHANNEL.NOLHALTY bit in the Channel Table.

Since GISHKD continues tinking in both of the rcases meptioned
aboves it must know when it has examined alt of the descriptors
in the chaine When it has axamined all of the descriptorss it
must stop to free the processor for other execution. To
acconmolish 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 MLP» the reference address passed by the
dispatch i5 discarded and the REF.ADDR field is 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 tlink
fietdss GISMD must be able to cverride stopping when it has been
through the entire chain once. Ffor exampler, if descriptors A, 8»
and C are present in the chain and if B is dispatched, GISMO will
{ink to and initiate Be. If» during the time that 8 is 1in
processs A is dispatched» GISMO must link past € and the REF.ADDR
field and find and initiate A.

To accomplish thiss the PENDING bit in the Channel Table is used.
This bit is set by a dispatch operation and reset by GISMO. If
GISMO arrives at the descriptor addressed by the REF.ADDR field
and if the PENDING bit 1is sets it does not stop but resets
PENDING and continues 4inking. 1f PENDING is5 already resat at
this points then GISMO stops. )

Since aldl descriptors for alil disk controls are maintained in the
same chains GISMO must be abile to recognize descriptors which are
addressed to controls different from the one it is handling.
This is accomplished using the IO.CHANNEL.RS field of the I/0
descriptor. Upon encountering an unlocked I/0 descriptors GISNO
compares this field to the channel it is executing wupon and if
the two are not equals it does not mark the descriptor in process
but continues Llinking.

DIsK IZQ ONERLAPPER SERK3

When an I/0 operation is initiated on a moveable arm disk device
and the arm is presently positioned to a cylinder different frowm
the oane specified in the dascriptors it 145 necessary to
reposition the arm to the proper cylinder. This operation is
known as a "seek™. On the B1000 systems ati seek operations ar=z
implticity there i5 no explicit S5eek operation in the hardware.
The MCPs initiate disk I/0 operations without regard for the
current arm position ands if arem movement is requiredr it is
accomplished by GISMO» the control and the device wWwithcut the
MCP?s participation. Tha MCP does not know that a sesek is being
performed or requireda.

On this system» all seek operations are "overlapped”. This means
that the arm of any given drive may be in moction simultaneously
Wwith the arm of any other drive(s). Alsc» the control may be
performing data transfer or any other operation while the arms
are in motiona

This i5 accomplished by the control returning a result descriptor
with Bit 17» IDLRESULTLBIT.17» set to zero. ELsssentiallys this
informs GISMD that some special action 1is necessary and that
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GISMO should not store the result descriptor in memory. In this

particutar cases the control also informs GISMO that the selected
drive is now seekinga. GISMO widld initiate no further operations
upon that drive until informeds, by the hardwarz» that the seek
cperation has completed.

pCC=2 (Cartridge) and all disk pack controls notify GISH0 that a
seek operation has compilseted by raising Service Request while ir
Status CLount 1. GISMNO will again send the descriptor to the
control and this timer» &fter any required tatency period. data
transfer will occur. DCC=1 does not notify GISMO when a3 seek
operation has complieted but must be "polled” periodicatdy Dy
GL5MO. The pause time period for DCC=1» the time between the
poll operationss is two milliseconds.

The Disk Subsystem Controiler (DS5C) offerred on GEM processors
introduces some exceptions to the statements above. These
exceptions Wwitl be defined in a subsequent version of tha
specification.

IAPE 1£0 CHAINING

The chaining of I/0 descriptors for magnetic tape controls is
perhaps the most complex of the three basic types. The
complexity is caused by the fact that tape I70 descriptors
directed to each separate tape unit must be executed in {ogical
sequence and there may be several sych units attached to the sawe
controld{s). It doesn't matter which unit GISMO addresses next
pbut the descriptor that is used to address the unit must be the
next togical descriptor in the "subchain™ for that unites It is
therefore necessary to break the channel chain into subchainse
with one subchain for each physical unit» and to implement a
means of remembering the next logical descriptor that must be
used within each subchain.

Soth of these requirements are satisfied by the lock descriptor.
tock is a pseudo I/0 operation which is handled completely by
GISMO and actually causes no physical I/0 operations. It also
serves as a wmeans of resolving contention problemss batweer the
MCPs and GISMD and between two or more tape controls which are
attached to the same units by an exchange. Lock operateas as
described below.

The MCP» when the system is Clear/Started» constructs a4 tape
chain with one Lock descriptor for each unit connected to the
system. The ACTUAL .END field of a Lock descriptor is not used
and the LINK field will contain the memory address of the next
Lock descriptor. The BEGIN and E£ND address fields of the Lock
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descriptor will «contain the address of the TEST.ANDLWAIY I/3
descriptor that the MCP uses to monitor the status of each wunit.
This s discussed in a later paragraphes

When a file is opened on a tape unit» the MLP changes the BEGIN
and EMD address figlds in the Lotk descriptor. Tha MLP naw
constructs a subchain for the unit which will consist of one I/3
descriptor for each buffer requestad by the user. The BECIN and
FND addresses of the Lock descriptor will be set to the memory
address of the first physical 170 descriptor in the subchain and
the TEST+AND.WAIT descriptor will be removed from the subchain.
The BEGIN address field will not be altered from this poirt until
the fite is Closed. The END address wiili1 be nmodified by GISND
each time it execute2s an operation in the subchain. In effect»
The END address field s wused to remember the next logical
opaeration that 4s to be perfarmed on the unit.

The LINK fields in each 170 descriptor in the subchain will atil
address the next physical descriptor in the subchains as they do
for all other controlsa. An exception to this ds the tlast
physical descriptor in the subchaine The LINK field of this
descriptor wiil contain the address of the Lock descriptor for
that unit. This prevent one unit from monopolizing ths entire
control; it insures that GISMD widd periodically determine if
there is anything to be done on the other units.

The REF.ADDR field of the Channed Table entry for a tape chain
will contain the address of the first Lock descriptor in the
chain. Gismo» upon receiving a Dispatch for a tape control, will
discard the Reference Address passsed and start at the address
provided by the REF.ADDR fiedd. GISHND first attempts to lock the
Lock descripter by swapping 01 into the first two bits of the AS
fields If successful» it fetches the address in the END field of
the Lock descriptor and proceeds to that addresss I1f this
descriptor is unlocked» it begins the operation specified. 1f
nots, it returns to the Lock descriptor and stores the addresss
which it previousdly fetched from the END address field back into
the EMND address field.

Assume now that the descriptor at the address fetched from the
END field of the Lock descriptor was unlocked. GISMD begins this
operation ands assuming that the operation cannot be corpleted
without some intermediate Service Requestss returns to the Lock
descriptor and continues 4inking through the chain. Eventuatiy»
the controd widd raise Service Reqguest and reference the
initiated descriptor. Upon completion of that descriptors GISHJ
widd store a result and fetch the LINK field of the descrigptor.
It wili then proceed to the new descriptor and again check tc see
if it is locked. If it is» GISHMD returns to the Lock descriptor
for the unit and stores the new address in the END address field.
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The new descriptor now bacomes the next d{ogical descriptor to b=z
executed on that units. In this manner» GISMO effectively
maintains a dogical sequencz of operations that are to b2
performed on any tape unit.

It may be noticed from the foreqgoing that there is no possibility
of conflict for a unit between two or more controls connected by
an exchangesr since GISMO first attempts to 4dock the Lock
descriptor before proceeding doun a subchain. Sigpilariys» the HCP
must tock the subchain before altering any descriptor in tha
subchain.

MONIIQRING QOF PERIPHERAL SIAJUS

The MCP attempts to monitor the status of adl peripheral devicaes
that are attachaed to the systenm. To do thiss» it must remenmber
the status of each device and maintain & certain asount of
information adout eache. The major portion of the idinformation
about ad1 of the devices connected s maintained in the I/3
Assignment Table (I0AT).

10 ASSIGNMENT TABLE

The I70 Assignment Table (I0AT) allows the MLCF to kesep track of
adl peripheral units except the system's 5P0 and those devices
associated with data communication. ‘Each unit is identified by
ports» channel» and unit numbars as wedl as by a symboilic name.
Yarious fields reflect the status of the unit {2.ga.» AVAILABLE,
SAVED» REWINDING» LDOCKED3. & programmatic description is given
betow:

DEFINE I0AT.S5IZE AS 28512475

DEFINE IODAT.DECLARATION AS * X6 L 08 AL I 0AT
DECLARE 1 DUMMY REMAPS I0AT» ,
02 UNIT.INITIAL BIT (656)r X
03 UNMIT.HDHR BIT L6)»
03 UNIT.LPCO BIT (12)» X%
D& UNIT.PORT.CHANNEL BIT (7Y, X
05 UNIT.PORT BIT (3)» %
05 UNIT.CHANNEL BIT (42» X
D&% FILLER BODLEAN, X
D4 UNITLUNIT BIT (43, X
03 UNIT.NAME CHAR (5)»
02 UNIT.LABEL.ADDRESS DSK.ADR»
063 FILLER BIT {(12)»
03 UNITLPACK.INFO ADDRESS»
02 UNIT.RS ADDRESS»X USER LINIT REGISTER

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

03 UNITLAYAILABLELINPUT B0DLEANS,

03 UNIT.AVAILABLE.QUTPUT BOOLEAN»

03 UNIT-WAITAFOR.NOT.READY BOOLEAN,

03 UMITLTEST.AND. WAILT BOOLEAN,

03 UNIT.SAVED BODLEAN»

c3 UNITL.REWINDING BOOLEAN»

R3 UNIT.EOF.SENSED BOOLEAN»

K UNIT.LOCKED BOOLEAN,

23 UNITL.LABEL.SENSED BOOLEAN»

03 UNIT.PRINT.BACKUP BOOLEANS

03 UNIT.PURGE BOOLEAN,

D3 UNIT.LOCK-AT.TERN BODLEAN,»

23 UNIT.TOL.BELSAVED BODLEAN,

63 UNIT.FLUSH BOOLEAN.Y FLUSH 10O EOF

03 UNIT.TAPEF BOOLEAN,

03 UNIT .DISKF BOOLEAN»

03 UNIT .5TOPPED BOGOLEAN»

03 UNITLTRANSLATE BOOLEAN»

23 UNITL.CTRL.CARD.USING BOOLEAN, X

g3 UNIT.REMOTE.JDB BODLEAN,

03 UNIT.CLOSED BOOLEAN, X

03 UNIT.CLEARED BODLEAN»

03 UNIT.MULTI.FILE BOOLEAN, X

03 UNIT.EOT BOOLEAN»

03 UNIT.TAPELFILELSTATUS BIT(3)s%Z O = NOT RELEVANT{_ANSI)
Z 1 = BOV(BEG OF VULUME
% 2 = BOF(BEC OF FILE)
Z 3 = EOVC(END OF VILUNE)
X 4 = EOFCENC OF FILE)D
Z 5 = PFB{PROCESS FILE BLK
X T = UNDEFINED

03 UNIT.TAPE.XCH BOOLEAN,X FOR MIS-MATCHED UNITS
03 UNIT.NO.TRANS.TBLE BOODLEANLXPC-5

03 UNIT.OFFLINE.YETAIN.USE BOODLEAN,XFOR ASSIGNED UNITS.
a3 UNIT.AUDIT BOOGLEAN» X DONS AUDIT TAPE
03 UNIT.RESERVED.BY.AB BOBLEAN,X AUTD BACKUP bHal
03 UNIT.LABEL.OP BIT(3)»% 0=300E00X3 ODD THANS
X 1=300C00X2 0DD NO TRANS
% 2=300600X3 EVEN TRANS
Z 3=300400X3 EVEN NG TRANS
02 UNIT.DRIVE.TYPE BIT{&4)»X DISK ONLY
¥ VALUE DCC1s273 DPClrs2 OFCH DFC3
H3 0 32X2423 “N/A N7A NJA
A 1 32X4006 215 SY5.MEM 5N
4 2 54%X203 225 N/ A N7A
X 3 54X40% NSA 1C=3 NS A
% 4 NJA 207 1C~4 N/A -
4 3 N/A 205 14=3 NJA
4 5 N7 A 206 1A~4 NTA
x 7 N7A N/ A NI A N7A
32 UNIT.STATUS BIT (15)»
02 UNIT.TD.BE.POWERED OFF BODLE AN,
D2 FILLER BITL7J»
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02 UNIT..JOB.NUMBER BITL(16)>»
o2 UNIT.FIB.ADDRESS ADDRESS,
02 UNIT.LABEL-TYPE BIT (2)»
X 0 = OMITTED
% 1 = BURROUGHS
b4 2 = USASI
p4 3 = INSTALLATION
02 UNIT.TRANS.TBLELID BIT(B)» RXPC-5 TRAIN ID
g2 FILLER ' WORD»X%X PLEASE DD NOT DISTURSE
D2 UNIT.TEST.DESC BIT {DESCRIPTOR.SIZE)?
#5 4 DELINTIT 1 0AT DEF I NE

The entira IDAT is constructed by the MCP w«han the system 1is
Ciear/Started. During the Clear/Start 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 more 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 connectedas

The UNIT.HDWR field in the I0AT will contain the hardwara
identifier returned by the test descriptor. The followirg is a3
list of hardware types and pseudo=-types that are supported by the
MCPa Pseudo~types are used in the device assignment process to
indicate generic typess such as "any magnetic tape device" which
would include seven~tracks nine-tracks phase encoded» NRZ and so
forthe.
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DEVICE
Raserved
80 col READER.PUNCH.PRINTER
80 col CARD PUNCH
Reserwved
FDCa1l
56 cot READER PUNCH PRINTER
PAPER TAPE READER
PAPER TAPE READER~1
PRINTER
READER SORTER~Z
READER SORTER
DISK FILE {Any head per track)
DFC-1
pCcc=2
DCL-%
pPC=1
DISK PACK (DCC~1» DCL-2» OPC-1)
DISK (Any disk)
pFC=3 (5~=N)
96 col READER
PAPER TAPE PUNCH
80 col CARD READER
SPo-1
5P0=-2
TAPE 9 TRK NRZ
TAPE 7 TRK NRZ
TAPE PE (9 TRK)
TAPE (Any tape)
TAPE.9 (Any 9 TRK tape)
Reserved
CASSETTE
1LPC=3
QUEUE FILE
REMOTE FILE
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FILE S5THMT HOWR TYPE

00
DATAL.RECORDER.8D 01
CARD.PUNCH 02

03

04
READER.PUNCHLPRINTER 05
PAPER.TAPE.READER 06
PAPER.TAPE .READER or
PRINTER 08
READERLSURTER.2 09
READER.SORTER 190
DISK.FILE 11
DISK.FILE.1L 12
DISK.CARTRILCGE 13
DISK.CARTRICGE i4
DISK.PACK.10 15
DISK.PACK 16
DISK 17
DISK.FILE.3 13
READER.96 19
PAPERTAPE . PUNCH 20
CARD.READER 21

22
CRT SPU 23
TAPE .S 24
TAPE .7 25
TAPELPE 26
TAPE 27
TAPE .9 238

29
CASSETTE 30
PC 5 31
QUEULE 52
REMOTE 53
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In the table aboves the File Statement column (FILE STHT) is for
use dn the NCP's FILE Cfontrol Card and is explained in the
Software _Operationgdl _Guide. Generic hardwars type numbers are
not stored in the IDAT. Rathers the actual didentifiers returned
by the hardware are used.

UNIT MNEMONICS

Unit mnemonics are also assigned by the MCP during tha
Clears3tart processs These mnemonics ailow the operator and the
MCP to identify devices uniquelys. The table below lists the forn
of the snemonic that will be assigned to the various types of
devices.

Card Reader CRx
Card Punch - LPx
Data Recordars Cix
Printers LPx
Tape Units MTx
Disk {head=per=track) none
Disk Pack DPx
Disk Cartridge DLx
Paper Tape Readers PHx
Paper Tapas Punches PPx
Reader=Sorters RSx
Lassettes C5x
Flexi=Disk FDx

All units will ©be assigned a4 three=character nmnemonic which
begins with the first twec fetters listed in the table above. The
third character witl be unique to the unit. The first unit of
that type encountered by the NMCP during the Clear/Start operation
is assigned the dletter ™A™, the second ™8™ and so forth.
Assignment proceeds alphabetically and the mnemonic assigned does
not change uniess the system configuration changes.

N

The assigned unit mnemonic is stored in the I0AT in the UNIT.NANE
field. The entire I0AT is maintained in mesory. To nininize
storage requirements, some information which relates to the unit
is not stored in the I0AT but is maintained on disk. Fila
Identifiers and any other information which is seldor used by the
MCP are stored in an INTERNAL.LABEL field on diske. The disk
address of this field is maintained 1in the IDAT 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 whenever the Ready status of an
unassigned device changes. The MCP is made aware of a status
change by TEST.AND.WAIT I/3 operators. These operators do not
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truly wait on a unit status change but this function is enulated
by GISMD.

JESY.AND.¥AIL IZ0 QPERAIQRS

The MCP must know when a unit goes from a Not Ready condition to
a Ready condition so that it can read the label on the media and
update the INTERNAL.LABEL information on diske. It must know #han
a wunit changes from Ready to Not Ready so that it can mark the
unit unavailable and initiate 3 TEST.ANDL.WALIT.FOR.READY on the
unita. TEST.AND.WAIT operations allow the specificatiorn of
certain conditions for completions such as Test and Hait for
neadys Not Readyr» Resady to Transmits HReady to Receive and so
forth. GISMO widd not consider the operation complete unless the
specified conditions are met.

On disk and tape controls» which allow more than one unit per
controls we cannot tie up the entire controt with a Test anrd Wait
operation to one unif. For DCC-2» all disk pack and ail tape
controlss the PAUSE bit in the Channel Table is used to implement
a periodic test of all such unitss. At each 100 miilisecond tiamer
intervals GISMO searches through the Channel Table d{ooking for
gntries With this bit set fto zero. Hhen such an entry is found,
GISMO initiates that chain at the address specified by REF.ADDR.
also in the Channel Tabile. During this executionr, GISHD witl
initiate all Test operations encountered in the chaine. If the
conditions for complietion specified in the operator have been
mets GISHMO wiid store tha result descriptor returned &y the
operation and queue an interrupt for the HCPS the MCP atways
requests an interrupt in Test and Wait descriptors.

The MCP also sets the type field of this [I/0 descriptor,
ID.MCPLIGy to a value which indicates "Status Change™. In the
MCP?*s 170 Complete procedure» which ids idnvoked only when an
interrupt is returned from an I/70 operations the value stored in
IDMCP.TI0 will cause invocation of the MCP's STATUS Procedire.

STATUS PROCEDURE

As mentioned previousiy» the STATUS Procedure is executed onty
when the status of an wunassigned peripheral changes. If a
peripheral is being used by 3 program and if it goes to a Not
Ready condition» the situation is handled by the 170 Error
Procedure. When an assigned peripheral goes from Not Ready to
Ready» no action is reguired by the MCP since the Test and HWait
descriptor executed in this case will have a LINK field set to
the next logical operation to be performed on the device.
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Peripheral devices which are capabla of input operations isuatly
have tabels written on the media. The MCP is equigped to
recognize several different Llabed formats aon disk and tape
devices and it expacts to read control instructions from all card
devices which have input capabilities. Control instructions arz
discussed in the Sgftwagre QOperational Guidg and in Product
Specification 2219 01i4d» NCP Lontrol Syntax and will not be
discussed here. Essentialtys when a card device becomes Ready
for input purposess the Status Procedure reads the first card and
control is passed to the Control Card Procedure.

On disk and tape devicess» w#when a unit becomes Readys the Status
Procedure attempts to read a label from the media. The foliowing
is a description of the various label formats, on disk and tape
devicess the MCP is capable of recognizing.

DISK JDRENTIEICATION = BALK LABELS

Every disk packs disk cartridge» or head=per~track sub=system is
jdentified by a standard ™ANSI™ pack label. This pack 1labetl-
Written in EBCDIC (8 bit code)» 5 tWwo pack sectors {ong (360
bytes)s and occupies the first two sectors on 3 packos | P
cylinder 0, track 0» sectors & and l. Sector D contains pack
jdentification information and sector 1 is reserved for future
implementation of pack security procedures. A programumatic
description is given belowus

DEFINE PACK.LABEL.DECLARATION AS #3
DECLARE 01 DUMNY REMAPS PACK.LABELX

» 02 PL-YOLL CHAR {4) % myVoL1"

» 0?2 PL.SERIAL.LNG CHAR {5) % SERIAL (CAN) NUMBER

» 02 PL-ACCESS.CODE CHAR (1) X ACCESS CDDE

» D2 PL.ID CHAR (17) % PALCK ID

» 03 PL.NANEC CHAR (10) X%

» 03 FILLER CHAR (7)) X

» 07 PL.SYSTEMLINTERCHANGE CHAR (2) X SYSTEM INTERCHANGE/COOS
%2 00 = INTERCHANGE
¥ 17 = B1CO0D INTERNAL
¥ 35 = 83500 INTERNAL
¥ ETC» ETC» ETC
» 32 PL.CODE CHAR 1) X% PACK CODE 00 = SCRATCH
» D2 FILLER CHAR (6) %
’ 07 PL-OWNERSID CHAR (14) %
» 82 PL.TYPE CHAR (1) X% wgm = RESTRICTED PACK
A ny® = YSER PACK
4 ngm = SYSTEML.PACK
» 02 PL.CONTINUE CHAR (1> X CONTINUATION FLAG “C™
’ g2 FILLER CHAR £28) %
’ 02 PLLINT CHAR (1) %
» 02 PL.VOLZ CHAR (&) % “ypL2"
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» 02 PL-DATELINITIALIZED CHAR (5) %
’ 02 PL-INITLSYSTEM CHAR (B5) % INITIALIZING SYSTEM
» 02 PL.DISK.DIRECTORY CHAR (8) X DIRELCTORY ADDRESS
’ 02 PL.MASTERLAVAIL CHAR (8B) X MASTER AVAILABLE TABLE
’ 02 PL.DISK.AVAILABLE CHAR (8) X% WORKING AVAILABLE TABLE
» D2 PL.INTEGRITY CHAR (1) X% 0 = NORMAL
kA 1 = RECOVERY REQUIRED
» 02 PL.ERROR.LCOUNT CHAR (6) X
» 02 PL.SECTORS.XD CHAR (B) X REMOVED SECTORS
» D2 PL.TEMP.TABLE CHAR (83 X% TEMP TABLE LINK
» 02 PL.PCD CHAR {3) X LAST PORT, CHAN» CRIVE
’ 02 PL.ASSIGNED.TO.BPS CHAR (6) X BASE PACK SERIAM NUMBER

In the case of disk devicess additional informationr, beyond that
which c¢an be stored in the IDAT» is required by the MCP for
proper operationa The STATUS Procedure and others maintzin this
information in a reserved area in memory known as the Pack
Information Table (PACK.INFD)A

PACK INFORMAIION IABLE

The pack information table is an MCP maintained tinked {1ist of
all wuser disk packs and cartridges currently on line. it
contains such information as the names serial numbers hardware
unito» number of userse and addresses of the disk directory»
available tabie» and temporary tablea. This structure allows a
pack or «cartridge to he externally referenced Dy nase. A
programmatic description is given below:?

DEFINE PACK.INFO.DECLARATION AS #X
DECLARE 01 DUMNY REMAPS PACKLINFD»

D2 PJNAME NAME»
02 P.SERIAL.ND WORD»
02 PL.CISK.DIRECTORY DSK.ADR>»
02 P.DISK.AVAILABLE DSK.ADR,
02 P.TEMP.TABLE B5K-ADR>»
02 P.UNIT.NAME CHAR (B)»
N2 P.PCD BIT €12)»
03 P.PORT.LCHAN BIT {7)>»
03 FILLER BIT (1),
03 P.DRIVE.ND BIT £4)»
G2 P.NO.USERS : BIT (8)>»
02 P.NU-MPF.USERS BIT (8)»
02 P.TO+BEPOWERED-DOWN BOOLEANS
D2 P.RESTRICTED BIT (3)» X 0 = SYSTEM RESOURCE PACK
' ‘ ¥ 1 = RESTRICTED
% 2 = UNRESTRICTED USER
2 3 = INTERCHANGE
02 PLCONTINUE BOOLEAN» X 1 = CONTINUATION PACK
02 P.SCRATCH BOODLEAN» 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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% Hill contain "17" if created on B10OD
03 TAPEL.TYPE CHARACTERACL)
% 0 = Scratch
Z 1 = User
%2 2 = Backup
23 = Library
D3 FILLER CHARACTER(S)
02 DHNER.1ID CHARACTER(14)
X This fietd is not currently usable on the 81000 systen
n2 FILLER CHARACTERIL(28)
02 YERSION CHARACTERCL)
Z Wild 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 below.

01 HEADER1.DECLARATION

02 FILLER CHARACTER{®)

%2 May contain "HRDL™» "EOF1", or "EOVLI”
02 FILELID CHARACTER(LT)
02 FILE.SET.ID CHARACTERLSB)

% This field will contain the first six characters fron
¥ the MFID field in the VOL1 block

02 FILE.SECTIONWLND CHARACTERILS)
% Used for Reel number by 86700 and 81000
02 FILE.SERQ.ND CHARACTER{®)
2 Ordinal number of the file within a Multi-Fite
02 GENERATION.NGO CHARACTER(4) % Unused
02 GENERATIONLVERSIONWLNO CHARACTER(2) % Unused
02 CREATIDNLDATE CHARACTER(B) ¥ HYYCLDD
02 EXPIRATIONLDATE CHARACTERLRY ¥ DBYYDDD
D2 ACCESSABILITY CHARACTER(1) X Unused
D2 BLOCK.COUNT CHARACTER{(S)
Z Zero if this is a Header.One block
02 SYSTEM.CODE CHARACTERC13) % "B81700"
D2 FILLER CHARACTERALT)
The third physical block is known as "Header Tuo". It is also
used at End~of~File snd End~of-Volune. Its format is shown
belowu:
01 HEADER2.DECLARATION
02 FILLER CHARACTERC(A)
% May contain "HDR2", “EQF2"» or ™EQV¥2"
D2 RECORDL.FORMAT CHARACTERAL)
2 F = Fixed
¥ ¥4 = vYariable

35 Spanned (Not yet implemented by any Burroughs system)
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L U = Undefined
02 BLOCKL.LENGTH CHARACTER(S)
02 RECCROD.LENGTH CHARALCTER(D)
D2 RESY.S5YSTEN,USE CHARACTERIL35)
03 DENSITY CHARACTER(1)
¥ 0 = > 840
¥ 1= > 556
¥ 2 = > 200
T 3 = > 180D
03 SENTINAL CHARACTERC1) Z Unused
03 PARITY CHARACTER(1)
2 0 = Evensy 1 = Jdd
03 EXT.FORM CHARACTERILL)
% 0 = Unspecified
Z 1 = Binary
X 2 = ASCIT
2 3 = 8CL
% 4% = EBCDIC
03 FILLER CHARACTERALZILD)
02 BUFFERLOFFSET CHARALCTER(2) . X Unused

N2 FILLER CHARACTER(28)

As mentioned in a prior paragraphs the MCP writes ANSII format
{abeis on tapes whenever 3 file 1is opened output and tha
LABFL.TYPE field in the FP3 is sat to 2erc. If the user wishes
to continue writing the old Burroughs format {zbels» he must
modi fy this field in all of the files in his prograss. This may
be accomplished by recompidation» by the use of a File Attribute
communicate operation within the prograsms by the use of the
MODIFY control instruction or by the use of a FILE card when th2
program is executed. Presently valid vatues for the LABEL.TYPFL
field ares

0 = ANSII
1 = Unlabelied
2 = Burroughs

ANSII Labels» though they are written when the file 1is openeg
outputs are actualdy created on aill magnetic tapes prior to that
timea. A keyboard message has beesn implemented in the ¥CP for
purposes of creating the initial ANSII label on atl tapes. The
mnemonic of the message is ™SN™ which used to be an acronym for
Serial Number. The syntax for SN is3

SN <unit mnemonic> <volumae—-identifier> 1 ASCIL 1

<Volume iJdentifier> wmay consist of one to six alphanuameric
characters and is insarted in the VOLUME.ID field of the VOL1
block of the dabed which is created. This operation is» for
conversational purposes» known as "initializing™ the tape. Att
tapes and cassettes must be initialized on the B1800 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 paritys, except where prohibited by the control.
This was done as an accomodation to the B300 systeme which can
read only seven=irack tape and cannot recognize tape marks which
are uWritten in odd parityas

MCPII widd write tapemarks and ending dabels on any output
{abeled tape that is not at BOT when a Clear/Start is don2. This
witd addow the wuser to read that tape and recover the data.
There is one restriction. 1f the tape i5 to be read in reverses
the user sust specify blocking information.

ANSII Labels are also written as the standard {labeit on
seven—=track tape. Whan this is dones the labels are written with
transiation to 8CL. Burroughs Labels» whan Written to
seven—track tapes are written in odd parity with the EBCDIC/ACL
transl ator enabled.

The STATUS Procedure makes all possible attempts to recognize 3
{tabael when a tape unit becomes Ready. On seven=track taper
particulariys there ate several different variations of parity
and recording mode that may have been used to <create the taps.
Seven=track tape <an be wWritten with or without character
translation from EBCDIC to BLL. The MCP wild attempt to read
tape 1 abels with all possible variations before giving up.

When the MCP cannot recognize a 1abel» the unit is considerad
available for input purposes if the tape does not have a HWrite
Ring in it. In this case» it must be manually assigned to 3
program by the operators either when the program requests ths
fite or when the job is sxecuted. If the tage does cortain 3
Write Ringr, it must be initializedr, wusing the 3N dinstruction
decsribed abovea. Only when the tape has a3 Write Ring and
contains a valid ANSI tabel indicating ™Scratch”™ is it considered
available for output purposes automatically by the MCP.

it is also the responsibility of the STATUS Procedure to record
the other information returnad by the Test I/0 cperation. This
inforeation dis crucial to the proper operation of the tape
subsystenm. In particulsrs §f the system is equipped with 23
PE/NRZ exchanger the operation of the STATUS Procedure when a
unit becomes Ready is as described belows
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CLNBI EXCHANGES

With the inclusion of the M4sM5 MEC supplied by the Hestlaksa
Plant and described by P.5. #2047 4490» it is possibile for a
tape unit to operate in either Phase Encoded (PE) or Non=Return
to Zero {NRZ) recording moda. This can only be accomptished on
the 81000 hardware by connecting one NRZ control and one 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 subsystemr all controis
in the subsystem must be identicad. The code in the I/70 driver
which interfaces to MTC-2 is distinctly different from that which
interfaces with MTC=~4,. A request for a unit which is operating
in the NRZ mode can ondy be handled by MIC~2.

To solve this problems <considerable coding has been incorporated
in the M[CP. The problem has been rectified in the most efficient
manner possibles however. Two separate chains of descriptorss
one for each controls are constructed by the MLP at Clear/Start
time. The two chains are maintained by the MCP dynamicallys fronm
that pointe.

Recording mode information is supplied by the test operator and
actualdy 1is returned as the density field 1in the result
descriptor. A  density selection of 1600 bpis for exawple,
indicates that the unit has been selectad to be ir the
phase=encoded recording mode and that the I/0 descriptors for ths

unit should be in the NVTC~4 <chain of descriptors. If the
subchain for the unit is not in the proper chaines the NCLP will
move the entire subchain to the proper chain. The movement of

the subchain is only attempted when the unit is not in use» of
courseas Selecting a different density whilde the unit is Dpeing
used constitutes an error on the part of ths operator. Tha
operator is notified of the error and the program is atlowed to
continue processing only when the oproper density has been
selected on the unit.

This sotution is only possible if both contrels are capable of
reporting recording density properly. MTL=2 can report the fact
that a wunit 45 selected to be din the 1600 bpi density.
Similarly», MTL~4 is able to report the fact that a unit is in the
800 bpi density. Density information is cosmonly used by the HCP
only when a wunit 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 affectasd by the presence of a PE/NR?
excthange. A unit sedected as MTA» for exaspler, wili always be
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known as MTA» regardless of which chain contains its subchains, or
which density dis selectad by the operator.

Oue to differences in the unit numbering scheme pDetween MTC~2 and
MTC=4» there «can be no more than eight magnetic tape units
connected to a PE/NRZ tape subsysten. This «capabitlity 1is not
availabla on any version of the software prior to the 5.1 releass
Versions
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FILE SIRUCTURES

A File is a group of related records. Files ara of central
importance in the 1I/0 Subsystenm since affectively all of the
communication between usef programs and the subsystesr is

accompiished through filese.

The B1000 Operating System supports three different file types or
structuress exclusive of Data Management System structuress which
correspond roughly to those file types defined in the ANSI 'T4
C0BOL Language. In that dlanguages these types are called
Sequentials, Relative and Indexed Seguential. Sequentiat and
Indexed Sequential fitess, in COBOLs <can both be accessed in 2
random manner and the use of the word "Sequential”™ tends to add
confusiona. In this documents the three types will be refferred
to as Conventional Files» Relative Files and Indexed Files.

i)
no J,.,:,w//o . L
CONVENIIQNAL EILES Lo g

The basic definition of Conventional file structures is fcund in
the COBOL "68 Languagesr though many functions have been added to
the basic definition. To a programs a file represents s large
codllection of ordered data that exists apart from the prograr.
The program needs to interact with parts of that data from time
to time and the I/0 Subsystem makes this interaction possible.
The I/0 Subsystem moves the data into and cut of user working
areas in main maaorys, to which the program has 3cCcessSe.

The unit of data moved into and out of the user”’s working area s
the record. The record is5 considered» by the 1/0 Subsystems» to
pe a string of bitss which the user program uwill probably group
into characters of wWwords in some manners but the I/0 Subsystenm
deats only with entire records and delivers and receives one
record at a time to and from the user prograg.

A file has som2 structure as seen by the uUsSer progran. The
records may be all of the same length or they may be of variable
iengthe. Ltength idinformation must be declared by the program or

contained in the record itsedf or exist in an sccessible fcre 1in
the physical file or wexist in the information which the MCP
maintains about the fite. If the record iength is variablesr then
the length of each record must exist in that records in the first
four character positions. ﬁfyj> -

OO
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The fites as it is stored on some recording wmedium» is often
refferred to 3s a physicati filz. A physical fite may have sone
additional elements of structure. It may «contain blocks. A
btock is a group of physically <contiguous records which are
transferred to and from the physical medium as a group. {he

storage device idtself may impose some structure upon the filse.
As discussd previousty», data is transferred to disk in 14%0-Dit

increments. A bidoeck of records to be written to disk must
therefore total some integer wnultiple of 1440 Dbitsa The disk
itself may be used to store many disjoint physical files. To

minimize storage availability problems», the MCP allows disk files
to be broken into "areas™s each of which will contain roonr for a
specified number of bDlocks. This is described in more detail
tlaters.

-

The ophysical file inherits many of 1its properties from the
{ogical file declared by the user program which creates it. When
the user programmer deciares a logical file» the conpiler
generates a File Parameter Block which contains the specified
values for the various attributes of the file. File Parameter
Blocks (FPBs) 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 physical file.
More attributes are added to the physical file whenrn 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 Subsystew.
The attributes contain atl 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 ophysical
fidte.

Most of the attributes associated with any file are contained ir
the File Parameter Block (FPB8) for that file. Certainlys, the FP3
is the storage medium for the attributes that are dectared by the
user and generated by the caompiler. 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
File Information Block {FIB3)» the Disk File Header (DFH) and the

I/0 Assignmment Table (I0AT). ALl of these structures have bggn}
presented previously.

Beginning with the B8.0 version of the MCP» a communicate
operation was added to alldow usesr programs to dynamscaiiy modify
selected attributes of a file. In subsequent versions of the
MCPs the list of modifiable attribtes has been expanded. The
File Attribute communicate opesration is described in the Demand
Management section of this document.
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EILE NAMING CONVENTIONS

ALl names associated with files on the B1000 MCP may be a maximum
of ten characters in {ength. Names in excess of ten characters
wild be truncated to the first ten. Looking at the description
of the FPB presented in Sectieon 2 of this specificatior, the
first field in the FP3» FPB.FILE.NAME is the internal name of the
fides "Internal ™ in this caser 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 programmer uses in all
references to the file within the program.

The mnext thres nama fields in the FP3 provide the "File
Identifier® for MCLP purposesa. A4d physical files introduced to
the system may have one oFf Tt kO Namess Files assigned to disk
pack may have a third name which will correspond to the pack
namer the name contained in the pack 4abel.

If a file has one name onlyr that name is stored in_the field
FPBLMULTILFILELID and the field FPB.FILELID should be filled with
bt anksa» FPBMULTI.FILELID is5 often referred to as the T"Family
ib®™ .and ds only important i§if the file is assigned to disk or
tape. 1If a file has two names» the second name is stored in the

FPB.FILE.ID field. ?

The assignment of physical files to logical files is discussed in
the Demand Management Section of this specification in the
description of the OPEN communicate aperation. Stated in its
simplest forms the MCP attempts to associate one or two names
Wwith each device that is connected to the system and that is
capable of input operations and to match this external name to
the File Identifier specified in an FPB when a user DBPENs 3 file.
On output filesr, the MCP simply attempts to assign an avaitable
device of the requested harduware type.

There are two exceptions to the statesents in the preceding
paragraphe. When an output file is directaed to Printer or Punch
devices» the output data may be actuadly stored on disk for later
retrieval.,. Such files are known as Backup Files and arz
discussed dater. Input card files may be {ocaded to disk files
prier to the time they are required by a progran. When the
program then requests the card files MCP may automaticaliy
substitute the previously 4caded disk filesa. This is known as
the Psuedo=Reader facitity and is discussed in Product
Specification 2222 2265» SYSIEMZLDGNIRL.
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LOGICAL DISK EILES

it is the MCP's responsibiltiy to convert a fogical disk file as
declared §n a wuser oprograms» to an actual physical disk file.
This can only occur by a program opening a neuw disk file» where
mew” in this context specifies that the program intends to
create a file and the physical disk files that are currently
known to the system are of no concern to the user.

Except in the case of Multi~Pack files, files that extend over
more than one physical pack or cartridger a new file <can only
become a permanent file that exists when the program is no longer
executing by the same user doing a close operation on the file
and specifying in the CLOSE communicate operator that the file is
to become permanent. This implies that the file identifier is to
be entered in the disk directory and remembered by the MNCFP
forever. This also implies that the disk storage space cccupied
by that file is to be wused for no other purpose except the
various user manipulations that may occur within that file»
utiltizing a logical fite with the same File Identifier. Tha
Close operation is also described in detail 1in the Demand
Management section of this specification. Basicaliys», the Open
and Close operations both obey the rules presented in the
definition of the CO0B0L Language.

PHYSICAL DISK EILES

In order to manage all of the available storage space on a disk
devicer the MLP must maintain tables which tell it the storage
locations that are available for uses» the names of the files that
are already stored on the disk and the physical characteristics
of those files.

DISK SPACE ALLOCATIQN

There are three tabless each with the same format, that are used
by the MCP to allocate disk space. The master available table is
a non-expandable table of threge contiguous segments beginring at
the second sector on diska. It contains a 1ist of alit unusabie
segments wWwhich have been "XD=ed™ by the operator. The working
available table is a 10-segment table beginning at the 47th di sk
segment. It contains a 1ist of all available or unused space on
disk and is expandable as needad. The temporary table is five
contiguous segments and contains a Aist of all segments in use
pbut not reflected in the disk directory. This expandable table
begins at the 57th sector. At Clear/Start times all sectors in
the temporary tabile are returned to the available table. A
programmatic description is given belou:
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DEF INE
DISK.AVAILABLEL.DECLARATION ASH
DECLARE
01 DUMMY REMAPS DISKLAVAILABLE BIT{SEG.SIZE)»
02 AVL.FORLLINK D5K.ADR»
02 AVL.BACK.LINK DS5K-ADR>
02 AYL.SELF OSK-ADR>»
02 FILLER BIT(4)»
02 AVL.BLOCK(22)»
03 AVL.ADDRESS DSK.ADR»
03 AVL.LENGTH WORD; #7

EILE ACCESS AND IDENTIEICAIION

The disk directory is the structure which catalogues and points
to adl files on disk. £ach entry contains the file's nawe» types
and Disk File Header (DFH) address. The directory is a two=tlevel
structure containing a oprimary or T™master™ directory and a
secondary directory. The master directory is created at Cold
Start as 16 contiguous disk sectors beginning at sector 3l. E£ach
sector contains entries for elteven files. As 2ach sector is
filled» another disk segment i5 allocated and Llinked to the
fitled sector. If a8 file has two names» the primary nanme
(Multi-File IDentification) is placed 1in the wmaster directory
with a pointer to a secondary directorys where all the files with
that MFID are listed. The secondary directory is structured and
tinked in the same fashion as the wmaster directorye. A
programmatic description is given below:

DECLARE 01 DIRECTORY REMAPS BASE,

02 DISK.SUCCESSAOR DSK.ADR»

22 DISK.PREDECESSOR DSK.ADR»

92 DISK.SELF DSK.ALR»

92 FILLER BIT €12,

02 DISK.NAME NAME »

22 DISK.ADDRESS DSK+ADR»

02 DISK.FILEL.TYPE BIT C(4),

22 FILLER ' BIT (1200)7 2 11 ENTRY PER SEG

The Disk File Header (DFH) is a variable-length header records,
the size of which is dependent upon the nuasber of deciared areas
in the file and is computed as foilows:?

540-BITS5 + (36=8BITS %« NUMBER~-OF=-AREAS)
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The DFH is never less than 1440 bits nor greater than 4320 bHits
on diske It 1lists the physical characteristics of the file

including its_file type and the disk address Tor each area. Tha
fodlowing file types are reccgnized by the MCLP: ' T

LoG

DIRECTORY
CONTROL DECK
BACKUP PRINT
BACKUP PUNCH
DUNPF ILE
INTERPRETER
CODE FILE

DATA FILE ,
VARIABLE LENGTH RECORD DATA FILE
INTRINSIC FILE

DISK EILE IDENIIEICAIION

As discussed previously» Disk  File ;S&aders {DFH) .are the

structures wused to identify a file on disk. it is a
variable~length record which describes the physical attributes of
the file and contains pointers to each "area™ of the file. When

a disk file is "opened”» a copy of the DFH is copied into memory.
The header in memory points to the header on disk and vice versa.
There will never be more than one copy of the header for a file
in _memory at any time. Multiple users of the file will use the
same copy of the header. Maintenance of disk file headers is
coverad in another section. A programmatic description is given
pelowus

QISK EILE HEADRLR

DEFINE FILE~HEADERLDECLARATION AS #2
FHMAP(FILE-.HEADER)#>»

FH.MAP(FILE.HEADER) 4S5 %X

DECLARE 01 DUMMY REMAPS FILE.HEADER»Z

02 FH«USERS.RANDOM BIT{B)s X FORMERLY FH.CORELACDR

02 FHLNEWFILE BIT{1)»% CLEARED WHEN NEW FILE IS FILED.
02 FILLER BITC(T)»

02 FH.FILELKIND BIT(8)»

02 FHaSELF DSK+ADR»

02 FHeNOLUSERS BIT {8)»

02 FH+USERS.OPEN.OUT 8IT (&),

b2 FH.OPENSLTYPL BIT (&)

62 FHFILELTYPE BIT (4)»

02 FH.PERMANENT BIT (4)»

02 FHe JOB.WAITING.ON.CLDSE BOOLEAN.
02 FILLER BITL{9)», % DONT'T USE UNTILL 1877
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02 FHHDRWLSIZE BITC14)»%Z LENGTH OF MYSELF IN BITS.
02 FHNO-USERS.LOCK BIT(4)»
% NOLUSERS WHO HAVE IT OPENED WITH LOCK
D2 FH.RECORD-SIZE BITL{20),% LENGTH IN BITS.
02 FILLER BITC4)d»X DON'T USE TILL 1977
02 FH.RCDS.BLOCK BITC20)»%
02 FH«BLOCKS.AREA WORD»
02 FH-SEGS.AREA HORD»
g2 FH.AREAS.RQST BIT {(12)»
02 FHe AREALCTR BIT (12)»
02 FHeEOF.POINTER HORD»
02 FILLER BITC4)»XDON'T USE TILL 1977
02 FH.BP5.H0 BITL20)»X
02 FH.BLOCK.COUNT BIT(24)»X DONT'T USE TILL 1977. IGNCRED Sa.t.
02 FH.FORMAT BIT{3)»Z HITHERTO =0. FOR RELEASE, =1.
D2 FH.MPF BIT(1)»%X HITHERTO & BITS5.
02 FILLER BIT(24)>»
02 FH.CREATE.TIME BIT{16)»%X HITHERYO 0. HENIGE®S GENEROSITY.
02 FILLER 8IT(8)»
22 FHsUSER.INFO WORD»
02 FHeaSAVE.FACTOR BIT (123
32 FH.CREATION.DATE BIT (16)»
02 FHLACCESS.DATE BIT(16)s%
02 FH.SERWLND BIT(24)»,% DON'T REUSE TILL 1977. 5.1 IGNORE
D2 FHeMPF.AGDR DSK.ADR» X DONT REUSE TILL 1977
62 FILLER BIT(i)»
02 FH.UPDATELVERSION BODLEAN,
02 FH.OMS.WRITE.CONTROLS
03 FHODNS»YQ»EEDHRI!?EM BBGLEAN.’
03 FH.DMS.CONTROLPOINT BOOLEAN,
02 FH. VERSION BIT{35}» X YEAR,JDAY»TINE
02 FH.PROTECTION BIT (2)»,% HOST RJE
02 FH.PROTECTIONLIO BIT (2)»Z HOST RJE
02 FILLER e BIT (15)sX HOGST RJE
02 FH-AREA.ACDRESS (105) " DSKaADR»
03 FH.UNIT BIT (12)», 2
04 FH.-PORT CBIT (3), X
04 FH.CHAN BIT (4)» X
04 FHLOSERNOLFLAG BOOLEAN, X
04 FH.EU BIT (&), %
03 FH.ADDR BIT (24);

MULTI-BACK EILES

The 81000 MLP includes the capability to allow a file to extend

over more than one removable
known as a "Mudti~Pack File"

some Limitations on the use of such fitlesa
contain

or cartridges which
ramoved dindiscriminately.

pack or cartridge. Such a file is
{NPFJ. Quite obviouslys there are
The individuadl packs

the file may not bha
details ars

portions of
Yarious operational

contained in the ™B81700 Software DOperational Guide™.



3=40

BURRDUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP 31000 MCP 11
SANTA BARBARA PLANT P.5S. 2212 5462 (E)

BASE PALKS

A muiti-pack fide may have oply one ™Base Pack™ (BP). The na=z
of the base pack is the pack id as specifiead 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~iine for other operationss» such as the assignment of 3
new area of disk to the file. An appropriate message wWidl be
typed on the console oprinter 0y the MCP if the base pack is
required and it is not on~line. The operator may then mount th:
base pack and the reqguesting program wWwildl continue. The base
pack must be on 4ine when the file is closed if it was opened for
output or input/outputa.

A base pack may contain single filess, as well as multi-pack
files» in any combination. It may not» be a ™continuationr pack”™
for a multi=-pack file whose base pack is a different physical
pack or cartridges. o :

The file header for a multi=-pack file is contained on the base
packe. It contains aill information concerning the filesr including
the addresses of every area assigned on the base pack to that
file. 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 controi alil processing of the file and
thereby avoids the necessity of updating each continuation pack
as the file is processed.

CONTINUATION PACKS

A multi=-pack file may» by definitions veside on two or more packs
or cartridgesa. When the file owverfloWws or ™continues™ to
additional packss the term ™continuation pack™ is5 used. A
pmudti=pack fide may reside on up to sixteen packs or cartridges.
There may be up to fifteen continuation packs assigned to one
muditi=pack file.

A continuation pack may be associated with only one base pack. A
continuation pack may contain only continuation files’ it may
not be a base pack for another file. & continuation psck may
contain 1information associated with wmore than one multi-pack
filer Dbut ald of the files must be assigned to the same bpasz
packe.
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The file header, which is contained on the base pack for a
multi=-pack files» contains disk addresses for oniy those areas of
disk which are assigned to the base pack- The same statement can
be made of continutation packs? the file header contained on a
continuation pack contains disk addressss that are assigned on
that pack onily. The fide header on the base pack contains the
serial number of the appropriate continuation pack in the disk
address fields of the headers.

When a file overflows from the base packs the MCP will search for
another continuation pack that is already on~tine and that is
associated with the same base packe. If such a continuation pack
is5 founds the file automaticaldly overflows to that continuation
pack. If no such continuation pack is present on the systems, tha
NCP willk then search for a scratch packs one which has no fites
on its with the same type as the base pack. "Type™ here means
"restricted” or unrestricted” and is determined when the pack is
initialized.,

If such a scratch pack is founds the file automatically continues

to that packs If no such pack i35 founds the MCP temporarily
halts the program and prints an appropriate message on the
console printer. The program may he continued when a suitaple

continuation pack is present on the system.

HULTI=EACK EILE INEORMAIIGN JABLE

When a multi-pack file is openad inputs the file®s header is read
into memory from the base packs. When a multi-pack fitle is opened
outputs and nsus a header 15 constructed in memory frow
information in the program?s FPB and information from the base
packs. During OPEN the MCP widi find space on the system pack faor
a multi~pack file information table. The table will contain
specific information about the base packs, along with an exact
copy of the disk file header fram the base packa. This copy of
the header is treated as a working copy whilte the file is opene.
The header on the base pack may therefore not always be correcte.

The format of the MPFLINFOLTABLE ds presented below. Dne
MPF.INFDL.TABLE per file is requireds regardless of the number of
user s«
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FIELD NAHE

01 ¥PF.INFO.TABLE
02 MPF .FORWARD

02 MPF.BACKWARD

02 MPF.SELF

02 MPF.NAME

02 MPF.HEADER.SIZE

02 MPF.HEADER.ADDRESS

02 MPF.BPS.ND
02 MPF.OPEN.TYPE

02 MPF.NEW.FILE

02 MPF.NEW.AREA

02 MPF.LCS

02 FILLER

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

03 MNPF.ONLINE

B4 MPFL.5ERIAL.NO
04 MPF.HDR.DSK

IYPE

1322

36
35
356
30
2%

24

4

24
36

BITS
BITS
BITS
gITs
CHAR
BITS

BITS

BITS
BITS

1 BIT

1 8d7T

BIT

1 BIT

8175

BITS
BITS

Ju42

COMPANY CONFIDENTIAL
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CESCRIPTION

EE B E R P R

POINTER T0 NEXT MPF TABLE.
POINTER TO PREVIDUS MNPF TANDLE.
POINTER TO THIS MPF TABLE.
FILE-IDENTIFIER.

S5IZE OF COMPOSITE HEADER
MAINTAINED BY THE MCP.

POINTER TO THE COMPOSITE HEADER
IN MEMIRY.

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 WAS
ADDED.

MCP FLAG TO MARK IF CLEAR/ITART
WAS PERFORMED SINCE TEHIS ENTRY
WAS CREATECD.

TYPE OF PACK USED AS 8P.
1=RESTRICTED, 2=UNRESTRICTED
USED 70 RECORD ALL PACKS THAT
ARE ON-LINE.

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

DISK ADDRESS OF THE FILE HEADESR
ON THE PACK.

MULTI-pACK FILE GENEBAL BESIRILIIOANS

In addition to any

restrictions listed in the foregoing» the

items below are also applicable to multi-pack files.

i. Since a syst2mr cartridge may not be a base pack»
on systeams

files are only

drives.

operational

mul ti~-pack
with two or more

Ze Al{ packs containing any part of a nuiti=-pack file must have
unique serial numberse.
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ERINTER EILES

A1d Burroughs printers and controls have harduare capability of
spacing the opaper after writing a line of output but no
capability of spacing the papar before writing the 1ine. dith
the advent of the ANSI *74 COBOL Language in the 9.0 wversion of
the softwares, the nesd for a more efficient means of performing
the COBOL WRITE AFTER ADVANCING statement became apparente. In
prior versions», this operation was imnplemented by the cowpilers,
generated two actuat I/0 conmmunicate  operators for =each s5uch
statement encountered. The first of the two Wwas a Position
comnunicate or a WRAITE of a 1line of blanks’ the second was a
WRITE of the actual record with no paper motion specified. This,
of courser» resulted in tuwo commundcates as well ss two physical
I0s for every 1ogical WRITE AFTER ADVANCING operation. The
change described below was first implemented in the %.0 Operating
System and is included in ali subseguent versionse.

The goal of this wmodification was to reduce the nupber of
communicate operations to one per iogical 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/ operation untid the folilowing
{ogicat WRITE is received. By knowing both the previous and
current logical I70 requ2sts» a phystical I/70 can be initiated
which corresponds to the first reguest and takes advantage of the
Burroughs hardware.

The diagram in Figure 1 shous the relationship between the last
logical request issued by the users the current logical vrequest
and the actual physical I/70 operation that wiill be performed.
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\
Current\ Pending
Logicat \ Operation
Reque st A
] Nuld Hrites No Space Hrite Before
3 Single Space
G T o
Write, 1 No=ops { Write» No Space 1 Writes, Space 1 |
No Space 1 Pendingi= 1 Pendings= 3 Pandings= 1
1 Writes/No 1 Hrite/No i Write/No 1
B e o o ] - " - -
HritesB8 1 No=o0p» 1 Mrites No Space 1 ¥rites/B Space 1 1
Space 1 1 Pendings= 1 Pendings= 1 Pending2= 1
i Hrite/B Space 1 1 Write/B Space 1 1 HWrite/B Space 1 |
Write/8 1 Hrite/B Space 2 1 Yrites, No Space 1 Write/B Space 1
Space 2 1 Pending:=Nudll 1 Write/8 5S5pace 2 § HWrite/B Space 2 1
1 ! Pendings=Nutl ¢ Pendings=Nill 1
oy " "
Write/A 1} Space 1 1 Write/8 Space 1 1 Hrites/B Space 2 1}
Space 1 1 Pendings:= i Pandings= | Pandingi= ]
t Writes No Spaca 1 Write» No Space 1 Writes No Space i
R L e L Ll Rl L et bt il
Write/a 1 Space 2 ! Hrita/B Space 2 {1 Hrites/B Space 2 1
Space 2 1 Pendings:= | Pending:= 1 Space 1 i
! Writes No Space 1 Hrites, No Space 1 Pendings= 1
i ] 1 Hrite» No Space 1
A e -
Write/3 1 HritesB Channel 1 Hrite» No Space 1 Hrite/B Space 1 1
Channel 1 Pending2=Nuld 1 Write/8 Channel | Hrite/B Channetl 1}
i 1 Peondingt=Nudl 1 Pending:=Nuil 1
o i -
Write/A 1 Space Channel 1 Write/B Channal 1 Hrite/B Space 1 |
Channai 1 Pendings= 1 Pendingz2= 1 Space Channe4 1
{1 Write» No Space 1 HWrite, No 3Spaca 1 Pendings:= 1
1 i : J Hriter, No Space 1
R R e bt Bl bl bkl bttt ettt bbbt E S bk
Space N 1 Space X { Write/B Space x | HritesB Space 2 1
1 Space (N=x) L Space (N=x) i Space (N-1) 1
1 Pendings=Nuii 1 Pondings=Nutl 1 Pending3=Null 1}
B -
Figure 1 = Logical/Physical I/0 Relationship
In the preceeding diagram» the operations within the table

=44

correspond to the actual physical I/0 opsrations that will b2
performeds Wwhich witl1 depend upon the current logical reguest
supplied by the user and any operations that are still pendirg

from the previous raguest. Write/B and Write/A may be read
“yrite Before™ and “Hrite After™. The symbol {3=) may be read
"is replaced by". It c¢an be seen in the diagram that soge

togical

requests widd» at timese result in two physical
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operations being initiated. Under these conditionss it may be

beneficial to supply =ach printer file with at least two buLfferss
if the execution time of the program is the only concern. Total
system throughput will not be impacted significantiy regardless
of the number of printer buffers and the types of operatiors
being performed. I1f the MCP must wait for the completion of ary
printer ophysical 170 oparations thes time that is spent waiting
widll be masked by the processing of other programse.

Along thess same lines» it should be remembered that any time a
Write operation dis {deft pending and control is returned to the
usery the MCP must have an available buffer to store the data
that 1is to be written. If no buffer is availabler coantrol may
not be returned to the requesting user until a buffer becoses
availablea. Agains this time Wwild be overlapped with ths
processing of other programs and system throughput should rot b=
significantly impacted.

The action presented in the opreceeding chart for a 3pace
operation requires some explanarion. A Space of more than tuo
lines must b2 handlied by the 5.H4CP. The Micro MCP will attemot
to space the reguested number of {ines without caliing the S.MCPF,
but this 1is5 not always possible. In the diagrams» when ths
Pending agperation i5 equal to Nulds the Micro MNCP widtt space the
paper one or two liness, dndicated by "x™ in the diagrams and if
N=x is greater than zeros it will pass the remainder to the
S.MCP. Similarlys when the Pending operation is equal to 3 Write
with No Spaces the #icro MLP widd dissus a WritesB Space 1 or 2
tiness also indicated by "x™ in the diagrams» and if the resainder
is greater than zeros pass it to the S5.MCP. When the Pending
operation is a MHWrite/8 Space 1» . the Micro MCP widl issue 1
Write/B Space 2 and pass N=1 to the 5.MCP» if N=1 > D.

LINAGE Clause

The LINAGE clauser 1in ANSI 74 CDBOL dis a mechanism which alious
the wuser to define a "Logical Page”™ format and reguest that the
Operating System maintain printer pages wWhich conform to the
defined formats as well as a «current line position on that
{ogical page. 1In the languages the user may specify the Lngical
Page sizers an integer which represents the number of Lines that
may be printed on any page. This attribute wili 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 Lower Rargine a similar
area at the bottom of each pager and a Footing areasr a specified
number of 1lines in the page body immediately above the Lower
Margin area. The wuser may also ask to know the number of the
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{ine in the page body Wwhera the last {ine of output was oprinted.
This raquires that the Operating System maintain a line counter,
which witl be the number of lines written on the current pags.

The implementation is called the ™Logicat Page™ function in the
Operating System and it includes the followings

1. Positioning to the beginning of the page body i.e. past the
top margin at OPEN or at page overflows

2. Reporting End-of-Page when the user writes or spaces wWithin
the footing area and reqguests E0P reporting.

3. Detecting page overflow. Page overflow is defired as
occurring whenever the exscution of a WRITE would teave the
{ine counter positioned past the page bodys.

4. Updating the {logical page description when switching fronm
ong Hlogical page size to another.

Essentialiys the implementation nbeys the rules presented in the
ANSI "74 C0OBOL specifications. The operating systes wild
maintain a 1ine counter» a current logical page description and a
new dogical page decriptiona The line counter represents the
position on the page body foldowing the opsan or the last dogicatl
Wwrite. The current logical page description is used to detect
end=of=page and page overflowe The neuw dogical page descriptieon
is wused to initialize the current logical page description when
page overflow is detected and to calcudate the number of {ines to
the first {ine of the next page bodyas

If the wuser has specified end~of-page reporting and the lirne
counter is greaater than or equal to the line number at which the
footing beginss then on conpletion of the WRITE», £0OP is reported
to the user. I1f the 4ine counter wWouid be greater than the line
number at which the bottom margin begins at the end of the
{ogical WRITE» an implicit position to the first line of the next
page body is generated according to the befores/after variant of
the write statement. At this point the {ine counter will be set
to0 1« The number of dines to skip is calculatsd according to the
following formula:z

{ines«.to.s5kip 2= currenta.page.body~size =~ line.counter +
current.bottoB.margin.siza * ned.top.margin.size’
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The Logical Page description is updated if necessary when a write
occurs that causes page overflow or whenever an advance to top cf
page oCCUrS»

To access the line counter vrequires a File Attribute Communicate
from the wuser progwvanm. This witdl be of no concern to ANSI 74
COBOL userss they need only be concerned with the proper syntax
in that language for refarancing the dine counter. The Logicai
Page definition is changed to the values included in the Mrite
Communicate format whenever page overflow is detected. To
accomodate2 the above requirements» the format had to be expanded
as shown in Figure 2 in the WRITE AFTER ADVANCING section of this
document presented previousiy.

The Logical Page iamplementation, since it is implemented entirely
in software, is useable even when the file is directed to a
Backup mediuna The Logical Page implementation is also wuseabtlz
by programs that are written in languages other than ANSI *T74%
€£0B0L. This is effected by the dimplementstion of additianal
syntax in the FILE Control Card. Progarms may be permanentiy
modified to incorporate the required new attributes. The Logical
Page function is activated by the PAGE.SIZE attribute in the File
Parameter Blocke. When s printer file is5 opened and PAGE.SIZE
contains a value other than zero» page format widl be controlied
by the Logical Page sofiware implementation and the ophysical
carriage controil tape on the device will be completely ignorad
after the file i35 open.

It is important to note that the Channel One punchs, as well as
the <Channel Twelve punch in the carriage control tape i5 ignored
after the file is open. According to ANSI 74 cOBOL
specificationss this is as it should be but it dictates that the
attributes which govern logical page format nmust 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 physical
page. If this is not donses then eventually at fteastr lines will
be printed on the crease between the physical pages.
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The relevant attributes @ay be referenced in the FILE Control
Card as shown below.

Attribute Abbreviatrion Function

PAGE.SIZE Pl The number of lines betueen the
Upper Margin and the Lower Margin.
May be sat to any value betwaen 1
and 255 inclusive.

LOWERLMARGIN LM The number of lines from the page
body to the bottom of the fors.
May be set to any valus between
0 and 255 inclusive.

UPPER.MARGIN UM The number of Lines from the botton
for top) of the form to the page bhody.
May be set to any value betwesen
0 and 255 inctusive.

FOOTING ‘ £F00T7 The number of lines from the
beginning of the page body»
within Page.sizesr to the point
vhere the MCP wiid begin to
report end=of-page to the user.
May be set to any vaiue between
1 and 25% inclusive.

PRINIER AND PUNCH BACKUP CAPABILITILS

The MCP includes the capabitity of directing the output data for
printer and punch files to intermediate storage. The storage
medium may»s at the  wuser?s option, Bbe magnetic tape or disk.
Backup files may not be directed to cassette or flexidisk media.
A utiiity routine» named SYSTEM/BACKUP, is provided to altow
users to retrieve the output data from the intermediate storags
medium. For details on this routine» refer to Product
Specification 2222 2681» Systea Backupe.

When the ocutput is directed to magnetic taper sulti=-file tapes
are creatad unless the opesrator intervenes in sSope mannav. If
the operator does not intervener the tape will be closed with no
rewind when the printer or punch file is closed in the progranm.
The next printer or punch fitle which is opened by any executing
program and directed to backup tape storage will then be added to
the existing tape. This process will continue untidi the operator
intervenes or untii the physical end of the tape reel is reached.
Operator intervention procedures are described in the Software
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Jperational Guide and in the MCP Control Syntax Product
Specification.

When the output data is directed to intermediate storage on disk.
it is entered dn the Disk Dir2ctory wWwhen the printer or punch
file in the program is clioseds At that times it may be accessad
by any progranms though - ths data contained therein may bhe
undecipherable uniess the accessing program is written exgressly
for this purpose. The file may nots under any circumstancess be
accessed prior to the time the fite is closad.

BACKUP EILE BLOCKING EACIORS

The OPEN routine in the MCP attempts to optimize the size of the
physical blocks associated with a Backup filer according to the
declared size of the logical records in the file. The block will
typicalty be set to a size equivalent to three or four disk
sectorss @ach of 180 bytess» by the MH{P. in order to predict the
block size that the MCP witl select for any given logical record
sizer i% i5 necessary to consider the control information that
the MCP stores in the first physical hlock of the file as well as
the declared record size- The algorithm that is used by the MCP
to select a block size i5 not easily described. The block size
which is selected is stored in the fiie label, for tape filese
and in the Disk File Header for disk files. The iogical record
size is also stored in these fields.

Consequentiy» using the Default File Attribute» which 1is
described in the Software Uparational Guide and in another part
of this specifications, the user may access Backup files «ithout
knowing the blocking factor and logical record size in advance.
Since the algorithm that is used by the MCP to calculate block
size may change from wversion to versions this ®eans of
determining the blocking factor used is preferred. The algorithn
that dis inciluded 1in the B.D vearsion of the MCP is described in
the paragraphs that follow.

The logical record size declared in a file in a wuser's progranm
may be any size. if the file is5 directed to Backup storager it
is set to a maximum of 132 bytes. The Logical record size 1is
then dncremented Dy tso bytes. This additional sixteen bits of
information is necessary to contain the formatting information
which is5 passed with each HWrite and Position cormunicate
operator. vy ’

If the file is being directed to magnetic tape» the record size
is then incremented» §f necessarys to force it to a nusber which
is modulo forty-eight. This is necessary since seven=track tape
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units require block sizes which are modulo six and phase=encoded
drives require block sizes which are modulo sixteen. It would
not be sufficient to idnsure that only block sizes weet this
requirementr, however, since the blocks on any tape file may bhe
partial blocks which contain on2 or more records.

The buffer size widl always be made {arge enough to contain 100
bits of controd information ptus 1668 bits to contain the
originat File Parameter Block as it appesred in the user's
programs pluss, if the filde is5 a printer file» 1072 bits to
contain a fide tabel pius its associated spacing information. If
the originad file is a punch file» a space of 548 bits is
reserved for the 1label instead of 1072. The one fact which
compiicates this calculation is that all three of the itess
listed above must begin on a logical record boundary within the
physical block. Consequently, for a file with s declared record
size of 132 bytess which is converted to 134 bytes or 1072 bits
by the OPEN routines the FPB will begin on the 1073rd bit in the
first physicat block of the file. The file label» if there is
ones wWill begin on the 3217th bitvt (3 x 1072). The first output
data record Wil then begin on the 4289th bit. The bleck wiil bhe
made large enough to insure that the first block contains at
{east one dogical record in addition to ail of the information
L{isted abovea

For backup files which are directed to intermediate storage on
disks the block size computed abowve is then incremented, if
necessaryr to make the size module 1440. The number of records
per block 1is then coaputed from record size and block size.
End=of=File is never reported to 3 user program when a Backup
file 1is being created. The MCP automatically closes the file
when it is full and also automatically opens a new Backup file.
The iddentifier assigned to the sscond file will revert to the
standard naming convention for Backup files. The NFID witd be
set to EBACKUP.PRT and. the ID field will be set to the next
sequential number maintained by the system. All other Backup
file attributes» such as the number of copies requestedr, will be
retained in the second and subsegquent files, T Only the nams
requestad by the user wiil be {ost.

The MCP also allows users to specify the fite attributes Blocks
per Area (BLOCKS.AREA or B.A)» Records per Block (RECORDS.BLOCK
of Ra8)» and Number of Areas (AREAS or ARE) for printer files and
these specified values witd override the system's default wvalues
for the same attributes. lsing the proper setting of these
values and the automatic closing and reopening described in the
preceeding paragraphs users may Dbegin printing a Backup file
while the program which created dt 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 aonily when
the file is directed to a Backup medium. Also» the value
specified for Records per Block must be greater than a minimunm
value» wWhich is a function of the record size associated wWith the
file and which is computed by the MCP when the file is opened.
It is reccomended that wusers not set Records per Bleck for
Printer files in the use of this facility but establish the file
size via the Blocks per Area and Mumber of Areas attributes onty.
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 value that witl be computed for Records
per Block by the MCP for any other given record size is to direct
such a file to the backup medium and interrogate Records per
Blocke.

The MLCP dinsures that access to a backup fide is in serial mode
only. If the user had requested more than two buffers on the
original filer the number is reduced to two on the backup file.
In a similar mannars the MCP dimits the number of disk areas
requested to 25. + The file type in the original FP3 is then
changed to indicate that the file was directed to disk or tape
intermediate storage.

BACKUP EILE CONIROL INCQRMAIION

The first block in any backup file is filded alwost entiraly with
control information. This information is used by SYSTEM/BACKUP
when the file is printed or punched. The first tuwenty=four bits
of the block widl contain the logical record sizer» in bitses as
computed by the prior portion of the OPEN routinea. The next six
bits of the block wil contain the number of bits that the record
size was incremented to make it moduloc forty=-eights, if the backup
medium was magnetic tape. iIf the backup medium wWwas disks these
5ix bits will be equal to zeroe. The next sighteen bits specify
the control information sizes in bitse. This field will contain
the number of bits which are used in the first block of the file
to <contain the control informations exclusive of the fFite
Parameter Block and the label. In the 9.0 version of the MNCP,
this number widl 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 bitsa This number may vary frow release to release. Ffor the
9.0 version of the softwares the FPB size is 1668 bits. The naxt
twenty~four bits will contain the size of the tabels if any,
associated uwith the printer or punch file. This field wiit
al ways contain these vslues» regardless of whether the file is
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1abeled or note. The next four bits widdl contain a number which

specifies the type of itabel that is contained in the label area.
In all casess at the present timesr this number will be either
zeros indicating a standard 4abels or ones indicating that the
file is uniabetled.

Uniess the computed logical record size of the file is exactly
equal to the size of the control information Llisted abover, 100
bits for the B.0 version of the MCP» a fillar will be added after
the control information. This fidler wilit be of a size
sufficient te make the next fisld in the ¥first block.» the FP83,
begin on a logical record boundary. For example», if the originatl
logical record size was 132 bytes and the backup medium was disks
the fidlder wouldld consist of 964 Dits.

The next field in the first oblock of the file will be the
original Fite Parameter Block as it appeared in the user progran
and before any changes wWwere made by the OPEN routine. Only
pertinent informations delimited by the size specified by
FPBeSIZE widl be inciudeds Following the FPB» another filler
will probably be required to make the next fisld in the first
blocks the original file 41abel» begin on a logical record
boundarya.

Actuallys» sixteen bits of spacing information precedes the file
fabel? the spacing information thus begins on the logical record
boundary. For the labels, all of the sixteen bits will be set to
zeros These sixteen bits wild be followed by the labels which is
constructed exactly as if the file had been directed to its
intended medium ordiginaldy. The 1abel is always constructed and
stored in the Backup files regardless of whether the originail
file was labelled or not. SYSTEN/BACKUP may or wmay not caise the
label to be printed or punched» depending upon whether the file
Wwas or was not labetied. The label in the first block will be
foltowed by a fidders if necessarys to allow the first logical
record of output data to Dbegin on a fogical record boundary
within the block. The first block witll atways centain at ileast
one logical output record. ' :

GACKUP EILE LOGICAL RECORD EORMAI

fach logical record in the file Will consist of sixteen bits of
formatting information foldiowed by the user®s outout datas
unaltereds If the tlogical record was generated by a Position
communicate operators the contents of the data field are
unde fined and are ignored by SYSTEM/BACKUP. The sixteen bits are
defined as foliouws.
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Beginning with the 9.0 version of the softWware» the sixteen bits
of carriage control information are subdivided as:

01 CARRIAGE_CONTROL BIT €16)»
32 FILLER BIT {33»
02 BEFORE_AFTER BIT (1)»
02 CHANNEL_DR_SPACING BIT (8)»
02 TYPE BIT (4)3

In the description aboves, the BEFDRE_AFTER field is applicabile eon
WRITE operations which are directed to a printer file. A one in
this bit position indicates the operation was WRITE AFTER
ADVANCING. The CHANNEL_OR_SPACING field corresponds to the aight
bits of spacing information passed on a WRITE communicate in the
CT.ADYERB field in the communicate operatora. These bits are
defined in the Demand Management section of this documents bHut
the definition is repeated here for reference.

CHANNEL _OR_SPACING

0000 = Bo paper motion
0001 = 5kip to Channel One
0002 = Skip to Channel Two

-

i

1011 = Skip to Channel Elewven

1100 = Skip to Channat Tuelve

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

111D - Single spaca.

1111 ~ Double space

oo

non

The TYPE field in the description provides information on the
type of communicate issued by the user on this record. The
CARRIAGE_CDR_SPACING value will have different meaningss depending
upon the value of the TYPE field. The correspondense between thz
two is shouwn boelow.

TYPE Operation CARRIAGE_OR_SPACING Value

coao WRITE Printer Channel Number

0001 HRITE Punch Stacker Numsbar

0010 SPACE Number of Records to Position

0011 SPACE Printer Channel Number on Position

€100 WRITE Printer S5Spacing Information



3-54

BURROUGHS CORPORATION COMPANY CONFIDENTIAL
CONPUTER SYSTENS GRDUP 81000 MCP II
SANTA BARBARA PLANT PaS5a 2212 5462 (E)

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




3=55

BURROUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMNS GROUP B1000 MCP 11
SANTA BARBARA PLANT PaSe 2212 5462 (F)

Belative File Disk Initialization

The wuse of presence bits to indicate that a record has been
written into an available record slot means that disk areas that
are allocated to a Relative file must be initiatized when they
are allocated. ALl presence bits in the d8lock Controd
Information must be set to zero at this time.

When a disk area is requiredsr the MCP will be responsiblie for
aliocating the arecar and wil1l  also be responsibile for
initializing opresence bits. If the access mode of the file is
sequentials, the MCP just allocates the area and the Logical 179
routines Widd initialize each block before accessing ita. If the
access mode is random or dynamic», the MCP widl dnitialize the
entire area being allocated by automatically executing a special
initialization program which widl run at the user®'s priority.
The wuser will have the option of executing this program himsal f»
prior to executing the program which accesses the filesr to
initialize the entire file or any areas he choses. In the
sequential moder if the file is closed with the EOF pointer not
at the end of an areas» the MCP will dnitialize the rewmainder of
that area.

The program which initializes newly aliocated disk areas for
Relative files is called SYSTEM/REL.INIT. If this program is
called auvtomatically by the MCP as described above» the program
which reguested the new disk area will not be allowed to execute
until SYSTEM/REL.INIT has completed the initialization of the new
area. ~

Belatiye Eile Parageter Blocks [FP3s)

The ¥FPB for a relative file is the same as fbraa Converntionatl
random file except that FPB.ACCESS is set to a vaiue of 2.

Belative Disk Eils Headsrs (DEHs)

The OFH for a relative file is the same as for a Conventional
file except that the block size field widl include the size of
the block control information.
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Belative File Informatiop Blocks LEIBs)

The FIB for a relative file is the same as for a Convenrtional
random file» except that a field which identifies the file as
being Relative has hean addeda. The field 5 named 1the
FIB.ORGANIZATION fieldd and can assume values of zeros indicating
a Conventional ovr ANSI *74 Sequential file» oner» indicating a
Redative files and twor indicating an Indexed Segquential file.,

Buffers for Relative files will be the same as for Conventionsatl
files. They will be allocated when the file is opened with ore
170 descriptor for each buffer and the buffer size equal to the
block sizesr which is equal to the record size times the number of
records per block plus the size of the block control informaticon
{1 bit/record made modudo eight).

Buffer management for Relative files widll depend on the user?s
access method - Sequential», Random or Dynamic. For Random access
the management of the buffers widl be the same as that for
Conventional random filesa. READ operations «€ill be initiated on
demand and WRITE operations will be initiated immediately after
the {ogical 170 operation has occurrede. If the access wmode is
Sequential, the buffer management widl be the same as that for
Conventional serial files. The Dpen procedure witl fidl ali of
the buffers and the Operating System widll try to stay ahead of
the user programs dnitiating physicali Read operations when the
{ast 1logical record in a buffer has been delivered to a user and
initiating physical Write operations when the last Logical record
of the buffer is received.

The Dynamic access mode in ANSI *7&4 COBOL allows the usar to
sWwitch between the Random and Sequential modes. In the Dynamic
access mode» when switching from Sequential to Randoms» the last
block is swritten to disk if it has been updated. When switching
from Random to Sequential» the SMCP is called on to fitl the
buffers as if an OPEN or Position had occcurreds. in the Dynamic
access modes ‘the access mode desireds Random or Sequentials must
be specified in the communicate operater generated bY each
logical READ operation. ‘

Belative File Commupicate Qperaiers

Three new communicate operationss corresponding to the verhus
DELETE» START and REWRITE have been added to the 9.0 Operating
System. To simplify the implementation and to avoid potential
fite equivalence problems, new communicate operations for
relative fidles have been added to the softwares rather than
modi fying an existing operation. The READ» WRITE and REWRITE
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communicate operators have a format which is similar to the
format for the READ» WRITE and REWRITE communicate formats far
conventional files. The format for the DELETE operations on
Relative files» 1is similar to the format for the same operation
on Indexed Sequential filesa. The ANSI *7% COBOL START verb has
been implemented as a new communicate and is handled by the Micro
MCP.
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indexed Ssguential Eilss

Indexed Sequential files consist of two new primitive file types:
Direct files and Index files. for each Indexed Sequential file
there 95 one and only one data file and this fite is implemented
as a Direct file. For each key of the Indexed Sequential file
there is a corresponding file of type "index". In the NCP code.
these two types are Aiisted as INDEX.SEQ.DATALSETLFILE and
INDEX.SEQ.INDENLFILES they wild be refferred to as Direct files
and Index files in this document.

Direct Files

Direct files were discussed in the documentation on Relative
filesas A portion of that discussion 1is repeated here for
conveniance. More details wild be found in the preceeding
discussione. A Direct file is a primitive file type that is
divided into a number of "record slots™ of fixed lengths, each of
which m@may contain one record. A record siot is "eapty™ if it
contains no valid record. Fudl record siots may be made empty by
deleting the records they contains making the contents cf that
stot inaccessable by the normal mechanisma. Since all obit
patterns are potentially meaningful as a recordr, a bit flag is
paintained for each record stot to show the wvalidity of its
contentse.

Since ald record slots are +the same size (MAXRECSIZE) the
absolute disk address can be essily calculated from the record
slot number. - The file is divided into groups of record slots
called "blocks™» each consisting of ™blocking factor™ record
stots plus the *™Block Control Information™, a bit mask which
indicates the presence of a valid record plus encugh filler bits
to make the container modulo eight. There_ is a significant
di fference between the Biock Control Information for a Direct

file and an Index fide, however .

Index Eiles

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

will constitue a separate table. The importance of ¢this fact
Widl be suplained later.
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The records in the Index file consist of Key/A S pairs. The

addresses point to other tables in the Index file ar to records
of the Index Sequential file's data files the Direct file. The
tables in the Index file form a tree structure and the records in
the table are ordered by Key value to allow fast random access.

The tables wWhose entries point to data records are linked
together to allow fast sequential accesse

Cluster Eiles

In addition to these two new file typess there nmust resides
somewhare on diske information redlating all of the various files
which compose an Indexed Sequential file. This information is
maintaineds by the MLPs in a3 third new structure which witd be 3
separate conventional fidle on disk and which will be known as a
"Ciuster” file. The name of the Cluster file will correspond to
the user?®s decdared name for his Indexed Sequentiail file. In the
MCP codes this file type is referred to as an
INDEX«SEQ.GLOBALFILE» though it will be called merety a Cluster
filde in this document.

The Cluster file provides the abitlity to reference the entire
indexed Sequential file structure by simply creferencing the
Cluster file. When the Compilers generate code which applies to
Indexed Sequentiatl files, they actualdy reference the Cluster
file. The Cluster fide will contain the names of the other files
associated with the Indexed Sequential file. As mentioned
previously, there wili be one Index file for each key listed in
the Indexad Sequential file.

The statement above does not mean that atl of the Index files
will be opened when a Cluster file is opened. The Index files
are oniy apened when they are first referenced in the progras and
this actually happens automatically. '+ The <compiters do not
generate code to open the Index fides. The MCP simply detects
that the referenced Index file has not yet been openeds cbtains
the necessary information from the Cluster file» and opens thea
fii.e-

The Cluster file does require am additional Disk File Header in
me mory» _ggiﬂﬂﬂﬁii__nhiia_Man‘wiﬁggxed Seguentiat file is being
opened. It i5 not necessary for it to be in memory after the
Fite has been openeds The Clduster file also adds an entry to the
user's disk directory. The diagram below shows a3 Cluster file
schematicaliy. This particular file has one primarys or "Prime™
Key and one Alternate Key.
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This organization for Indexed Sequential files offers severatl
advantages over any other. Each files the file shich contains
the actual data and adl of the Index files» Wwilt have fixed
record and block sizesas This will sigplify the problem of
managing the buffers that are assigned to tha files. gath of
these fitle types are nothing more than Conventional files with
some order imposed upon the contents of the file, Consegientiy»
the 0Oisk File Headers» or "Fidle Descriptors™ required for each
file are the same as those for Conventional files. This 1is
discussed in more detail later in the document.

Conceptualdiy» this mechanism is easier to visualize and implement
than would be multipla structures residing in one physical file.
Al s0» any of the files may be located an different spindles,
which will cleartly improve performance» since arm movement time
may be overlappeds and sccess to all of the files may occur
asynchronousiy. The Direct file and the Index fide may be
accessed independently of sach othera

The design does impose certain restrictions» which fall in the
category of ™operational”™ restrictions and which do not dapact
performance. A checking mechanism is required to insure the
integrity of files which are accessed independentiye. The MCP
gust insure that the correct version of the Index file is used
Wwith its corresponding Direct fite. Also» some extra memory for
Disk File Headers wuilil de requiredr since more actual Feaders
will be required. A naming convention for ali of the files must
be imposads thus removing some small amount of generality froa
the user?s capabilities. This may actuaily be an advantages
however. The naming convention is implemented in the Compiler,
not in the MCP» though this may not be apparent tor» and should
not ba important toc the user.
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The Cluster file is a Conventional data file which contains the
information relating all the component files of the Indexed
Sequential file. The structure of the Cluster file ¥s similar to
the Data Base Dictionary format in the Data Managemant System.
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The DFH.EXTENSION and Structure Descriptor fields shown above are
both discussed in the paragraphs that foliow. 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 Situcture

The data file of an Indexed Sequential fite is a Direct file.
The blocks of 'the data file contain Block Control Information
{BCI) and data recordss similar to the blocks of a Relative fite
as presented previousiy. Tha number of data records in a block
is specified by the Records per Block fiedd of the disk file
header. A similar structure is used on Indexed Sequential filas
in the Data Management Systenm. Block Control Information for the
Index files associated with atl Indexed Sequential fites is
significantly different from that for Relative files.
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Indexed Segueniial Ipdex Eile Structure

Index files contain records consisting of HKey/Address pairs
within a block. The fide itself is a tree structure whose nodes
are blocks. Fach block of the file is a node or table. The
first node is the root table. The root table and tables on atli
{evels except the last are called coarse tables. The tables 1in
the tast devel of the tree are called 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 a record in the Direct file whose ey matches the fine
table entry {See Figure 3). Fine tables are linked together in
togical order to provide fast sequential access and easier
Current Record Pointer (CURRENT) maintenance.

The addresses in these tables are not absolute disk addresses.
Insteads they are thirty=two bit combinations of an area number»
a segment number wWithin the area and a displaceasent into the
segment. This displacenment is merely the record nunber within
the biock. ALl addressing of Index tables as well as of records
in the data file is accomplished on a relative hasis as opposed
to an absolute one.

The blocks in Index fites contain Block tontrol Information of a
di fferent content and format. The format and content of the
Biock Control Information maintained in an Index file is showun
below. A similar structure exists for DMS Index files.

01 INDEX.FILE BCI BIT (38)»
02 B8C.TYPE BIT (2)»% 0=COARSE» 1=FINE
02 BC.PRESENT.RECORD.COUNT BIT (12)»

02 BC.NEXT.LOGICAL -BLOCK ' BIT (24)5% VALID FOR FINE TABLES

The individual records in the Index files have a3 fixed format;
since the Key specified by the user must be contained in thase
recordss the size of the records may vary With the keys but the
format will always be as shoun below. The same format is itsed by
the Data Management System for records in Index tables.
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01 INDEX.RECORD DECLARATION.X FOR DMS AND ANSI *7& INDEX FILES

02 IR.POINTER»
03 IR.AREA.DISP»

04 IR.AREA.NMBR ' BIT(8»
04 IR.SEG.NMBR ‘BITI{18)»
03 IR.OFFSET BIT(8)» X VALID FOR FINE TABLES
02 IR.KEY BIT(KEY.SIZE)>

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

This structure for the Index files allows the idmpléementation of
the most efficient search and addition algorithums. Linking the
tast devel of the fine tables together attous efficient
sequential access of the records in the data file. Using this
Link, the CURRENT need only point to the last entry accessed in
the fine tables and not to the path through the coarse tables to
the fine tables. This eliminates the need for restrictions on
the number of devels allowed in order to maintain the CURRENT.
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It also makes checking for changes in the CURRENT» caused Dby
other users accessing the filer easier.

The File Parameter Block (FPB) of the Cluster file of an Indexed
Sequential file widl be positioned in the code file among the
other FPBs according to the order of it?s declaration in the
user?s source code. In addition to thes information norralily
contained in an FPB for a Conventional filer 3 Cluster file ¥P3
widll contain a type field which identifies it as a Cluster fils
FPB» a pointer to the data fiie FPB and an integer which
indicates the number of keys associated with the Index Sequentiatl
file. There widt be one FPB for each Key declared and these FP8s
will immediately follow the FPB for the data file in the code
file 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 waluesa. The number of disk
areas wWilt be set to ones vrecords per block wiil be set to one.
block size will be set to 180 hytes and blocks per area witl be
set to 50. The ALL.AT.OPEN boolean wildl be sets causing the disk
area to be allocated when the file is opened for the first time.
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% New field in 9.0 Software
Figure 3 = Code Fidle on Disk

Some changes were also necessary in the Program Parameter Block
in the 9.0 softuare. The changes are required to prevent
programs which contain Relative and Indexed Sequential fites fram
being executed on versions of the MCPs releasad prior to the 9.0
version. fur thers, program code files which are executed under
control of the 9.0 MCP may no ionger be exscuted under controi of
any prior MCPs. For this reasonr, users who anticipate returning
to prior versions of the NCP are adwvised 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 Seguential Memory Structures

Generatly» the memory structures used in the Indexed Segquential
implementation are much dlike the current Data Management Systea
memory structures» with but a few exceptions which take advantage
of the more specific requirements of the ANSI 74 CCBOL
definition. Unlike DMS» which does not use File Informaticn
Biocks in memoryr, Indexed Seguential #files will have an FIB
dictionary entry which will point to an Indexed Sequential FIE.
Since the files may be shared among the prograss that are
executings this FIB widl contain only the information pertinent
to a specific user and will be referred to as the User Specific
Information (USI) field.

The USI will contain a pointar to the file specific information.,
the information that relates only to the file 1{itself regardless
of who is using it. The central edlement in this structure is the
information necessary to relate the various component files of
the Indexed Sequenti al filtes  This is actuaily globat
informations global to all of the userss and will contain a table
whose entries point to information specifically concerning the
component file. The structure which contains this inforwsation is
referred to as the Index Fite Structure Descriptor {STR). Ther=
will be one Structure Descriptor for the data file and ore for
each Index file associated with the Indexed Sequential file.

Structure Descriptors contain pointers to the DFHs, Buffers and
CURRENT information associated with the various Index files. The
relationship of the various memory structures wused is shown
di agramaticalty in Figure 4.
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Figure & = [=S Fite Memory Structures

EIB Dictionacisgs

From the user's view points Indexed Sequential files are mores
tike a Conventional Random filas except for the fact that
symbolic key values are useds than they are like DMS strictures.
Though the Data Management System is a superset of the Indexed
Sequential implementation, the wuser §s more likely to have
several small and transient Indexaed Sequential files than one
large file which he would treat as a data basee



3-54

BURROUGHS CORPORATION CONPANY CONFIDENTIAL

COMPUTER SYSTEMS GROUP B100O MCP II
SANTA BARBARA PLANT P55+ 2212 5462 (E)

4 secondarys but importants goai of the design of the ANSI *74
C080L implementation was to allow a3 smooth integration of
Relative and Indexed Sequential fiiles with the Lonventional file
mechanisa. For this reaasen and for other reasonss 3CCe€5S to an
indexed Sequential FIB is via the FIB Dictisnarys which is alsa

used to access Conventionad file FiIBs. The FIB for an Indexed
Sequential fite i3 itself quite different from  the FIB3 for a
Conventional file. The Indexed Seguential file is associated

with several physical filesr» whereas the Conwventional file is
associated with only one. Alsos more than one user wmay share the
informations, inctuding the data bufferss of an Indexad Seguential
F18s a Conventional fide FIB is used by only one user. If two
users are accessing the same physical Conventionai file, aach
user wild have his own FIB.

For these reasons» an Indexed Sequential FIA contains three wmajor
parts:

1» User Specific Information
2e File Globai Information
3« Component File Specific Information

The entry in the FIR dictionary corresponding to the Indexed
Sequentialt file points to the User 5Specific Information {US1) of
this Indexed S5equential FIB.

Indexed Sgguential User 3pecific Information (U312

The USI contains information associated with one user only. The
MCP must %nou how the user has opened the filers for exsaple as
INPUT» and how the wuser ds accessing the file» such as
sequentialliy. This information ds kept in the US]. User
statisticss status and MCP wWorkspace are also kept 1in this
structures. Finaliy» there is a pointer to the next part of the
Indexed Sequential FIBs» the global information associated wWith
the physicat file. '
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01 USER.SPECIFIC.INFORMATIONS,

D2 FIB.COMMON.PDRTION
03 FIB.BOOLE ANS
04 FIB.OPEN
04 FIB.CLOSING
04 FIB.OUTPUT
04 FI8.INPUT
03 FIB.ORGANIZATION
11 RELATIVE
2 INDEXED/SEQUENTIAL
USI.F18»
03 FIBUSINOT.FIRST.TIME, THRU
03 FIBLUSTIOUPLICATE
03 FIBLUSTI.NATCH.FOUND
D3 FIBLUSI.UPDATELFLAG
03 FIBLUSILFIRST.PASS
03 FILLER
03 FIBaUSILACCESS.MODE
03 FIB.UST.JOUB.NUMBER
03 FIB.USI.RECORD.ADDRESS
03 FIBLUST.KEY.POINTER
03 FIBaUSI.COMNUNICATE .HCRKSPACE,»

=

02

04 FIBaUSI.BINARY.SEARCH.ARGUEMENTS

04 FIB.USI.INTERFACE.PADS
04 FIBAUSI.SAVEL.STATE.AREA
03 FIB.USI.GLOBALLPOINTER
03 FIB.USI.CURRENT.STRUCTURE
03 FIBLUSI.HEADER

i=h9
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BITL220)» X
BIT{58)»
BIT(1)»
BIT{1)»
BITL1)»
BIT{1d»
BIT(4)»

The first
220 bits of
USTI are the
same as
Conventional

%
4
%
X
X Fiss
4

BIT(L)»
giT{1)»
BITC1)»
BITC(1)»
BIT(13»
BIT{(1)»
SITL2 )
BIT(4)»
BIT{L24)»
BIT(24)»
3ITL24)»
BITLB156)»
BIT(204B),
BIT(56),
BITL312)»
BIT{24)»
3IT(8)»
BITA24)5

indexed Jeguential Eile Global Informatiap (GLOBALS)

As shown in the above diagrams the first 220 bits of the User
Specific Information are the same as the first 220 bits of an F1I3
for a Conventional file. The rest of the information can be seen

to be iditems that are peculiar to a spacific wuser of tha
structura. It is informastion that is necessary for Operating
System storage of the "state”™ variables that may be required to

perform a single operation for this usera.

Included in this information is a pointer to the next portion of
an Indexed Sequentiad FIB» the file Global informatione. This
informations known as the GLOBALS field» <contains infcrmation
about the warious physical files which comprise an Indexed
Sequential fide. Its main function is to provide a path to the
required files necessary to complete an 1/0 operation. A
secondary function is to store information global to the Indesxed
Sequential file.
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The path to a particultar component fidle is provided by a systen
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 dsclaration of their corresponding
keys. For any operation which specifies a key» the compiler will
specify the key number, which will be used as an index into this
table.

The global information consists of pointers to the chain of 170
descriptors to be used for operations on the Indexed Sequential
data files a count of users who are updating the filer» and Lock

bits to support ANSI *74 CO0B0L?s file dlevel 1lockout. At so
contained dn GLDBALS are the count and fiag fields necessary to
enforce the prohibition on concurrent updates. A oprogrsmmatic

description is5 shoun belou.

01 GLOBALS
02 GLOB.VERSION.NUMBER BIT(B,
02 GLOB.NUMNBER.OF -USERS BITL(H).
02 GLOB.NUMBER.OF JUPDATERS BITL(H)»
02 GLOB.DISK.COPYLADDRESS DSK.ADR»
02 GLOB.SIZE.IN.BITS . BITC16)»
02 GLOB.MEMORY.ADDRESS BIT(24)»
02 GLOE.LOCK.BITS BIT(2)»
02 GLOB.ID.DESC.CHAINSLADDRESS BITLZ24),
02 GLOB.MAX.STRUCTURE.NUMBER BIT(8)»
02 GLOEB.FLAGS BIT(6)»
D3 GLOB.DMS.FILE BIT(1)>»
03 FILLER v BITC(4),
03 GLOB.WRITEL.ERROR ' BIT{1)»
02 GLOB.CONCURRENT.INFO» : % AT THIS DMS INFO AND
03 GLOBa INUSE.COUNT : BITL{6)» X% IS INFO ARE DIFFERENT
03 GLOB.CONCURRENTLFLAGS» X TIL STR DIRECTORY
04 GLOB.FILE.AVAIL BITC(L1)»

04 GLOB.UPDATE.REQUIRED.ORLINPROC BIT{1)»
02 GLOB.STRUCTURE.DIRECTORY» ,
03 GLOB-STRUCTURE.LDESCRIPTOR SY.DESC»

All of the pointers to subsequent portions of the Indexed
Sequential structures alt of wWwhich are known as Structure
Descriptorss are contained in the GLOBALS fisid. This simplifies
the task of maintaining the structures and it aliows the buffers
to be shared among the various users. It adds one level of
indirection to ali accesses to the data of courses but this
expense is small for the benefits it yields.
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The Structure Descriptor is similar to an FIB for a Conventional
file except that all of the User Specific Informastion is removed
and maintained in the USI fielda. For the Index files of an
Indexed Sequential structures necessary key information is also
kept in the Structure Descriptor. For exdmplesr the position of
the key within the data records» it*s sizes» shether or not
duplicates are alloweds and whether or not it is the prime key
are all stored in the S5TRa A programmatic description is shown
belouw. ~

01 STRUCTURE_DESCRIPTOR»

02 S5TR.NUMBER BITL(8)»
02 STR.TYPE BITL4)»
02 STR.USER.COUNT . BIT(S)>»
02 STRBUFFER.LOCK BITL2)»
02 STR.BUFFERLLIST.POIMTER BIT(24)»
02 STR.RECORDS.PER.BLOCK BITK12)»
D2 STR.SEGMENTS.PER.LBLOCK BITL8)»
02 STR.RECORD.SIZE BITC16)»
02 STR.BLOLCK.SIZE BIT{15)»
02 STR.BLOCKS.PER.AREA 8ITL16)»
02 STH.SEGS.PERLAREA BITL16)»
02 5TR.OFH.ADDRESS BIT{24),
D2 FILLER BITL1b6)»
02 STR.CURRENTLPOINTER BIT(24)»
02 STR.FLAGS
03 STR.PRIMELKEY BIT{1)»
03 STR.DUPLICATES.ALLOWED BIT(1)>»
03 S5TR.SIMPLELKEY BITL1)»
03 FILLER BITL{5),
02 STR.SPLITFALTOR BITC12)»
02 STR.KEY.INFO»
03 STR.NUMBER.OF-S5UBKEYS BITLB)»
04 STRLITEM.OFFSET BIT{156)>»
04 STR. ITEMLSIZE BITC123,
D& STR.ITEMLSIGNED BiT{1)»
BIT(1);

As shoun in Figure 4» the Structure Descriptor ‘contains a pointer
the NCP-defined structure which
"as it always has»

to the Disk Fide Header»
{ast 4devel.

the

04 STRITEM.DESCENDING

information relating almost
characteristics of the §file.

header»

The

version of the

software to

This structures
exclusively

Any logical information in the
Wwas obtained

tao

such as record size and records per block,
from the program which originally created the file.

format of the disk file header had to be expanded in the 9.0
accomodate the

cantains
physical
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implementationa Prior to the creation of the %.0 versions

several pieces of information associated with ©DMS Data Basess
which should have been part of the DFH» were mairtained
separately due to a dack of avaitable space in the then curent
definition of the disk file header. These fields have also been
incorporated in the new disk file header. The new format has
been designed to prevent the occurrencs of such problems in the
futures» whenever the need for new fields in the DFH arises.

Disk File Header Extepsions

Some afficient means of available disk space maintenance had to
be devised for Indexed Sequential files. To accomplish thiss the
necessary information regarding the available space is mainrtained
in the Cluster file as a data record. When an Indexed Seguential
file is openeds this information is brought into wmemcry and -
stored 1n 4 __mBmory area which will immediately folltow the Disk
Fite Header for the data file. This area is known as the Disk
File Header Extension.

Indexed 3Segueniial Disk Fiie Header Extension

When the 1Indexed Seguential file is openedsr the informatiaon an
the available space within the Direct fitles all of which space is
not available as far as the system is concerneds is brought into
memory and stored in the DFH. Extensions The format of this
information in memory is as shoun belowe.

0! DFHAISEXTENSION»

02 FILLER BIT(15)»
02 DFH.IS-EXTENSIONLSIZE BIT(18)»
02 DFHSISLEXTENSION. VERSION BIT(36)»
02 DFH-IS.NEXT.FREE.RECOAD BIT{32)»
02 DFH-IS.NEXT.FREL.BLOCK BIT(32),
02 DFH.15.RO0T.TABLE ' BIT(24)»
D2 DFH.IS.UPDATE.FLAG BIT (1);

Indexed Seguential Ayailable Spage Allgcation

The Indaxed Sequentiat fidle systenm maintains two fields in the
DFH.EXTENSION of each file which keep track of available space

within the Direct file. This available space should not ha
confused Wwith the available disk space that is maintained by the
system. Available space in an Indexed Seguential file or in 23

Relative fiie means that a record has never been wWritten into an
available record slot or that a record was written at some tine
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but was subsequentiy and is now deleted. To the systems all of
the space altocated to the fide is in use and none of it is
availabtle.

Both of the available space pointers shown aboves
DFHe IS NEXTL.FREELRECGRD and DFHa IS5 NEXT.FREELBLOCK» will contain
addresses of blocks - which have availabia SPACR 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 allocation within a block is accomplished using the
presence bits in the Block Control Information for that block.

The DFH.IS5.NEXT.FREE.BLOCK field will contain the area and block
number of the next totally available block at the togical end of
the file. The first disk area of the data file is allocated when
the fide is first opened and the NEXT.FREE.BLOCK field 'is set to
zero» a valid address» at that rimea. Also» when the file is
first openeds» the NEXT.FREE.RECORD field is set to IFFFFFFFF3.
When the Nicro MCP needs to add a record to the file ard the
NEXT.FREESRECORD field contains aFFFFFFFF3, it geans that no
records are avaijlable in a biock that has already been
initialized. The allocation must be accomplished using the
NEXT.FREE.BLOCK field.

The Micro MCP wiill then initialize the Presence Bits in the dlock
Control Information of the block addressed by the NEXT.FREE.BLOCK
field» wove the address.which is in the NEXT.FREE.RECORD fields
in this case AIFFFFFFFFQ to the first thirty=-two bits of the last
record slot in the blocks» move the address of this block to the
NEXT.FREE.RECORD field and increment the NEXT.FREE.BLOCK field.
If the dincremented value of the NEXTW.FREE.BLOCK field causes this
disk area to exceed the specified size of a disk areas IFFFFFFFF2
Wwill be stored in the NEXT.FREE.BLOCK field instead. The use of
this value is discused in a subsequent paragraphe.

The record which is being added is then moved to the first record
stot in the newly atlocated blocks the presence bit for this slot
is set and the block is writtena. The presence bits for tha
second and all subsequent record sltots within that block witl ba
set to zeros, due to the initiaiization process. afFFFFFFFF2, the
value that was previously in the NEXT.FREE.RECORD fieldr witl be
stored in the first thirty-two bits of the last record stot ir
the block. '

When the next record is added to the filer the MNicro NCPF will
again examine the NEXT.FREE.RECORD field and it will now contain
the address of the block that was just allocated. The Micro MCP
will read the block into memory, if necessary» and examine the
Presence Bits in the Block Control Information. The firsy
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available record slot wiil be the second slot within the block.
The Presence Bit for this slot witl be set ands 1i1f this is the
{ast record slot in the blocks the IFFFFFFFF3 stored in the first
thirty=two bits of the record stot will be moved back to the
NEXT.FREE.RECORD fdedd» snd the record witl then be stored ir the
slote If the second racord slot is not the last in the biock.
dFFFFFFFFa witt remain in the actual 4dast slot and the
NEXTLFREE.RECORD field will not be changed.

Attocation in the Direct filaea will proceed in this wanner.,
asuming that no DELETE operations are performedr wuntil the disk
area becomes filled and» . as mentioned previously, JFFFFFFFF3 is
stored in the HNEXTLFREE.BLOCK fisld. This value serves as an
indicator to the Micro MCP that the next disk area has not yat
been allocated by the S5.MLP. When the Micro MLCP encounters this
valuer it merely passes control to the S5.MCP which will allocate
the area and store its address in the disk file header and in the
NEXTLFREEL.BLOCK fielidas The Micro MCP uwidi then initialize the
Block Control Information and procead as was described
previousiye.

The process just described may De interrupted by the occurrence
of a DELETE request from a user. Hhen this occurs» the address
in the NEXT.FREELRECORD slot is stored in. the first thirty-two
bits of the record being deletedr the Presence Bit associated
with the deteted 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.FREELRECORD field. The next time 23
record is added to the filer it will conseguentily be stored in
the area occupied by the record that was just deleted ard the
NEXT.FREELRECBRD fieid wild be restored to its prior value. This
operation shoutd eliminate the need to periocicaddy rewrite the
entire fide to eliminate Llarge numbers of easpty record siots, 2
process commondly known as "garbage collection™.

Should more than one record in a block be deleteds the Micro MCP
only needs to insure that the first thirty~-two bits of the {ast
availabie record slot in that block contains the address of the
next block in which a record siot is available or QJFFFFFFFFQ if
there is no such next block. This is trus even if all of the
records in a block are deleted. No pointers need be changed», in
this latter «caser until the next DELETE operation occurs.
Assuming that no new records have been added in the interim, the
Micro MCP then needs only to insure that the address of the block
which is totally empty §s stored in the siot previously occupiad
by the deleted recorda.

Atlocation of space for an Index file associated with an 1Indexed
Sequential fidle is somewhat simpler than for a Data filer, since
record availability does not have to be maintained. Whensver a
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record is deleted» the pointer to that record in the index file
is destroyed and the table contained in the block is compacteda
The count of the actual number of entries in that blocks which is
maintained in the Block Control Information of an Index fites is
decremented. No other action is required for the Index filee

Maintenance of the NEXT.FREE.BLOCK field of an Index file is
exactly 1ike that for the data file. This field witld atways
contain the address of the next availabie block at the ioggical
end of the file. The Wicro MCP widdl set the fiedd to IFFFFFFFFa
when the next disk area must be aliocateds exactly as is done for
the data file,.

The NEXT.FREE-RECORD fiedd is used to address a 1inked 1list of
blocks within the file that are coampletely ampty. This can ondy
occur when all of the records that were addressed through this
block have been deleted» a situation which should seldom gccur in
actual use.

index File Tabde Splitting

The "splitting™ of fine tables in the Index file is an operation
that is always performed by the S.MCP. Any time the addition of
a record to the file causes 3 need for a fine table to be divided
in tuo» the Micro MNCP passes control to the SDL portion.
Consequentlys» the S.NCP performs most of the awvailable space
maintenance for the Index files» while the Micro MCP performs the
majority of this work for the data file.

Cucrent Becord Pointer (CURRENI)

The CURRENT is a structure thats for ANSI *7& CGBOL» logicaily
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, howevera. First, DONS
has a CURRENT for each structure and a pointer eaxists in each 5IR
to the appropriate CURRENT. To be compatible with DMS» each 511
of an Indexed Sequential file points to the CURRENT faoar that
structure. A current structure number is maintained ir the USI
to satisfy ANSI *74 requirements. Seconds since the fite can be
shared» an operation by one user can affect the CURRENT of
another usera. To guard against thiss each CURRENT s checked
when an operation which can affect it is perforwed. To aid the
search of CURRENTs, they are linked 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 BIT(24)»
02 CUR.JOB. INVOKE>
03 CURL.CUR.JOB BITC18)»
03 CUR.CUR.INVOKE BITLE)»
02 CUR.STATUS BIT(2)» X% O0-DEL» 1-VAL
02 CUR.FINELTABLE>»
03 CUR-AREA BIT{8)»
03 CURBLOCK ' BITC163»
03 CUR.RECORD 8IT{12)»
02 CUR.STATISTICS» : '
03 CUR.STR.READ-COUNT BIT{24)»
03 CUR.STR.WRITELCOUNT BITC24)»
03 CUR.STRLREWRITELCOUNT ' BITL24)»
03 CUR.STR.DELETE.COUNT BIT(24)»
03 CUR~STR.SPECIAL.COUNT BiTL24)»
03 CURLSTR.EXCEPTION.COUNT BIT{24)»
03 CUR.STR.PHY.READ.COUNT BITL24)»
03 CUH.SIR»PHTaHRITE.CGUNT BITL24);

CURRENT Haintepance

The current is maintained for Indexed Sequantial fides which use
ei ther Sequential ‘access or Dynamic access. When the user is
accessing the file sequentially. “the current is maintained for
the key of reference CUSI.CURRENTLSTRUCTURE). For output fites»
the key of reference must be the prime key and CURRENT  always
points to the last entry Writtens. For a new files CURRENT is
ijnitialized to point to the first entry but CUR.STATUS is set to
indicate the entry has not yet been wWritten. For an old file
opened OUTPUT EXTEND, the current is dnitialized 1to the last
entry written. The Micro MCP uses the current on output files to
insure that records are written in sequence» a requirement of
ANSI 74 COBOL.

Sequential INPUT or INPUT-QUTPUT files require that the current
points to the last record read. ' On the next READ operations the
current is incremantaed to point to the next avaitabie record. If
the current record is deleted or the CURRENT was positioped by an
OQPEN or START» then CUR.STATUS is set to indicate that a record
has not yet been read. The next READ witl deliver the record and
reset CUR.STATUS.

For files in Dynamic access mode» the meaning of CURRENT is more
complicateds» The CURRENT witl be handled exactly as in the case
of Sequential INPUT or INPUT =BUTPUT. inis means that sore
sequences of operations may not produce the desired intuitive
result. The exampie below itlustrates the problen.
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Consider the 1Index table at the right. $ommmm ey
What should the result of .a READ NEXT 1 ABLE i

bes in the following sequence of operations? i DOG !

‘ i GOLF 1

a. READ(ABLE)» ADDC(BAKER)» READ NEXT3 poammememany

be READ(DOG)» DELETE(DOG)» ADDC(ECHO)» READ NEXT;
c« READ(DOG)» DELETEADOG)» ADDL(CHARLIE)» READ NEXT;

For our implementation the READ NEXT produces the fotlowing
resultss

A~ BAKER

be GOLF

c» GOLF

Indexed Jeguential Buffer Mapagemeni

The method of allocating 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 Dy the usera. The buffers
are merely allocated when the file is cpened and they remain
assigned to the file until it is closed. if the number of
buffers allocated is too smalls howevers then operations upon the
file may be inefficient. If the number of buffers allocated is
too darges» 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 operation and the state
of the Indexed Sequential file. The optimum number of buffers is

best chosen dynamically to avoid the disadvantages mentioned
abovea. negntkdas

Aliocating buffers on demand and deallocating them wWwhen the
memory they occupy is required for other purposes is known as
Dynamic alilocation. Dynamic allocation has always been used for
buffers associated with a DMS data base. It is accompilished by
calling the MCP?s memory aliocation procedurer, GETSPACEs whenever
a buffer is required. Dealtocation is accomplished by atiowing
GETSPACE to overlay ODMS buffers when necessary. Dynamic
aliocation has also been implemented for Indexed Secuertial
filesas

The management of buffers associated with an Indexed Sequertial
file presents a special groblem for the MCP, since there can be a
variable number of thems depseniing upon the opsrations and they
can be different sizess» depending upon which component file is
being accessed. To solve the problems associated with a variabla
number of bufferss the Prioritized Memory Management algorithms
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developed for the 7.0 releass should be used. This memory
manager owvertays 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 @ulti-progranmming system.

To solve the problems associated with wvariable size buffers
addressing the same Indexed Seguential fiter all of the buffers
used for one structure are linksd together and pointed to by the
structure» so that all buffers in a chain are of the saae sizees

Indexed Seguential Buffsr Desccipor 3D

The Buffer Descriptor s the structure used to maintain the
buffers associated with the Indexed Sequential file. it contains
the necessary Link fields» jdentification fieldss, and state
informations Since the memory manager may owveriay the first
puffer in 2 chaine the memory link fields ML.POINTER, will
contain the structure address so that STR.BUFFERLLIST.POINTER may
be updated. A programsatic description of the Buffer Descripter
is presented below.

01 BUFFER_DESCRIFTOR»
02 BD.AREALDISPLACEMENT,

D3 BD.AREA : _ BITL8)»

03 BDLOFFSET BIT(186)»
02 BD.USER.COUNT BITC(4)»
02 BDsIN.MEMORY . - BIT(1)»
02 8D.10.ERROR BITC1)»
02 BD-WRITER.CONTROL» ‘

03 BD.REGQUIRES.ALWRITE 8IT(1).,

03 BD.CONTROL.POINT BIT{1)»
N2 BD.NEXT.BUFFERLDESCRIPTOR BIT(Z24)»
02 BD.PRIOR.BUFFER.DESCRIPTOR BIT{24);

I70 descriptors are shared among atl the buffers. The BECIN and
END addresses in the descriptors may be modified when 2

descriptor is used by the Operating Systefm. The nusber of
buffers allocated 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 GISMO, and it
minimizes the memory requirements for descriptors. It dces
require an allocation mechanism for descriptorss in addition *to
one for bufferss but this expense has been found to be warth the
bene fi{ss.
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Copcuyrtent Update Opscations

Concurrent READ operations on the same record of an Indexed
Sequential file are always aliowed. For the 9.0 version of the
software, all logical update operationss WRITVE and REWRITE, wild
be started only after all accesseés to the file have been
suspended. These update operations will inhibit further accesses
te the file until they complete. To userss it will appear that
concurrent updates to the file are allowed» though this witl not
actualdy be the casea

This restriction simptifies the code necessary to insure that the

appropriate buffers remain in memory. Since only one wupdate
operation can be in process at any given times the update
oparation will begin wWith a3 BD.USER.COUNT of zeroe Once tbhe

update operation uses a buffer, that buffer's user count will De

5et to oner thus preventing tha Memory Management adlgorithm fronm
overlaying jte ~———————— " e

Upon completion of the update operation atl user counts wxiltl be
st 10 Zeroa. For READ operationss the user count field is not
used because each buffer need be wused only once during the
process of the communicate. The buffer s automaticalily
protected from being owerlaid while the 1I7/0 operation is in
PDroOCe5Sa

The code necessary to dinsure the integrity of the file is also
simplified. The Record Contention problemss the coaplex probieas
involving changes to the file while another user is accessing ity
are avoidad. For the siaple case of one user at a time updating
the file» The simplified code provides better performance.

Disk I/0 Eccer Brocedures

The disk I/0 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 zaro, set to one.
Different procedures may be invokeds depending upon the type of
I70 operatien that has completed and the type of control and
drive that encountered the error. MCP I/0 operations are handled
by a different procedure which is not as extensive as the on2
described betow. The following description applies to I/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 controd. If
the bit is one it performs a maximum of three retry operationss
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fogs the result and exits the procedures without investigating
any other bits in the result descriptor.

The procedure next checks the Jransmission Parity Error bDits Bit
15 in the result descriptor. If this bit is on and if the unit
being used is not a B94B2 disk cartridger, the procedure perforns
a maximum of three retry operations» 1o0gs the result and exits
the procedure without checking any further. If the wunit 1is a
BO4B2, no retry operations are performed for this case but and
the investigation continuesa.

The procedure next checks the Not Ready bit, Bit 2 in the result
descriptor. I¥ this bit is ons the procedure performs a saximun
of three retry operationss Logs the result and  exits ths
procedure without checking any further.

The procedure next checks the Write Lockout bit, Bit 6 in the
result descriptor. If this bit is on» The procedure 1ooks at the
I70 descriptor jtself. If the first three bits of the gperation
code are 010, 011 or 101, which would denote Writer» Initiatize
and Relocate» the procedure performs a maximum of three retry
operations» 1logs the result and exits the procedure without
checking further. [If the first three bits denote something other
than the three operations tisted, Bit © 1is idgnored ard the
investigation continues.

The procedurs next performs a Logical OR operaticn on:

l. The Sector Address Error bits Bit 10.

2. The Seek Timeout bits Bit 11,

3. {(The Address Parity bit» Bit 9» AND not B9482)» and
4. The Data Ercror bitr Bit 3.

If the result of the Logicat OR operation is truesr the procedurs
becomes complex and varies with the type of disk connected.
Before describing the procedure for each type of disk» some basic
procedures should be describeda

The Qffsel Progedure

The Offset Procedure s a subroutine of the disk 170 £rror
procedures Basjcally, it performs six retry operations. If any
one of the six 2ffect recovery 2f the errors  the procedure 5
exited iJmmediately regardliess of how many operations have heen
per formed. 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 all disk pack drives uhich may
pbe connected to the Bi0OJ systems offset may be specified in the
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inward (positive) or outward {negative) direction.

The first two operations requested by the ffset Procedure are
per formed with the original 170 descriptor ynmodified.  The next
two operations are performed with negative offset and the last
two are performed wWwith positive offset. ‘1§ recovery is not
effected by any of the sixs all bits which may have been set in
the originat 1I/0 descriptor to cause the offset operations are
reset and the procadure is exited.

Ihe Strobe Progeduce

The tera "strobe™ as used here denotes beginning the actual read
operation sligtly before or after the point in the rotation of
the disk where it would normaliy hegine The Strobe Procedure
calls the Offset Procedure a aaximun of three times. This may
cause a maximum of sightesn retry operations to be performeds If
any one of the eighteen effect recoveryr the procedure is exited
regardiess of how many operations have been per for made.

The first call on the Offset Procadure is accomplished with the
original 1/0 descriptor in jts unmodified forme. This will cause
six retry operations to occur» exactiy as described for the
0ffset Procedures provided recovery is not effected by any of the
51 Xe The next cadl is accompiished with =2 bit set in the
descriptor which wildl cause early strobe tg OCCuT. Hence»
another six retry operations may be parformeds two with early
stfobe and no offsets two with early strobe and positive offset
and tWo with eariy strobe and negative offset.

Twelve retry operations have been performed to this point. 1f
the error has not yet been correcteds, the Offset Procedure is
again calted with bits set in the 170 descriptor to cause larte
strobe to occur. This may result in another six retry aoperations
being performeds as described for the Offset Procedures alt with
bits set in the I[7/0 descriptor to cause fate strobing to occur.

I[f none of these edightsen operations effect recoveryr att bits
which may have been set in the 170 descriptor are reset ard the
procedure s exited. In the Strobe Procedure and in the Dffset
Proceduresr if any retry operation does effect recoverys the I/0
descriptor resposible is anteraed in the log prior to exiting the
Procedursa.
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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 original I/0 descriptor. DL=2 drives
include a fult complement of offset and strobe caspabilities. The
software cannot distinguish between the tuwo types of drive.

I1¥f none of the eighteen retry operations caused by the Strobse
Procedure effect recovery» the I/( descriptor is restored to its
original stater and the Error Corredtion Procedure is invoked.
Each segment described by the I/0 descriptor is read individually
and error correction is performeds if possible, by the software.
In adll cases» the results of the recovery attempt are entersd in
the Engineering Log»

Data and Address Ecvor Begovery = 203 And 20% Drives

For 205 and 206 disk drivess the Strobe Procedure is performed
exactly as it is described. Eighteen retry operations are
performeds two operations with sach possible combination of ths
strobe and offset variants. 1f any of these operations effect
recoverys the I/0 descriptor is vrestored to its original

condition and the procedure d5 exited. If nots the Error
Correction Procedure is invoked with the I/0 descriptor in its
original condition. Error  corvegtion is performed by the

software for 205 and Qﬂﬁ drivess.

In any cases the results of the recovery atteampt will be entered
in the Engineering Log prior to exiting the procedure. The 170
descriptor 1is always restored to its original condition prior teo
exiting the procadures ' ‘

Rata and Address Ecror Bgcoyery = 207 Drives

207 disk drives include neither offset capabilities nor strobs
capabilitiess 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. ‘Consequentlys the
Strobe Procedure is not ‘invokaed for 207 drives. Tuo retry
operations only are performedr both using the original version o
the [/0 descriptor. If either operation effects recoverys the
results are logged and the procedure is exited. if nots tha
Error Correction Procedure is invoked.

207 drives include error corrqctnng .capabilities in the hardware.
Additionalliys tha hardware’is cagab&e of correcting all errors
that are correctable in all sectors described in one nultiple
sector operation. This aultiple sector <capability is not
utitized by the softwarer» howevere and each sector is cread and
correctad dindividually. This is done for disgnostic purposes
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onlys to isolate the address of the failed sector{s) and insure
their entry in the Engineering Log. The resuits of the recovery
attempt wili be togged and the procedure wiil be exited with the
170 descriptor restored to its original condition.

Data and Address Ecror Begcovery = Disk Lactridass

For all wversions of disk cartridge except the B9482», the 4400
8PIs 203 or 406 tracks €& 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 attempt are {1ogged and the procedure s
exited with no further checking. There are no other options
avaitable in tha hardware which wight help in the recovery
attempt.

For the B9482 cartridger the recovery attempt is slightly wmors
extensive. This drive has error correcting capabilities siailar
to those of the 206 drive. Error correction on a Read operation
is performed by the softwara in the Error Correction Procedure
exactly as it is described. On a Write operations the recovery
attempt is actuadly more complex than for a disk packe

Khen a HWrite error occurs on the B9482 cartridges the 170 Error
procedure will attempt to corrsct the errore if the three restry
operations mentioned above fail» by writing the data one sector
per operation. In the case of an Address Parity errof, the
procedure will also attempt to write that sector plus the
preceeding sector in an effort to correct the address parity.
The results of the attempt widl be logged and the procaedure will
be exited when recovery is effected or when adl retry attempts
have hbeen completed.

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

Remainder of the Disk IZ0 Ecrcer Brocedure

If the results of the Logical OR operation mentioned previoustiy
were falses the 170 Error procedure examines Bits 22 and 23 of
the result descriptor. If both bits are set to ones  they
indicate that an Extended Result Descriptor was returned with the
operations though the ERD may not be stored in MmMemory. The
procedure stores the Extended Rasult Descriptors if it is
avaitable» in the Engineering Log and performs a maximum of three
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ratry operations using the original 1/0 descriptor. The resul ts

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

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

Iape 140 Error Procedurss

There is one I/0 Error procedure that is invoked for alt tape I/0
operations that compiete with the Excesption bit in the result
descriptor seta The procedure is invoked regardless of whether
the operation was a user 170 or an NCP I/70. It is5 also invoked
on the completion of Test operationss whera2 the setting of the
Excepton bit is5 a normal occurrence. It is5 also invoked for
Emut ator Tape operationss though in this case» it may do nothing
more than pass the result descriptor on to the user for
resolution.

Essentialdys the procedure wild retry the operation a fixed
number of times and teturn control to the procedure which catied
ite If recovery was effecteds, this will be so indicated in the

previously failed result descriptor wupon return. If the
procedure was not able to effect recoveryr, the result descriptor
widd contain an indication of the failure upon return. In wost

instancess the procedure Wwill retry the operation ten times» but
this number widl vary with the type of failure and the operation
attempteds

The Taps I/0 Error procedurass will be described fully in a
subsequent version of this specification.
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SZMEMORY MANAGEMENT AND MEMORY REQUIBEMENIS

This section of the specificatien has twWwo principle partse.
S=~menmory management i35 described at the functionat tevel.
S=memory requirements for a given system configuration sre then
presenteda. Using the second part of this sections, it should be
possible to sstimate the amount of S=memory that wili be srequired
on a system to support a given programs

S-memory management techniques were changed drastically in the
70 version of the software and were changed again in the 9.1
version. The discussion c¢ontained in the first part of this
section may not be appiicabler in ail casess to versions of the
software redeased prior to the 2.1 version.

GENCRAL MENORY MANAGEMENT CONCERIS

The BL000 software wutilizes a T“segmentation™ form of memory
management. In such a systame memory is reguested and alleccated
only when it is required and only in the amount that will exactiy
satisfy the requaeste. In other sordss memory is divided into a
variable number of segmentss each of which is of any sizer with
some obvious restrictions. A basic edsmant in this form of
memory management 45 the "mewmory 1link™.

The format of the memory 1ink was presented in a prior section.
Basicaldy» it contains a size field which may contain any wvalue
from 2zeto to 16»7T77+215 bitse It contains the addresses of the
memory dinks that precede and succeed it and the address of an
associated segment dictionary entfye. "It contains a nusber of
other fields» which wild be discussed in turn. It is created and
maintained by the MCP and the wexecuting idinterpreters store
selected information in it. In all casess it imnediately
precedss the segment of memory that it describes.

LINKED MEMORY

Contiguous Dblocks 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 two
contiguous blocks lies the area known as "linked memory™ ., At the
end of the reserved ar2a at the 1ow end of memorys there is a
dummy mewmory link known as the Lower Terminating Memory Link
(LTML). At the beginning of the reserved area at the upper end
of memory s the Upper Terminating MNemory Link (UTML).



4=2

BURROUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP ’ B1000 MCP II
SANTA BARBARA PLANT Pe5. 2212 54862 (£)

The terminating memory links are created during the Clears/Start
procedure. Each has a size field of zeror a type field which
specifies the area as TERMINATING.LINK» but the ™save™ bit wilt
be set to one in both links. This allows the memory management
procedures to recognize the terminating memory dinks. The
backward pointer in the LTML will contain 3FFFFFF3; but the
forward pointer will contain the address of the next memory Llink,
in address order. Sipilarlys, the backward pointer in the UTML
will contain the address of the previous memory link in address
order; the forward pointer will contain 2FFFFFFa.

Hences ald memory links form a chain in mesmory. The memory link
which inmmediately precedes each aliocated memory area witl
contain the address of the succeeding and preceding memory tinks
in the forward and backward pointer field respectivelye. The
chain w#ill be terminated in the forward direction by the upper
terminating memory link and in the backward direction by the
lower terminating memory {ink.

The area known as Qlinked memory is an exasple of a "memory
subspace™s as this term is used herain. There may be other
memory subspaces within d1inked memory. The Run Structure
{Base/Limit area) of certain programs may also be divided ard
allocated wupon wvequest by the software. The same proecedures in
the software are used to manage these smaller memory subspaces as
are used to manage 1inked memory.

JYBES OF MEMORY BEQUESIS

Memory requests may originate in a number of diverse manners.
This is evidenced by the large number of difféerent values the
type fisld of a memory link may containe. The most common
occurrence of a semory request s for a code segment to be
brought into memory. Other requests originate when a file is
opened» when the MNCP needs additional temporary storage for the
per formance of one of its taskss when additional sgace is
required to hoid a gqueue wmessagesr and 50 forthe

There is probably no need to discuss each different type of
memMOry Tegquest. Many of the numbers assigned to each differant
type of memory request are for the benefit of the Dusp/Analyzer
program onily and have only pathoilogical usa. The different types
of requests have common characteristics and may hence be grouped
into "classes™. The common characteristics wiil be described and
explained.
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Parameters that are passad with a memory reguest are the size of
the reguired memory ares in bitss the address of the dictionary
entry which will be associated with the memory areas if any» the
address of the Run Structure Nucleus of the program which caused
the request, if anys the type field to be stored in the memory
tinks the opriority of the regquest, a boolesn variable which
specifies that the memory should be allocated at the highest
possible physical address and a boodtean which specifies that thsa
memory must be allocated above the "fence™.

JHE EENCE

The MCP has one set of stackss oniys to store the wvariables that
it must manipudate in the performance of any function. =~ This set
of stacks cannot be stored anywhere elsej they wmust be
maintained 1in @memory wuntil the function has been per formed.
Consequentiys onc2 the MCP begins performing any functions it can
perform no other function until the original task is complete.

Almost ald MCP Functions require more than one MCP code segment
to complete. A file Open may require wmdre than thirty code
segments to be brought into memory. The number of codes segments
required could obviously be reduced by making each <code segment
{farger but this would also reduce the possibitity of finding
sufficient memory on smail systams. It would alsoc possibly cause
more user code segments to be removed from memory to make roonm
for the darger MLP segmante.

Should the MCP begin performing a certain request and not be abtle
to find sufficient memory to contain a nacessary code segaents

the system would have to halt. A Clear/Start would then be
required, with idts resulting 1loss of all programs that uwere
running at the time. In order to insure that there Wwill atways

be sufficient memory to bring in the largest MCP code segments, a
fence is established in memoryr, Doelow which only code segments
are allowed to reside. The location of the fence may be
calculated by adding the size of the largest ¥CP code sagment ard
its associated segment dictionary to the address of the ilower
terminating memory {ink.

Certain exceptions to the statements .in  the paragraph above

existe. Code segments may not be overlayable at all tigmes. To
bring a codse segment into memorys» the memory asrea §s5 alliocated
and an I/0 operation idnitiated. "The memory area may not be

deatlocated 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 memory it witt wait for the
compistion of the operation.
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Lertain code segments associated with MICR applications prograwms
are also not overtiayabla. This is5 atso true of segments of the
interpreter used by such programs. Consequentiys the fact that a
memory request is for a code segment is not sufficient to
determine whether the memory should be aliocated below the fence
and the boolean variable is required.

MINIBIZATIOQN DE ZCHECKERBOARDINGT

Checkerboarding» also known as External fragmentations is the
condition which exists when m@emory contains a large nusber cof
permanently~atlocated areas» or "save™ areas» wmost of which are
separated by small overiayable areas. In such a situatiors the
totad memory available may well be large enough to satisfy a
given segquest but no single contiguous overlayable area is
sufficiently large. This situation can have a serious impact
upon per formancee.

To ninimize the possibility of the occurrence of checkerbcarding,
the MNCP attempts to aliocate atl mRmOTY denoted as
non=overliayable or ™save™ at the highest possible physicatl
addressa. Examples of items which are so allocated are pragram
run structures» files and 170 buffer areas.

¥ICTIN SELECTION

When a request for memory allocation is receiveds the mznagement
algorithm must select a ™wictim™» a portion of memory which is
already adlocated which may be dealiocated and assigned to
satisfy the new request. The area to be aliocated may also be
marked Availables of <courser though this is ssidom the case.
"VYictim Selection™ is the process of determining which allocated
memory segment or segments Wwill be deallocated. This is the most
intricate task of the wanagement atgorithm» the task which
regquires the most attention to strategy and the task which is
most influantial upon the performance of the system. Two victie
selection algorithms are orovided in the software. Usears may
choose either the priority Yictim Selactor or the Second Chance
YVictim Selector wia a system option. The <change ds onty
effeccted during a Clear/Strat operation.
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ROUND-BOBIN YICIIN SELECILON

Prior to the 7.D releaser victin selection was essentially a
round=robin among requests. The MCP kept a pointer which served
as the starting point of each search and was updated after each
atlocation to point to the end of the newly allocated area. This
pointer is typically referred to as the "dleft-off pointer™. The
round=robin algorithm had the advantages of being computationaldly
simple and it served to minimize external fragmentations but
there are some serious disadvsntages associated with this victis
selection algorithm. Specificaldy,

1« It has no knowledge of which segments are actually in wuse»
elements of the "working set”™» and

2. The smemory rescurces of each job have equal importance.
Uniike processor schedudings the memory is not allocated on a
priority basise. :

These flaws 1lead to séme bad nerferwance degradations in certain
situations. DOne such probles is the "cascading™ phenomenon.

Using Denning’s definitionr, a program®s working set W(T, t) is
the set of all segments accessed by the program in the irtarvat
{T=t» T1. Denote the size of this set (in MCPII context, size is
in bits)» as W{T» t)a This definition affords us usefutl
information with which to manage real store whenever the change
{("drift") from the set WO(TO» &) to the sat WI(TL, t) it smalil
for the interwval [710, T1l. The assumption behind working set
management is that for many programs, the drift is indeed small
during most of their execution tifetimes.

Postulate a situation where the code and dictionary segments of a
single job completely fild overtayable memory. The round=robin
at gorithms, having no information concerning W{T, t) made a choice
of victims among the resident segmeénts which was essentially
random wWwith respect to this information. =~ Cali the ratio
W(T» t)7{size of overlayable memory) the saturation ratio S.
Then the probability is approximately S that the incoming segment
widl overlay one or more elements of W(T», t). The overiayed
segments of courser will immediately be needed again and has a
probabitity of about 5 of overlaying another element of WI(T» t).
This sets up an undesirable osciltation which should eventially
damp back to stability. assuming no further externai
parturbancess The probable number of extra overilays required to
reach stability increases with S» and becomes quite targe when S
excesdss says (a9a We call this oscillation ™cascading™ of
overlayss For farge values of S» almost all time is consumed 1in
waiting for I/0 on the bscking store» so very littlie work gets
done. This is the situation commonly known as "thrashing”.
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Nows suppose the Mmemory manager has some knowledge of the
el ements of W{T» t)e If the saturation ratio is not too close to
ones it will usually be possible to select a window containing no
elesment of W{T» 8. The chance of cascading segments is thereby
decreased in configuraticns running with 5 in the range of 0.5 to
DS The difficulty is that elements of W(T» t) now clutter
memory and increase external fragmentation. A8 S approaches (cr
exceads) ones this becoses an important loss and mwakes selection
difficult for the memory manager. At this point» the advantages
of the round=robin strategy begin to outweigh the advantages of
utilizing working set information.

WORKING 3ET DEIERMINAILION

in order to determine whather or not a code segment in aepory is
currently being used» usage bits were added to the memory link in
the 7.0 version of the softuare. These appear in tha
programmatic description of the mamory {ink as
ML.PREVIOUS.SCANLTOUCH "and ML.CURRENT.SCAN.TOUCH. Whenever an
interpreter accesses a code segment dictionary entry and finds
the associated <code segment present §n wemorys, 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 OCCuUrsa It i5 not necessary for interpreters
to set the bit in memory 1inks which are associated with segment
dictionaries. These are usually marked as save space if any cof
their code segments are present in menory. Also» data segments
are always overtaid in a round=robin fashion», vegardiess of the
victim selector that is currentily being used on a system.

SECOND CHANCE VICTIM SELECTION

The Second Chance victinm selection algortihes first introduced in
the 9.1 version of the MCP» addresses the first failing of the
round=robin algorithmr the lack of knowledge of the working set

of the code being used. Alsor the Second <Chance algorithna
completedy supplants the odd round-robin strategy. The latter is
no donger available for use. The - change is cowpletely

transparent to users and the oniy noticeable sffect should be an
improvement in performance in instaliations where the round=-robin
algorithm was used prior to release of the 9.1 software.

The Second Chance galgorithm utilizes the Qlaft=-cff pointer
described for the round-robin algorithm. It begins searching for
a memory space darges enough to satisfy the reguest at the
left=off pointer bur 4t will not select any space whose touch
bits ML.CURRENT.SCAN.TOUCH»r ids set. Upon encountering a3 memory
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segment whose touch bit is set» it resets the bit and continues
to the next memory link. It widl atlocate the first segrent it
encounters that is sufficiently large and whose touch bit s
resets. '

This atgorithm thus has the major advantage of the round=robin
algoerithms it is computationally simple and the procesing
required is minimized. Unlike the Prioritized victim selection
algoriths described belows it reguires no knowledge or actiocn on
the part of the user.

PRICRIIY NICTIN JELECTION

The second failing in the round-robin strategy is its inability
to insure rapid turnaround to jobs which are designated as high
priority. 1In NCPII» prior to the 7.0 retease» only the processor

was allocated on the basis of opriority. A high priority
application was contending for the memory resource on exactly the
same footing as a low priority "background™ jab. This led to

severe performance degradation for wusers which required many
overlayable memory resources but frequently relinquished
processor control to make operating system requestis. In
particul ar» datacomm applications running in multiple job shops
were suffering badlys Background jobs tended to usurp critical
resources forcing the datacomm application te {loose controdl still
more frequentiy.» atlowing background jobs to runs» grab more
memory resourcess and so forth.

The Prioritized memory management algorithm» first introduced in
the 7.0 version of the MCP» addresses both of these problems.
The priority victia selector makes its choices on the basis of a
priority field in each memory Llink. This field is wmaintained by
runtime use of working set information. The priority fiedld will
be maintained at its original value as long as the code segment
ijs not useds This field is known as the Residence Priority field
and is shown on the oprogrammatic memory link description as
ML .RESIDENCELPRIGRITY.

Associated with each program running on the system is a Memory
Priority field. The memory priority value determines the ability
of the program®s code segments to overiay the code segments of
other programs running on the system. “Memory Priority 'is stored
in each memory 1ink associated with each of the programr's code
segmentsa. It is shown programmnaticaliy as ML.INCOMING.PRIDRITY.
Memory priority is also stored ‘initially in the HResidence
Priority field. Whenever a regquest for a new code segment to be
brought into memory is received» the wemory priority of the
associated program is compared to the residence priority of every
memory link 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 victim selected will continue to be the next memory

area below the left=off pointer.

PROGRAMMATIC DETECTION OF MEMOBY THRASHING

One of the serious problems confronting virtual storage systenms
is memory thrashing. On the B100D0 systems memory thrashing
occurs when the working set of procedures for a program or set of
prograams wiil not fit within the portion of sain memory available
for overiaysas Wwhen this state occurss the system®s performancs
begins to degdrade. The amount of degradation depends on the
overdiay space available» the size and number of segrents
competing for memory» and the freguency of segment transitions.

As the amount of main @®semory is reduced for a constant

programming tasks the amount of degradation due to memory
overlays normaliy appears wvery gradual at first. As the

available memory is further reducedr» a point witl be reached
where the degr adation due to overlays increases rapidiy. This is
the point where the main sorking set of procedures no tonger fit
in m®main memory and are competing for space. This point is
defined as the thrashing point and is shown in Fiqure &4.l.

4 * 1
| *
45 # * §
| | *
] # 1
1 *
L * i
30 » Y
1 L
| REGION = +== THRASHING POINT
1 A X 4 1
i * 3
15 # {5L0M Xg==4
| EXECUTION wxdxX
1 TINES) 1 *okkden kX
1
1
o ] -
24 36 48 60 72

MEMORY SIZE (K BYTES)

FIGURE 4.1% MENORY V5 EXECUTION TIME

EXANPLE PROGRAM ARMG20
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As seen in Figure 4.1» execution of the prograsming task with
less memory than idindicated by the thrashing point yields
inefficient execution times in region A.

Beginning with the 7.0 version of the softwares the MCP inciudes
a progranmmatic facility for detecting a thrashing condition in
the systen. The facility is dncluded in GISM0 as a discardable

sagment; it is retained or discarded during the Clear/Start
operation based upon the setting of a system option. It may be
used with eftther victim selection algorithnm. It must be vsed if

the priority victim selection algorithm is used.

The facility is actuated by a clock maintained in the software.
It utidlizes a count of the number of overlay operations performed
by the software. The count is also maintained in the softwares
of COuUrses The sweeper routine discussed previously is actuatad
by the same clock that actuates the thrashing detection routine.

At a user-selected intervals, the thrashing detector compares the
number of overiays which occurred during the idnterval to a
user-specified target number of overlays. if the overtay target
is exceadeds the thrashing detector suspends temporarily the
execution of the sweaper routine and begins a count of the number
of consecutive idintervals during which the number of overiays
exceeds the target number. The sdldowable number of intervats
during which thrashings as defined by the users is detected is
threese.

If the thrashing condition parsists for threg intervals, the
softuware informs the <operator wvia a SPD message. The sessage
will be repeated at N.SECOMD intervals until the condition abates
or untii the operator requestss via another SP0D message» that it
not be displayed continualiy. The software also disabltes the
schedule2 when thrashing is5 detected so0 that no new jobs are
initiated. The schedude widl be automatically enabled again when
a program currently being executsd terminates.

MEMOBY INITIALIZAIION

Memory is dnitially atlocated by the software during the
Clear/Start operation. This single operation s composed of
several componentss. for discussion purposes» §t may be thought
of as tWo separate operations. The first of the tuwo is the
execution of a stand-zlone routine. comsonly known as the
Initializer and stored in the disk directory as SYSTEM/INIT. The
initializer 1is brought idnto memory by the Clear/Start code
contained on the cassette. The second operation is the execution
of some code in the MCP» contained in Page Zero» Segment One cf
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the MCP's code files

At the completion of the initializers memory will be formatted as
shown in Figure 4.2. Permanently allocated areas will be {ocated
at each end of memory. Linked memory will consist of four tlinks
oniys The processor is then passed to the MCP's code segment for
compidetion of the Clear/Start operation. UYpon completicon of the
MCP codes Linked memory will be formatted as shown in Figure #4.3.
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See MNote 1

Figure 4.2 Memory Format After Initiaslization
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figure 422 Noles

1« ™UTHL™ and L TML™ are acronyms for upper and lower
terminating measmory 1links. These two tinks have a size fietd
of z2eroc and a type field which denotes a terminating mewory
tink. The upper link has a forward pointer of IFFFFFF3’ the
lower Link has a backward pointer of 3FFFFFFd. The links are
used to mark the boundaries of {inked memory for the memory
atliocation routines. Memory atlocated by these routines will
always lie between these two links.

2. It is possibles during the initialization procedure> faor the
operator to specify a maximum S-memory address that is less
than the actual maximum address of memory on the systam.
When this is dones a proportionate asount of memory is
reserved at the Location shown. This memory i3» in effect»
dedeted from the system. Memory may alsoc be deleted via
certain keyboard instructions available to the operator. In
the Qlatter caser the deleted memory wmay 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 %423 Nopisgs

i« Though nothing is shoun as present in figure 4.3 between the
SDL Interpretar Segment Dictionary and the Lower Terminating
Memory Links this area will typically be filled with MCP code
segments at the completion of the Clear/Start operation.

2. The purpose of the fence shown in figure .3 was discussed
previousiy. The location of the fence is retained in the MCP
stackse. It is not necessary to reservs any memory at all at
the fence location.

MEMDBY BESUIREMENIS

The memory that will be reguired to executs a "given program or
set of oprograms is composed of four components. Thaere are the
static requirements of the operating systems the dynanmic
requirements of the operating systems the static requiresents of
the program and the dynamic requirements of the program.

Static requirements are composed of the data spaces necessary to
oper ate the system and the program. Once the static requivements
are establisheds they typically do not change. For example, once
a program has all of its files opens the memory raquired for the
File Information Slocks and the buffers resain fixed wuntil the
fides are closed. In the case of the MCP» once the system is
Clear/Starteds the static requirements remain fixed until the
system is Clear/Started again.

Dynamic requirements are exclusively code segments. Assuwming
that a working set of the code segments of a program is
establisheds, the dynamic requirements for that program widil then
be the total amount of memory that is reguired to contain the
code segments that are & part of the working set. The operating
system®s Working set depends, of courser, upon the comrunicate
operators that are issued by the progranm in its owWn wWorking set.

OPERATING SYSTEM SIATIC BEQUIREMENIS

Those idtems shown in figures 4.2 and 4.3 cosmprise the static
memory requirewents of the operating systenm. fach item will now
be discussad and a means of determining the amount of memory
required by the item wild be presented. The rnrumericat wvatues
presented herein apply to the 9.0 version of the MCP only.
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MCP Stacks

NCP

The stacks used by the MCP wild always reside at tocation
zero in S-memory. For each released version of the MCP» the
stacks will be of a fixed sizer regardless of the machine
configuration. The stacks require roughly 34,416 bits eor
4302 bytess

Page Oictionary and 5egment Zero Dictionary

These twe idtems may never be overtaid and are saintained 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 idinto thirty-four
segment pages and Page Zero contains thirteen segments. Fach
entry consists of a system descriptor» uhich requires B0 bits
or 180 Dytes. For the 10«0 version of the MCP» this iten
requires 3760 bits or 470 bytes of memory.

Interpreter Dictionary

An Interpreter Dictionary entry requires 224 bits or 23
bytesa. The number of idnterpreters that may be used on a
system at any given timesr and hence the nusber of antries
allowed dn the Interpreter Dictionary» may be specified by
the user to be any wvalue between 3 and 3i. If the user does
not specify this numbers the Cold/Start routine will set this
value to six. The memory required for the Interpreter
Dictionary may be calculated by muitiplying the number of
interpreters allowed by the size of one entrye.

Cold/Start Variables

The variables contained in this area are originally set by
the Cold/Start routine. Many of them may be changed by the
operator. The memory allocated for their storage may not hbe
changed. It will ailso be a constant value for each version
of the operating systam. For the 10.0 varsions, the memory
required is 2256 bits or 282 bhytes.

Chip Error Table

This area is allocated on 31800 and B1900 series msachines
only. @On alil other machinass, no memory is required for this
item. On the B1800 and B1900, the area is used ta store the
addressas of memory 1locations  which are experiencing
correctable memory oparity errorsa The size of the area in
bits may be calculated by 43 pilus (32 times the numsber of
antries aldlowed in the tabla)d. The operator may speacify tha
nusber of entries the table should contain. The default
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¥CcP

vatue for the number of entries wili be one entry per 156X
bytes of S=memory on the system.

Code in Page Zero» Segment Tero

This code segment is normally referred to as TSegment Zero"
and ths size of the segment is a constant for each released
version of the MCP. This is the only ¥CP code segment which
does not require a memory link, since it is outside of linked
e MOTY o The code segment requires roughly 353,490 bits or
6586 bytes of memory. '

Upper and Lower Terminating Nemory Links

S0L

MCP

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

Interprater
The sizes of the S5DL Interpreters presented here are for

referance oniy. Accurate size figures and figures for the
various segments of the interpreters are provided in the

appropriate product specification. Segment Zero of tha
S=Processor version of the 5SDL 1Interpreter requires 31566
bytes. The same segment of the M=Processor version requires

8024 Dytess.

Run Structurs Nucleus

The NCP requires a Run Structure Nucleus field as does every
other program which executes on the systens. For the 9.9
ver sion of the software, 2386 bits or 298 bytes are allocated
for this field.

Micro MCP Data Space

Currentlys 1249 bits or 156 bytes are altocated for this
s5paces This requirement is5 a constant and is not dependent
upon machine configuration nor system options selected» but a
dual processor configuration will require two such spaces.

GISMD Code

GISME is not segmented. Selected portions of the GISKO code
are "discarded™ by the Initialization routine if they are not
required on a given system configuration with a given set cf
system options selacted. The amount of mewmory that witltl te
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required to contain GISMO must therefore aluways be
calculated.

The Main Block of GISMO requires 5500 bytes of memory. No
memory 1ink is raguired. The amounts of memory shown in the
following table should be added if the condition specified is

true.

System equipped with Memory Base 5 104 bhytes
Processor is a Bi8390 436 bytes
Processor is Bi720 series 540 bytes
Processor is Bi860 series 542 bytes
Processor is Dual B1l8XX 1070 bytes
Reference address check option set 138 bytes
Yhrashing detection option ssat 152 bytes
Prieritized memory ganagement option set 36% bytes
fOUT option set 100 bytes

In the 1list above» the <cassette device on the processor
conseole is not considered a peripheral. Meither the cassette
peripheral segment nor the magnetic tape or cassette segment
should be added due to the console cassette.

The control exchanges segment shoudd be added when the system
is sequipped with tuwo or more disk or tape controls and the
contrels address the same peripherat units. High-speead
controis are ail disk pack controls and any controls which
address phase=encoded tape drives. Under no conditions is it
necessary to add any GISMO code segment more than once. Tha
Dual Processor segment and the B1860 segment must both Dde
added if the system is a dual processor version.

Firmware Trace Space
This area is allocated only when running with trace versions

of the SDL Interpreter. It should never be atlocated in 3
customer?s machine. It requires 1,440 bits.

Interrupt GQueue

Since idinterrupts occur asynchronously on ths B1000 systam,
they must be gqueued wuntil they <can be handled by the

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

which may be gqueued on a given system depands upon the awmount
of memory on the system. The number of antries that will be
allocated may be determined from the following table.

S=Memory on Systen Entries
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Less than B4K bytes 16

At least B4K bytes but 1ess than 96K bytes 20

At i{east 96K bytes but 1less than 12BK bytes 25

128K bytes or more 30

The smallest amount of memory that will be aliocated for the
interrupt queue s then (42 + (16 X 36) or 518 bits. Thsa
{targest amount s 1122 bits.

GISHO Data Space

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

DCPU DATA SPACE

This dis also a sork arsa. It is reguirad on atd dual
processor machines and requires 350 bits.’

tooking now at figure 4.3» thae MCP» prior to completing the
Clears/Start operationr, wild altocate space for those additional
items shown on the figure. The Location of the ™“Fence™ is not
important to. the discussion of the memory requirements of the
MCPa The fence is merely a means of guaranteeing that the HCP
will atways find space for its own purposes when such space is
needed. The system would be forced to halt if the MCP could not
find the space requireda.

A11 of the iditems shouwn in figure 4.3 reside in Linked menmory.
Dne memory dink (187 bits) is required to descrite each of the
jtems in figure 4.3

Extended Result Descriptor Area

One extended result descriptors 170 descriptor and buffer is
required for each SN head-per~-track disk control and for each
disk pack spindle on the system. Each descriptor and dts
associated buffer requires 256 bitse. This requirswment
applies to aitl disk pack drives interfaced to the 81000
system but not to cartridge drives. The memcry requireds in
bits» may be calculated by 256 X (5N controls + disk pack
spindles) + memory linka
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SOL Interpreter Segment Dictionary a

The segment dictionary of the SDL Interprster §s considered
non~overdiayable» since it contains a descriptor for segment
zero of the interpreter which aust be non-cverlayable to
execute segment Zero of the MCP. The size of this arear in
bits» may be calculated by 6% pltus (80 times the numsber of
segments which comprise the interpreter) plus the space
required for one memory {ink. The SDL Interpreter contains 6
segmentss, plus Segment Tero.

Micro MCP Segment Dictionary

This segment dictionary is also considered non-overlayabtle.
Its size may he calculated in the same manner as the size of
the SCL Interpreter segment dictionarys 6% plus (B0 tises the
number of segments) plus space for one memory 1link. The
Micro MCP contains 18 segments, plus Segment Zerac. The
segment dictionary therefore requires 190 bytes.

Queue Disk Temptate

The NCP reserves 500 sagments of system disk for its osn
te@porary use. The addrass of this reserved area of disks,
known as Rdueue Disks is stored in the wemory area known as
the Bueue Disk Template. This memory area will also contain
one bit to denote the availability of each of the 500
segmentsy a 24-bit field which wild be used to store the
memory address of the next Quéue Jisks Template 3f an
additional 500 segments must De allocated and a 128-bit field
known as the Communicate Splitter Maske. This latter field is
used to determine which communicate operations may be handlad
by tha Micro NCP. The size of the initial Queue Disk
Template field 1is therefore, 500#36+424+#128 or 688 bits.
Additional Queue Disk Template Fieldss if requireds widl
occupy 560-bit areas. One memory tink is required on each
Queue Disk Template allocated. :

Additional Port/Channel Tables

The MCP and GISMO communicate in a number of ways. One such
Wway 15 the Port/Channel tabie. One Port/Channed table is
allocated with the SP0O variables and buffer at the high end
of 4inkad memory. If the system is equipped with multi=line
controls», an additional Port/Channel table will be required
for each one. 4 Port/Channal table requires 768 pits of
memory plus the space required for one memory link.
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IDAT (i70 Assignment Table)

Several items are grouped together in the space reserved for
the I0AT. The IODAT ditself requires one entry of 512 bits for
each peripheral unit connected to the system with the
exception of the SP0. Each disk pack spindle is considered a

peripheral unit. Head=pevr=~track disk 1is note Data
communications devices are not considered peripheral units
for the purpose of calculating IDAT size., but gacn

single=line control connected to the system requires ore I0AT
entry. One "Pause” descriptors, requiring 96 bits of memory.
is wvequired for each tape control» cassette control and
MIC=2/MTC=4 exchange on the system. One "Lock™ descrigtor,
requiring 168 bits of memory» is 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 1link is required to
describe the area containing these items.

Port/Channel Tables SPD VYariables 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 aspescts of the system is smaintained in
the area knoun as SPO Variablese. This information requires
1351 bits of memory. The Port/Channel tabie requires 768
bits and the SPDO buffer requires 560 bitss for a total of
2679 bitse One memory link is required to describe the area.

QPERATING 3SYSTEM QYNAMIC REQUIREHMENIS

The operating systam's dynamic memory requirements are determined
soledly by the size of the code segment which perfores the
functions requested by the user in the working set of his
progran. In determining this requirements, it is necessary to
know what the program in question is doing. While programs could
be and are Written which hava fite open and close operatiaons as a
part of their working sets this is not normaily the case. The
vast majority of programs request only those functions which are
micro-coded and included in the Micro MCP in their working set
code. This statement §s not true for programs which use DNS.

This document willd not present the memory reguirements for
programs which use DMS. This information will probabiy be added
at some point in the futures but for the presents only the code
sagment sizes for operations believed to be common and exclusive
of DMS operations will be presentad.
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The Llist below presents g brief description of the function and
the memory requirenent for each of the Micro MCP segments.

SEGMENT,.ZERD - 2306 Bytes

Segment Zero of the Micro MCP is always required ir mewory
when programs are executing.

SERIAL - 1960 Bytes

This code segwent handles reads and writes on serial files
that are opened input or output but not in any combination
forms such as input=~outputa. Alsor, some files assigned to
data recorders may not require this segment.

SEQUENTIAL = 762 Bytes

This code segment handles reads and writes on saguential disk
files that are cpened input-output.

RANDOM = 944 Bytes

This code segment handles readss writes and seeks on code
segments whose access mode 5 randome. This code segrent is
required for all random disk filess even if the access mode
is delayed random.

COMP.WAIT - 1136 Bytes

This code segment is reguired to handle <complex wait
communicate operationse. Al1 data communications handlers
generated by the NDL compiler require the complex wait code
to be present.

DATA.RECOR = 344 Bytes

This code segment is required to handle reads and writes on
files which are assigned to data recorders and which are
opened input-output or input with stacker selection
capabilities requested.

HI.PRI.AND = 1292 Bytes

This code segment is required to handie all 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 aon
queues. Piease refer ton the paragraph at the end of this
iist.

PQM. GAM = 2674 Bytes

{Put Queue Message.lhet Queus Messaged. This code segrent
handles reads and writes on files assigned to gueues and to
remote files. Please refer to the paragraph at the end of
this 1iste.

REMOTE.WRI = 2300 Bytes

This code segment is required to handle writes or files
assigned to remote files. Please refer to the paragraph at
the end of this list.

REMOTE.REA = 2890 Bytes

This code segment handles reads on files assigned to remote
files. It is also gcequired to handle many NDL/MACRO
communicates. Please refer to the paragraph at the end of
this liste

DCLINITIAT - 410 Bytes
This code segment handles the DC.INITIATE.IO <communicate
operation. This cowmunicate is dssued by all datsa
communications handlers generated by the NOL compider.
MESSAGE.CC - 208 Bytes
This code segment is regquired to handle the message count
communicate operators also issued by all data communications
handdiers generated by the NDL compiler.
YARIABLE.L - 412 Bytas
This code segment handles read and Wwrite operations on- tape

and disk fites which wuse variable-length recordse. It is
required in addition to the SERIAL code segment.
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EMULATOR.T = 508 3ytes

This code segment is required to handle comaunicate
operations regquested by any emulator interpreter on files
assigned to tapea.

DELAYED.RA - 592 Bytes

This code segment» in addition to the random code segments is
required to handle readsr, wWrites and seeks on files whose
access type is delayed randoa. Emulator disk files are in
this category.

INDEXED.3E = 30620 Bytes

This segment is used for I7/0 operations on Indexed Seqientiatl
filess» first introduced in the 9.0 version of the scftware
and described in the section of the document on the 170
Subsystems

RELATIVE =~ 3638 Bytes

This segment is used for I/ operations performed on Relative
files» also described in the I/0 Subsystem sectione.

iPC.CODE = 568 Bytas

This segment is used to perform Inter-Process communications»
a part of the ANSI *74 C0OBOL implementation first included in
the 9.0 software.

Ald code necessary to handle queuess renote files» tha
DC.INITIATEL.IO communicate and the MESSAGE.COUNT communicate are
included ¥n the Micro=M_CP. NMicrocoding these functions resulted
in some substantial performance improvements for wmost data
communications applications. There are several reasons for the
improvemant» the most obvious being the greater efficiency of tha
codea. Another factor is that a minimal amount of state
information must be saved when communicating with the Micro=NCP.

A third factor is the elimination of the "bottleneck™ problens, as
it has come to be caileds for data communications applicatiens.
This problem arises from the fact that MCPII is a flat structure
and is capable of performing one thing at a time only. In other
Wwords» once the MCP begins performing an open request for
examples it can do nothing else until it completes the open. An
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opens of course» requires many accesses to the disk subsystes and
the MCP wmust wait on the completion of each one. Normat=-state
programs are free to execute while the MCP is waiting or each
accesss provided they do not reguest an MCP sarvice which must be
handied by MCPIi.

Consequentlys user programs @may now use the queue subsystem and
the other items mentioned above white MCPI1 is servicing another
request for other userss In previous releases» these same user
programs had to wWait wuntil the MCP completed servicing the
request it was working on at the time. Unfortunatelyr, howevar:s
all requests for functions in the queue subsystem are not handled
by the Micro~MCP. Many of thems and possibly alt of thegs may
stitd be handied by NCPII.

Al memory management functions are stidl handled by SDL code in
MCPI1. Any gueue request which involves memory management will
therefore have to be handled by MCPII. This will most often
occur in situations where the avaidlable memory on 3 systew® is

Limiteda. Queue buffers may be written to disk by MCPII» and
hence removad from memorys whenever the MCP neads space for
something elses This witl cause MCPII to be invoked when a

program attempts to read a queus entry from that buffer.

Further» if a producer of gueue entries fidls an entire buffer
beforea the consumer can empty it» a new memory buffer will be
requiredas. MCPII will be invoked to accompiish the allocation.
Unfortunately» in both of these instancess the entire working set
of Micro=-MCP gqueus handling segments will be brought into mamorye
only to determine that SDL MCP segments are ready required. This
can result in substantial performance degradations particularty
on systems where available memory is Limiteda

The situation described can be avoided» of coursesr Dby insuring
that the consumer of queue sntries removes thea from the gueve at
the same rate that the producer enters thewm. Since it is only
rarely possible for the programmer to insure that synchronization
existss a system option has also been provided in the 6.1 release
which widil insure that all gqueu2 requests are handled exclysively
by the SDL MCP. 8y satting the options the user may insure that
performance does not degrade whan going to the 6.1 release» as 3
resuit of the microcoded queue impl ementations though he will
receive no benefit from it at all.

3ix naw segments were added to the Micro=~MCP to accomodate the
data communications facilities in the 6.1 release. The newu
segments are RAUEUELREAD through MESSAGE ~COUNT inclusiveliy.
Typically» data communication applications which use a handler
program generated by the NDL compiler should «consider ailt six
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segments to be a part of their working set, though only the first
four of the six are concerned With the queue implementation. The
MESSAGE.COUNT segment is invoked by the cosmunicate operator of
the same name and is used to determine whether or not a sessage
exists in the queuess. The DCLINITIATE.IQ segment is also invokad
by the communicate operator of the same name and should atways be
considered a part of the working set for any data communications
applications.

EROQGRAM-DEPENDENT JSTATIC REQUIREMENTS

The static memory requirements 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 contro! over them. The user actualdy
has little control over many of the static requirementss though
there are some items which he may cause to vary. ftems in the
tatter category are referred to as conditional requirements.

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

Run Structure Nucleus
This is5s a table of information constructed by the M¥(P when
the program reaches BOJ. It is5 a fixed size of 2386 bits.
Interpreter Segment Zero
The size of Segment Zeros» the non-overlayable segments of the
Interpreter being used must be deterained and addeda. Space
for one memory link pust be included.
Interpreter Segment Dictonary
The number of segments in the Interpreter aust be determinad.
The space wsrequired for its segment dictionary is then ten

bytes times the number of segments plus space for one wmemory
{tinks {10 X number of s5egmants) + memory link.

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

Program Code Segment Dictionary

The number of code segments which comprise the prograr may be
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determined from the compiler listing of the program. Code
saegment dictionary space in bytes is then determined by (10 X
number of segments) + memory link.

Data BDictionary

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

Base~Limit Area (also known as Program Run 5Structure)

This number is readily available from the compider {1isting.
It s the total data space required by the program (between
Base and Limit Registers). Space for one memory link must be
added. :

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 nunmber
of fitles declared)s. No memory link is regquired.

File Information Block (FI8) 3Space

This may be calcullated in bits bys

1048 x Number of MICR Files open plus

796 x Number of Printer Files open plus

505 x Number of Remote Filas open plus

7956 x Number of Tape Files open plus

1048 x Number of Disk Files open plus

433 x Number of fQueue Fides open plus

1048 x Number of alil other files open at the time.

FIB Memory Links

One memory tink is required for sach file that is open.

Total Buffer Space

The number of and the size of the buffer areas asscciated
with sach fidle that is open may be determined from a compiler
Llisting. This size should be totaled and added. If the code
file on disk has been modifiedr however» the size given on
the 1isting may be incorrect. True buffer size nray be



4=?28

BURROUGHS CORPORATIDN . COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP B100O MCP If
SANTA BARBARA PLANT PeSe 2212 S482 (E)

determined through an MCP keyboard instructione (Refer to

31000 Software Operational Guide.)

170 Descriptors

There is one 170 descriptors which requires 272 bits cof
spaces for each buffer in sach file that is Opens

Disk Fite Headers

Disk file headers are maintained» either in mewory or on
disk, for all disk files that are open. If the fite s
processed in a random access modes, the header is maintainad
in memory. Otherwises the header is stored on disk and
brought into memory when new disk areas are atlocated. Fach
header will roquire 580 bits plus 36 bits for each areas
requested by the fide declarations regardiess of whether of
not the area is allocatedr» plus space for one memory link.
This area is required only when the header is in MENOTr Y.

Header Dictionaries

Disk fide headers are addressed by the MCP through
dictionaries. These dictionaries are segmented. One segmant
contains space for ten dictionary entries. fach dictionary
entry is a system descriptor and requires 80 bits of memory.
The space required for header dictionaries ray be caltculated
by (800 + mewory link) X ((disk files open MOD 10) # 1) bits.

EROGEAM-DEPENDENT DYNAMIC BEQUIREMENIS

To determine the working set of segments for any program one sust
know where a program spends idits time or its "main Line” of
procedure cadts. The corresponding segment sizes must then be
added wup for this main sequence. Segment sizes can be obtained
from compiler listings. For RPG programss, alt code segments must
be included in the working set. For all other programs the
compilers produce a 1ist of code segments and sizes. Then the
working set segments should be {isted and totallied. Ali segment
sizes should have 20 bytes added to account for the size of an
associated memory 1ink.

As previously discussedr if any interpreter segeents are used by
the program, these must also be included in the total.
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M-MEMCLRY MANAGEMEAT

The function of M-memory management §is to best manage the
available control memory {(M=-memory) in a dynamically changing
environment. There are four events which are able to affect the
system®s demand for MN-memory by the iptroduction or removal of
interpreterss

BOJ

£E0J
ROLLIN
ROLLOUT

Upon the occurrence of any of these» if the 1interpreter set
changess the new demands widldl be evaluated and M-mewmory
reallocated.

One of two allocation schemes will be employed:

RISTRIGUILION

This method distributes the available M-memory staticadlly among
the active interpreters. The size of each portion depends on the
interpreter®s needs» -and the available amount of H-gemory. The
portion of the interpreter which is not able to be placed in
M=memory remains in S™mamorye As the nusber of active
interpreters increases» this allocation schege remains in effect
until furthar dispersion of M=mamory would result in a severe
performance degradation. When this threshold is reacheds the
second allocation scheme is put into effect.

CONTENTION

This method dynamically shares M=memory» in the form of n fixed
size pagess among greater than n interpreters contending for
these pages. HWhen 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~ memory. Howevers when the page is
re-captured by anotner interpreters since there is no mechanissm
for transferring information from M-memory to S<=memorys the

information in that page will be lost. Hencer adl active
interpreters must be entirely in S~memory.

DETAILED DESCRIPTION
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1l When a new interpreter is te be brought into renary s the

2

3s

procedure "M.IN.M.OUT"™ is called. This may be called either
from 80J» EOJ» ROLL.IN» or ROLL.OUT. The Llast entry in the
interpreter dictionary is first stored in "DIC.LAST.LOC"™.
Then the interpreter dictionary is5 searched for entries
whose wusercount 1is equal to zero {thus no longer in use)d.
These entries are deleted by cailing "M.CLEARQUT"™.

The previous allocation method is then stored. If there is
no M.MEMORY on the system (B1710 seriss)» then the procedure
"NO.M" is called. NO.M examines in turn» each entry in the
interpreter dictionary to ascertain if it is in S.MENORY or
not» and if nots the procedure "D.T0.5" is catled to bring
in the interpreter from disk. The presence dDit is then set
Lalthough the system has no M.MEMORY)» and 2 pseudo NM.MEMORY
address is calculated and stored in "ID.M.ADDR™. NO .M then
exits to M.IN.M.OUT and thence to the procedure which called
M.IN. MCGUI'

Assuming that M.MEMORY does exists the totad minimum number
of M.MEMDRY pages required for all interpreters is added to
that required for CSM» then this total number of pages is
compared to the total number of pages of M.MEMORY available
on the system.

If the total number of pages required is greater than those
available» then the contention method is invokeds otherwise
the distribution method is invoked. The contention method
wildl be discussed first. For the distribution aethod»
proceed to step 6.

The contention method caldls the procedure "CNTN.SETUP™.
CNTN.SETUP first checks to see if the pages remaining after
C5M is aldocated is Ltess than 2, and if sor» then ali the
interpreters will be contending for the remaining gage.,
including 5DL»s and the procedure contention 4§s caited
{proceed to step 3). If the number of remaining pages after
atllocating C5M is not less than 2, then this number of pages
is stored in "M.NUNMBER.PAGES™. The SDL interpreter is
assigned a pagesr plus any fraction of a page which may he
left overa This may occur #f CSM does not occupy exactly a
full page» normally 1024 words. Nextr, the number of active
interpreters is counted and this number compared against
M.NUMBER.PAGE S If N.NUMBER.PAGES is greater than or equatl
to the number of active interpreterss then the distribution
method is called (proceed to step 6). (This could bte caused
by an interpreter with a very large minimus requirement.)

The procedure contention first ascertains if the SDL
interpreter is partially resident in S.MEMORY», and either
M. NUMBER.PAGES is ecual te 1» or the portion of the SDL
interpreter in M.MEMORY is greater than the size allocated
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ba

S5e

b

for 5S0L. If so» then the procedure "HIL.T0.S5™ is caltleds
else proceed to step %. HIL.TO.5 saves the current S.MEMORY
address of the SDL interpreters and stores the disk address
of the SDL interpreter in the interpreter dictionary entry
for SDL. The procedure "D.T0.S5" is then called to bring in
the interpreter from disk. DeT0.5 dooks for memory for the
interpreters makes the found address mod. 16s reads the
interpreter into memory and marks the interpreter dictionary
entry present. If sufficient memory space wWwas not founde
then the previous (partial) SDL interpreter is restored in
S.MEMORY» and all procedures exitedr returning adl zeros to
the procedure which called M-IN.M.OUT. Btherwise» the newu
copy {complete) is marked not present in MN.MENORY and the
memory space of the old partial copy marked available.
HIL.TO.S now exitss returning to the contention procedur:
{proceed to step 5).

1f neither "M.NUMBER.PAGES™ is equal to 1 nor the portion of
the SDL idnterpreter in MN.MEMORY is greater than that
allocated for SDL» and if the portion of the SDL interpreter
in M.MEMDRY is Less than that alloseds then the procedure
"1 K.OUT.MOR® ds called 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 ait partially resident
interpreterss with the exception of 5DL. Each entry in the
interpreter dictionary is then in turn examinedr and passed
through the procedure “CNIN.LOADR™ wuntil ali entries are
examinedsr at which time contention is exited to M.INJ.MN.OUT
{procead to step 10).

The function of the procedure T“CNTNLLOADR™ is to 1load
interpreters either from disk to S.MEMORY, and/or fron
S.MEMORY to M.MEMORY. It first examines the interpreter
dictionary entry to determine whether the interpreter is on
disk or in S5.MEMDRY. If it §5 not in S5.MEMORY» then the
procedure ™D.T0.5" is called to bring the interpreter in
from disk. 1f sufficient memory space is not founds then
D.T0.5 exits through ali proceduress, returning ail zeros to
the procedure which called M.INJ.M.DUT. *ID.M.ADDR" and
"ID.TOPM™ are calculated. Fach interpreter is set up for
one page of memorys. If there is available M.MEMORY teft»
then the page is overlayed from S.MEMORY to M.MEMORY
{proceed to step 13).

1f the total number of pages required is not greater than
those avzilabler then the distribution method is invoked,r
and the procedure "REDISTRIBUTION™ called. The procedure
redistribution catcutates whether the amount of available
M.MEMDORY is exactly of a size required to house the =wriniaun



S=4

BURRDUGHS CORPUORATIDN COMPANY CONFIDENTIAL
COMPUTER SYSTENS GROUP B10Q0 MCP I1I
SANTA BARBARA PLANT Ps5. 2212 5462 (E)

requirements of aldl interpreters and CSM. If so» then the

T

procedure "M.GRINDER™ is catled passing a value of 1.
{Proceed to step 7).

Otherwise» the total amount of memory required to house the
maximum reguirements of all interpreters and CSHN is
calculated and compared against the total amount of N.MEMORY
availabler» and if less than or equai to the amount of
M.MEMORY availables then the procedurs M.GRINDER is catieds
passing a value (field WHICH ) of zero (proceed to step 7)a

If neither of the above conditions is met (that is» neither
the minimum nor the maximum of all interpreters widl fit in
M« MEMBRY) then the procedure "DISTRIBUTE”™ is calleds passing
32 wvatue (field HUH) of zero. The procedure distribute
stores the maximum available M.MEMORY, amount reguired for
C5M» then if HUH = 0, it initially assigns each interpreter
its minimum required space» dincrements each one in turn by
one page» until all available N.MEMDRY is allocated. If HUH
= 1» each interpreter?s minimum is assumed to be zercs then
incremented by one pags until all available M.MEMORY is
allocated. The procedure M.GRINDER is then calleds passing
a value (field WHICH) of 2.

The main function of M.GRINDER is to realiocate M.MENORY one
of three different ways» depending on the values of "HWHICH".
M.GRINDER examines weach interpreter dictionary entry in
turne. After having examined all interpreterss if there is
stidd some M.MEMORY remainings then proceed to step 9.
othervise proceed to step 10.

If the entry being examined i5 not in M.MEMORY, or the page
being examined §s not the current M.MEMORY pagesr then
proceed to step 9. Btherwiser if the size of this page in
M. MEMORY is not the size it should bes proceed to step 8.

ITf this M.MEMORY page is the correct size; and if the
interpreter is either partially resident in S.MEMORY or if
the total length of the interpreter is less than or equal to
the amount of this interpreter currently in M.MEMORY (i.g.»r
the interpreter is entirely in N.MENORY); and this
interpreter is not in S.MEMORY, then proceed to step 9.

Otherwise (that is» the interpreter is entirely resident in
S MEMORYS $0 the portion of S.NEMORY which was copied to
M.MENORY must be returned)» the interpreter is marked as
partiatdy resident in S.MEMORY. If the total length of the
interpreter is dess than or equal to the amount of the
interpreter currently in M.MEMORY» then the procedure
"ALL.IN.M" is called to return the entire S.MENORY space for
this interpreter. Othersises the procedure "LX.DUT.MEM™ s
called to return the S.MEMDRY space corresponding te¢ that
portion of the interprsester which has been copied into
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8 If the amount of the interpreter in M.NEMORY is 1less than

9.

10.

the amount atlocated in M¥.MEMORY for this interpreters, then
the procedure "LK.OUT.NOR™ is calied to copy w®more of the
interpreter from S.MEMDRY to M.MEMORY.

If this point is reacheds then the appropriate interpreter
must be brought in from diska.

The procedure “M.CLEARQUTI™ is catted to clear out alt
partial interpreters from the interpreter dictionary (uwith
the sxception of the 5DL interpreter and already fitted
interpretersl.

If the <current entry in the interpreter dictionary is 5DL.»
then the procedure HIL.T0.5 is called (refer to step 3 for
the functions of HIL.TDa.5). 1f sufficient memory space is
not found in HIL.TO0.5, then exit through all procedures
passing a value of altl zeros to the procedure which called
MoIN.N.OUT. Nextr each entry in the interpreter dictionary
is examined in turns and if present in S.MEMORY but not in
M. MEMODRY» then the procedure "S.T0.M" is called to overlay
the appropriate page from S.MEMORY to M.MEMBRY» and to
return either the entire S.MEMORY space occupied by the
interpreter or else to return only the portion overlaid.
Each entry in the interpreter dictionary 1is once again
examined in turns and if the presence bit is sets proceed to
step 10.

If the presence bit is not sets then the procedure D.¥0.5 is
catled to bring in the interpreter from disk to memory
{refer to step 3 for a description of D.T0.5). 1f
sufficient memory i9s not found in D.T0.5» then alt
procedures are exited» passing a value of all zeros to the
procedure which called H.IN.M.OUT,

The procedure S-T0.¥ is then called {(see description above).

At this points, the allocation method (either distribution or
contantion) has been decided and executeds and control
passed back to N.IN.M.OUT.

If the new atlocation method chosen was successful, and if
the new aliocation method is the same as the old ones»
proceaed to step 11. If the new method is distribution
{thereforers the old was contention)» then the procedure
RELEASELALSEG is called to mark the HCP segment REIN.STATE
available (reset save bit in the memory link). If the new
method 1dis contentions then the procedure SAVELALSEG is
called to mark the MCP segment REIN.STATE saved (set save
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11.

bit in the memory link).

If the value passes to M.GRINDER C(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
MsIN.M.QUT and thence to the procedure which calied
Mo IN.M.DUT.
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BROCESS C(PROGRAM) MANAGEMENI

Viewing the MCP as a 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 controller is not a distinct module in the MCP,
it is a convenient term to describe all those distinct functions
whiche taken togethers form a conceptual package. Certain of
these functionss nameiy "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 execute and ares, therefore-»
in the Ready Queue» is acconplished by micro code contained in
GISMO known a5 the "Micro Schaduler™. The Micro Scheduler is5 a
part of the process controller. The MNicro Scheduler is
responsible for the allocation of all processor time on all
processors which may be attached to the systen.

The process controller is driven by the occurrence of certain
software eventsr caldied "soft events™» which can be identified
and anticipated by the NCP. When a process submits a reguest to
the MCP» the process may or may not De required to wait. i1f a
W4ait is necessarys the MCP is able to anticipate the evenit upaon
which that process must wait. Thus the MCP can label the job as
waiting for some "soft event™» suspend the job by placing it in
the ™wait queue®”, and continue to execute its other duties. When
the soft event "happens™, the Micro MCP can search the Wwait queue
to discover the process marked waiting for the happening of that
gventa

The "HANG PROGRAM™ functions which places programs in the wait
queluer and the "CAUSE™ functions which takes programs from the
Wait gqueues are crucial. Both functions must be cognizant of the
same soft events. "HANG PROGRAN™ is responsible for creating a
unique bit string which witl vreprasent the soft event for a
processs On the other end "CAUSE™ must have the proper soft
event generated for it, so that the wWwaiting process can be
Locateds

~

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 independently match
a soft event wWwith its corresponding process at a future tire when
the operation has been completed.
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The process controller receives inputs from two sources: an *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 B1000» the supervisory printer (SPD) may onily be used as 3
control device. The card reader may be dynamically assigned as a
control device or an I/0 device. ALl other peripheral devices
may be usad as I/0 devices only. In additionr a progras say act
as a control device by sending a communicate to the MCP which
contains a control {anguage statemente. Ses "PROGRAN
COMMUNICATES".

Control 1Qlanguage statementsr of direct interest to the process
controller, may be divided into three categories:

{1) Statements which generate a soft event {Rear ailow a
suspended process become activesr direct a process to a
peripheral device)

{2) Statements which cause job suspension

{3) Statements which request job execution and provide ai{l the
appropriate parameters

If the control language statement requested that 3 job b2
exscuted» the "Control Language Processor™ directs that the iop
be scheduled. Briefly, the scheduling function involves placing
it in the “"schedule queue™ but allocating no machine resources.
In the MNCP outer 4do0o0p» tha2 schedule Gqueue is perijodically
checkeds and the first job in the queue is initialized.

*Program Initjalization® invodves allocating the gachine
resources and setting up the structures necessary for progran
execution. Once the job has been initializedsr it is placed in
the "READY QUEUE™ to await actual execution.

Once a program has been initializeds 4t will move in and out of
$ix possible states during the course of its Life in the systems

READY QUEUE

COMMUNICATE QUEUE

WALIT QUEVE

NOT QUEUED», EXECUTING

NOT QUEUEDs COMMUNICATE BEING ANALYZED
M COMMUNICATE QUEUE
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The ready queue contains jobs which are ready to run. The

communicate queue contains jobs which have reguested some MCP
function. The wait queue contains jobs which are waiting for the
happening of a "soft event™.

The queuing mechanism is managed as follows. All run structures
are linked in memory by priority. A field in the run structure
nucleus» "R L. IDENT™» specifies the current state of the
processs The first member of a3 queue can thus be found by
searching the {inked dlist of run structures untit the proper
value in RS5.R.IDENT is found.

A job waiting in the ready queue represents a demand for
processor time wupon the system. This gueue is interragated by
the Micro Scheduler. If a job is found» the reinstate function.,
which is performed by the Micro Scheduder in GISMO» is catled in
preparation for turning the processor over to that job. Briefly»
the reinstate function performs certain housekeeping duties and
causes a processor to begin execution of that job.

The program wili execute until one of three things happen:

(1) The progranm®s interpreter discovers an interrupt which
requires the NCP's sattention.

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

{3) The master processor instructs the slave to idle.

In any case a communicate message is built in a field called
RS <COMMUNICATE.MSGL.PTR in the program®s Run Structure Nucleus and
control is passed back to the Micro Scheduler.

The contents of RS.COMNUNICATE.NSG.PTR» analyzed by the
we.ommunicate handler” in the Micro Scheduler» specifies what
action is to be taken upon the program. In the case af (1)
abovesr the message will simply contain a reguest toc be put back
in the ready gueug. {The Micro Scheduler then returns to its
outer Loop where it independently discovers the INTERRUPT.)

A request for service (2) may or may not require that the progran
wait for the happening of some soft esvent. If the reguest c¢an
immediately be serviceds the Micro Scheduler does so and places
the job back in the ready queus.  If the program must waite
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howevers the "HANG PROGRAN™ function is calied.

"HANG PROGRAM™ oputs the job in the wait gueue and Labels it as
waiting on the appropriate soft avent. Depending on the reason
for the waits the program may or may not be "roldlled out™. The
"ROLLOUT™ function will copy all but a central core of the
program®s Run Structure Nucleaus to diske For a detailed
discussion of these functions», see their respective sections
belove.

The oprogram witl remain in the wait gueue until the event upon
which it was waiting has baan "caused™. The soft event upon
which a job must wait may cosme from three basic sources:

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

I7/70 interrupts are "hard events”™ which must be transformed into
soft events before they may be associated with a process. A& hard
event is any asynchronous occurrence in the hardware of which the
softuware must be cognizant. The occurence of such a hard event
is wusuadly manifested by a flag in the Processora The function
of "I/0 COMPLETE™ is to transform those hard events of interest
to a process into its corresponding soft eavent. .

Some <control language statements widl cause the control fanguage
processor to generate soft events. Such statements signify the
happening of some event a process might be waiting for (eeg.»
MAXT™ s "IL™, "UL™s T"GD"™» and "ODK™).

Other soft events are generated idnternatly by the MCP. For
examnpler Processes wWaiting on a no-memory condition or a parent
program waiting for the termination of a nestad program must be
notified when they are able to resume processing. The MCP
generates such soft events.

At the point when the soft =event has been generated {(frow
whatever source)d, one can say that the "event has happened™.
This soft event is used by the Micro Scheduler function to locate
the corresponding process in the wait queue.
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1f the process is in memory (had not been rolled out), the Micro
Scheduler analyzes the reason that the process had been waiting
to determine whether or not the tast comsunicate was completed.
If it was» the job is put in the ready queue to await
reinstatenent. If the communicate was not completedr the job is
put in the communicate queue to wait for the reinitiation of the
communicate by the communicate handler.

If the process wWas not in memory and memory is available» then
the "ROLLIN" function is calied. Its duty is to re-establish the
run structure that had been ™rolled out” to disk. The reason for

waiting is then analyzed in the same manner described above. i1f
there was no memory available for rolt=ins, then the job is put
back in the wait gqueue to wait for memory. The wait reason wiil

be updated to reflect this status change and to specify into
which queue the job would have gone had memory been available.
when memory becomes availabler the job widll be put diresctiy into
the specified queue.

The process Widl continue to be manipulated in this fashion untit
it has completed execution. At that time it will request the
end=of=job function from the MCP and terminate.
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LDEMAND MANAGEMENI
MCE QUIER LQQP

The MCP can be viewed as a program whose sole duty is to respond
to demands made upon it by the system. This seemingly innocuous
statement is valid even though the MCP 4ds a vastly compiex
program. The complexity arisess howevers by virtue of the
diversity of demands to which the MCP is able to responda.

There are five basic categories of demands to which the HCP
initiadly respondsa. These categories are recognized at the
outermost or most global level of tha MCP» which idteratively
searches for each. Once a demand is found» it is analyzed at
increasing Hlevels of detail and resolved according to its
specific request. Control is then returned to the outer locp
which continues to search for damandse

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

IINER INJERRURT

The first type of demand recognized by the MCP is called a timer
interrupt. There are two fields in the MCP's global data space=
A software maintained system clock and a clock maske Every tenth
of a second an iaterrupt dis caused by the hardware. GISND
detects this interrupt and bumps the system clock. Every time
the MCP begins its loop searching for demandss it checks to see
if the value of the system clock has exceeded the value of the
clock mask. If it hase the MCP cails 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™.

I/0 INJEBRURIS

An I/70 irterrupt is a soft mechanism by which GISMO notifies the
MCP that an I/0 operation is completse. GISHO willd oniy do so
when the NCP requests that it be notified or when an exception
condition has occurred on the I/0 operation. This should not be
confused with a "service raguast” type of interrupts. This
service request is a hard level in the processor and is used to
notify the software that a hardware I/0 control is in need of
service.
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The MCP will request notification of the occurrence of 1/0
compietion only when there is a need for it to knowe. The NCP
does not request the return of I/0 complete interrupts on user
1/0 operations unless the program which caused the operation to
be initiated is waiting on the 1/0 operation. This is discussed
further in the sections of the specification covering READ and
WRITE.

When an 1/0 operation is completeds GISMO stores the result
descriptor associated with the operation in its proper 1location
in memory. The fieald is known as the ™result descriptor field”
and is a part of the actuald [/0 descriptor. There 115 anr area
allocated in memory known as the interrupt stacks which is
actually a gueue of I/0 conmplete idnterruptse. GISMO» after
storing the result descriptors if the interrupt request bit in
the descriptor wWas on» stores the address of the resulrx
descriptor in the interrupt stack and “causes” the MCP» if it is
waiting. In its outer ioopr, the MCP requests that GISHD deliver
the address on the top of the interrupt stack. It analyzes the
descriptor at that address and takes the appropriate actiona. The
MCP continues to request addresses from GISMO in this fashion
untii the stack has been exhausted.

Upon receiving a descriptor®s address from GISMO» the MCP invokes
a routine calied "I0.COMPLETE” to begin the analysise. Depending
on the value found in a field of the resuit descriptor:,
I0.COMPLETE invokes one of the following MCP facilitiess, each of
which is discussed in depths, on the following pagess

CAUSE MECHANISM (SEE "PROCESS MANAGEMENT™)
CONTROL LANGUAGE PROCESSOR

I0AT MAINTENANCE

I/0 ERROR HANDLER

SPO MAINTENANCE

JOB SCHERULING AND INIIIALIZATION

After exhausting the interrupt stacke and {if an MCP globatle
"CHANGE.BIT™» is trues the MCP checks the "schedule queue™ to
determine if any jobs have bean scheduled for axecution.
CHANGE.BIT witl be false whenever a previous attempt alt prograa
initialization failed because of insufficient mewmory, and nothing
has intervened to create a possibility of success at this
attempts The program initialization routine sets CHANGE.BIT to
zero (false) whanever an initialization fails. It is sst to one
{true) whenever a block of memory is freed by job termination or
»rollout™s whenever a new job is placed at the top of the active
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schedules» or whenever explicitly set by the "PS5" control language
statement. The MCP is thus abie to maximize its own resources by
by-passing a futile attempt at job initialization.

The schedule gueus contains an active and a waiting scheduls.
Both are 1linked d1ists on disk which contain those jobs awaiting
execution but for which no memory resources have yet baen
allocated. The control language processor identifies 3 request
for a job to be exscutede. 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. 3ee T"LONTROL
LANGUAGE PROCESSOR™ for exact specificationss Tha active
schedule 1lists those jobs that are ready to runs. The waiting

schedule contains those jobs whose initialization must await the
occurrence of some event (i.e.» the termination of another iob or
operator controi message)d. When the event happenss the job is
transferred from the waiting schedule to the active schedutes
where the MCP will find it.

The MCP selects the first job in the active schedile for
initialization. once tha 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
execution.

COMMUNICATIES

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

The queuing mechanism is managed as follows. Each run structure
nucleus contains two fiedds: "RS5.COMMUNICATE.MSG.PIR” which is a
standard message area and "R5+QIDENT® which specifies in which
queue» if anys the program is. The value of RS.8.IDENT may be:z

0 = READY QUEUE

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

3 = EXTERNINATE QUEUE

Al4L run structures are linked together by priority. Thus tha
members of a given queue may be discovered by searching the
linked Llist of run structures and checking RS.G.IDENT.
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The first job in the coamunicate gueue is serwviced according to
the contents of RS.COMMUNICATE.ASG.PTR., The message is initially
analyzed by the communicate message handling routine which calils
the proper subroutine to further analyze the message and take the
appropriate actione. The proper subroutine is determined by the
first two bits of this message area called "RSLITYPE™. The
values and corresponding meanings of this field are as fotlowss

00 = INTERPRETER GENERATED COMMUNICATES
01 = PROGRAM GENERATED COMMUNICATES

10 = UNDEFINED

11 = FILE CLEANUP COMNUNICATE

Interpreter generated communicates contain requests from the
program’s interpreter for services which are unrelated to the
program®s code. These idnclude requests for missing segments»
tr ace and run tise error messages» eic.

Program generated communicates are requests for code related
services such as 173 operations. These are specified under
"PROGRAM CONMUNICATES™.

The file cleanup communicate is an MCP generated cormunicate used
in conjunction Wwith progranm end=of=job.

PROGRAM BREINIIAIL

To be specified.

PROGRAM COMMUNICATES

atL object programs comaunicate with the MCP by means of a
Communicate S=operator. The operator serves to transfer controi
from the user®s idntserprater to the MCP's. Though many
communicates are now handled by micro=code in the Micro=HNCPs, the
means of communication has not changad. The comnpiler generates
code which estabilishes an area in the program?s run structure.
This area generally conforms to a standard format which is
racognizable by the NCP. The fields in this area are definsd
arbitrarily» houever. Dty the first twelve bits of the field
rust conform to the format presented below.
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COMNUNICATE EQRMAT

DN D AN A AW TR AR WS MR D WS AR M WD WS NN WS VS e AR AN MR AR NS AW

YERB 2 -~ 11
OBJECT 12 - 35
ADVERS 36 - &7
CT.1 43 - T1
CT.2 72 - 95
CT.3 9% =~ 119
CT.4 120 = 143
€T.5 144 = 167
CT.8 ie8 =~ 191
CT.7 192 - 215
CT.8 216 = 239
CT.% 240 - 283
CT.10 264 = 297
Ci.11 298 = 321
Cl.12 322 = 345
CT.13 346 - 369
CTald 370 - 393
CT.15 3194 =~ 417

A WD WS N ARG W W R WS W WS W WS WD WS A AR W U WS NN WE AR W AN W W A

Note: A1l communicates return a value of 0000000000003 or
30000180000003 in the RS.REINSTATE.M5G.PTR unless
otherwiss specified.

Atl interpreterss, when executing the Communicate S=operator»
store a pointer to the reserveds formatted memory ar#a in the
field called RS.COMMUNICATE.MSG.PTR of the RS.NUCLEUS of the
program being executed. This forty-eight bit field spacifies not
only the relative address of the communicate arear but also the
size of the area in bits. For further information on this aspect
of the operationr, refer to tha programsmatic description of the
Run Structure Nucleuse.

If the MCP needs to convey information back to the cbject program
after executing the requested communicates it does 5o by setting
the field calted RS.REINSTATEL.NMSG.PTR to a selected value. If no
information is to be conveyeds this field s set to either
aD0000000003 or aQDDOD180000023 before reinstating the progran.
Other values» and their associated meanings depend upon the type
of communicate being executed, and are described for each
communicate in the sections which followe
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CT.VERB 00

ILLEGAL COMNUNICATE

BEAD LMILRO HCE)

CT.VERB 01
CT.0BJECT FILE ~NUMBER
CT.ADVERSB 817

CT.1
CT.2
CT.3

CT.4
£T.5
CT.6

REPDRY & RETURN TO USER ON EODF
REPORT X RETURN 7O USER ON PARITY
REPORT & RETURN TD USER ON INCONPLETE I/0
LENGTH ADDRESS PAIR IS5 PRESENT FOR RESULT MASK FIELD
STACKERS==STACKER # IS IN (CT.3
LOGICAL RECORD BIY LENGTH
LOGICAL RECORD BASE RELATIVE BIT ADDRESS
RANDON FILE ACTUAL BINARY DISK KEY
{RECORD NUMBER INSERTED BY MCP FOR SERIAL FILES)
gR
LENGTH OF KEY FOR REMOTE FILES
ADDRESS OF KEY FOR REMOYTE FILES ONLY
LENGTH IN BITS OF RESULT MASK
BASE RELATIVE ADDRESS OF RESULT HASK FIELD

0
i
2
3
4
7
3

REINSTATE.MSG.PTR YALUES

GOOD READ

END OF FILE

170 ERROR

INCOMPLETE 170

IMPOSSIBLE SEARCH (RPG SEARCH OP)

F R VIR AU ]

A READ communicate on the Bl00D System serves to detliver a

logical

record to the user program. It doss this by moving the

record from the I/70 buffer arsza in memorys where it was
previousiy stored by the C3W» te the user's Run Structure
(Bases/Limit) area. In almost all 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 1is true

for aiil

compmunicates which deal With am I/70 operations such as

WRITE» SEEXK, OPENs CLOSEs POSITION and so forth.

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 items are passed in
7.2 and CT.l» respectively.



the
for
not
For

user program to wait until 3 requested [/0 <completesa. I1f»
example» the program is reading cards and the card reader is

‘ready» it may be a long time until the operatiorn conpletes.

such programs» 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
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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



r=15

BURROUGHS CORPORATION CONPANY CONFIDENTIAL
CONPUTER SYSTEWS GROUP B1LOOD MCP I1
SANTA BARBARA PLANT PeSe 2212 54562 (E)
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 tength and {ocation of the work area is specified by
CT.1 and C£T7.2 respactiveldy.

There d§s actualdy a secondary purpose to the SDRTER READ
communicates it informs thea NCP fo the user program®s processing
rateas As described aboves dmages are passed immediately to the
user for pocket selection but any other communicate from within a
POCKET SELECT USE ROUTINE is prohibiteda The images may not be
Wwritten 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 fill up» which dndicates that the sorter is
delivering 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 opsrate sporadicallys, in
burstss, but atl items will at icast be pocket selected.

The image of the item in the tank is5 preceded by a tWenty-four
digit {ninety=six bit) expansion of the actual result descriptor
received from the hardwWare 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 priar to reinstating
his USE ROUTINE.

Though only two communicate formats are implemented for use with
Reader=Sorterss, the MCP must do a 4ot more to make this operation
possible. A program which opens a sorter causes many different
items to be marksd non-overiayablie in memory. This is described
more fully under the OPEN cogmmunicate. For a more comprehensive
explanation of Reader-5orter operation, refer to the 81000 C0B0L
Reference Manuals, Form Number 1057197.

DREN (R¥)

CT.VERS 06
CT.OBJECT INVOKE NUMBER & PATH NUMNBER
CT.ADVERB BIY

i INCLUDES PACKID OF DICTYIONARY
1 -
2 DM.STATUS FORMAT

0=BINARY

i=4~BIT DECIMAL

ON EXCEPTION

UPDATE

REORGANIZATION ( REDRG ONLY)D

oW &
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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 examples» for output purposes will resutlze
in the program being DS=ed by the MCP.

If the file is being opened inputs the MCP wilil attempt to match
the external names in the FPB of the filer FPBJHULTIL.FILE.ID and
FPB.FILE.IDs with the 1labels read previousiy by the STATUS
routine on each peripheral device. If no match is found» the
operator is notified and the program is forced to wait wurtil a
file with the requested 1abel §is introduced to the systemsr or
until the operator resolves the ™Mo Fide™ condition is some other
manner. System S5P0 and Controd Card syntax is available to allow
the operator this alternative. The program wWwilt removed fron
memory if possible.

If a match is found on twWo or more unitss» the operator is
notified of this also and 3gains the program is forced to waite
The MLP cannot recover automaticaily from this condition; the
operator aust inform it that he has resolved the "Duplicate File”
situation. Againe system SPD and Control Card syntax is
avaitable to do this.

The MCP*'s Controi Card routine is invoked whenever a card input
device goes from a Not Ready condition to a Ready condition. The
routine then reads the first card from the devices. If this card,
or in some cases» a subsequent card causes a job to be scheduled
for executionr the Control Card routine retains control of the
MCP» reads the next cards and processes it. It witl continue to
retain control untii the card reader goes not readyr» or urtil a
DATA card is encountereds. If the Control Card routine terminates
processing due to the encountering of a DATA card» ths physicatl
input fiie described by the DATA card is associated with the {ast
job which it placed in the schedule. This is only true if the
Control Card routine did not Lose control between the time it
encountered the card which caused a job to be scheduled ard the
time it encounterad the DATA card.

The MCP Witli not report a Duplicate File situations if one
existse if the input file being openad 1is a card file or a
pseudo-reader file and if the job has a physical file associated
with it in the manner described above. Rathers» the MCP nmerely
aliows the associated physical file to be opened by the job»
provided the external identifiers in the physical tlabel and in
the FPB are equal.

Control Card syntax 3is provided to allow the operator to specify
the physical unit which contains a specific togical file. This
specification may be made when the job is scheduled for execution
or it may be made permanently by modifying the FPB in 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 is5 not to De sent to Backups, the MCP next
checks to se2e if the user programmer has reguested that the fila
have special forms for output. This test is made for all output
files» regardless of device type. If FPB.FORMS is set to one»
which indicates that special forms are requireds, the MCP will
print an appropriate message and force the program to wajt untitl
the operator replies in the proper manner. Syntax is provided to
adlow this. HWhen the operator repliess the OPEN routine is again
invokaed and the file will be assigned to the device specified by
the operators, is anys provided the unit avaidable.

In the absence of a Forms specification by the users the MCP will
search the I0AT for an available unit of the type specified by
FPB.HDWR. As described in a prior sections, certain values which
this field may contain are not actuailly hardware types but
specify a group of typess such as ™any tape”» "any head-per=track
disk™ and so fortha. in order to be avaitable for output
purposess, the unit must be readyr, must not be currently in use by
another program and must be uwrite enabled.

If the MNLP cannot find an available unit of the type recguested,
it widl check to see if it is permissible to direct the output to
a Backup dewvices If so»r it Witl attempt to do so0. This is also
discussed in the section of this specification describing the
Backup operation.

If there 1is no available unit of the type specified by the user
and if it i5 not permissible to direct the fide +to a #Hackup
device» the MCP widl print a message on the 5P0 to infors the
operator that such a unit §is required before the programs which
uidl be identified» can proceesda The progras will be forced to
wait at this point, and will be removed from memorys if possible.

The MCP may recover the program from this cordition
automaticadlys, with no operator intervention. If a suitable unit
becomes available for output opurposess the OPEM comminicate
processing for the program will be repeated. Controt Cérd and
Keyboard syntax is provided to allow the operator to override the
hardwara type specified in the wuser's FPB. Syntax is alsgo
provided to allow the aperator to force the OPEN processing to be
repeatsad. In this cases the MCP merely tries again.

The MCP Wwidll automatically discontinue any program which attempts
to OPENs, for output purposess a file whose hardware type
specifies a paper tape readers a reader=-sorters a3 card readerr a
System SPO or an unknown device.
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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.SELECTLANDLREAD - {Read the information from the next
card in the hopperd. Valid variants are:s

Stacker Select

Inhibit Feed

Hopper Select

PUNCH. WValtid variants ares
Stacker Select
Inhibit Feed
Hopper Select

PRINT. Valid variants are:i
Stacker Select
Iinhibit Feed
Hopper Setsect

PUNCH=-PRINT. Valid variants are?
Stacker Sedect
Unegqual Data
Inhibit feed
Hopper Select

PUNCH~PRINT.AND.READ Valid variants are:
Stacker 5Selact
Unegual Data
Hopper Select

The Stacker Selact variant d§s actualdy a three=bit field in the
I70 Descriptors When the three bits are set to numeric values
other than =zero and sevens the device routes the card to the
stacker selected by the descriptor. Valid numeric values for the
devices range from one to 5§ Xe The MCP does note and cannots
edit the numeric value passed by the object program to ascertain
that it is vatid for the connecied device.

The Unequal Data wariant is wvalid only in 170 descriptors which
cause a Punch~Print operation to bs per formed. If the wvariant is
not sete the device widil print the same inforamation that is

punched on the card. In other words» the beginning wmemory
address for the information to be printed is the same as the
beginning memory address for the information to be punched. if

the wvariant is set» the information to be printed wiil te taken
from a memory location which immediately fodlows the information
that is punched,

The Inhibit Feed variant causes the Wait Station in the device to
be empty at the completion of the operation. No cards will be
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fed from the input hoppers if this wvariant 1is set irn the
descriptor.

The Hopper Seiect variant causes the feed card to be taker froa
the secondary input hoppers if there is ongs. If the Inhibit Faeed
variant is sets the Hopper Select variant is ignored.

There is a timitations which was mentioned briefly in a oprior
paragraph. The MCP cannot distinguish between the B9419-2», which
has two output stackerss and the B9419=56» which has six. The HLCP
does not edit stacker numbers before it sends them to the
control. Therefores programs which utilize all six stackers on
the B9415=6 may not be transported to systems which do not have
such a device. Even if the NCP could distinguish between the two
devicess» the editing would have to be micro=coded and would
seriously degrade performances.

The <capabilities available to the ohject programmer are
programmaticaldly selected by variants on the OPEN communicate and
by wvariants on the READ and MWRITE communicates. The discussiop
is categorized according %o the different types of OPEN
available.

When the MCP receives an DOPEN reguest with none of the bits 1in
the ADVERB area sets it Wwill assume that the program oniy wants
the information contained on the cards and does not intend to do
stacker selection, Read=-Punch operationss or any other variatior
availabls in the hardware. The I/0 descriptors constructed as &
resuit of this type of OPEN will all be of the Repeat.Read type.
There may be any number of buffers associated with the file. Ald
of the buffers witl be fiiled when the fide is opened. Stacker
Selection is not addowed when the fidle is opened in this mwmanner.

When the MCP receives an DOPEN request with the Pocket bit sets it
will construct one descriptors, the operator field of which will
contain a STACKER.SELECT.ANDL.READ instruction. The buffer will
not bhe 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 stopped in the MWait Station. The data from the
card wild be transferred to the object program®s work area before
control  is returned to the progran. Stacker Select information
passed on the first read may or may not be passed on to the
device and wiil have no effect at all.

The second and all subsequent reads shouid have Stacker Selection
information associated with them. The MCP Wwill not» however,
include code to insure this. The MCP Will not aliow more tharn
one buffer to be associated wWwith this type of filee
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This action is distinctly di fferent from the wmost common type of
READ request handisd by the HCP. The actual operation is always
issued after the communicate is receivedsr and never bpefore», as it
is with almost alt types of input files. The I/0 operation can
never be comieted ahead of the demand for it. This operation is»
houevers similar to the current MCP action for Sequentiatl I/0
files on Disks. The fide can actually be thought of as an
Input/Output fide» for adl opractical purposes. It must 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 OUTPUTY
bit in the OPEN adverb should never be set when the JPEN is
requesteds however. This will cause the communicate to have an
entirely different meaning.

Buite obvioustyr, 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
conver sely.

A number of variations sre possible when the device is opened as
an output fite. There variations are?

1. PUNCH

2« PRINTY

3. INTERPRET
4. POCKET

The Pocket variant may be applied to any of the first four
variationss or it may be the only adverb associated with the 0OPEN
statement. The MCP» upon receiving an OPEN communicate without
PUNCH» PRINT or INTERPRET requestedr wild sssume that Punch is
desired, Therefore, OPEN OQUTPUT §s equivalent to OPEN DBUTPUT
WITH PUNCH and OPEN QUTPUT WITH STACKERS is equivalent to OPEN
QUTPUT WITH PUNCHs STACKERS.

OPEN DUTPUT HITH PRINT means that the program doe€s not want to
punch anything into the <cards. It only wants t¢ print
information.

JPEN OQUTPUT WITH PUNCHs, PRINT means that the program wWants to
punch information into the cards and sants to print different
information on thems. The MCP will allocate the number of buffers
requested by the programs each buffer will be 192 bvytes 1ong.
The MCP Widi expect to receive 192 bytes of information or each
WRITE communicater 96 of which widl be punched in the card and 9%
of which will be printed. 45 alwayss it 45 not mandatory that
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the program deliver the full 132 bytes. The move from the work
area to the buffer is left-justified with blank fill.

OgPEN OQUTPUY HWITH INTERPRET mezans that the progransn wants to punch
96 Bbytes of information into the cards and print the same data.
The MCP widl allocate the number of buffers reguested? which
must be at least two» each will be 96 bytes in Llength. The 173
descriptor constructed widl specify a PUNCH-PRINT operations, and
the UNEQUAL DATA hit will be set to zero. The INTERPRET requast
will have precedenmce over PUNCH» PRINT and a cosbination of the
tWwoe DOPEN ODUTPUT WITH PUNCH» PRINT, INTERPRET should protably be
rejected as a syntax ercor Dy the compilers. The MCP will accept
the communicatesr howeverr» and assume that the programmer meant
oniy INTERPRET. The same applies to QOPEN CUTPUT HWITH PUNCH,
INTERPRET and OPEN JOUTPUT WITH PRINT» INTERPRET.

The POCKET wvariant may be specified on any valid request for an
OPEN JUTPUT. The variant §is ignored by the MNCP on the OPEA
request. This i5 not true for OPEN INPUT WITH STACKERS. It wmust
be true for OPEN DUTPUT» howevers, to avoid problems wWwhich may
arise when the device assigned to the file is changed by . a FILE
card or an "3JU™ message. The WRITE communicate contains a bit
which requests stacker selection. The MCP examines this bit and
takes appropriate action on each WRITE communicate.

214 of the wariations possible when a file is opened OUTPUT are
also possible when the file dis npened INPUT.OUTPUT When the NMCP
receives an OPEN INPUT,OUTPUT request with none of the wvariants
sete it assumes that the user wants to read the infermaticn fros
the cardss and punch additional information into thems and print
the same information on thenm. Therefores OPEN INPUT.DUTPUT is
equivalent to OPEN INPUT,OUTPUT WITH INTERPRET.

The adverbs PUNCH and PRINT are relatively useless when the file
is opened INPUT.QUTPUT. Both punching and printing occur when
the PUNCH~PRINT.AND.READ I/0 operator is5 dispatched to the
control. There is no way the device can be made to print and
read or punch and read onily. These opeations can be sirulated,
of coursesr by 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 bit is set in the 170 descriptor when the MCP
receives an OPEN communicate with both the PUNCH and PRINT bits
set in the adverb. As in the case of OPEN OUTPUT» the INTERPRET
bit has precedence over both PUNCH and PRINT. OPEN INPUT.OUTPUT
WITH PUNCH» PRINT» INTERPRET should be considered a syntax error
by the compilers. When the MCP receives such a requests
howevers it generates a PUNCH=PRINT.AND.READ I/0 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.

Attributes Reguires Can Use

Input only» not Stackers 1 infinite
Input only with Stackers 1 1
Qutput only 2 infinite
gutput and Input 3 3

1f the number of buffers specified for a file is fLess than the

number requireds it widl be atlocatsd the nunmber raequiredes It
the number specified is more than the number that can be
effactively used» it will be adlocated only the number it can
USSR

As in the case of OPEN INPUT WITH STACKERS» the MCP will not fill
the buffers when the file is opened. The first READ issued for
the file will cause a card to b2 fed» read and stopped in the
wait station. The information from the card widil 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 froam ali
other reads. This should be of no concern to either the compiler
or the objact progranmer.

After the first READ on the file, the MCP will normally expect to
receive two cogmunicates for each card passed through the device.
There shold be one WRITE request and one READ reguest for each
physical card. The program should pass 96 bytesr or 192 bytes,
of information to the MCP on each WRITE request. The information
Wwill be moved from the program?s work area to the buffer oan tha
WRITE communicate. The actual I/0 operation wWwill be initiated at
this time and the progras will be allowed to continuer without
waiting for the completion of the operation.

The MCP widll normally expect to receive a READ communicate at
this points and the program may be forced ¢to wait for the
completion of the I/0 operation issued previousiye. After
completions the information read from the card will be passed on
the READ communicatesr as alwayse.

It is not mandatory that the program always follow the REAC/WRITL
sequence described in the foregoing. iIf the program issues two
successive MWRITE requestss the input information on one of the
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cards involved widil be 1lost to the program. fhe consequences ¥

a program issues two successive READ requests are somewhat more
dire. The information punched and printed on the first card will
al so be punched and printed on the second. Though this sounds
rather bad» this coudd possibly be of some use to someonea.

Since the actual 170 operation for this type of OPEN dis initiated
on the WRITE commrunicater any stacker selection information wmust
be passed along with the WRITE communicate. Stacker information
passed on the READ widl be ignored.

The MCP widd automatically discontinue programs that attempt to
OPEN a file on any of these devices if:

1. Neither the Input bit nor the Jutput bit is on in the
Adverbs

2. Both the Print and the Interpret bits are on in the adverbs
of»

3. The program is attempting to use a 95-column device in the
binary recording mode.

Digk Eile OPEN

When a user program attempts to DPEN a file which is assignred to
disk» the first test made in the Open Routine is whether the file
is a new file which the program is cre2ating for the first time or
an old file which already exists in the disk directory. In the
first caser, a disk file header will eventually be constructed in
memory by the OPEN routine. In the second cases the disk file
header already exists and is stored in the directory and will
have to be brought dinto msmory by the Routine. The QOpen
procedure for a new fils wild be discussed first.

Programs which attempt to open new files for dinput and output in
the serial access sode widl be automatically discontinued st this
points dlso» programs which attempt %o open a new Nulti-Pack
File and have blanks in the PACK.ID field or the FP8 wiil be
automaticaily discontinued.

If the Open communicate specifies that the file is a code filas
the proper names for the file will be stored in the FP8 at this
point. Alsor, the number of disk areas requested in the FPB8 will
pe automaticaily set to onec. The fact that this is a code file
will be recorded By the MCP in the FPB for the file. This
information is required whan the file is closad.
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If the PACK.ID field of the FPB contains something other than
EBCDIC blankss the program 1is requesting that the file be
directed to a wuser pack with that ID. The MCP wills, at this
point, 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. Otherwisesr if the
user has requested that he be notified when the pack is not
present by setting the REPIRT FILE NISSING bit in the adverbs, he
will be so notified at this point and control will be returned to
the user through the normal processor gueue mechanisms.

If the REPORT FILE MISSING bit i35 not sets a message to the
operator Will be displayed and the program will be suspended
until the requested pack is dntroduced to the system or the
operaor overrides the PACK.ID specifieds Control syntax is
provided to allow the operator several means of accosplishing
this. )

If the file being opened is a multipack file and if the serial
number of the physical pack is zero or if the pack is already &
continuation pack for another muitipack file» the program witll be
automatically discontinueds If the number of areas requested for
the file by the programmer s greater than 105» it will be
automaticaldy set to 105 by the MCP. In the 1latter case» no
darning is sent to the operator.

Memory for the file header is aliocated at this pointe. If the
user had requested that the disk areas to be assigned to the file
be allocatsd when the fide is opened» the aliocaticen is done at
this points provided sufficient disk is available. If sufficient
di sk is not availabtles the program s suspanded and an
appropriate message is displayed on the 5P0.

The File Header is nos constructed in memory. based wupon
information «contained in the FPB. The ultimate dispensation of
the header is dependent wupon the type of CLOSE communicate
performad on the file.

At this point in the OPEN processing» the logic becomes the same
for new and oid files. Before procesding with a description of
the 1ogic at this points, it will be advantageous to describe the
processing which occurs when tha user opens an existing file.

When the user requests an Open of an existing files the first
occurrence is a deterpination of wWhether or not the file is
present on the system. Ald three names in the FPB sust match an
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existing file if the name fields contain something other than
EBCDIC blanks.

If the PACK.ID Field is blanks the file is assumed to reside on
system disk. The directory on the system disk wiil be searched.
If the PACK.ID field is not blankss, it specifies that the file
exists on a removable user pack of that names If there is no
such pack on the system at that time» the program is suspendeds
with an appropriate operator messagesr until the pack is
introduced to the system or the operator overrides the PACK.ID in
the FPB. There are several means provided for the operator to
accomplish thisa If the REPORTLFILE.MISSING bit is set in the
communicate adverbs, the program is not suspendeds but control is
returned to it through the normal processor queues and the fact
that the pack is not present is reported to it. In either cases
the OPEN cannot proceed past this point.

After the decision abover the MCP next searches the directory on
system disk or on a user pack for a file identified by the names
in FPB.MFID and FPB.ID. 1f the file is not founds the action is
identical to that described above. If the file is founds further
decisions are necassary.

If the LOCK bit is set in the OPEN adverbs, there may bDe no other
usars who are writing to the file. There may be other users of
the file» but none of them may be using the file for cutput. It
the LOCKOUT bit is set in the OPEN adverbs there may be nc other
users of the file’ the user who is presently opening the file
must be the sole user. If these conditions are not met» an
operator message is displayed and» depending upon the setting of
the REPORT FILE LOCKED bit in the adverbs the user is either
suspending or notifisd of the condition.

Assuming that all of the conditions specified are met
satisfactorily., the File Header is brought into memory by the
MCP», if it is not there already» and the user count field in the
header is incremented. if the DUTPUT bit in the adverb is sets
the output user count field is also incremented.

At this point in the OPEN processings all of the paths converge.
1f the file is not a disk filer, a device has been assigned to it.
If the file is a disk files the File Header is in memory and its
associated disk aresas» if any» are essentialiy "assigned™ to the
file. The File Information Block (FIB) must now be constructed.

Construction of the FIB is a rather mechanical process. After
initializing certain fields in the I/0 Assignment Table (IDAT),
memory to contain the FIB is allocateds» if this has not already
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occurrad. As mentioned in a prior sections the amount of memory
allocated for an FfIB is dependent wupon the type of device
assigngd.

The FIB8 itself is constructed from information contained in the
FPBs from information in the Disk File Headere and from the
parameters passed in the OPEN communicate. After this occurs.
the I/0 descriptors are constructed. Memory space Wwhich contains
the 1I/0 descriptors and their associated huffers is atilocated
with the FIB» such that the FIB contains not only the file
information but also the descriptors and buffer areas. The
memory necessary is then a contiguous block. This statement does
not apply to Data Management System bufferss uhich are atioccated
separatelye.

For serials input only fides» 2ach 1/0 descriptor is initiated as
it is constructeds The buffers are hence "pre=filied™ by the
operating system when the file is opened. This is true of aii
files except those assigned to a reader-sorter and those assigned
to a data recorder wmhere the wuser has specified that stacker
selection is to be performed on the cards.

For output files which are not assigned to disks d1abels are
constructed and written according to the user?®s specificationse.
Tape labels are discussed in the portion of this document which
describes Magnetic Tape Management. For input files» the device
assigned willt be positioned such that the first READ issued by
the program yeilds the first physical record from the device.
This is often accomplished by the Open routinee.

If the wuser has requested that translation be performed by the
software, memory to contain the Translation Tabte specified by
the user is allocated by the Open routine. The Translatior Table
is also brought into memory by the Open routine and pointers to
it are constructed in the FIB. If the specified Translation
Table is not present on disk at the time of the Opens the progran
is suspended and an appropriate operator message is dispilayed.

If the LDG System Option is sets» entries are made in the log when
the fide is opened. The FPB for the file is also the dog entry
and certain fields therin are wupdated and modified. At the
conclusion of the Open processing» control is returned to tha
user if OPEN was invoked by a2 communicate. In ati languages
except COBOL», OPEN may be invoked by a READ» WRITE or SEEK
communicate. If this was the cases 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.ADYERS BIT

REEL

RELEASE

PURGE

REMOVE

CRUNCH

NO REWIND
OVERRIDE NAME CONVENTION AND SECURITY
LOCK

IF NOT CLOSED
ROLLOUT

AUDIT SWITCH
TERMINATE

-

The CLOSE communicate allows the user to specify the dispernsation
of files that he has created. Should a program terminate without
performing a Close on any file that he has opesneds the MCP wiil
assume that the device assigned to the file is to be returned to
the system®s resources and that the data contained in the file
should not be retained.

A second purpose of the Close routine is to bring the I/C
activity on a devicer, which happens somewhat asynchronously with
2 program’s procassings to an orderiy hatt. It also returns any
memory assigned to the file to the system. Clearly>» an 1I7C
descriptor and buffer area cannot be returned to available memovry
untid the I/0 operation it desscribes is complete. In order to
accomplish this» it is often nacessary for the Close routine to
give up control of the processor and regain it when certain 173
operations go to complietion.

The first test performed by the Close routine is whether or not
the file has ever been opened. A CLOSE communicate issued for
such a file 1is considered a programming error and the prograa
Wil be discontinued at this pointe. This is5 done primarily to
inform the object programmar of the fact that there is something
iS Wronge.

The second test performed Dy the Close routine is whether or not
the file is opan nowe. It is considered a programming error if a
user requests a Close on a file that ids already closeds as
opposed to never having been opaneds if the IF NOBT CLOSED bit is
not set in the CLOSE communicate adverb. The oprogram will bs
automatically discontinued if this error is detected. If the IF
NDT CLOSED bit is set in the adverb and +the file is already
closeds control is returned to the user program through the
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normal processor queue mechanism. Ad4d other bits in the adverb
will have no effect and the file is not closed a second time.

gefore proceeding with a description of the mechanics of the
CLOSE communicater it Wwidl be beneficial to explain the function
of the various bits in the adverb. The REFL 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 causes the
MCP to close the reel of magnetic tape that is currently being
processed. The fide will be closed and the reel witll be locked
by the M{P. if the user program issues another OPEN communicate
for the file, the next reel of the filer» in numerical seguences
will be sought by the Opsen routine.

It is not necessary for the user program to issue CLOSE REEL
communicates when the physical end of the reel is encounterede.
This is done automaticaidy by the MNCP. Reel=to~reel transition
is accomplished without the involvement of the user program.

The RELEASE bit in the adverb means that the resources assigned
to the file are to be returned to the system. New disk files
which are closed with RELEASE will have their assigred disk
areas» i1f anys returned to the Llist of available disk. Permanent
disk files which are closed with RELEASE wilt 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 applicabde to files assigned to disk or
tape onivye. It is 1ignored §f the file is assigned toc other
devices. If a CLOSE PURGE is performed on a file which is
assigned to a3 tape units the tape reel will be rewoind and
purged, provided it is write=enabled. If it is not
Wwrite-enabled, CLDSE PURGE will be equivalent to CLDSE RELEASE.
For a permanent disk file which is closed with PURGEs the file is
removed from the directorys provided the user who is decing the
CLOSE is the sole user of the files and the disk space assigned
to the file will be returned to the avaitable tabte. A new disk
filer often known as a "temporary” filer» will not yet be entared
in the disk directory» but the disk space assigned to it witl be
veturned to the available table also. 1In the case of a temporary
file» there can be only one usser and it is 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 only. It is ignored if the file is
assigned to other devices. When a file assigned to tape is
closed with LOCK» the tape reel is rewcund and the unit®s status
is marked as "Locked™ in the I0AT. The wunit will prot be
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available for wuse by other jobs until the operator interveness
either by making the unit not ready and then making it ready or
by entering a "Ready™ message on the S5P0. .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 remove any
tape files which may have been created on the unit.

The LOCK bits when set on a CLOSE directed to a file which s
assigned to disks causes the file to be entered in the disk
directory if it is a temporary files, subject to the restrictions
bed owa If the file is a permanent file which is already in the
directory, the LOCK function is equivalent to the RELEASE
function.

A file may not have its name antered in the disk directory if
there is already a file by that name in the directory. A  usar
who attempts to CLOSE LOCK a files the name of which is alrasady
in the directory causes what is known as a ™Duplicate Library"
condition. The program Wwili 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 atlow this.

The REMDYE bit in the adverb 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
similar to CLOSE LOCK wexcept that if a3 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 automatically. The function is performed by the MCP with
no operator intervention sregquired. The new disk file is then
entered into the directory and control is returned to the usere.

The CRUNCH bit in the adverb was originally intended for wuse by
the compiters. This restriction is not enforceds howevers and it
may be used by any program whose source language idncludes the
construct necessary to set the bit in the Communicate formata
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
Lie beyond the End-of-File pointer for the file and the file may
have no more than one disk area assigned to it. WHhen a Close
Wwith CRUNCH operation is performed on a filesr 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
written to disks per the LOCK bit, and the wunused space 1is
returned to the system.



=35

BURROQUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTENS GROUP B10GO MCP I1
SANTA BARBARA PLANT P.5. 2212 5462 (E)

The NO REWIND bit when set is applicable to magnetic tape files
oniy. It causes the magnetic tape to be positioned immediately
beyond the tast 1label racord written. The unit remains assigned
to the program and is not avaidiable for use by anyone else. The
user then has the option of opening another file in the forward
direction» thus creating or continuing a multi=file taper or of
opening the file just written as input in the reverse directione.

The IF NOT CLOSED bit aliows a user to close a file that is
already closed. Ordinarilys, this is a programming error and widl
resuit in the user®s being terminated by the MCP, as described in
a prior paragraph. This bit is merely a means of avoiding
termination.

Fide Information Blocks» I/0 descriptors and buffer areas require
substantial amounts of memory. The ROLLOUT bit in a CLOSE
Communicate wss provided to allow a user to temporarily close a
file, teaving the associsted device assigned to the programs and
have the FIB stored on disk so that it does not waste REBROTY
spaces When the file is reopened» it is wmerely a wmatter of
reading the FIB in from disk, updating certain fields therins and
proceeding. This is often quicker than recreating the entire FI3
and it elimiates the possibility of another progran gaining
control of the peripheral device in the interime.

The TERMINATE bit in the CLOSE adverb is set when the MCP's
termination routines call the Close routine. This occurs only
Wwhen a program terminates» normsally or abnormalliy. 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 fite is closed. dhen
a compiler closes the code file it has generataeds the external
names of the file are inserted by the Close 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 muiti=-fidle I1D. The internal name of the file will
be inserted in FPB.MFID and an operator message will be printed
when this is attempted.

The FPB.LOCK booleanr,  if setr» widd cause the LOCK bit in the
CLOSE adverb to be turned on when the file is closads provided
the TERMINATE bLit 145 also set. This causes the file to be
entered in the disk directory and was added as an aid to
debugginge. Occasionally, when a program has a fatal error» disk
files 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 fook at the
data he was processing whan the error occurred.
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The CRUNCH bit in the adverb will be turned on automaticaldy by
the MCP if the file being closed is a backup file» a pseudo=deck
or a code file. The LOCK bit witl be turned on if the file is a
backup file or a code file and if it should be entered in the
directory. This 1latter case can only be determined fron
information contained on the Compile card which is not readily
available to the compiler.

Any file which was opened with the output bit set in the OPEN
adverbs any file to which the user may have been issuing WRITE
communicatess Tequires some special attention by the MCP during
the Clesa procedure. Since physical 170 operations happen
asynchronously with the user programs outout I/0 operations may
have been initiated or marked ready for initiation and be
incomplete 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 aldl of the
user's buffers are filled when the file is openeds provided the
file is accessed serially, and since the MCP attempts to stay
ahead of the user program in initiating I/0 operations, as soan
as the user has read ail of the records from a buffer, physicatl
1/0 operations may be in process or marked ready for initiation
when the file is closed. In the case of an input filer it is not
necessary for the MCP to wait for I/0 completion. Any operations
which have not been physicaldy idnitiated may be cancelled by
removing them from the channel chaina. The MLCP must wait for the
completion of any I/0 operations that are already ophysicaily in
processs but this is a relatively short time period.

in the case of Seguential I/0 and Delayed Random disk files» the
data in the buffer may have been altered by a Write operatior
from the user but the [/0 descriptor may not yat have been marked
ready for initiation. The Close routine wild idinsure that ali
such buffers are actually written to disk prior to the completion
of the Close operation. Simidartlyr for serial, blocked cutput
filess the wuser may have don2 several write operations but not
yet fiiled an entire buffer. The I/0 descriptor in this case
also will not yet be marked ready for initiation but the buffer
will contain data which nmust be written to the physical mediaze
The <Close routine widd initiate all such operations and insure
that they are completed 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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Wwordss if the unit goes not ready and there are I/0 operations
which must be completed before a Close can occurs the progran

will remain in a waiting condition until the unit goes back to a4
ready condition and the necessary operations are complete.
Keyboard syntax is provided, however» to aliow the operator to
override this restriction. The syntax should be used only when
the user oprogram ids being aborted. The output data in the
buffers will 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 widil not be able to write cloesing tape marks and dlabels
on the media and an I/0 error wWill result when the tape is read.
Possibly» no I/0 error will result, which may be worse.

The Close routine next begins operations which are dependent upon
the type of device assigned. In the case 0f 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 wildl cause the cards to bhe
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 non-overlayable in memory when the file was opened. These
code segments wWwill be marked overiayable by the Close routine,
provided the user who issued the CLOSE is the sole user of a
sorter. Reader~sorter files may only be closed when the flow of
documents is stopped. Also» they may onily be Closad with
Redease. The MCP will interpret atl Close operations on sorter
files to be Close with Release, regardless of the setting of the
RELEASE bit in the adverbh.

By far» the most complicated processing occurs when the file is
assigned to disk. If the file is a multipack filer the Baste 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
previously. New disk files will be entered in the disk
directorys» provided there is no file with an iddentical name
already in the directory.

Existing files in the disk directory cannot be removed under any
circumstances if they are in use. Similarlys, files classified as
"System™ files «cannot be rsmovedsr even though their user=count
field in the disk header is5 zero. The MCP code file being wused
is an example of such a file. Existing fites will be removed by
the Close routine if the REMOVE bit is set in the CLOSE adverb or
the RMOY system option is sets if the Close routine encounters a
duplicate file in its processing. If neither of the abowe
conditions are truer the program will be suspended at this point
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and the operator must intervene to resolve the conflict.

It the file is a permanent fidle and if the user has added records
to the file whide it was openr the end-of-file pointer in the
file header will be adjusted by the Close coutine.

If the PURGE bit is set in the adverb and the file is a permanent
file or if the file was temporary and is being Closed with
Releaser the disk space used by the file is returned to the
available tabiles

If the file being closed is assigned to tape» the Close routine
writes tape marks and Labels 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 IOAT is updated by the Close routines
Test and Hait for Ready 1/0 descriptors are re-initiatedsr if
appropriate. Atl of the user?*s 1/0 descriptors are removed from
the 170 chain.

information in the FPB 4is updated and stored on disk in the
working copy of the FPBe Finally» the memory assigned to the
file is returned to the system®s avaitable mesory. Control is
returned te the wuser through the normal processor queus
mechanisms.

BEOSIIION (MICROD HCP (BACKUP EILES QNLY))

CT.VERSB 10
CT.DBJECT FILE.NUMBER
CT.ADVERS BIT

- REPORT & RETURN 70 USER ON EOF
i REPORT & RETURN 70 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 LT.1 CONTAINS RECORD COUNT A5 A FIXED NUMBER
11 CTe1 CONTAINS RECORD NUMBER DESIRED
CT.1 DEFINED BY BITS IN CT.ADVERSB )

REINSTATE.MSG.PTR YALUES
o GOOD POSITION
1 END OF FILE {OR END OF PAGE ON PRINTER)
2 I/0 ERROR
3 INCOMPLETE 170
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The POSITION communicate atlows the user to change the physicad
and Lagical position on a file. it is used with serial files
only» of course. The file may be assigned to disks, tape or to a
printevr. The communicate is ignored if the file is assigred to
any othar device.

Positioning a printer file w«will be discussed firste. 1f the
POSITION communicate is directed to a printer files CTal wilt
contain either a channel number which widl correspond to a punch
in a carriage controi tapes or a number which will specify the
number of lines the printer should be spaceda. If bit 10 in
CT.ADVERB is ons CT.l will be assumed to «contain the channet
number . If the bit is off, CY.1 will be assumed to contzin the
number of 1{inesa.

The Position routine will always space the printer the number of
tines regquested. Oue to the design of the 81000 Printer
Controls», it spaces the printer two lines per descriptor ands if
the number of lines requested was an odd number» issues & space
operator for one line to complete the operation. If a <channetl
twelve punch in the carriage control tape is reported anytinme
during the spacings End=~of=-page is reported to the progras® when
the operation is complete. It is therefore possible, though
highly inefficients, to cause several pages of paper to be passed
through the printer with one POSITION communicate. End=cf=page
is always reported to the user» if it was reported to the MCP»
regardless of whether of not he has included code to handle the
situation. Programs are not automatically discontinued if there
is no such code.

If CT7.1 contains a channel number, ‘and if the channel number is
{ess than twelves the routine constructs and sends sn {170
descriptor to <cause the printer to space to the recuested
channel. If the channeld number if CT.1 is twelve or greater, 3
message is printed on the 3P0 and the communicate is ignored.

With some restrictionsr, disk files may be positioned forward or
backward a specific number of records or they may be positioned
to a specific record number within the file or they may be
positioned to the end of the file. The file may be opened for
input or for output but it may not be opened for both.

Random disk files and files with variable length records asay not
be positioned at all. Attempting to do so will result in the MNCP
automatically discontinuing the programe

Input disk files may be positioned to the end of the filer 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. Output disk
files may be positicned beyond the end-of-fide pointer but may
not be positioned beyond the declared physical bounds of the
file. The "declared physical bounds™ of a fite are the number of
records per area declared times the number of areas in the file
declaration.

Files may not be positioned to a negative record nusber.
Attempting to do so widt result in the file being positioned to
the first record in the file automaticallye.

In all cases mentioned aboves the first bit in the adverb sust be
sets 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 result id§n the MCP automaticaldly discontinuing the
program if the Report and Return EOF bit is not set. This is
applicable regardless of whether the file is opened for input or
gutput purposes.

Files assigned to tape may also be positioned forward and
packward» provided the file does not contain variable-length
recordsa. Atteampting to position such a file will result in the
program being discontinued by the MCP. Alsor 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 sets in
the same manner as disk fides.

In order to function properlys, the MCP maintains a record count
for adl tape files on a "per real™ basise. When the Pasition
routine raceives the comamunicater it first computes the recorc
number desired by the oprogram. If the record count desired
exceeds the current record counts, the tape is positioned in the
forward direction to the desired record.

The record count for any reesl 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
Closeas Hence» when a tape reel 1is opened in the reverse
directions RHecord One is actually the tast physical racord on the
tape. The "forward®™ direction is therefore defined to be the
direction that the tape is currently being passed. When a file
is opaned reverser» a "Backspace™ operation widl 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 is opened output or if it is opened reverse or if it is not
an ANSII-iabeded tape. When a Position to end-of=file occcurs,
the record count field maintained by the MCP will be losts since
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the I/70 operator addressed to the unit will be a "Space to Tape
Marg”. The record count field must therefore be recovered fronm
the ending 4dabel and ANSII 1abels are the only tabels which
guarantee that a record count field is present.

The B100O tape subsystem is capable of spacing tape one physicat
record per 170 operation or to a tape marke. It is not capable of
spacing for a specified number of physical blocks with ocre 170
descriptor. Hences spacing to a specific record occurs one block
at a time. Irrecoverable I/0 errors encountered on any of the
blocks wili result in the program?s being automaticaliy
discontinued by the MCP if the second bit in the adverb is not
sets If the second bit is sets, the I[/70 error will be reported to
the program and the position communicate will be terminateda At
this points 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 record, End=of-File will be reported to the progranm
if the first bit in the adwverb is set. The program will be
automatically discontinued if it is not.

ACCESS EILE DARAMEIER BLOCK (EPB)

CT.VERS 11
CT.0BJECT FILE.NUMBER
CT.ADVERB BIT

0=-10 -
11 D=READ
1=WRITE
CT.1 RECEIVING FIELD BIT LENGTH
CT.2 RECEIVING FIELD BASE RELATIVE BIT ADDRESS

The ACCESS.FPB Communicate allows the user access to any of his
file Paranmeter Blocks. The working copy only of the FPH may be
accessed by this communicate. The FPB is read directly from disk
into the user?s run structurea. The address and size passed in
the communicate wmust lie wholly within the run structure. The
program witl be automatically discontinued by the MCP if this
rule is wiolated.

Information is not formatted by the MCP. if the FPB definition
in the MCP is changed for any release of the softwarer it is the
user®s responsibility to make <corresponding changes in his
progranm.

The communicate operation is ignored §if CT.DBJECY 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 listed above rmust die whoily
within the program®s run structure. ¥iolation of this rule wilt
resudt in the automatic discontinuation of the program.

The relative disk address passed must lie within the disk overtlay
ar ea adllocated to the oprograme. This has been discussed
previously under program BOJ facilities.

Due to hardware Limitations» the overlay area can be no smaller
than 56 bitse.

This communicate is not used by COBOL, RPG or any other progran
written in a source language other than 5DL.

This communicate uses the program®s overlay descriptor in the Run
Structure Nucleus. The program is placed in the WAIT.Q untit the
I/0 operation initiated by the procedure goes to completion. At
that time» control is returned to the program through the normal
processor quUaues.

ACCESS DISK EILE HEADER LDEH)

CT.VERB 1%

CT.OBJECT BASE RELATIVE ADODRESS OF 30 CHARACTER FILE ICENTIFIER 3
PACK.ID CAT MFID CAT FID

CT.ADVERSB BIT

& OVERRIDE USERCODE NANING CONVENTION AND SECURITY
7 REPORT SECURITY WIOLATION
39—9 -
10~11 O0=WRITE
1=READ

2=READ & FORMAT IN BINARY
=READ & FORMAT IN CHARACTERS
CT.1 RECEIVING FIELD BIT LENGTH
CT.2 RECEIVING FIELD BASE RELATIVWE BIT ADDRESS
REINSTATE.MSG.PTR YALUES
g COMMUNICATE COMPLETE
1 FILE NOT PRESENT OR SECURITY VIOLATIODN AND
CT.ADYERB BIT 7=0
2 SECURITY VIOLATION AND CT.ADYERB 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 CT.2 must 1lie within the
program?s gsrun structure. If it does not» the program wmill be
automatically discontinued by the MCP. The field in the run
structure which specifies ths file identifier must be exactly
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thirty characters in length and must conform to the fixed format
described in the Communicate layout above.

This communicate has four variations as defined by CT.ADVERB. If
CT.ADVERB contains a zero or a on2s» the sending or receiving
field 1is assumed to correspond exactly to the current definition
of a disk file hsader. The T"current™ definition means the
definition used in the actual MCP that is handling the
communicate operators and not the definition wused in any
subsequant MCP.,

If CT.ADVERB is sst to zeros» certain fields are nroved from the
program®s run structure to the actual disk file header and
Written to the disk directory. Only selaected fields may be
written? those not selected are ignored.

If CT.ADYER3 is a one» inforaation is moved directly from the
file header to the receiving field specified. The nrove is
left=-justified with zero fill. The entire file header ray be
read in this manner.

If CT.ADVERB is a two or a threes the fields Llisted in the table
below only are moved to the oprogram?s run structure. The
formatted move also occurs teft-justified with no fitling. If
the receiving field is not sufficiently longs, the move is merely
truncated from the right.

FIELD NAMNME LENGTH LENGTH
{BITS) {CHARACTERS)
OPEN.TYPE 24 1
NOLUSERS (Number of Users) 24 2
RECORD.SIZE 24 4
RECORDS.PER.BLOCK 24 A
EQF.PDINTER 24 8
SEGNENTS.PERLAREA 24 R
USERS.OPEN.DUTPUT 24 1
FILE.TYPE 24 2
PERMANENT 24 i
BLOCKS.PER.AREA 24 b
AREAS.RAS5T {Requested) 2% 3
AREAL.COUNTER 24 3
SAVE.FACTOR 24 3
CREATIONLGATE 24 5
ACCESS.DATE (Last) 24 5
REC.512E - 5
MPF (Multi-Pack Fite) 1 1
PROTECTION 2 1
PROTECTION.ID 2 1
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If the file is not present in the disk directory» the orogram is
notified by inserting a one in the RS.REINSTATEC.MSG.PTR. In

either cases

contred is returned to the prograwm through the

normal processor quaue mechanism.

EINDLZBMODIEY €DH)

CT.YERS
CT.OBJECT
CT.ADVERB

CT.1
CT.2
C7.3
CTa4
CT.5
CT.5

Re fer to P.S.

SIQRE

CT.VERS
CT.OBJECT

CT.ADVERS

15
INVOKE NUMBER & PATH NUMBER OF THE PATH-NAME
BIT
0 RETURN LIST HEADS (REORG CONLY)
1 RETURN LOGICAL ADDRESS (REOQRG ONLY)
2 DM.STATUS FORMAT

0=BINARY

1=4~817 DECIMAL

ON EXCEPTION

3

4

5 MODIFY
8=10 SELECTION EXPRESSION

NEXT

PRIDR

FIRST

LAST

NEXT AT

CURRENT

AT

il DATA SET SELECTION EXPRESSION

DM.STATUS REGISTER BIT LENGTH

DM.STATUS REGISTER BASE RELATIVE BIT ADDRESS

DATASEY RECORD WORK ARFA BIT LENGTH

DATASET RECORD WORK AREA BASE RELATIVE BIT ADDRESS

SEARCH KEY {CAT OF COMNPONENT NAMES) BASE RELATIVE RIT ADR.
INVOKE NUMBER & PATH NUMBER OF DATASET=NAMNE

2212 5470.

611} ]

is
INVOKE NUMBER 2% PATH NUNBER
(SUBSET IF INSERT)

BIT

] INSERT

1 -

2 DM.STATUS FDRMAT

O=BINARY

1=4=B1IT DECIMAL

ON EXCEPTION

BEGIN TRANSACTION (NOT INSERT)
INCLUDES.LIST.HEADS (REORG ONLY)
END TRANSACTION (NODT INSERT)

[+ R ¥ I &
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7 ND AUDIT (BEGIN DR END TRANSACTION ONLY)
8 SYNC (END TRANSACTION ONLY)
9 -
10 STORE INDEXES ONLY (REORG ONLY)
13 PSEUDD CREATE (REORG ONLY)
CTe1 DM.STATUS REGISTER B8IT LENGTH
CT.2 DML.STATUS REGISTER 3ASE RELATIYE BIT ADDRESS
CT7.3 DATASET RECORD WORK AREA BIT LENGTH (NOT INSERT)
INVOKE NUMBER & PATH NUMBER OF QATASET C(INSERT)
CT.4 DATASET RECORD WORK AREA BASE RELATIVE BIT ADDRESS

(NOT INSERT)

Refer to P.S. 2212 5470.

QLLEIE (DM)

CT.VERB 17

CT.O08JECT INVOKE NUMBER & PATH NUMBER
(SUBSET IF RENOVE)

CT.ADVERB BIT

0 REMOVE
1 -
2 DM.STATUS FDRMAT
0=BINARY
1=4-BIT DECIMAL
3 ON EXCEPTION
4=11 -
CT.1 DM.STATUS REGISTER BIT LENGTH
CT.2 DM.STATUS REGISTER BASE RELATIVE BIT ADDRESS
CT.3 DATASET RECORD WORK AREA BIT LENGTH (NOT REMECYE)
INVOKE NUMBER & PATH NUNBER OF DATASET (REMOVE)
LT.4 DATASET RECORD WORK AREA BASE RELATIVE BIT ADDRESS

(NOT INSERT)

Refer to P.S5. 2217 5470.

CREATE/ZRECREATE (DM)

CT.¥ERS 18
CT.OBJECT INVOKE NUMBER & PATH NUMBER
CT.ADVERSB BIT

1 RECREATE
2 DM.STATUS FORMAT
0=BINARY
1=4=81IT7 DECIMAL
3 ON EXCEPTION
=11 -
£T.1 DM.STATUS REGISTER BIT LENGTH

CT.2 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 ADDRESS

Refer to P.5. 2212 S5470.

SHITCH2TAPE-DIRECTION

CT.VERS 19
CT.0BJECT FILE .NUMBER
CT.ADVERSB BIT

C=7 NOT USED

B=11 0 = READ FORWARD
1 = READ REVERSE
4 = HRITE

REINSTATE.MSG.PTR VALUES
0 GOOO SWITCH
1 FILE NOT QOPEN
2 WRONG DIRECTION OR NOT A TAPE FILE
3 END OF FILE

This operator was added to facilitate the implementation of the
Tape Sort feature. It has found use in other applications since
that time. Essentially» it merely changes the direction of &
tape file without time=consuming Close and Open invocation.

There 1is no wWay that this communicate can cause discontinuation
of a program. Ald errors are merely reported to the progranm.
The file may be changed from input to outputs provided it §s not
being read in the reverse direction. Direction may be charged ar
the same communicate which changes the I/3 mode. In other wWords,
a file may be changed from idnput and reverse to output and
forward with one communicate.

Buffers are fillad by the MCP as a function of this communicate.
No fields in the FIB are changeds» however. Consequentlys, wuse of
this communicate is not practical on blocked files.

This comwmunicate widl not function if one of the file's buffers
has already encountered the physical end of the files

IEBMINAIE (SIOP RUND
CT.YERB 20

This Communicate calls the Terminate Procedure directlye. Tha
Terminate Procedure is also called when a program is being
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discontinued. There is very littde differance between a normal
terminate procedures where the routine 15 caltied wvia a
Communicate and an abnormal ons» where the procedure is calied by
the MCP to discontinues a progran.

Programs may not be terminated if they are using a reader=-sorter
and the device is5 operatinga. In this «case» the ternminate
rountine will wait wuntil the flow is stopped on the sorter and
then proceaed with the termination. This is due to the fact that
Hi gh=Priority Interrupts from the sorter can only be handled in
code written exclusively for that purpose. At any rate, ali of
this Will be transparent to the user and the programr wWill be
terminateds though not necessarily at the time the Terminate
Procedure is first invoked.

A similar situation exists if the progras has Data Management
operations in processs. 170 Compiete on such an operation can
only be handied by ©Data Management <code» and the Terminate
Procedure will be forced to wait for completion of any such
gperations.

The Terminate Procedure may also have to wait for Roli-in and
Rodiil~0ut operations to be completed. The prograx must be present
in memory before it can be terminated.

As mentioned previouslys all of the conditions {isted te this
point are transparent to the user. The Terminate Procedure has
its own mechanisms for waiting for such events to be complete.
No action is reqguired on the part of the usera.

The queue of keyboard messages antered via the Accept response
will be purged of any messages intended for this program 3t this
pointa. Refer to the Software Operational Guide explanation of
the "4X" message for details on this queue.

4t this points, the Terminate Procedure will wait for any code or

data overlays which may be in process to go to completion. The
Terminate Procedure, if it must wait for such an event, yields
control to the outer doop of the MCP. The Procedure wWilt be

continued when the I/0 goes to completion.

Any 1170 operation which was initiated by the program and which
did not use the normal File I/3 wmechanism wWili be hatited and
delinked from the chanmel chain at this point. fxaeples of such
operations are disk I/0 idinitiated by the Disk Initialization
utilities 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 availabie tabi=.

The Terainate Procedure next proceeds to close all the files
which are associated with the program and which are not yet
closed. A file which is closed by a user with no bits set in the
Close Adverb or with the NO REWIND bit set in the adverb is not
considered closad by the MCP. The unitsr in these casess remains
assigned to the programs even though there can be no I/0 in
process for the file. The unit must be returned to the tist of
available resources when the program terminates. Files are
always Closed with Release by the Terminate Procedure» except
when the file is assigned to disk and FPB.LOCK i5 sete.

The Terminate Procedure next per forms those functions asscciated
with memory assigned to the program. The code segment dictionary
user count is decremented. If it becomes zZercs m®emcry occurpies
by the <code ssgments and the segment dictionary is returned to
the available memory 1list. Simidartys, the user count fcr the
Interpreter wused by the program is decremented. If it becomes
zeros memory occupied by the interpreter and its segments is also
returned. If the interpreter was partially or totally resident
in M=Memorys it is ramoved. This may result in a change in thea
node of M=-Memory management. If so» it is performed at this
point.

Similar functions are performed on any Intrinsic Code the rcrograa
may have been using. The user caunt for the Intrinsic Fite and
for the Code file itself are decremented 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 terminations a count of code overlays, a
count of data overlayss 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 i5 removed from the disk <chain»
a SPD message is printed if the EDJ option is setr and if this
program wWas executed by another using the PROGRANLCALL
communicater the calding program is marked ready to run. Memory
occupied by the program®s run structure is returned to the
available pool. The number of jobs running is decremented. A
bit is set which will cause the next execution of the OQUTER.LOOP
to check the active job schedule.

If any oprograms are in the Waiting schedule and are waiting for
the successful termination of this programs they are moved to the
Active schedules provided this is a normal termination. If this
program was a "Compile and Go™ or a "Compile and Save"s the code



=50

BURROUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTENS GROUP » 81000 MCP II
SANTA BARBARA PLANT P.S. 2212 5462 (E)

file generated is placed in the active schedule.

EBEE LI¥)

CT.VERB 21
CT.O0BJECT INYOKE NUMBER & PATH NUMBER
CT.ADVERS BIT

CT.1
CT.2

0=1 -
2 DM.STATUS FORMAT
0=BINARY
1=4=-BIT DECIMAL
3 ON EXCEPTION
f=-311 -

DM.STATUS REGISTER BIT LENGTH
DM.STATUS REGISTER BASE RELATIVE BIT ADDRESS

Refer to P.5. 2212 5470.

JIMEZDAIEZQAX

CT.VERB 22
CT.0BJECT BASE RELATIVE B8IT ADDRESS OF WHERE TD PUT THE RESULT
CT.ADVERS BIT

0 1=DATE REQUESTED
1-2 FORMAT
0 YY/DDD {JULIAN)D
1 MM/DDZYY
2 YY/MM/DD
3 DD/AMNIYY
3=4 REPRESENTATION
0 BINARY
1 4=-BIT DECIMAL
2 B3=-8IT DECINAL

5 1=TIME REQUESTED
6=7 FORMAT
0 COUNTER

1 HH2MM255.5 (24=HOUR CLOCKD

2 HH3MM25S.5 TT {12=-HOUR CLOCK, TT=AM/FH)
8=9 REPRESENTATION

0 BINARY

1 4=8IT DECIMNAL

2 B=BIT DECIMAL
10 1=TODAYS.NAME REQUESTED
11 -

NOTE : TODAYS.NAME RETURNS 9 CHARACTERS LEFT JUSTIFIED
FORMAT BINARY 4=BIT DECIMAL B=8IT DECIMAL
YYZCDO CJULIAN) 7+9=16 B+12=20 16424=40

MM/DDSYY 44#5+T7=15 B+B+B8=24 16+16+16=48
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YY/MMZ0D T+4+5=1% BeB+8=24 16+#16416=48
DD/7MM/IYY S+4+7=16 B+8%=24 16+i6+16=48
COUNTER ' 20 24 43
HH3IMM25S,.5 Sthebea=21 B+B4+B8+4=28 16+16¢16+8=56
HH3MM255.5 T7 L+5456+44156=30 B+B8+3+4+¢1H6=44 10+16+1648¢1b6=72
TODAYS.NAME 72 (9 CHAR», LEFT JUST.)

ANITIALIZER 148

CT.VERSB 23
CT.OBJECT BASE RELATINE ADORESS OF
65 BYTE UNIT MNEMONIC
R
170 DESCRIPTOR
CT.ADVERB VALUE

0 ASSIGN UNIT TO THIS PRUGRAM

1 RELEASE UNIT

2 INVALID :

3 LINK IN THE I/0 DESCRIPTOR ANCD INITIATE
4 INVALID

REINSTATE.M5G.PTR VALUES

iF CT.ADYERB=0 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 ¥O INVALID PORY OR CHANNEL

This communicate 1is intended for in=plant use only. Anyone
outside of Santa Barbsra Pilant oho attempts to use this
communicate does 50 at his OwWn riska. The communicate forsat and
function may be changed from time to time. No notice of such
change wiltl be supplied to any user prior to the change. Such
information will be available on request.

Released MCP?s will not atlow a Write descriptor to be initiated
on system disk. Attespting to do so will result in the program®s
being D5-ad.

The MCP does not assure that the A and B addresses in the 1I/0
Descriptor are bounded by the program's Base/Limsit registers. It
is the programmer?®s responsibility to do this. fajlure to do seo
Wild result in unidentifiable system halts.

To use this compunicates the programmer should first issue it
with CT.ADVERB set to zero and CT.0BJECT opointing to a
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si x*character unit m®mnemonice. If the requested unit is not
available for any reasons» the calling program will be DS5~ed. 1f

the unit 1is avaitablie» it wiil be assigned to the cailing
program. It is possible to read any unit without requestirg that
the unit bs assigned to youe.

After the unit is assigned to the programs the communicate may be
issuad with CT.ADVERB set to two or three. The HCP copies the
1/0 Descriptor outside the base=limit before it links into the
chain. ¥hen the I/70 conmpletesr the ID.ACTUALL.END and I0RESULT
are moved back into the base~lLimit area. Hhen the 170 operation
is completeds the I/0 descriptor is removed from the associated
channel <chain. In order to again execute the I/0» the progran
must issue another communicate with CT.ADVERB set to two or
three.

The program should idssue the communicate with CT.ADVERE 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 BSarbara Plant. Regquests for maintenance or support froa
any other source will be ignored.

¥ALT C3NQOZED

CT.VERS 24
CT.0BJECT LENGTH DOF TIME IN 10THS OF A SECOND
FUNCTION PROGRANX IS5 PUT TO SLEEP FOR SPECIFIED LENGTH OF TINE

Z1IE
CT.VERB 25
CT.OBJECT -
CT.ADVERS -
CT.1 MESSAGE AREA BIT LENGTH
CT.2 MESSAGE AREA BASE RELATIVE BIT ADDRESS

REINSTATE.MSG.PTR ¥ALUES
0 NO ERRORS IN ZIP TEXT
1 ZIPPED INVALIOD CONTROL CARD

This communicate provides a means for programs to pass control

cards and keyboard messages to the MCP. There are no
restrictions on the wessages which may be passed. No messages
are returned to the program by this procedure; the anly

information returned is an indication of whether or not the
syntax of the control instruction was valid.
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Any program placed in the schedule as a result of a control
message recaived from a ZipP Communicate will execute
asynchronously wWith and independently of the oprograr which
executed the ZIP» unless programmatic means for synchronizing the
two programs are provided in the programs.

If the control idnstructions passed via the ZIP communicate are
invalids a message is printed on the SPO to inform the system
opar ator of the occurrance. This is necessaryr since invalid
control dinstructions c¢an result in incorrect operational
behavior.

ACCERT

CT.VERSB 26
CT.O0BJECT -
CT.ADYERSB BIT

) RETURN IF NO MESSAGE
1-11 -
CT.1 MESSAGE AREA BIT LENGTH
cT1.2 MESSAGE AREA BASE RELATIVE BIT ADDRESS

REINSTATE.MSG.PTR VALUES
Y MESSAGE OF LENGTH ZERQ
IFFFFFFQ3 NO MESSAGE PRESENT
ANY OTHER YALUE LENGTH OF MESSAGE IN BITS

This communicate was provided as a means of implementing the
COBOL ACCEPT verb. Its use is not restricted to programs written
in a particular 4anguage’; it may be used by any prograns.

The receiving field must tie 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 §if there
is no message in the Accept Queue for the programe. Control is

returned to the progras through the normal processor queues when
a response from the operator is received.

Messages are moved to the receiving field left-justified wWith
blank fidl.

DI3PLAY

CT.VERS 27

CT.0BJECT -

CT.ADYERSB BIT
0=-10 =
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11 0=CRUNCH BLANKS 0OUT OF MESSAGE
1=PRINT MESSAGE A5 I5
CT.1 MESSAGE AREA BIV LENGTH
C1.2 MESSAGE AREA BASE RELATIVE BIT ADDRESS

This communicate was provided as a means of implementing the
CO80L DISPLAY verbs. Like ACCEPT» it may be used by any prograte.
It serves merely to print the message described by CV.1 and CT.2
on the 5P0.

If bit eleven in the adverb is sets the MCP wildl reformat the
entire message such that non-blank fields in the messzsge are
separated by no more than oane plank. This is wmerely a
convenience for the user programmer shich may be used when the
spacing of the wWwords imn the message wupon the 5P0 is not
impoertant.

VSELZRETURN
CT.VERB 28

This communicate is not implemented. If reaceiveds, it is ignored
and control is returned to the usere.

308Y HANDLER

CT.YERB 29
CT.0BJECT BASE RELATIVE ADDRESS OF SORT INFORMATION TAEBLE
CT.ADVERB BIT (127

1 = SORT.RESTARTY

2 = SDORT.OUPCHECK

3 = SORT.W1.PID

4 = SDORT.HW2.PID

5=12 FILLER

CTa1 BASE RELATIYE BIT ADDRESS OF SORT KEY TABLE
CT.2 INPUT FILE.NUMBER OR ADDR OF MERGE.INPUT.TABLE IF MERGE
CT.3 QUTPUT FILE.NUMBER
CT.4 TRANSLATE FILE .NUMBER OR NOT 9
CT.86 DATAL.ADDRESS (DELETE.KEY.TABLE)
CT.7 IF (SDRT.W1.PID 2= W1.PIDLFLAG) THEN
DATAADDRESS (W1.PID) ELSE O
CT.B3 IF C(SORT.42.PID 3= HW2.PID.FLAG) THEN

DATALADDRESS (W2.PID) ELSE ¢

This communicate provides a means for the user program to cailt
the Sort Intrinsic. For details on the implementations refer to
the proper Sort or Merge Product Specification.
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S0L IBACE
CT.VERB 30

CT.0BJECT TRACE FLAGS

This communicate is used by all interpreters which include Trace
capabidities. Its use is not restricted to S5DL only. The
communicate is merely a means of turning the Trace on and off.
The print line 4s passed via a type 61 interrupt from the
interpreter, The code invoked by this interrupt is little mors
than a cali on the SDL Read/Write Procedure in the MCP.

EMULATOR TAPE (MILRQ MLRE)

CT.VERB 31
CT.0BJECT FILE.NUMBER
CT.ADVERB 817

g=2 OP.CODE

D = READ
1 = WRITE
2 = 3SPACE
3 = REWIND
& = JEST
3-8 OP.CODE.VARIANT

3 = REVERSE (READ» SPACE)» ERASE (HWRITE)»
TEST.WAIT.READY.NOTL.REWIND (TEST)
ONEL.RECDRD (SPALE)» TAPE.MARK (WRITE).»
TESTLHAIT.NOTLREADY (TEST)

00D.PARITY (READ» SPACE» WRITE)

NOISE (READ» SPACE)

7 NOT USED

=11 SCHEDULING. VARIANTS

FETCH.RESULT

DONT.HAIT

REPORT AND RETURN ON 10 ERROR

E
[}

[+ e A BR ¥;]
WO

o
sl |
WoRon

€T.1 USER TAPE BUFFER BIT LENGTH
CT.? USER TAPE BUFFER BASE RELATIVE ADDRESS

CT.3 USER ERROR MASK (BIT SET IMPLIES USER WILL HANDLE THE

CORRESPONDING ERROR)

L}
-y

{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 .OUT

END«OF .FILE (NOT ON TEST)» UNIT.PRESENT (OA
TEST)
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10 REWINDING

i1 TINE.OUT C(NOT ON TEST)

12=-16 {MAY NOT USE)

17 SHORT.RECORD

18 LONG.RECORD

19 DROPOUT

290 INITIATELLATE

21 {MAY NOT USE)

22 TRANSMISSIONL.ERRORLMEC

23 TRANSMISSIONLERROR.MTC
CT.4 BASE RELATIVE ADDRESS OF USER"S 48 BIT RESULT

BIT 0=23 OF RESULT CONTAIN THE RESULT DESCRIPTOR
BIT 24=47 OF RESULY CONTAIN THE ACTUAL LENGTH
REINSTATE.MSG.PTR VALUES

0 = RESULT RETURNED
1 = I0.ERROR
2 = RESULT NOT AVAILABLE

This communicate Was added 50 that the Emulators of
second=generation hardware produced by Santa Barbara Plant might
te operated under control of tha MCP. It was necessary to add a
new communicate to do thises since programs wWritten for these
machines routinely manipulate magnetic tape in manners which
violate the rules of the MCP"s 4dogical I/C mechanisms. The
normal file mechanisms in the MCPs, wWwhich were promulgated upon
the specifications of the COBOL 4danguage» are certainly
inadequate to atlow all of the many tape operations which were
common to second generation smachines.

Essentiaily, the procedure builds an I/0 descriptor according to
the specifications passed by the communicate format and initiates
it. The Emulator program is not allowed to execute until the I/0
operation goes to completion. The procedure is re-entered at
completion of the operation and the program is then allowed to
continue.

The procedure first tests to see if the file is Open. If it is
nots the Open procedure is called directly from the communicate
and control is returned to it when the open completes. At this

point» the procedura contintes provided the open wWas successfula.
If it was nots the ensulator program would have been placed in one
of the processor gueues and marked waiting. In the latter case»
the communicate procedure mere2ly returns control to the outer
loop of the HCP.

The procedure next performs minor editing on the files passed 1ir
the communicate format. if the operator request involves a date
transfers the buffer area described must lie wholly within the
bounds of the usar?'s run  structure. Due to hardware
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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 adverb.
Validity of the wvariants is checked by the procedure. If the
user has violated esither the bounds check or the variant check»
the program is automaticadly discontinued by the MCP.

The procedure next constructs an I/0 Descriptor which corresponds
to that requested by the user. The I/0 Descriptor is outside the
user?s run structure. A full tape file FIB8 is sllocated» along
with space for one I/0 descriptors by the Bpen Procedure. This
is done aven though many of the fieids in it are not used by the
Emutator Tape Handder routines diresctly. Most of the fields are
required by the CLlose Procedure.

The reguested I/0 operation is then initiated and the program is
marked waiting for its completion. Control is returned to the
outer loop of the MCP at this point and the MCP is free to
service octher userse.

When the I/0 operation completess, the procedure is again invoked.
it first moves the result descriptor received with the [/0
concatenated with a twenty~four bit field which will specify the
actual length of the operation just completed. The Length of the
operation is specified in bits. Alscs prior to doing the move of
the result descriptor» the procedure verifies that the receiving
field is within the run structure of the progran. If it is nots
the program i5 automatically discontinued.

If the exception bit is set in the result descriptor, the
procedure determines if the exception condition is one that the
user has inciduded code to handia himself. If it is» control is
returned to the wuser through the normal processor queue
mechanismn. If the usaer doss not have code to correct the error
himselfr, the procedure calls the MCP's 1I/0 Error procedure
directiy. I7/80 Error wild then retry a number of times and
eventually return control to the Emulator Tape Handler. If the
error wWas irrecoverabiesr the progranm is discontinued. Otherwiser
control is returned to the user.

CCBOL BROGHBAN ABNORMAL END
CT.VERB 32

This communicate was added so that jJob streaming aay 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 "COBOL ABNORMAL END™ to be gprinted
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on the S5P0. Alscs any programs that are in the Waiting Scheduie
waiting for this job to finish will not be moved to the active
schedutle by the abnormat termination.

08I EQd

CT.VERB 33

CT.OBJECT FILE.NUMBER
CT.ADVERB CLOSE TYPE

Cl.1 END=-OF=FILE POINTER
CT.2 RECORD SIZE

This communicate serves to terminate, in a normal manner. the
Sort and Merge Intrinsics and to return control to the calling
program. For details on its operations, refer to the appropriate
Sort or Marge product specification.

EREEZEZTHAW BUN 3IRUCTURE

CT.YERS 35

CT.O0BJECY BIT 0 (HIGH ORDER BIT)
O=THAN
1=FREEZE

Depending upon the functions being performed by & user prograss
it may not be permissable for the MNCP to change the memory
tocation of the program?s run structure or to roil it out to
diske The most obvious example of this i5 the Disk
Initialization Utilities. which have actuad I/70 Descriptors
within their run structure. There are several other such cases.

The field in the Run Structure Nucleus» RS. TEMPORARYFREEZES
gives notice to the MNCP's Rodl Dut procedures that this run
structurae may not be mowed. This communicate provides 3
programmatic means of pumping and decrementing that field.

COMPILE CARD INEQRMAIIQN

CT.YERB 36
48 BITS SDL DESCRIPTOR (WHERE TO PUT INFD) IN FORMAT 2
16 BITS=LENGTH
24 BITS=ADDRESS
RETURNS COMPILE CARD INFO IN FOLLOWING FORMAT =
#CHARS INFO
30 OBJECT NAME
02 EXECUTE TYPE
i PACK.NAME OF THE RUNNING PROGRAM
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30 INTERPRETER NAME OF THE RUNNING PROGRAM

10 INTRINSIC NAME (PACK & FANMILY)

g2 PRIODRITY

[ SESSION

05 J08 NUMBER

20 1ST & 2ND NAMES OF RUNNING PROGRAM

o7 CHARGE NUMBER

01 FILLER

36 BITS DATE COMPILED
04 BITS FILLER

10 USERCODE

10 PASSWORD

04 PARENT JOB NUMBER

290 PARENT QUEUE IDENTIFIER
01 LOG 5PD

G4 SECDNDS BEFDRE DECAY

o1 PRIVILEGED

This communicate returns selectad fields from the working copy of

the Program Parameter Block to the user®s run structure. The
receiving field described by the SDL Descriptor must lie wholly
within the run structure. The program will be automatically

discontinued 1f it does not., The fields returned are presentad
in the fixed format shown in the tabie above.

DYNAMIC MENOBY BASE

CT.VERS 37
VALUE IS RETURNED IN COMMUNICATE MESSAGE POINTER AS
SELF RELATIVE DESCRIPTOR

This communicate returns the relative address of the dynamic, or
overdayabler area in the run structurs. It is intended for use
by programs written in SDL only.

MEMORY DUME 10 RI3K

CT.YERSB 38
USED BY ALL LANGUAGES» INCLUDING SDL.

This communicate causes the program®s tun structure and other
pertinent information to be dumped to disk and locked in the
directory with a unique name. The information may be processed»
formatted and printed tater by a normal state program written for
that purpose.

Programs which are already in the process of terminating wmay not
be dumped. This is academic in this cases howevers since a3
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program which was terminating could not issue the communicate.
Programs which are rolled out to disk witl be rolled back in and
dumpedr via an oberator?®s actions provided sufficient memory is
available. Agains, if the program were rodled out to disks, it
could not possibly have issued the communicate.

The amount of disk which Wwidd be required to contain the dusp
fite wusually exceeds by a considerable margin that required to
contain just the Base/Limit area of the progranme. in addition to
the run structures the dump file widld also contain the File
Pictionarys, the FIB*s and buffarss, the Data Dictionary and alil
data segmentss the code dictionary and the code segments which
are present in mamory at the time» and other miscellaneous
information. If sufficient disk is not avaidlabier, a message will
be printed on the SP0 and a one wWwidl be returned to the progran
in RS.REINSTATE.MSG.PTR. The program widl be adlowed to cantinue
processing.

The format of a dump file is as folious:

1. 4 "Pointer”™ records, which is described belows.

2 The program?®s run structure2 and Run Structure Nucleus.

3e The Data Dictionary.

b4a Every data segment in the dictionary. Segments which ar=2
not in memory will be copied to the dump fide from their
dpocation on diske.

5 The File Dictionary.

6 Fach FIB and its associated 170 Descriptors and buffers.
This idincludes all $files +that are open and those that are
closed with no form of release.

F The working copy of the Program Parameter Block.

8. The working copy of the initial scratchpad settings.

9. The working copies of all File Parameter Blocks.

10. If the program is uwritten in SDL», the LAYOUT.TABLE.

Control is returned to the program through the normal processor

queue msechanism. Actually» the program is marked ready to run
after the scratchpad is copied.

The format of the "Pointer™ record iss3
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DUNPF ILE . MUMBER BITL24)
TIMELOF . DUMP BIT{36) % Julian Date plus Time
NCP.DATE BIT{16) X MCP Version Date
RELEASELHCP BIT{ &%)
LIMITL.REGISTER BIT(24)
DATALDIC.PIR BITC24) X Relative Disk Address
DATALSEGS.PTR BIT(24) % Relative Disk Address
FIB-DIC.PTR B8IT{24) % Relative Disk Address
FIB.PIR BITL24) X Relative Disk Address
PPB.PTR 8IT(24) X Ralative Disk Address
NET.CONTROL.MACRD BITLSH) % 1 if Data Communications Handler

MCP.RELEASELLEVEL BIT(15)
LAYQUT.TABLELPTIR BITC24)
LAYOUT.TABLE.SIZE BITL(24%)
DUMP.SYSTEM. ID BIT(12)

GEI 3SESS10N NUMBER

CT.VYERB 39
CT.OBJECT SESSION IS PUT INTO RS.REINSTATE.MSG.PTR

DC-INITIATE-10
CT.VERB 40
24 BITS PORT
24 BITS - CHANNEL

24 BITS BASE RELATIVE ADDRESS OF I/0 DESCRIPTOR

This cosmunicate provides the capability of initiatirg I/3
descriptors on the data communications squipzent which may be
attached to a system. The I/0 descriptor itself if constructed
by the programs, which is usually the Data Communications Kandler
program generated Oy the NOL Compiler. This is not a
requirements however» and no test for this condition is sade by
the code in the MCP., The communicate operator may be used by any
program whose source language contains the proper syntaXxe

The oprogram will be automatically discontinued by tha MCP if the
requested I/0 control is not a data communications control or if
the control is already in use by another program. Alsos, if the
address of the I/0 descriptor does not lie within the program's
run  structure or if the program attempis to initiate an I/0
descriptor with the "high priority interrupt request™ bit set,
the program wiil be automatically discontinued.

After the editing described above has besn performeds tha
requested operation is initiated. Controd is returned to the
usar through the normal processor queue mechanism. The prograa
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is not forced to wait for the completion of the operatiaon
initiated? control is returned immediately after the initiation.

NDLZMACROQ CONMUNICAIES

CT.VERSB 41

CT.0BJECT INDICATES FUNCTION

DESC1 BIT 1-48 MESSAGE AREA 1
DESC2 BIT 49~96 MESSAGE AREA 2

QUEUE.PTR BIT 97-106 REMNOTE FILE NUMBER OR STATION NUMBER

RCHRITE
CT.0BJECT 11
DESC1 RESULT AREA
DESC2 DC.WRITE MESSAGE
NOTE: NUMBER AT SUBSTR(DESC2,6,2) IS5 MESSAGE TYPE

40=FINISH OPEN

41=NDL/MACRO PRESENT

42=ATTACH STATIONS TO REMNDTE FILE
43=DETACH STATIONS FROM REMOTE FILE

SUICK QUEUE HRIIE (REMOIE EILES)
CT.0BJECT 12

DESC1 MESSAGE HEADER
DESC2 MESSAGE
RMT.FL REMOTE FILE 7O WHICH THE MESSAGE IS DESTINED

SUICK QUEUE HWRITE (STATION NUMBER)
CT.0BJECT 13

DESC1 MESSAGE HEADER
DESC?2 MESSAGE
ST.NR STATION NUMBER

ALLESS USERCODE EILE

CT.¥ERB 42
DESC BIT 0=47 DESCRIPTOR TD PARAMETER LIST.
PARAMETER LIST LaAYOUT
MODE BIT (&)
9 SET ALL PARAMETERS IN LIST EXCEPT USERCODE AND

PASSWORD. THESE MUST BE SUPPLIED T8O FIND
CORRECT ENTRY.

1 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.
3 SET OVERRIDE. INDEX MUST BE SUPPLIED TO FIND ENTRY.
4 ADD ENTRY. ALL FIELDS HAVE TO BE SUPPLIED.
5 DELETE ENTRY. USERCODE AND PASSWORD MUST BE
SUPPLIED 7O FIND ENTRY.
6 INITIALIZE ALL OVERRIDE BITS.
7 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 ZERDO TO CHANGE IT. CHARGE NUMBER MUST
NOT BE EQUAL TO ZERD TO CHANGE IT. PRIORITY MuUST
NOT BE EQUAL TO ZERO TO CHANGE IT.

] 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 EE SUPPLIED
BECAUSE SEARCH STOPS ON FIRST ENCOUNTER Qf
GIVEN USERCODE.

10 CHANGE BY INDEX. INDEX MUST BE PRESENT.
PRIORITY CAN BE CHANGED BY SETTING FIELD TO NON-
ZERO. CHARGE CAN BE CHANGED BY SETTING CHARGE
FIELD 7O NON-ZERQ. PASSWORD CAN BE CHANGED BY
SETTING PASSNORD TO NON-ZEROD. '

11 CLEAR PACK OVERRIDE FIELD FOR ALL CCCURRENCES OF
THIS USERCODE. USERCODE MUST BE SUPPLIED.
12 CLEAR PACK OVERRIDE BIT FOR ALL OCCURRENCES OF

THIS USERCODE. INDEX MUST B8E SUPPLIED.

INDEX BIT (10)
USERCODE CHARACTER (10)
WHEN 3ET BY PROGRAM (MODE = 0» 2» 4» 5+ 7» 8» 9» 11D,
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.
PASSWORD CHARACTER (12)
PACK NAME CHARACTER (10)
CHARGE ® BIT (24)
PRIDRITY BIT (&)
PRIVILGE BIT {13
BYERRILDE BIT (1)
REINSTATE.NSG.PTR VALUES
G NOG ERRORS.
1 FERROR ON INPUT: EITHER INDEX IS WRONG OR
USERCODE/PASSHWORD IS NOT PRESENT.
2 T"{SYSTEM)/USERCIDE™ FILE NOT IN "US"™ SLODT.

EEQGRAM CALLER

CT.VERS 4%
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
communicate described previousiy» with one notable exception.
The program which 1issues this comnunicate is suspendedsr and
removed from memorys wuntii{ the program which is initiated by the
communicate goes to end-of-job. This communicatesr thens provides
a means for one program to call another and wait for its
completion. The text which is addressed by the forty-eight bits
passed with the communicate should be wvalid MCP Control Card
syntax Wwhich causes the sxecution 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 MCP. The FILE Controi Cards described in
the Softuware Operational Guide» does provide some assistance in
this area.

The text passed by the communicate must Lie within the program?®s
run structure. The program will be automatically discontirued it
it does not. No further editing is performed by the commuricate.
The program which issued the communicate i5 not inforwmed of the
validity of the control syntax passed.

LOADR.DUME NESSAGE

CT.¥YERB 46
CT.0BJECT BASE RELATIVE ADDRESS OF MESSAGE
CT.ADVERSB 81T

0 1=L0ADED O=DUWPED

i=-i1 -

This communicate causes the thirty bytes beginning at the address
specified by CT.UBJECT 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 S5P0O if and only if the LI3
system option i35 set. Refer to the Software Operational Guide
for details on the LIB option. Adl non~blank EBCDIC fields in
the message widl be shifted to the left before printing untit
they are separated by no more than one EBCDIL bilank.

COMELEX WAIT (MICRO MCP)

CT.VERSB W7
CT.0OBJECT NUMBER OF EYENTS
CT-.ADVERB FIRST EVENT 70 CHECK (CHECKED IN CIRCULAR
FASHION FROM THIS POINT).
CTLL=ETC. BIT ENCODED EVENTS (NUMBER SPECIFIED BY CT.0BJECT
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MAX=15).

0= 3 EVYENT TYPE

4= 7 EVENT PARAMI

8=15 EVENT PARAN?

16=24 EVENT PARAM3

EVENT TYPES:
0 = NULL - PARAM1,2,3 t NOT USED
i = SPO INPUT PRESENT PARAMNLI»2,»3 =
2 = TIME = PARAM1»2»3 : CONCATENATED

NOT USED
BIT 20

FIELD CONTAINING THE LENGYH OF TINE 70

WAIT IN 10THS OF A SECOND

3 - READ OK ~PARAM1: NOT USED», PARAN2:

FILE NUMBER» PARAM3: MENBER NUMBER IF FILE IS

O=FILE=-FAMILY

4 = WRITE OX =~ PARAM1»2»3: SAME AS READ 0K
5 = QUEUE WRITE OCCURRED = PARAM1: NOT USED»
PARANZ: FILE NUMBER OF Q-FILE-FAMILY»

PARANM3I: NOT USED

6 = DATA COMM IO COMPLETE = PARAM1,2,3:

REINSTATE.MS5G.PTR VALUES

ZERD RELATIVE INDEX TO THE COMMUNICATE EVENT LIST ELEMENT

WHICH IS COMPLETE

MESSAGE COUNT

CT.VERS 45
CT.OBJECY FILE .NUMBER
CT.ADVERSB g DECIMAL FORMAT RESULTS IF TRUE
COBOL (™PIC 993%™
ELSE BINARY (BIT (24))
i-1y -

CT.1 RESULT FIELD LENGTH
CT.2 BASE RELATIVE RESULT FIELD ADDRESS

FUNCTION RETURN THE COUNT OF THE MESSAGES CONTAINED

IN THE QUEUE-FILE SPECIFIED. IF THE OBJECT
I5 A QUEUE~FILE~-FAMILY» THE COUNT WILL BE
RETURNED A5 A LEFT-JUSTIFIED ARRAY OF
24=317T COUNTS» ONE FOR EACH NEMBER OF

THE FAMILY.

BECO¥ERY COMPLEIE
CT.YERB 50

Refer to Pa.S5e. 2212 5470.
GET-ATIRIBUIES

CT.YERB 51
CT.0BJECT FILE NUMBER

NOT USED
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CT.ADYERS COMMUNICATE LEWEL (MK 7.0 LEVEL=1)

CT.1 TOTAL ATTRIBUTES (MUST BE 1 IN 7.3)

CT.2 BASE RELATIVE ADDRESS OF ATTRIBUTE LIST

CHANGEATYRIBUIES
CT.VERS 52

CT.O0BJEXT FILE NUMBER
CT.ADVERB COMMUNICATE LEVEL (MK 7.0 LEVEL=1)

£Ta1 IDTAL ATTRIBUTES (MUST BE 1 IN 7.0)

cT.2 BASE RELATIVE ADDRESS OF ATTRIBUTE LISTY
ACCESS.GLOQALS

CT.VERB 55

CT.0BJECT 0 = CT.3 CONTAINS AN ABSOLUTE MEMORY ADDRESS

1 = HINTS. CT.3 WILL BE USED AS AN OFFSET
INTO THE FIELD
2 = RS.NUCLEUS. USE OF CT.LADYERB AND CT.3 IS
DESCRIBED BELOW
3 = IDAT. USE OF CT.ADYERB AND CT.3 IS DES~
CRIBED BELOW
4 = DCHASCRATCHa.MEM
S = PACK.INFO TABLE
5 = SPO0.59
CT.ADVERSB SEE BELOW
CT.1 and €T.2 A BASE-RELATIVE 50L DESCRIPTOR WHICH SPECIFIES
THE RECEIVING FIELD IN THE PROGRAM. THE FIRST
EIGHT BITS OF CT.1 ARE IGNORED BY THE MCP
CTa3 SEE BELODW

Since HINTS actually begins at absoiute location Zeros there s
no functional difference between reading an absolute menory
tocation and reading HINTS with an offset. Both settirgs of
CT.O0BJECT are ailowed to accomodate possible future expansion to
the function of accessing HINTS.

When reading Run Structure Nuclai» all nuclei are returred if
CT.ADVERB is set to zeroe. The number of nuclei that are
currently present in memory is returnad as a self~-reiative value
in RS5.REINSTATE.MSG.PTRs ALl of the nuclei will be copied to the
receiving field in the program in the order that they are tlinked
in memory and up to the limit contained in the size specification
in CT.1. If the nuclei of all executing programs are transferred
te the receiving fisld before it is exhaustedr the reraining
portion of the fiedd widll be s2t to blanks.

To access the Run Structure Nucleus of one particular executing
programs CT.ADVERSB should be set to one and the job number of the
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program should be contained as a twenty~four bit binary vatue in
£T.3. If CV7.3 contains zeros the nucleus of the requesting
program wiil be returned. If the nucleus of the progranm

specified by CT7+.3 is not in memory for any reasons the receiving
field widl be set to QJFFFFFF2 and fiddled with blanks and a
se{f-relative value of one witd be returned in
RS«REINSTATELMS5G.PIR

When reading the [DAT» if CT.ADYERB is set to zaros CT.3 will be
used as an offset into the I0AT and the remaining portion of the
table widd be transferred» up to the dimit specified in CT.1.
The . value of CT.3 may be zero» of courses and the entire table
may be transferred. I1f CT.ADVERB is set to ones CT.3 will he
assumed to contain the twenty=four bit binary value of a file
number associated with a file which the program currently has
onEens Aly of the IDAT entries which follow the associated entry
may be transferred, depending upon the value contained in CT.1l.
If the file 1is not open or is not present in memory for any
reasons QAFFFFFF3 will be transferreds the remainder of the
receiving field witli be set to blanks and RS.REINSTATE.¥SG.PTR
Wwidl be set to a self-relative value of one.

If CT.ADVERB is set to a value of two when reading the I0ATs, the
tow=order twelve bits of CT.3 widl be assumed to cortain a
Port/Channel/Unit combination in the following format:

Bits 12 = 14 Port
Bits 15 - 18 Channei
Bits 19 - 23 Unit

The MCP Wil scan the IOAT for the entry associated with the
specified unit and will return that entry plus all subsequent
entries up to the limit of the I0AT or that specified in CT.1.
If the specified unit is not present in the I0AT» the MCP will
set the receiving field to AIFFFFFFI followed by blanks and will
set RS.REINSTATE.HMSG.PTR to a self=relative value of ona.

ANDEXED CQUENTIAL BOSITION

CT.VERSB 56
CT.O0BJECY FILE NUNBER
CY.ADVERB BIT
0 -
i REPORT TO USER ON PARITY
'2 -
3 RESULT MASK FIELDS PRESENT
4-5 =
6~=7 RELATIONAL OPERATOR

0 EQUAL TG
1 GREATER THAN
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2 NOT LES THAN (> 1 =)
8=10 SELECTION CONDITION
0 NEXT
1 PRIOR
2 FIRSY
3 LAST
i NEXT AT
5 CURRENT
b AT
¥ RANDOM
11 -
CTa1 LENGTH OF RESULT MASK
CT.2 ADDRESS OF RESULT MASK
CT.3 -
CT.4 -
CT.5 STRUCTURE NUMBER
LTa6 KEY ADBRESS
CT.7 KEY LENGTH
INDEXED SESQUENTIAL READ
LT .VERB 57
CT.0BJECT FILE NUMBER
CT-ADYERB BIT
0 REPORT TD USER ON EOF
1 REPORT TO USER ON PARITY
z -
3 RESULT MASK FIELDS PRESENT
4=5 -
5=7 RELATIONAL OPERATOR
£ EQUAL TO
. | GREATER THAN
2 NOT LESS THAN (> & =)
8=10 SELECTYION CONDITION
1] NEXT
1 PRIOR
2 FIRST
3 LAST
4 NEXT AT
5 CURRENT
(] AT
7 RANDOM
11 -
CT.1 LENGTH OF RESULT MASK
LT.2 ADDRESS OF RESULT MASK
CT.3 LOGICAL RECORD LENGTH
CTa.& LOGICAL RECORD ADDRESS
CTe5 STRUCTURE NUMBER
CT.56 XKEY ADDRESS

CT.7



/=59

81000 MCP I
2212 5462 (E)

BURRODUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT PaSe
INJQEXER SEQUENIIAL WRIIE
CY.VERSB 58
CT.O0BJECT FILE NUMBER
CT.ADYERB 8IY
] REPORT 10 USER DN EOF
i REPDRT 70 USER ON PARITY
2 -
3 RESULT MASK FIELDS PRESENT
4=-11 -
CT.1 LENGTH OF RESULT MASK
CTa2 ADDRESS OF RESULT MASK
CT.3 LOGICAL RECORD LENGTH
CTa4 LOGICAL RECORD ADDRESS
LT.5 STRUCTURE NUMBER
CTab KEY ADDRESS
LCTa7 -

ANDEXED SEQUENTIAL REWRIIE

CT.VERB 59

CT.O0BJECT FILE NUMBER

CT-ADYERSB BIT
0 -
i REPORT TO USER ON PARITY
2 -
3 RESULT MASX FIELDS PRESENT
4=-11 -

CT.1 LENGTH OF RESULT MASK

CT.2 ADDRESS OF RESULT MASK

CT.3 LOGICAL RECORD LENGTH

CT.4 LOGICAL RECORD ADDRESS

CT.5 STRUCTURE NUMBER

CT.6 KEY ADDRESS

CT.? -

INDEXEDQ SEQUENTIAL DELEIL

CT.YERB 60

CT.0BJECT FILE NUMBER

CY.ADYERS BIT
u -
i REPORT 10 USER ON PARITY
2 -
3 RESULT MASK FIELDS PRESENT
4=~31 -

CT.1 LENGTH OF RESULT MASK

CT.2 ADDRESS OF RESULT MASK

CT.3 -

CTa4 -

LT .5 STRUCTURE NUMBER

CT.5 KEY ADDRESS
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CT.7 -

BELAIINE I/0 COMMUNICAIE = SIARI

CT.YERB 51
CT.0BJECT FILE NUMBER
CT.ADVERB BI1T
3] REPORT 10 USER ON EOF
1 REPORT AND RETURN TO USER ON PARITY
2 REPORT AND RETURN TO USER (INCOMPLETIE I1/0)
3 RESULT MASK FIELD PRESENT
4=5 -
b=7 RELATIONAL DOPERATOR
0 EQUAL TO
1 GREATER THAN
2 NOT LESS THAN
8=11 =~
CT.1 LOGICAL RECORD BIT LENGTH
CT.2 LOGICAL RECORD BASE RELATIVE BIT ADDRESS
ET.3 ACTUAL BINARY DISK KEY (RELATIVE KEY)
SUPPLIED 3Y USER
CTa.4 -
LT3 LENGTH IN BITS OF RESULT MASK FIELD
CTaH BASE RELATIVE ADDRESS OF RESULT MASK FIELD
REINSTATE.M5G.PTR
0 GODD READ
1 END OF FILE
2 173 ERROR
3 INCOMPLETE 1I/0

CADDITIONAL ITEMS FOR FILE STATUS DEFINED IN THE SEQUENTIAL
FILES DESIGN SPECIFICATION)

BELAILIVE 1/0 COMMUNICATE = WRIIE

CT.VERS
CT.OBJECT
CT.ADVERS

62

FILE NUMBER

BIT

Q REPORT T4 USER ON EQF

1 REPORT AND RETURN TO USER ON PARITY

2 REPURT AND RETURN TO USER (INCOMPLETE 1/0)
3 RESULT MASK FIELD PRESENT

4 ACCESS TYPE

0 SEQUENTIAL (NEXT)

i RANDOM (AT KEY)
5=11 =
LOGICAL RECORD BIT LENGTH
LOGICAL RECORD BASE RELATIVE BIT ADDRESS
ACTUAL BINARY DISK KEY FOR RANDOM OR DYNAMIC
FILES (SUPPLIED BY USER? NOTHING IF IN
SEQUENTIAL MODE) »

LENGTH IN BITS OF RESULT MASK FIELD
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CT+6 BASE RELATIVE ADDRESS OF RESULT MASK FIELD
REINSTATE.MSG.PTR .
0 GOOD READ
1 END DF FILE
2 179 ERROR
3 INCOMPLETE I3

CADODITIONAL ITEMS FOR FILE STATUS DEFINED IN THE SEQUENTIAL
FILES DESIGN SPECIFICATION)

RELATINE IZ0 COMMUNICAIE - REMWBRIIE

CT.YERSE 53
CT.0BJECT FILE NUMBER
CT.ADVERSB 317
¢ REPORT 1D USER ON EOF
1 REPORT AND RETURN TO USER ON PARITY
2 REPORT AND RETURN TO USER C(INCOMPLETE I/DD
3 RESULT MASK FIELD PRESENT
4 ACCESS TYPE
0 SEQUENTIAL (NEXT)
1 RANDOM (AT KEY)
5=11 =
CTasl LOGICAL RECORD BIT LENGTH
CTa.2 LOGICAL RECORD BASE RELATIVE BIT ADDRESS
£T.3 ACTUAL BINARY DISK KEY FOR RANDOM OR DYNANMIC
FILES (SUPPLIED BY USERS NOTHING IF IN
SEQUENTIAL MGDE)
CTa -
CT.5 LENGTH IN BITS OF RESULT MASK FIELD
CT.5H BASE RELATIYE ADDRESS OF RESULT MASK FIELD
REINSTATE.HMSG.PTR
0 2000 READ
1 END OF FILE
2 70 ERRDR
3 INCOMPLETE 170

(ADDITIONAL ITEMS FOR FILE STATUS DEFINED IN THE SEQUENTIAL
FILES DESIGN SPECIFICATION)

THE REWRITE COMMUNICATE WILL BE ESSENTIALLY THE SANE AS
THE WRITE, 8UT WILL HAVE A DISTINCT MEANING IN LOGICAL I/0

BELATINE I/0 COMMUNICAIL = DELEIE

CT.VERB
CT.0BJECT
CT.ADVERSB

b4

FILE NUMBER

8IT :

0 REPORT 70 USER ON EOF

1 REPORT AND RETURN TO USER ON PARITY

2 REPORT AND RETURN TO USER (INCOMPLETE I/0)
3 RESULT MASK FIELD PRESENT

4 ACCESS TYPE

0 SEQUENTIAL (NEXT)
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1 RANDOM (AT KEY)
5=11 =
CTal -
CT.2 - .
CT.3 ACTUAL BINARY DISK KEY FOR RANDOM DR DYNANIC
FILES C(SUPPLIED BY USER? NOTHING IF IN
SEQUENTIAL MODE)D
CTe4 -
CT.5 LENGTH IN BITS OF RESULT MASK FIELD
CT.56 BASE RELATIVYE ADDRESS OF RESULT MASK FIELD
REINSTATE.MSG.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)

BELAIIYE 170 COMNUNICAIE = BEAD

CY.VERSB 55
CT.0BJECT FILE NUMBER
CT.ADVERSB BIT
0 REPORT 71O USER ON EOF
1 REPORT AND RETURN TO USER ON PARITY
2 REPORT AND RETURN TO USER CINCOMPLETE 1/0)
3 RESULT MASK FIELD PRESENT
4 ACCESS TYPL
0 SEQUENTIAL CNEXT)
1 RANDOM (AT KEY)
5=-11 =~
CT.1 LOGICAL RECORD BIT LENGTH
CT.2 LOGICAL RECDRD BASE RELATIVE BIT ADDRESS
CT.3 ACTUAL BINARY DISK KEY FOR RANDOM OR DYNANIC

FILES (SUPPLIED BY USERF NOTHING IF IN
SEQUENTIAL MDDE)

CT.5 LENGTH IN BITS OF RESULT MASK FIELD
CT.5 BASE RELATIVE ADDRESS 0OF RESULT MASK FIELD
REINSTATE.M5G.PTR

0 4000 AEAD

1 END OF FILE

2 I/0 ERROR

3 INCOMPLETE I/0

{ADDITIONAL ITEHS FOR FILE STATUS DEFINED IN THE SEQUENTIAL
FILES DESIGN SPECIFICATION)

2EQUENITIAL RENRIIE LMMLPR)

CT.YERB 66
CT.O0BJECT FILE NUMBER
CT.ADVERB 3IT
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d REPORT AND RETURN TO USER ON EOF

1 REPORT AND RETURN TO USER ON PARITY :

2 REPORT AND RETURN TO USER ON INCONPLETE 1I/2

3 LENGTH ADDRESS PART IS5 PRESENT FOR THE RESULT

MASK
4-11 -

CT.1
CYT.2
CT.3
CT.4
CT.5
CT.5

LOGICAL RECORD BIT LENGTH
LOGICAL RECOUORD BASE RELATIVE BIT ADDRESS.
RANCOM FILE ACTUAL BINARY KEY

LENGTH IN BITS OF RESULT MASK
BASE RELATIVE AODRESS OF RESULT MASK FIELD

INDEXED/ZSEQUENTIAL OQPEN

CT.VERSB
CT.O0BJECTT
CT.ADVERS

CT.1

7.2
CT.3

57

FILE NUMBER

BIY

¥ REPORTLFILE .NISSING

1 REPORT.FILE.LOCKED

2 REPORT.EXCEPTION (SECURITY ERRORS)

3=-11 -
(THE OPEN TYPE I5 TAKEN FROM THE FPB.ADVERB AND
FPB.EXPANDED.ADYERB FIELDS)

LENGTH DF USERCODE/PASSWORD FIELD

(IF OPEN.ON.BEHALF.OF)
BASE RELATIVE ADDRESS OF USERCCDE/PASSWORC FIELD
OPEN STATUS ~ RESERVED FOR THE SMCP TO KEEP TRACK
OF WHERE TO RESUME IF THE ENTIRE OPEN CANNOT BE
CONPLETED.
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INILR-PROCESS COMMUNICATION

QUEUE SYSTEM AND INTERFACES

A message gueue system has axisted in MCP I1 since 1973. This
section describes the current Queue implementation and the
interfaces betuween the Queue system and other system software.

The word "Queue™ as used in this document, most often refers to
the actual data structure maintained by the operating system.
This data structure is wused as a wmeans of inter-process
communicatione. Jueues may have various attributes just as filas
doe For exampler Queues may have two ten~character namess, user
countss message countss, and so forth. The data structure is used
to address a list of messagesa. This List may be empty. A RQueue
user may add to the back or remove from the front of this list.
The @Queus may be shared == one or more processes may put messages
in the tist and one or more processes May femove MEesSSaAgesS. Oniy
the MCP may access the data structure directly. User programs
must use other mechanisms», wWhich are constructed from this data
structure» such as Rueue Files or Remote Files.

DESIGN PHILOSORHY

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 systegm. The smemory
space used by empty wmessage buffers and descriptors is not
automatically returned to the system. The Queue implecwentations
rather» retains them for later use. This results in cuicker
altocation when this space is required again and in less
disturbance of the working set of the code in the system. Since
dueue Files and Remote Files are unblockeds 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 Queuesr each
having the same first name or MFID and the same attributes. A
Bueue Fide Family is shown diagrammatically in Figures 8-2. A
user program may READ a message from one of the individual Queues
in the fanily or it may request a message from any gqueue in the
famidy. Bn a WRITE operations howevers the individual family
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member must be specified.

if individual Queues of a Queue File Family are to be addresseds
the individual member must be specified by an ordinal numbers or
key, much {ike Switch Fides in certain languages. A key of zero
specified on a Read of a Queue File Family means that the user
Wwill accept a message from any of the individual Queues which
comprise the family. Vion sefecTive yreard. ’ :

SUEUE DESCRIPIQRS

For a given Queuer the Queue name, maximum lengths pointers to
first and last messages» etc» are stored in the Gueue Descriptor.
The descriptor m®must be in memory during the existence of the
fueue. Users of the Queue arz given “Q-keys™» which serve as
pointers to the Queue Descriptors, when the Queue File is openead
and the user has specified the desired attributes of the Queue.
For a Queue Files the Q~key is stored in the file?s FIR, 1If the
Queue i5 eaptys the 360=bit descriptor is the only memory
structure dedicated solely to the Queue.

QUEUVE DRISK

Messages stored in a queue may reside on disk or in memorya. At
dueue creations an area of system disk is obtained for the Queue
large eonough to hold 2.MAX.MESSAGES of size Q.MAX.MESSAGE.SIZE.
These two attributes are normally specified by the user. A Queue
specified to contain a maximum of 255 messagess each of 3 maximum
size of 200 bytes will require 255 #{{200+179) DIV 180) or 510
disk segmentss where DIY denotes an Integer Divide operation.
The required disk space wild be allocated when the Queue is
ocpeneds, oprior to the time it is5 actually required. This is done
to minimize the processing required to store the message or diske.
Users who have minimal amounts of disk storage available may
control the amount that is reguired by AQueues by manipulating
Qe MAX.MESSAGES. The disk space that is allocated to Queues is
not locked in the directory. If the system fails while Quiaues
are activer the disk is returned to the availabie list during the
ensuing Clear/s5tart operation. Disk 1is always alliocated to
Queues» even 1if sufficient memory is available to contain the
maximum number of messages.

Gueue messages are written to disk when a message being put into
a gueue makes the count of messages 'in memory equal to ths
attribute Q-BUFFERS. When this situation occurs, a disk Writa
operation on the last message in memory 1in the (Queue is
initiated. This will make one of the buffers availabte for an
ensuing 1dnsertion in the fusuea. There is one exception to this
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statement. The disk Write operation will not be initiated by the
flueue routines if the attribute Q.BUFFERS is equal to or greater
than the attribute G.MAX.MESSAGES. In this case» mESsages
associated wWith the Queue may only be written to disk by the
Memory Management routines. The Memory Management routines may
Write Queue messages to disk anytime memory is required in the
system. This ensures that Quaue messages Widl not fill mewmory to
the point where thrashing occurs.

When a user remowvess or READs» a message from a Gueue the first
message in the Queue is transferred to his Run Structure ard the
next message din the Queue 1s examined to determine if it is en
disk. If it is» a 1look=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 File's FIB. fFor
each mode of use»r input or outputr a program opering a Queue File
is given one 170 descriptor. A file opened input and output is
given two I/0 descriptor s. I/0 descriptors are shared among ail
members of a Queue File Family» so that no Queue File FIB will
evar contain more than twno I/0 descriptorsa.

MESSAGE RESCRIPIORS

The method of storing messages in the queue 1i5 by m®means of a
linked list of Message Descriptors. E£ach Massage Descriptor (MD)
consists of an B0-bit system descriptor and two link fieldss for
a total of 1283 bits each. The system descriptor actuatily
describes the message texts according to normal NCP conventionse

To reduce checkerboarding, HMD?s are allocated in blocks of ten.
Assigning a Message Descriptor to a message is accompilished by

searching the block(s) of ten for an available ¥D. If nore are
availabies memory space for an additional block of ten is
obtained via a catll on the Memroy Management routines. The

plocks of Message Descriptors are surveyed periodically to
consolidate and raturn unused blocks to the system. At least one
block is retained as long as any RAueues exist.

MESSAGE QUEFERS

If a gueued message is in memorvyr, the memory area which contains
the message is known as a Hessage Buffer (MB). The ML.TYPE field
in the memory {ink which describes ths ares will be set to a
unique value which denotes a Message Buffer. No Qusue will ever
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have more than G.BUFFERS messages in mamory at any time.,
including those messages which are in transit betwaen memory and
disk. Actuallys, since the Memory Management routines are capable
of writing Queue messages to disk and removing them from wseamorys,
the Queue routines cannot quarantee that any messages will be in
memory at any given time.

QUEUE ATIRIBUIES

In addition to attributes conmon to all files» the wuser may
specify two attributes whose interpretation has meaning for Queue
files onivy:

1. Q.MAX.MESSAGES = the maximum number of messages a Queue can
storer at which point it is considered full C(maximus 1023).

2 QLFAMILY.SIZ2E = the number of sub=queues in a2 QueiLe File
Family (maximum 1023).

In addition, Q.BUFFERS as described in the foregoing wmay be
specified by the BUFFERS file attribute. Thuss the user may have
some control over the number of messages that may be contained in
memory at any given time. Iin the C080L Languages, a Bueve Fitle
Declaration may appear as:

SELECT MY.@ ASSIGN 10 QUEUE.

-»

FD MY.Q VALUE DOF Q.MAX.MESSAGES IS 20
RESERVE 3 ALTERNATE AREAS.
01 MY.Q.BUF PIC X{(80).

SELECT MY.QFF ASSIGN TO QUEUE.

FD MY.QFF FILE CONTAINS 3 JUEUES
VALUE OF Q.MAX.MESSAGES IS5 10
RESERVE 2 ALTERNATE AREAS.

D1 MY.QFF.BUF PIC X{(80).

If a Queue File Family is opened» the same attributes apply to
every mesber individualily. In MY.QFF above» for exampler ail
three members may hold ten messagess each having a maximum of two
in memory.
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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 is taken to be the first ten
charactersr, and an FID is synthesized from the sember number for
each queue in the family. The first member of MY.QFF would be
named "MY.QFF/7400000001".

When a Queus File is opened» the MCP compares the 20=character
name With the nazmes of all Queues currently in existence. If a
Queue of that name if found» the opener is linked to the existing
queue and the Quseue®s user count is incremented. If the Queue
does not exists a new Queue s created with the attributes
provided by the FPB. Queus attribute binding occurs when the
Queue is first created» by the first process to open the Gueue
File. If two programs share a Queue {e.g.» both agree on the
namel)r the first program to open the shared Jueue file birds the
attributes.

Blocking of records is not allowed in Queue Files. The Record
Size attribute determines the upper limit on the 1length of a
message which may be stored in a queue fila.

QUEVE EILE LOGICAL I/0 QPERAYIQNS

gdueue Fide logical 1/0 operations are rather sipple ang
straightforwarda. As mentionad praviously, all Queue Fides must
be unbtocked. Truncation or blank fild may occurs, depending upon
the size of the user®s work area and the size of the =message
being movead» exactly as is done on all other togical I/0
operations on B1000 systems. The user may request that thrae
di fferent exception conditions be reported to him on all Queaue
Fiie 1ogical 1/0 operationsa. These three conditions arer in
COBOL syntaxs

1. ON END=OF-FILE
2« ON EXCEPTION» and

3. ON INCOMPLETE~-IG.

Un READ operations» END-OF=FILE §s reported to the user when the
Queue File is empty and no program exists which has the @Queus
opened for output. EXCEPTION is reported on dueue File Families
only and on READ operations only» and actually denotes an invalid
key passed on the READ to specify the desired family renmber.
INCOMPLETE~ID is reported if th2 Queue 1is empty but programs
stidd exist which have the Queue opened for outpul purposes. All
three conditions are reported only if requesteds, of course.
Failure to request that END=OF-FILE or EXCEPTION be reported wiil



'd -

BURROUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUYER SYSTENS GROUP 851000 MCP I1I
SANTA BARBARA PLANT P.S. 2212 5462 (E)

oe considered a program error if either condition occurs and the
program widd be discontinued.

The precise meaning of EOF on READ is that {a) the last writer on
this Queue has closed his Queue Fite and {b) the Queue is emRpty.
£E0F is treated as a pseudo=~message in the Queus. That is» when
the last massage has bean read from the ARueue File» the Fite
still exists and actually remains "not empty™ for WAIT purposesa
A subsequent READ will result in the EOF branch being taken. The
Queue is then emptys but still in EOF statuss, so if yet another
READ is issued on the Queue Files, the reader will 3gain take the
EQF branche. EDF can be cleared 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 Family are treated
exactly dike READs on single Queue Files. An unspecific READ an
a Queue File Fanmitly widl return EOF only if all wembers of the
Family are at EOF (i.2.» oemptys no writers). When the 1ast
Wwriter closes any member queue of a 4FF, the event
U WRITEL.OCCURRED will be caused for the GFF3 this will put a
reader in the READY.Q when it WAITS on this event.

A MESSAGE COUNT communicate operator is implemented tc enable
user programs to determine if any messages are present in the
Queue Files they are usinge. This function is described in a
Later paragraph. A MESSAGE CJUNT communicate issued for z Queue
that 1is marked as being at END=OF=FILE witl show the EOF status
as a pseudo~message = the count for that particular Queue File
Wwidll be one more than the count of real messages. When the
Teader executes a specific READ on the member Queue which §s5 at
EDF» the EOF branch will be taken. The next MESSAGE.COUNT wiil
show the member Queue as containing no messages. Ancther READ on
the member will result in the EOF branch being taken agains as is
done for a single Gueue File.

On Gueue HRITE operationss END=OF=FILE is not defined and wittl
never OCCUr. EXCEPTION has the same meaning as it deces for READ
operations = it denctes an invalid key condition on 4Queue File
Famidies onlye. INCOMPLETE~ID will be reporteds if reguested»
when the Queue is fuld and there is no space available to store
the message that is being written. If no INCOMPLETE~IO report is
rquested and the Queue is full when a WRITE occurs, the oprograa
is suspended until space is available in the Queue.

As mentioned previousiy» when a logical I/0 reguest is directed
to a Queus File Family, a key must be included to identify the
spacific Queue in the family to which the operation is directed.
This is simitar to Switch Files in the SDOL Languages. Family
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members are numnbered logically from one to n. Giving a key of
zero on a READ is defined as an unspecified read. The renmbers
widl be searchedr beginning with number ones and the first queue
member found not empty wiil be read. A key of zero on a write is
invalid. '

SRITING X0 IHE IQP OF A QUEVE 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 language. A message
Wwritten to a queue file normally goes to the bottom of the Queue
though some rare occurrences in applications way require the
CONvVersa. This capability is5 invoked in the comeinicate
operation by setting bit 7 of CT.ADVERB.

HESSAGE-COUNT COMMUNICAIE

This communicate operation returns the count of messages in the
Gueue File specifieda If a Bueus File Family is specifiedr the
count of each member will be returned in an array {(member one in
the first positions, member two in the secondr» etce.d» Up to the
Limit of the result field. Counts will be returned either in
decimal {CQOBOL "PICTURE 999™) or binary (SDL "BIT(24)") depending
on the value of the first bit of CT.ADVERB. ihis operation may
not be implemented in all languages.

Format:
CT.VERSB : 48 (HEX 3303)
CT.O0BJELT File Number
CT.ADYVERB BIT 1 Decimal format results if true
cT.1 Resudt field length in bits

Cl.2 Result field address
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Figure B8=12 Two Programs Communicating in a Queue File Called "NY.G".
The Queue contains three messages.
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Figure 8=22 A Queue=~file Family with three nembers.
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INIER-PROGRAM COMMUNICATION

Another means of accomplishing inter=process communication is the
inter-Program Communication Module, first implesented in the 9.9
software to satisfy the recquirements of the ANSI *74 COBOL
Language. According to the specifications of that languagee th2
facility provides synchronous CALL and EXIT wverbsr» as well as a
shared data inplementation. The module provides a facility to
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 may not
be known at compile time. Additionally, this module provides tha
ability to determine the availabitity of memory for the prograa
to which control 15 being passed.

BUN UNII DEFINITION

The definition of a ™Run Unit"™ is critical to the implementation
of the CALL/CANCEL mechanism described in the ANSI *74 COBOL
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 initiates another

programs via the CALL communicate. That called program is now a
member of the Run Unit associated with the program that was
originally executed. Similarly» any program calded by a program

within the Run Unit becowmes part of that Run Unit and remains in
that Run Unit until terminated or cancelled. A job cannot be a
member of more than one run unit. The foliowing figure
represents seven programs (A ~ G) which have been called within a
run unite.

{A was Executad)

A
i
i1 <==== Current Path
B

Prayious ====> - \
Path .D

The connecting links are generated by and represent the last used
paths and the 1link exists until & raturn (EXIT PROGRAN) is
accomplished. Once a calied 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
itself or any of its predecessorss, the entire run unit witl bea
DS%ed. The other {inks are unimportants as any program in the
run unit can CALL or delete other existing progranms» With the
previously mentioned exceptionss or can CALL new programs.

If» for exampler» oprogram 'E? cancels program "07 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 result in a transfer of
control to the existing state» whereas a CALL to any other
programs inciuding *0%', wWwiid cause an initial state copy to be
invoked before controd is transferreds. The terminations via STCP
RUN or ABORT» of any program in a Run Unit wild result in the
removal of all programs in that Run Unit from memory.

IPC IMPLENENTAILON DE SHARED DATA

For those not familiar with the ANSI *74 C0BOL definition of
Inter~Program Communication, ali programs within a Run Unit
execute synchronously. No two programs in a BRun Unit wmay be
executing simultaneously at any time and consequentlys, there are
no oroblems associated with two or more programs contending for
the use of shared data. Control is passed to 3 program via the
CALL verb. Yhe program which contains the CALL will rot bhe
atlowed to execute again until the calied program perforas an
EXIT PROGRAM wverb.

The cailing program may specify one or more data itess to which
the called program has access. The shared data may be any 01 or
77 devel item described in the calding program This includes
items 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 dtem remains the same in =zach
program. This mechanise is stricly a "pass by name™ facility.
Parameters cannot be passed by vatue. Additionaliy» storazge for
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the shared data is naver allocated in the calied oprograme. In

other wordss, the address of the datar» onlys is aiways passed to
the cadled nrogram.

IEL BUN STRUCTURE NUCLEUS CHANGES

In order to maintain ail of the necessary information regarding
the prograns which comprise a Run Units, several fields were addeg
to the Run Structure Nucleuss» RS.NUCLEUS» the field in nmemory
which contains information about each program that is executings
in the 9.0 version of the MCPa. This fields as 3t has always
been» is shared by the Operating System and the user prograa’s
interpreter., The following is a Llist of the fields which were
added in the 9.0 version and a brief description of each.

B3 BUNLUNIT HIIC15)

When a job initiates a CALL» he establishes a RUN UMIT. This Run
Unit is identified 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.

BS:RUN.UNIT.LINK BITL13)

This field witl contain zero for the job that initiated the run
unit and for any job in the Run Unit that has done an EXIT
PROGRAM. Ffor any job that is currentdy active in the Run Units 3
job that has not done an EXIT» this field will contain the joo
number of his calier.

B52IBC.DJICT BIIL24)

This field will contain the absolute address of the
IPC.DICYIONARY through which parameters uwilli be accessed within
the cailing job?*s base~limit space. The field widl be zero if
the dictionary does not exista This 95 the list of psrameters
that this job will pass. The IPC.DICTIONARY is adjacent to the
RS«NUCLEUS and found only in the callers Run Structure Nucleuse.
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BS.IBL-PARANETER,,LIST BIIL2A)

This field witl contain the absoltute address of the
IPC.PARAMETERLLIST. This space will be adjacent to the Run
Structure Nuctsesus for any calied job that can receive parameters.
The IPC.PARAMETER.LIST widdl be a series of 24 bit fields. The
first fieid will contain the number of parameters that this job
is capable of receivinge. The remaining fields in the list witit
contain the length in bits of each parameter. This {ist is built
only for the calied 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 2ero.

BS218C.R1CT.51ZE BITL158)

This fiedd widd contain the number of gntries in this prograa’s
IPC Dictionary.

BS-EXECUIELTYPE BIIL4)

This field is used to store the type of execution that originated
the job. If the job is not an Execute type or a Call type» then
it cannot be catied. The field can contain the following values:

Execute

Compile and Go

Compile for 3Syntax

Compile to Library

Compile and Save

Go Part of Compile and Go
Go Part of Compile and Save
Calt

Co N OV U P N e
Wi oWououodow

BS.NAME CHARACIERL3D)

This field will contain the name of this program. In the cass of
compilations, denoted by he value of the previous field, it will
contain the name of the compiler as weil.
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BS.CALLLBS.LE B11L2%)

This field widl contain the Limit Register of this job's caller.

BS2IBC.EVENT BII 112

This field is a dummy avent for any IPC hang or suspension of
execution. If a program i35 waiting on RSLIPCLEVENT and 1is
currently passive» which will be indicated by a zero value in
RS«RUNJUNIT.LINK», the RS.STATUS wild be set to a value to
indicate ™Haiting to be Called™. If the program is currentiy
actives idndicated by a non=-zero value in RS.RUNLUNITLLINK. the
RS.STATUS wili be set to a value indicating ™Waiting on caltlea
progran™.

R3S-CANCELED 8IIL1)

If this boolean 15 trues then at 1east one CANCEL communicate has
been issued against this program. When this is trues this
particular job is effectively no longer a member of the Run Unit
and is waiting to be terminated by the 5HCP.

IPL Program Parameter Blogck Chanass

It was also necessary to make changes in the Program Parameter
Biocks the two=sector field that is generated by the «conrpilers
and stored in the code files to .accomodate the {IPC
implementation. A List of the fields that have been added is
presenied below.

PROG.IBC-31ZE BI1L18)

This field indicates t he number of entries in the
IPC. PARAMETERLLIST, If tnis fiedd is not eqgual to zero» it
indicates to the MCP that this program can only be called - it
can naver be EXECUTEd.
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ERUG-JPC-EIR BIILZ24)

This field is used to store the relative disk address in the code
file of the IPC.PARANETER.LIST. The IPC.PARAMETER.LIST 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.

ER0G2IPCMAX.SEND.PARAMS BITC18)

This field 1idindicates the maximum number of parameters to be
passed by this program through a CALL» which wiil also be the
number of entries in the IPC Dictionarye.

It was also necessary to add a field to the format of the Progras
Parameter Block that is used Dy the MCP after the job 1is
scheduled for execution. This fieldr, known as PPEB.RUNLUNIT, is
sixteen bits in length and is5 used to contain the Job nunmber of
the run unit that this program will become a part of.

IPC.DICTIONARY

The IPC.ODICTIOGNARY 1is a list of System Descriptors built by the
program to describe the parameters to be passed on 3 CALL. This
dictionary witld be within the space defined by RS5.IPL.DICT in the
R85.NUCLEUS of the cadding programs. The length of this dictionary
is passed in the CALL communicate. The Micro MCP will verify
that the number and 1ength of paragetars passed match the
IPC.PARANETER.LISYT of the called program.
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IPC COMMUNICATE OPERATOR

ne new communicate operator was added to the DOperating System to
accomodate the IPC implementation. This operator is generated by
the Compilers to implement the CALL, CANCEL and EXIT PROGRAM
verbDsa. It may be handled by the Micro HMNCP or the 35DL MCP»
depending upon the circugstances. Its format is presented below
and in the Demand Managesent section.

LT.VERSB 43
CT.OBJECT 0 = CALL
1 = CANCEL
2 = EXIT PROGRAM (No ETI)
CT.ADVERR Bit
0 ~ if CALL, return on NO MEMORY

i=11 = Not used
CT.1 Base relative address of a 30 character
field that contains the name of the job
to be called or cancelled.
Lr.2 Number of parameters to be passed

RS« REINSTATE . MS5G.PTR values returned if regquested:

g
1

Communicate completed as requested.

For CALL» dnsufficient memory to compiete the CALL.
For EXIT PROGRAMs the program was initiated by an
EXECUYTE dinstruction as opposed to a CALL.

- Not used for CANCEL.

IPC Yerb Qpsratiaon

One of the primary objectives of the IPC idmplementation wWas
performances Therefores as much as possible of the IPC function
was implemented in the Micro MCP. In the ANSI 74 COB0L
Languages» the CALL and CANCEL verbs require the specification of
program names wWithin the source texta. Dn the 81000 systessr the
name of a program may be unknown to the user when the program is
compiledr since the Run Unit may be executed under a Usercode,

To simplify the task of associating program names with those
spacified by a program in a CALL or CANCEL communicater a new
system structure was implementad., A programmatic description of
the structurer IPCRUNLUNIT.LIST» is5 presented below
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01 IPC.RUN.UNIT.LIST BIT(320)»

02 IPC.RUN.UNIT.NUMBER 3IT (16)»

02 IPC.PGM.NANE CHARL30)»

02 IPC.PGM.JOB.NUMBER BIT (16),

02 IPC.PGM.LLR BIT €24),

02 IPC.FORWARDLLINK BIT (24)5

IPC.RUNLUNITLLIST 4ds a 1linked serial Llist which includes atit
members of alt Run Units. The entries in this list aren't in any

particular order and are not grouped by Run Unit. The 5DL
portion of the MCP ds responsible for the managemert and
maintainence of ail IPC.RUNLUNIT.LISTs. The first

IPC.RUNLUNITLLIST is addressed by a field dn the MCP*s stack.
Both the S5.MCP and the Micro MCP (M.MCP) access these structures
for information.

IPC CALL ODBERAIION

The MICRD MLCP receives all CALL communicates. Any named job s
considered a candidate for a £CALL by the Micro MCP. If the
requested job is not currently a mamber of the correct Run Unit,
then the CALL reqguest widd be transferred from the Micro MCP to
the SDL portion of the MLP» to make the calied program present.

To determine if the requested job is a member of the correct Run
Unit, the Micro MCP searches the 1ist of Run Unitsy beginning
with the first, which is addressed by a field in the MCP stacks.
Fach program that is a member of any Run Unit will be found in
the serjally 1link 1ist described by the IPC.RUNLUNITLISTY
structure.

If the program is presants, the Micro MHCP will first exagine the
program’s RS.CANCELED boolean in its Run Structure Nuclieus. 1f
this boolean 115 ftrue» then this copy of the program has beerp
cancelled and 2 naw copy must be initiated. CANCEL operationss
{ike ail progranm termination operations do not happen
inmediately. 1f a new copy must hbe initiatedr the Micro MCP witl
cadl the S.MCP to dnitiate a new copy 0f the same program. S.MCP
operationss upon receiving a CALL communicater 3re described in
Later paragraphse

If the RS.CANCELLED booliean is falses then the Micro MCP checks

to determine whether the called job is active or passives which
will be dindicated by the RS.RUNLUNIT.LINK field of tha Run
Structure Nucleus. If the job is already actives ther sonmre

theoretically 1impossible error has occurred and the Nicro MCP
must call the S5.NCP so that the Run Unit can be teraminated. If
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the called program is found to be passivesr then the #Hicro MCP
will next check to insure that the number of parameters to be
passeds if any,» aqreea. This wildl be dindicated by the catling
program®’s R5.IPC.DICT field being equal to the «cailed program's
IPC.PARANETER.LIST.

If the number of parameters do not matchs then the Micro MCP
caldls the S.MCP for termination of the run unit. If the number
of parameters do agreer the Micro MCP next checks to insure that
the length specified for esach passed parameter is the same in the
catling program and the called program. If any of the length
descriptions are not equal, the Micro MCP wiltl caild the 5.MCP for
termination of the entire Run Unit.

If parameters are being passed» if the number of parameters is
equal and if they all have equal length attributes» then in the
calling program®s Run structure Wucleuss, the Micro MCP increments
the RS.TEMPORARYL.FREEZE field» to fix the program in memory ang
sets the RS.AUNLUNITLLINK fiedd to the cailer?s job number. In
the Run Structure Nucleus of the called job, it sets the
RS.CALLERS.LR field to the limit register of the calling progran.
it then hangs the cadling program on its RS.IPLCLEVENT field and
sets the calier®s RS5.5TATUS field to ™waiting on the called
progran™ and marks the calied jodb "ready to run™. It shovdd be
noted that it is not necessary to freeze the calling program in
memory if parameters are not passada.

Considering the case where the called program is not a mesber of
the Run Unit and the S.MCP is <called upon to execute the
requested programs whenever. the 5.MCP receives a CALL communicate
and usercodes are involved, it wiil first search the List of Run
Units» using all permutations of the usercoded namer to determine
if the job exists in the Run Unit under a different name. 1if so»
the new name and corresponding information will be entered into
the Run Unit List and control wild be returned to the Micro MCP.
If Usercodes are not invodved and if the name does not aexist in
the Run Unit List» then execution of the job must be attempted.

The S.MCP must then determine that the requested prograa is
present on diske. 1f not presents the program which issued the
CALL wiltl be bhung until the regquested program is made presenta
If the requested program is present on diskr the 5.MCP must then
determine that there is enough memory to execute the reguested
program. If there is insufficient memory» The progras which
performed the CALL may have asked to be notified of this facte.
If sor the called job will not be scheduled but the prograes which
performed the CALL will bes notified of the insufficient memory
condition. If the program which performed the CALL did net
request to be nofitieds the called program will be scheduled and
the calling progras will not be allowed to execute until tha
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calied progranm does an EXIT PROGRAM communicate.

Actually» after the called program reaches BO0Js the S.MCP will
hang the called program on his own RSLIPC.EYENT with RS.STATUS
set to "Waiting to be called™ and put the cadling program back in
the M. CONN.Q. This atlows the Micro MCP to coamplete the CALL
operation.

IPLC CANCEL OPLBAIIQN

Al4{ aspects of the CANCEL and EXIT PROGRAM communicate opartofrs
are handled by the Micro MCP, Upon receiving a CANCEL operator.,
the WMicro MCP must first determine if the job exists in the Run
Unit and whether it is active or passive. If it is not gpresent
or the oprogram is present but its RS.CANCELED boolean is true»
the request is ignored and the cancelling job is reinstated. if
it 1is present and passiver the Micro MCP will then place the
specified program in the EXTERNINATE.Q» set the RSLCANCELED
booiean and return control to the job w«hich issued the
communicate. The EXTERMINATE .S widl cause termination of the
joba

A reguest to CANCEL a job that is both 2 meamber of the Run Unit
and active is a wiolation of the COBOL specifications and will
resudit in termination of the entire Run Unit.

IRC EX1I EROGEAM QRERAIIQN

If a calied job issues an EXIT PROGRAM communicate operation» the
Micro MCP wild hang the issuing program on its RS.IPC.EVENT
field» satting R5.STATUS to "Waiting to be called™, decrement
RS.TEMPORARYLFREEZE in the Run Structure Hucleus of the program
that calied the idssuing program and mark the caliing program
ready £0 Tuna If a program that was not called issues the
communicater the communicate will be ignored and control will Do
immediately returned to that programs

IPC JTERHINATION CONSIDEBAILONS

If any program in a Run Unit performs a STOP RUN communicate
operators the entire Run Unit will be cancelled and ald prograns
in the Run Unit widd be discontinusd. Similardiy», if any progranm
in the Run Unit terminates abnormallys the entire Run Unit will
be discontinueda. Programs within a Run Unit may only stop
exscurion wvia the EXIT PROGRAM verb. 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.



A=-21

BURROUGHS CORPORATIDN CCMPANY CONFIDENTIAL
COMPUTER 3SYSTEMS GROUP B1000 MCP 11
SANTA BARBARA PLANT P.5. 2212 5462 (E)

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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