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PREFACE 

This publicati on introduces and interre­
lates all Operating System/ 3 6 0  control pro­
gram fac ilities . It shows how these facil­
iti e s  work with the language trans lators 
and s ervice programs , so the programmer can 
better learn to use the system. It also 
directs the programmer to related Operating 
System/3 6 0  publ ications for specific 
d etails . 

Many combinations of programming faci li­
ties are possible with Operating 
System/3 6 0 .  The programmer will work with 
a parti cular set of these faci lit i es , 
depending on the language he uses (FORTRAN , 
COBOL , Report Program Generator , Assembler , 
or New Programming Language) , and the modu­
lar programs chos en when his operating 
system is generated . Although all the 
control program facilities are described 
herein ,  all of th em may not be included in 
every installation . 

The publi cation is divi ded into two 
parts , an introduction and survey, and a 
deta iled des cription . The f i rst part con­
tains a general description of subj ects of 
interest to all users .  The second part , 
meant for programmers , is a more thorough 
di scussion of the same topics . 

Even though many detai ls are expressed 
in assembl er languag e terminology , this 
publ ication is addres sed to every program­
mer who wil l use System/3 6 0 ,  and familiari­
ty �ith the assembler language is not a 
requ irement . 

PREREQUI SITE PUBLICATION :  IBM Operating 
System/ 3 6 0 :  Introduction .  Thi s  publi cati on 
describes the general organi zati on , func­
tion , and application of the operating 
system . It also descr ibes the other relat­
ed Operating System/3 6 0  publi cations . 

This publication was prepared for production using an IBM computer to update 
the text and to control the page and line format. Page impressions for 
photo-offset printing were obtained from an IBM 1403 Printer using a special 
print chain. 

Copies of this and other IBM publications can be obtained through IBM Branch 
Offices. 

A form for readers' comments appears at the back of this publication. It may 
be mailed directly to IEM. Address any additional comments concerning this 
publication to the IBM Corporation, Programming Systems Publications, Department 
D58, PO Box 390, Poughkeepsie, N. Y. 12602 
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PART I :  INTRODUCTION AND SURVEY 

This part contains a conci se description 
of the s ignificant features of the operat­
ing system. It i s  intended to serve as an 
introduction to the concepts , f acilities ,  
and terminology de scribed in greater deta i l  
i n  Part II and i n  other Operating 
System/3 6 0  Publ ications. 

Since the Survey i s  self-contained , how­
ever , it should also prove useful to anyone 
wanting a general f amiliarity with the 
system. 

7 



SECTION 1: INTRODUCTION 

Operating System/3 6 0  has been designed 
to shorten the period between the time a 
problem i s  submitted for solution and the 
time results are received 7 to increase the 
volume of work that can be handled over a 
given period of time 7 and to a ssist those 
concerned with the system : installation 
managers , operators , and above all , pro­
grammers . The operating system consists of 
a number of processing programs and a 
control program (Figure 1) . 

Operating System/360 

Control Program 

Data 
Management 

Function 

Job 
Management 

Function 

Task 
Management 

Function 

Processing Programs 

Language 
Trans l ators 

• New 
Programming 
Language 

• FORTRAN 
• COBO L  
• Assemb ler 
• Report 

Program 
Generator 

• Telecommun i -
cations 
Program 
Generator 

• System 
Generator 

• Test Translator 

Service 
Programs 

• Linkage 
Editor 

• Sort/Merge 
• U ti l i ti es 

User-Written 
Problem Programs 

Figure 1 .  Operating System/3 6 0  
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ELEMENTS OF THE OPERATING SYSTEM 

The processing programs consi st of lan­
guage translators ,  service programs, and 
user-written problem programs . The pro­
grammer use s them to define the work that 
the computing system is to perform and to 
simplify program preparation . 

The control program supervises the exe­
cution of the processing programs 7 controls 
the location , storage, and retrieval of 
data 7 and schedules jobs for continuous 
processing. 

S�stem users may also include their own 
serv1ce programs or language translators . 
The programmer can then use these programs 
as he would use IBM-written programs . 

BENEFITS TO THE PROGRAMMER 

The programmer can take advantage of a 
unif ied system that allows him : 

• To write programs that are independent 
of input/output requirements or charac­
teristi cs of the operating environment . 
Such requirements can be specif ied when 
the jobs are set up, without modifying 
the programs . 

• To place information (programs or col­
lections of data) in the system's 
library without specifying or keeping 
track of the identification of the 
auxiliary storage volume used 7 and then 
to obtain access to the information by 
merely providing a symboli c  reference 
to it . The system automatically 
locates the information, issues 
instructions to the operator to place 
the information on- line , and provides 
the descriptive material that i s  subse­
quently used to retrieve the informa­
tion properly . 

• To store fre quently us ed series of 
statements that specify j ob require­
ments as " cataloged procedures, " and to 
easily call them for use . 

• To receive the results of a computer 
run soon after submitting a job because 
of a nonstop operation that does not 
require j obs to be delayed until a 
batch is accumulated . 

• To des ign efficient programs that make 
balanced use of system resources in 
an easy and di rect way .  Programs may 



be divided into s imple subprograms that 
are executed concurrEmtly under manage­
ment of the control program ; there i s  
n o  need t o  re ly o n  a complex , intri cate 
desi gn to ach ieve thE� same effect . 

• To divide a problem into a set of 
subprograms , and codE� each in the lan­
guage best suited to it . 

• To divide a large program i nto smaller 
sections that can be overlayed after 
they have been executed ,  to cons erve 
main storage space .  

• To easily tes t and modify programs and 
data . 

• To choose between immediately executing 
compiled or assembled programs (or 
parts of programs) or storing them on 
auxi liary devices for later use with 
other compil er or assembler outputs . 
The system can locatE� such routines if 
given only their names , and can pas s  
control t o  them in several different 
ways . 

• To use the 
pili ng i t ,  
choo ses to 
program. 

s ame program without recom­
even if the i nstallation 
add features to the control 

The various faciliti es provided by proc­
essing programs and the control program are 
described under four topics : 

• Information to be processed is organ­
ized and stored in a particular way 
related to its use .  It may be named 
and may be easi ly retrieved . These 
operations are descr ibed . under Data 
Management . 

----

• The user's programs are prepared under 
certain constraints ,  such as available 
storage space and the characteristics 
of the problem to be solved. The 
programmer should take full advantage 
of avai lable programming aids (such as 
inclusion of exi sting subroutines) • 

System features in this area are des­
cribed under Program Design and Prepar­
ation . 

• Process es can be specif ied as s equences 
of steps . The se steps are then sche­
duled to maintain a continuous flow ; 
this is des cribed under Job Management . 

• Elements of work can be performed indi­
vidually or concurrently . Thi s  i s  des­
cribed under Task Management . 

Section 1 :  Introduction 9 



SECTION 2 :  SURVEY 

DATA MANAGEMENT 

The manner in which data is transferred 
between main storage and external devices 
is of paramount importance in most data­
processing installations . Earl ier systems 
provided a number of f acil iti es that 
together were named an input/output control 
system (IOCS) • Most of these systems were 
limited to tape and unit record equi pment . 
They consisted primarily of routines that 
managed buffers and hardware interfaces , 
and controlled a ccess to labeled tapes . 
Other versions , usually independent , 
included faciliti es for reading and writing 
on di rect-access devices , and still others 
controll ed telecommunications activities . 
Facil iti es to bui ld and retrieve from pro­
gram libraries were at times a lso 
availabl e ,  but were usually not incorporat­
ed into the input/output control systems . 

The data management faciliti es of Oper­
ating System/ 3 6 0  handle all of these func­
tions , and do it in a consistent manner . 
Data from a direct-access device , a remote 
terminal , or a tape ; data organi zed sequen­
tially, or like a library ; all may be 
reque sted by the programmer in essentially 
the same way .  

In addition , data management provides : 

• Allocation of space on direct-access 
devi ces . Flexibility and efficiency of 
thes e devices is improved through bet­
ter use of available space . 

• Automatic location of data sets* by 
name alone . 

• Freedom to de fer specifications such as 
buff er size, blocking factor s ,  device 
i dentification , and device type until 
the job is submitted for process ing . 
This permits the creation of programs 
that are in many ways independent of 
thei r operating environments . 

• Protection of data set s .  This 
includes : 

1 .  Protecti on of data sets that share 
a common device. An accidental 
attempt to write outside of speci­
fied boundaries is detected and 
prevented . 

2 .  Protection against unauthori zed 

*Collections of data , described by control 
information stored within the system ,  are 
called "data sets" as opposed to the more 
common t erm "file . •  

1 0  

access to security files 
(containing , for example ,  payroll 

information) by use of 
"pas swords . •  

3 .  Protection against concurrent 
updates of the same record , in 
multiprogrammed systems . 

The following paragraphs describe the 
means of identifying , locating , organiz ing , 
storing , and retrieving data in general 
terms . Data management is di scuss ed in 
greater detail in Section 3 .  

IDENTIFYING AND LOCATING DATA 

Whenever a programmer indicates that a 
new data set is to be created and placed on 
auxi liary storage , he (or the control 
program) must give the data set a name . 
The name i s  used when the data is to be 
retri eved . 

In some cas es , the name assigned to a 
data set must be qualified to avoid ambi­
guity . For example ,  the qualified names 
COLOR . CHERRY and TREE . CHERRY describe two 
qiff erent data sets having the simple name 
CHERRY . 

A standard unit of auxiliary storage is 
called a volume . A volume may be , for 
example ,  any of the following : 

• A reel of tape 
• A disk pack 
• A data cell 
• A drum 
• The part of an IBM 2 3 0 2  Di sk Storage 

device served by one access mechanism 
(the device would have either two or 

four vo lumes in all) 

A direct-access volume (every one of the 
above except the tape reel) has a volume 
�abel in a standard location . The label 
specifies the location of a volume table of 
contents . Each data set stored on the 
volume has i ts name , location , 
organization , and other control information 
stored in the table of contents . (Similar 
information is stored in labels of data 
sets stored on tape . )  Thus , if the name of 
a data set and the volume on which it is 
stored is made known to the control 
program, a complete description of the data 
set , including its location on the volume , 
can be retr ieved . Fol lowing thi s ,  the data 
itself can be retrieved ,  or new data can be 
added to the data set . 



However, keeping track of the volume on 
which a particular data set resides is a 
burden, and oft en a source of error . A 
provi sion for cat alogin<.;r data sets allows 
the system to do this fe>r the user . 

A cataloged data SE�t can be located by 
the control program, if g iven only its 
name . The catalog consi sts of a series of 
indexes stored on di rect-acces s devices . 
Each qualif ier of a delta set name corres­
ponds to one of the indE�xes in the series . 
For example, the data set TREE . FRUIT . APPLE 
is found by searching a master index to 
obtain the location of the index named 
TREE . The TREE i ndex is searched to find 
the location of the index named FRUIT . 
Lastly, thi s  index i s  searched for APPLE to 
f ind the identifi cation of the volume con­
taini ng the requi red dat:a set . 

By use of the catalog, collections of 
data sets that are related by a common 
external name and the time sequence in 
which they were cataloged (i . e . ,  their 
generation) can be identif ied, and are 
called generation data groups . Thus 
LAB. PAYROLL (O) re fers to the most recent 
data set of the group, LAB . PAYROLL (- 1 )  
refer s t o  the second mo��t recent data set, 
and so on . In applications which, for 
example, regularly use t.he two most recent 
generations of a group to produce a new 
generation, the s ame collection of data set 
names can be repeatedly used with no 
requirement to know or keep track of the 
s erial numbers of the volumes used. 

ORGANIZI NG DATA 

Operating System/3 6 0  data sets can be 
organized in five ways . They are : 

• S equential . This is the familiar tape­
l ike structure, in which phys i cal 
records are placed in sequence . Thus, 
given one record, the " next" record is 
uniquely det ermined . The sequential 
o rganization is used for all magnetic 
tapes, and may be selected for direct­
a ccess device s .  Punched tape, punched 
cards, and printed output are 
cons idered to be sequentially 
organized . 

• I ndexed Seguentia:� . Records are 
arranged in l ogical sequence (according 
to a key whic h  is part of every record) 
on the tracks of a direct-access 
device . In addition, a separate index 
or s et of indexes maintained by the 
system gives the location of certain 
principal rec ords . This permits direct 
as well as s equential acce ss to any 
record. 

• Direct . This organization i s  available 

for data sets on direct-access volumes .  
The records within the data set may be 
organiz ed in any manner chosen by the 
programmer .  All s pace allocated to the 
data s et is available for data records 
(i . e . ,  no space is required for 

indexes) • Records are stored and 
retrieved di rectly, with addres sing 
specified by the programmer . 

• Partitioned . This structure has char­
acteristics of both the sequential and 
indexed sequential organi zations . 
Independent groups of sequentially 
organiz ed data, each called a member, 
are in direct-access storage . Each 
member has a simple name stored in a 
directory that is part of the data set 
and contains the location of that 
member ' s  starting point. An example of 
partitioned data s et use is the storage 
of programs ; as a result, partitioned 
data sets are often referred to as 
libraries . 

• Telecommunications . This organization 
deals exclusively with data going to or 
coming from remote on-line terminals .  
Such data �essages) may be processed 
directly from main storage or from 
queues in direct-access storage . 

STORING AND RETRIEVING DATA 

Data management includes facilities that 
s:implify storing and retrieving data : 

• Input-output devi ce control - The con­
trol program generates, schedules, and 
executes the instructions that transfer 
data to or from a particular device . 
Transient device errors and errors 
resulting from local recording surface 
defects are corrected automatically. 

• Buffering To achieve input-output-
process overlap in data organizations 
with s equential characteri stics, the 
control program anticipates input 
transfer requests, and defers output 
request s .  

• Blocking - The control program permits 
the u ser to request and store logical 
records, which it automatically groups 
into long physical blocks as part of 
its buffering activity. Thi s  blocking 
of records permits more data to be 
stored within a given area, and hence 
permits f aster data transmi ssion. For 
example : on an IBM 2 4 0 0  Series Magneti c 
Tape Unit, an SO-character card image 
record occupies 0 . 1 inch ; the inter­
block gap occupies 0 . 6 inch . Effective 
transfer rates are therefore only one­
seventh of potential rates if such 
records were written individually . 
Similar considerations apply to direct­
access device s .  The access routines 

Section 2: Survey 11 



for these f acilities are called by 
simple input/output macro-instructions 
or statements in each program's source 
coding . Two categories of access 
language are provided to satisfy speci­
fic user requirements . 

The queued a ccess language is desi gned 
to furnish a full range of buffering and 
blocking facilities with maximum program­
ming simplicity . It applies only to organ­
izati ons with sequential characteri stics . 
The macro-instructions GET and PUT are used 
for retrieval and storage of logica l  
records . 

The basi c  ac cess language furnishes 
device control without automati c buffering 
and blocking . Input/output operations are 
scheduled at the time they are requested . 
Characteristicall y ,  the macro-instructions 
READ and WRITE retrieve and store entire 
physi cal blocks of data . 

Th is more primitive language may be used 
to give the programmer more direct control 
over functions such as seeking , back­
spaci ng tape , etc . , that depend on 
particular input/output devices .  It also 
may serve as the base for any special 
buffering or bl ocking methods constructed 
by the user . 

Each combinati on of data organi zation 
and access language is defined as an access 
method. There are eight access methods in 
the operating system . For convenience 
their names are shortened to the initial 
letters of the language category and the 
organization us ed , followed by AM for 
acces s  method, as shown : 

i-r----------------------T------------------1 

I Organization I Language Categoryl 
I �-------�--------� 

I I Queued I Basi c  I 
�----------------------+---------+--------� 

I Sequential I QSAM I BSAM I 
I I I I 
I Indexed Sequential I QISAM I BISAM I 
I I I I 
I Di rect I I BDAM I 
I I '"I I 
I Partitioned I I BPAM I 
I I I I 
I Telecommunication I QTAM I BTAM I 
L----------------------�--------L--------J 

In addition to these methods , an elemen­
tary access method called execute channel 
program (EXCP) i s  also provided . The pro­
grammer who uses this method must establ ish 
his own technique s for organizing ,  storing ,  
and retrieving data . Its primary advantage 
is the complete f lexibility it allows the 
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programmer in using computing system faci l­
ities directly . 

DEVI CE INDEPENDENCE 

An important f eature of data management 
is that much of the detailed information 
needed to store and retrieve data , such as 
devi ce type and identi f ication , buffer han­
dling techniques , and format of output 
records , need not be supplied until a job 
is ready to be executed . This device 
independence permits changes to be made in 
thos e detai ls without requiring changes in 
the affected programs . Therefore , a pro­
gram may be designed and debugged without 
any knowledge of the input/output devices 
that will be used when it is executed . 
Devi ce independence al lows the following : 

• A user may prepare a program that may 
be executed wi thout change at dif ferent 
insta llations with different 
input/output configurations .  

• An installation may take advantage of 
new devices without reprogramming , or 
recompi lation. 

• To optimize performance , a user may 
experiment with different combinations 
and types of input/output units and 
buffers . 

• A programmer may prepare a report for 
printing by using conventional control 
characters rather than system macro­
instructions to describe his format . 
He need not know whether the output 
will be placed in auxiliary storage for 
later printing , or whether it wi ll be 
printed directly. 

Device i ndependence is a feature of both 
categories of access language . The degree 
of device independence attained is to some 
extent determined by the programmer. Many 
useful device-dependent f eatures are 
avai lable as part of special macro­
instructions , and attaining device 
independence requires some selectivity in 
their use. As an example , assume that a 
programmer selects the queued sequentia l  
access method (QS� and restri cts h i s  use 
of macro- instructions to certain ones that 
affect data transmission rather than device 
control (specif ically , GET , PUT , PUTX , 
TRUNC , and RELSE) . Because he did this , 
any of these devices could be used without 
requiring program modification : 

IBM 2400 
IBM 7340 
IBM 23 11 
IBM 23 02 
IBM 2321 
IBM 7320 
IBM 2301 

Magneti c Tape Units 
Hypertape Drive 
Disk Storage Drive 
Disk Storage 
Data Cell Drive 
Drum Storage 
Drum Storage 
Card Readers , Punches , Printers 



Macro-instructions are available in the 
basi c  direct-ac cess method (BD� that 
affect device c ontrol as well ,as data 
transmis sion , and yet are device indepen­
dent. For example ,  a NOTE macro­
instruction may a ppear in a s eries of READ 
(or WRITE) macro-instructions . If a POINT 

macro-instruction is subsequently i ssued , 
the volume will be repositioned to read at 
the NOTE location regardless of whether ,  
for example , a direct s eek or a tape 
backspace is required . 

PROGRAM DES I GN AND PREPARATION 

Operating System/360 allows the 
programmer great flexibility in the des ign 
and preparation of programs . He may des ign 
h is programs in s egments that overlay each 
other , or as subprograms that may be indi­
vidually coded , s tored, and linked in var­
ious ways before and during execution. He 
speci fies his requirements for necessary 
facil iti es by use of control statements and 
by including macro-instructions in his 
assembler language coding; many of the 
facil iti es can al so be used in programs 
coded in FORTRAN ,  COBOL, and the New Pro­
gramming Language . 

The proce ss by which programs are pre­
pared for execution in Operating System/ 3 6 0  
differs from previous methods in three 
ways : 

• Greater empha sis is placed on program 
modularity , and the ability to link 
programs toge ther in a variety of ways . 

• All executabl e programs are placed in 
l ibraries wh ere they are immediately 
available .  

• All programs are capable of being load­
ed and execut ed anywhere in main s tor­
age. Their locations in storage are 
determined at the ti me they are loaded . 

PROGRAMS AND SUBPROGRAMS 

A hierarchy of programs is recogniz ed , 
based on the way one program is associated 
with another . If progr�n A calls program 
B ,  and expects control to be returned , B is 
called a subprogram of A, and is said to be 
at a lower level of control . 

In Figu re 2 ,  C and D are subprograms of B, 
which in turn is a subprogram of A. A is 
at the highest control level ; B is at a 
highe r  contro l level than C or D ;  C and D 
are a t  the s ame control level .  

In a s lightly dif ferent sense (having 
nothing to do with control levels) , pro gram 
is used to describe a s et of interrelated 
programs . Thus, in the illustration , 
A, B, C ,  and D together form a program . From 
that point of view ,  each is a subprogram of 
the whole . 

Now suppose that program A calls upon 
program B in such a way that it does not 
expect a return from B (for example A 
represents an initialization procedure; B 
represents the main process) • A and B are 
said to be at the same control level . 

c 

A 

D 

Figure 2 .  Subprograms Existing at Differ­
ent Levels of Control 

In Figure 3 ,  A and B are at the same 
control level; similarly c and D are at the 
same control level , which is lower. C and 
D are each said to be subprograms of B. 
(Note that although B expects a return of 

control ,  it does not receive it from the 
same program to which it relinquished con­
trol . )  

COMBINING S UBPROGRAMS 

Subprograms may be combined in several 
diff erent ways and at several different 
times . The earliest time is when a set of 
source language statements (called a source 
module) is prepared for input to a language 
translator (Figure 4) • Such source modules 
may be pla ced in libraries (partitioned 
data sets) and modifi ed there by a utility 
program, rather than by manipulating card 
decks . Input to the language translators 
can be from libraries , from card decks , and 
from other source s in combination. The 
output of the language translator , called 
an object module , is in machine language , 
but is not yet executable .  It may still 
contain unresolved symbols (i . e . , referen­
ces to symbolic addresses that did not 
appear in the source module) • 
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A 

Figure 3 .  Subprograms Existing at the Same 
and Different Levels of Control 

All executable code is prepared by the 
linka ge editor , one of the servi ce programs 
of the operating system .  The output code 
produced by the l inkage editor is called a 
load module . The input to the linkage 
editor may be any number of object modules , 
previous ly prepared load modules , and con­
trol statements . This permits previously 
compl eted programs to be included as sub­
programs of new, more complex programs . It 
also permits changes to be made in pre­
vious ly prepared load modules , obviating 
the need for recompiling the entire 
program. Specif ically, the control state­
ments can direct that various sections of 
an old load modu le be deleted , or replaced 

D 
0 

Source 
Modu le  

Figure 4 .  Program Preparation 
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( 
0 

Object 
Module 

by code contained in newly prepared object 
modules . The units of deletion and 

:replacement are control sections . (A con­
·trol s ection is a sequence of code that 
·is independent of the location of other 
simi lar s equences . Thus , a s ingl e  address 
constant , a value used when loading a base 
regi ster , can never be used to address 
locations within two different control sec­
tions . )  I n  addition , the control state­
ments for the linkage editor can direct 
that the resulting load module be s egmented 
for overlaying, a technique that allows the 
entire load module to be executed , even 
though it is too large to fit into availa­
ble main storage at one time . This subject 
is discussed thoroughly in the publication 
IBM Operating System/3 6 0: Linkage Editor . 

Finally, subprograms may be combined at 
the time j obs are submitted and executed . 
This may be done by specifying in job 
control statements the sequence of subpro­
grams to be executed, a procedure further 
defined in •Job Management• later in thi s  

:survey , and Section 5 .  Subprograms may 
al so be requested dynamically at the time a 
load module is being executed . In this 
case , the subprogram requested is always 
itself a load module .  The control program 
finds the subprogram in the indicated 
library , allocates main storage , loads the 
program, and when appropriate , passes con­
trol to it. This feature greatly simpli -
fies the planning needed when complex pro­
cedures are programmed . 

Load 
Modu le  

Control 
Program 

Main 
Storage 



JOB MANAGEMENT 

Job management improves processing effi­
ciency by : 

• Using the computing sys tem to perform 
routine job handling activities in a 
rapid , precis e manner. 

• E liminating n onessential operator deci­
sions with their attendant delays and 
poss ible human errors . 

• Allo wing the prog rammer to defer speci­
f ication of input/output facilities 
until after his program is compiled . 
This improves program flexibility and 
e liminates the need for recompilation 
if the situation changes . 

JOB CONTROL 

Jobs are controlled by the programmer 
through a j ob control language , and by the 
opera tor through sys tem communication . The 
j ob control language is a formal ized method 
of requesting , in advance of job 
processing , functions previously perfo rmed 
by the operator. The programmer can define 
h is requirements in a precise manner, when 
the job is set up. System communication 
enabl es the opera ting sys tem to respond to 
opera tor commands ,  and to request that the 
ope ra tor perform actions such as mounting 
volumes; it als o permits the program to 
communicate with the operator. 

THE I NPUT JOB STREAM 

Job control s tatements come into the 
sys tem in a sequence called the input job 
s tream (Figure 5) • Of these statements , 
the ess ential three are the job (JO� , 
execute (EXEC) , and data defin ition (DD) 
s tatements . 

A JOB s tatement s ignifies the beginning 
of each job .  A j ob may consis t  of s everal 
interdependent job s teps , such as a compi­
lation, linkage e dit, and execution . For 
each job s tep, an EXEC statement and neces­
sary DD s tatements are included in the 
input job s tream. In the EXEC statement, 
·the programmer names the f irst progra m  
(load module) to b e  used in the job s tep. 
(Othe r load modules may be dynamically 

called by the firs t, but thes e  are not 
named in the EXEC statement. )  I n  DD state­
ments , h e  describes data sets to be used in 
·the j ob s tep . 

I /B JOB 

//STEP l EXEC PGM=ONE 
/ /DD NAME DD DSNAME= 

Job A 
,-- -----, 
I I 
I I 
I I 
L _____ j 

Job B i - -----, 
I I 
I I 
I Step 1 I 
I I 
I I 
I I 
I I 

-------------------1 L----- --J 
I I / /STEP2 EXEC PGM=TWO 

/ /DDNAME DD DSNAME= 
I I I I I Step 2 I I I I I -------------------1 f--------j 

j /STEP3 EXEC PGM=THREE I 1 
//DDNAME DD DSNAME= 1 Step 3 I 

I I 
I I 

-------------------1 L-- ---- _J 

Job Control Statements 

Figure 5 .  The Input Job Stream 

Job C r -----� 
I I nput I 

Job Stream 

Job s teps can be related to each other 
as follows : 

• One job s tep may pass intermediate 
results recorded on an external s torage 
volume to a later job step. 

• Whether or not a job s tep is executed 
may depend on results of preceding 
s teps . 

All the s teps that follow one JOB state­
ment belong to the s ame j ob .  There is no 
rela tionship between job s teps that a re not 
part of the same j ob. 

A data set, such as source coding for a 
compilation , may be put in the input job 
stream immediately following the DD state­
ment identifying it and before subs equent 
control s tatements . Alternatively , the 
data s et named in the DD s tatement may be 
on an input/output device which is indepen­
dent of the input job stream. 

The flexibility of the job control lan­
guage allows the programmer to specify his 
requirements for a large variety of facili­
ties when he prepares his control s tate­
ments . He may specify job priority , set-up 
info rmation , buff ering and blocking 
methods , s pace requirements , etc . In mos t  
installations , many j o b  s tep sequences will 
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be used repeatedly with little or no 
change .  To simplify job requests and 
reduce mistakes , whole control s tatement 
sequences (including DD statements) may be 
stored in the library as cataloged proce­
dures . Each cataloged procedure may be 
ini tiated by a single EXEC statement in the 
input job stream. Further , individual 
state ments in a c ataloged procedure can be 
temporarily overridden by like -named con­
trol statements in the input j ob s tream. 

JOB SCHEDULER 

The input job stream is read and ana­
lyzed by the job scheduler , part of the 
control program. The job scheduler allo­
cates the input /output units needed and 
then requests the supervisor program to 
initi ate the execution of the programs 
speci fied in the control statements . 

By selecting optional sch eduler 
features , the user can tailor job manage­
ment capabilities to his requirements . 

The scheduler s are discussed on two 
general levels in the following paragraphs : 
the simple sequential schedul ing and the 
more powerfu l  priority scheduling systems . 

Sequential Scheduling System 

The s equential scheduling system is 
shown in Figure 6 .  This consists of a 
reader/interpreter , an initiator, and a 
master scheduler . The reader/interpreter 
reads in job control statements for a 
single job step. The initiator then a llo­
cates the required input/output devices , 
poti fies the operator of volumes to be 
�ounted, and when all required volumes are 
mounted, requests the supervisor to execute 
the named program. 

The master scheduler program carries out 
operator commands that control or inquire 
about system functions .  It al so relays 
messages to the operator , such as the 
volume mounting instructions .  The variety 
of commands availabl e depends on the con­
trol program configuration , as is discussed 
in IBM Operating Sys tem/3 60:  Operating 
Considerations . Operator commands ,  which 
normally are entered via console 
input/output devi ces , may also be put in 
the input j ob s tream a s  a type of control 
statement. 

. An optional feature i s  automatic volume 
recognition (AVR) • This feature lets the 
operator mount labeled input tape on any 
avai lable unit before receiving a message 
telling him to do so . The initiator recog­
nizes the volumes by their labels ,  and 
later assigns these premounted units to the 

INPUT JOB 
STREAM AND 
COMMANDS MASTER 

SCHEDULER 

COMMANDS 

OTHER 

Figure 6 .  S equential S cheduling System 
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j ob steps calling for the corresponding 
volumes . 

Priority Scheduling SystE�ms 

In priority scheduling s ystems (Figure 
7) , j obs are not executed as soon as they 
are encountered in an input j ob stream . 
In$tead, a summary of the control informa­
tion as sociated with each j ob is placed on 
a direct-access d evice f rom which it may 
later be selected . The set of summary 
information is ca lled the input work queue. 
More than one input job stream can f eed 
thi s queue . 

Us e of the input work queue permits 
greater flexibil ity in the sequence in 
which jobs are se lected for execution . The 
system can react to job priorities and to 
delays caused by the mounting and demount­
ing of input/output volumes . The 
initiator/terminator can look ahead to 
future j ob steps (within the same j ob) and 
i ssue volume-mounting instructions to the 
operator to mount volumes for them in 
advance . 

Jobs that can be run without having the 
operator mount or dismount volumes are 
designated as non-setup.. An optional non­
setup padding feature lets the 
initiator/terminator iqnore the usual 

priorities whenever a job step i s  delayed 
waiting for volume s to be mounted . It uses 
such a delay to select a step from a 
non-setup j ob in the input work queue , and 
run it . 

S imilarly, instead of user programs 
printing or punching output data directly , 
designated output (system output data) can 
be stored at high speed on a direct-access 
devi ce for later transcription . To provide 
for the lat er transcription , a summary of 
control information for each job's system 
output data (such as location boundaries 
and device type) is also placed on a 
di rect-access device. The set of summary 
info rmation is call ed the output work 
queu e .  Using the output work queue , system 
output data is selected f or printing or 
punching , in priority sequence , by compo­
nents of the job scheduler called s ystem 
output writers . 

Other job management options avai lable 
are :  

• Job Account Log. A log of all jobs can 
be kept by the job scheduler .  For each 
job, the log shows j ob name , assigned 
account number , and the time used for 
execution of each job step. Also 
recorded on the log may be information 
from user-written routine s and operator 
commands . 

• Multijob Initiation . Thi s f eature 
allows several di fferent j obs to be 

MASTER 
SC HEDULER 

COMMANDS MESSAGES 

READER­
INTERPRETER IN IT IATOR­

�--------! TERMINATOR ..-----1 
JOB 
STEP 

OTHER 

OUTPUT 
WRITER 

Figure 7 .  Priority Scheduling System 
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processed concurrently . Each job 
s elected is initiated one step at a 
time , sequentially , just as in systems 
without the multi j ob initiation 
f eature . On completi on of any j ob, the 
h ighest priority j ob in the input work 
queue is sele cted and initiated . 

• Remote Stacked Job Processing. Job 
control information may be submitted to 
the system from remote on-line termi­
nals . All job management functions 
specified by the job control language 
are availabl e to remote locations . 
This "remote batch" feature provides a 
practical and convenient method for 
many us ers to share the power of a 
l arge central i z ed computing system. 

TASK MANAGEMENT 

Control Program functions are performed 
for uni ts of work known as tasks . (The 
performance of a task is requested by a job 
step . ) The difference between a task and a 
program must be clearly understood . A 
program is a se quence of instructions . A 
tas� is the work to be done by the execu­
tion of a program .  In a multi programming 
environment , the task competes with other 
tasks for control of the central proces s ing 
unit and other sy stem resources . 

In the past thi s  distinction between 
program and task was unnecessary because at 
any one time a program was used for only 
one tas k .  Now, with multiprogramming and 
the poss ibility of shared code , the dis­
tinction is nec essary because the same 
program may be in use by many different 
tasks . Consider , for instance , a discus­
sion of prioriti es : associating priority 
with a program would be confusing because 
the same program may be serving many tas ks , 
each with a different priority . It i s  the 
task that has a priority , not the program .  
Multiprogramming i n  Operating System/ 3 6 0  i s  
task management r ather than program manage­
ment . 

As a reminder of the distinction between 
a task and the as sociated program, a con­
venient representation is often used 
(Figure 8) • 

The lower box represents the program 
instructions ; the upper box represents the 
task control bl ock (TC� , a consolidation 
of all control information related to the 
tas k .  

An operating s ystem i n  which one task i s  
performed a t  a time needs relatively simple 
controls . Each task uses the resources it 
needs , when it ne eds them .  But a system 
that handles a number of tas ks concurrently 
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needs a way of identi fying them , ass igning 
priorities to them , and allocating resour­
ces to them based on these priorities . 

.....------ Represents Task Control Block 

Program 

Figure 8 .  Task Repres entation 

The resources that must be allocated to 
tasks include input/output channels , con­
trol units and devices , main and auxiliary 
storage s pace , library programs , the 
operator ' s  console , and most important , the 
central proces sing unit .  

Tasks may b e  created i n  only two ways : 
either they exist from the time the system 
is initial i zed (prepared to handl e the 
installation ' s  work flow) or they are 
created dynamically by the macro­
instruction ATTACH . ATTACH indi cates that 
a new task is to be attached to the queue 
of tasks that already exist in the system . 

In all multitask configurati ons , 
regardless of the manner in which tasks are 
created, existing tasks are arranged in a 
task queue according to priority. If a 
task can make immediate use of the c entral 
processing unit , it i s  in a ready 
cond ition ; if the ta sk is waiting for the 
completion of some event , such as an 
input/output operation , it is in a wait 
condition The purpose of the multitask 
operation is to keep the central processing 
unit busy ; when a task being performed 
enters a wait condition , another task i s  
al lowed t o  b e  performed .  Control i s  always 
given to the highest priority task in the 
ready condition . How this is appli ed is 
illu strated in Figure 9 .  In the figure , an 
asterisk indicates the active task . 

Three tasks are shown on the task queue : 
A, B ,  and C (each represented by their task 
control blocks) • They are arranged in 
priority sequence , from high to low : 1 4 ,  5 ,  
3 .  At time 1 ,  A i s  in a wait condition 
(depicted by W) ; B is in a ready condition 
(depi cted by R) . Control is therefore 

given to task B .  At time 2 ,  the program 
being executed under task B indi cates that 
it has reached a point where it must wait 
for some a synchronous event ; hence control 
is g iven to task C .  At time 3 ,  an inter­
ruption indicates that the event B was 



waiting for has occurred; control is 
returned to B. At time 4,  task B has been 
compl eted and c ontrol returned to tas k C .  
Tas k C i s  unaffected by its interruption 
and later resumption . 

[] [] co 
Time l w *R R 
Time 2 w w *R 
Time 3 w * R  R 
Time 4 w *R 

* Tasks i n  control of  centra l processing un it  

Figure 9 .  S witch ing Control Among Tasks 

Whenever control is switched from one 
tas k to another , the contents of regis ters 
and the program status word for the tas k 
relinqui shing control are s tored in its 
task control bloc k. When. the task is again 

to be " dispatched , "  the task control block 
contains al l the information necessary to 
restore the machine to its status at the 
time control was relinquished . (As used 
throughout this manual ,  • task control 
block" refers not only to the fixed-s ized 
block which also goes by that name , but 
also to a number of other areas containing 
task control infor mation that are adjuncts 
of that block) • 

Multitas k operation is a very powerful 
facility .  It permi ts fast turn-around in 
hatched job opera tions by allowing concur­
rent operation of input readers , output 
writers , and user's programs . I t  provides 
a means for handling a wide variety of 
telecommuni cations activities , which are 
characteriz ed by many tasks , mos t  of them 
in wait conditions . It also permits com­
plex problems to be programmed in segments 
that concurrently share system resources 
and hence optimize the use of those resour­
ces .  With some versions o f  the job schedu­
ler , it permits job steps from s everal 
different j obs to be established as concur­
rent tasks . 
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PART II : DETAILED DESCRIPTION 

Operating system f acilities are des­
cribed in greater deta il in this part of 
the publication . Since most experienced 
programmers have some familiarity with 
assembly-level l anguage, the use of operat­
ing system f acilities is described in terms 
of the assembler l anguage . 
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SECTION 3 :  DATA MANAGEMENT 

A data set is a named collection of data 
whose extent (phy si cal boundaries) is known 
to the system . The name, extent , and other 
descriptive data having to do with format 
and organiz ation method , is contained in a 
data set label recorded in most cases with 
the data itself . Optionally, the name and 
properti es of a d ata s et may be entered in 
the input j ob s tream . It is the informa­
tion identifying the data organi zation that 
distinguishes a •data s et •  from a " fil e , • 
as used in other systems . The word • file "  
is generally not used i n  the Operating 
System/3 6 0  publi cations , to avoid possi ble 
ambiguity with the auxiliary storage devi­
ces on which the data sets appear . This 
s ection describes the operating system's 
data management facilities in two parts . 
The firs t include s the identification of 
data sets , and control of their phys ical 
location . The second includes the func­
tions concerned with data organization and 
its storage and r etrieval . A more complete 
description of these facilitie s  is con­
tained in the publications IBM Operating 
S ystem/36 0: Data Mana gement, and I BM Oper­
ating S ystem/360: Telecommunications . 

DATA S ET  IDENTIFI CATI ON AND EXTENT CONTROL 

All Operating System/ 3 6 0  configurations 
use direct-access devices to store execut­
able programs , including control programs . 
Direct-a ccess storage is also used for data 
and f or temporary working storage. One 
direct-a ccess storage volume may be used 
for many different data s ets , and space on 
it may be reallocated and reused . A volume 
table of contents �OC) is used to account 
for each data set and available space on 
the volume . 

DIRECT-ACCESS VOLUME IDENTI FICATION AND THE 
VOLUME TABLE OF CONTENTS 

Each direct-access volume is identified 
by a volume label , stored in a standard 
location . This label contains a volume 
serial number and gives the location of the 
volume table of contents . The tabl e of 
contents , in turn , contains the data set 
label s that des cribe each data set stored 
on that volume. The special form of data 
s et l abel us ed for direct-access devices is 
called a data set control block (DSCB) • If 
the control program is given the volume 
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serial number and the data set name , i t  can 
retrieve information from the data set 
control block , which permits subsequent 
access to the data set itself . 

Each direct-access volume is initiali zed 
by a utility program before being us ed on 
the system. The initialization program 
generates the proper volume label and con­
structs the tabl e  of contents . 

Figure 10 illustrates the contents of a 
direct-access volume after initiali zation . 
The volume label is at a fixed location , 
starting in track z ero of cylinder zero . 

:The user may specify up to seven additional 
labels for further identification . These 
will be located fol lowing the standard 

· volume label . 

The volume table of contents contains 
space for a serie s of data set control 
blocks , one for each data set to be written 
on the volume . Control blocks are also 
included to account for the space allocated 
to the tabl e  of contents itself , and to 
account for any space not yet allocated. 
At the time of initiali zation , all remain­
ing space on the volume is available for 
allocation. 

When a data set is to be created in 
direct-access storage , the steps are :  

1. The volume specifications and data set 
name are given in a DD statement 
associated with the job step in which 
the writing operation wi ll take place . 

2 .  Allocation of space is reque sted , also 
by means of the DD statement . 

3 .  When the job step is initiated , the 
system allocates space and creates a 
data s et control block. 

4. The OPEN and CLOSE functions , per­
formed when the job step is being 
executed , complete the data set con­
trol block to reflect the charac­
teristics and extent actually written. 

MAGNETIC TAPE VOLUMES 

The system controls magnetic tape 
volumes and identifi es data sets res iding 
on tape in a slightly different way from 
that used for direct-access volumes .  This 
is due to s everal factors :  

• Tape is serial , and data set labels on 
tape immediately precede and follow the 
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Figure 1 0 .  Volume Initialization and the Volume Table of Contents 

data they des cribe . Tape data set 
l abe ls are therefore not qui ckly acces­
s ibl e .  

• Space a llocation procedures are not 
n ecessary , s ince da1:a sets on tape 
f ollow one another s equentially . New 
data sets may be added beyond any 
others already there , and overf low from 
one volume always goes to the beginning 
of the next . 

• Location on a tape volume , once the 
volume is i dentified, is given by a 
s equence number . 

• The existence of magnetic tape librar­
i es using dif ferent labeling procedures 
is recognized and provided for . Some 
tape reels may be unlabeled . 

The s tandard label procedure calls for a 
volume l abel , dat a set labels for each data 
set , and additional optional labels . Data 
set labels on tape are :Ln two parts : data 
s et header l abels that precede the data , 
and data set trai ler labels that follow it . 
The data set location on the tape (call ed a 
data set sequence number) is part of the 
data set label , but s ince it is not qui ckly 
acces sible it is used only for checking 
purposes . For purposes of tape 
positioning , the data set sequence number 
must be either stated in a DD statement , or 
stored in the cat alog . 

U s e  of non-s tandard tape labels is 
f acil itated by a provision for executing 
speci al installa tion label-checking rou­
tines . Since the iden·ti ty of unlabeled 
tapes cannot be verif ied by the operating 
system, the operator must ensure that unla-

beled tapes are correctly mounted , and that 
the number of reels in the data set i s  
stated in the D D  control statement describ­
ing the data set . Data set label informa­
ti on describing unlabeled tapes may be 
provided in a DD statement . 

CATALOGING AND LIBRARY MANAGEMENT 

To retrieve a data set ,  the system needs 
the data set name , the volume serial 
number , the device type , and in some 
instances , the data s et sequence number . 
Specifying these can sometimes be inconven­
ient for the programmer . The catalog per­
mits storage and retri eval of a data set 
based on name alone . The items mentioned 
previously are stored in the system 
cata log . This is a series of indexes , each 
corresponding to a qualification level of 
the d�ta set name . The number of level s is 
determined by the user . 

A data set name cons ists of a simple 
name preceded by qualifiers (index names) 
sepa rated by periods . Each component of 
the full name can be up to 8 characters 
long ; the entire name , including peri ods , 
can be up to 44 characters long . Each 
component name starts with an alphabetic 
character , and may contain any letter or 
number . Indexe s ,  linked together in a 
hierarchy specified by the user , contain 
pointers to subordinate indexes , to 
volumes , or to both . 
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The automatic cata·log search procedure 
is il lustrated in Figure 1 1 . The search 
starts in a volume designated when the 
system is generated , which contains the 
highest level index . The highest order 
qualifier is sought , which provides the 
l ocation of the index for that qualif ier . 
The s earch continues for the next l evel 
qualifier , and for its index . When a 
volume number is found, the catalog search 
is completed . If the required volume is 
not already mounted ,  a mounting message 
will be issued . 

If the data set is on a direct-access 
device, the s earch for the data set loca­
tion resumes with the volume label of the 
indicated volume , continues to its volume 
table of contents , and from there to the 
data set's starting location . All volume 
tables of contents are designed so that an 
" in channel " sear ch can be used , i. e . , a 
sing l e  search r equest allows the channel 
program to continue through the neces sary 
s erie s  of seeks and reads until the named 
data set is locat ed , without intermediate 
interruptions of other processing that may 
be in progress . 

The index design is left to the user , so 
that logical divisions between index levels 
can be arranged to meet installation needs . 
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A horizontal index structure with many 
dif f erent names and few index l evels will 
require fewer seeks than will a vertica l 
index structure with many l evels and few 

· names in each level . The vertical struc­
. ture is l ikely to give less conflict 

between duplicate names . The system will 
. not accept two identical names in the same 

index . Attempts to catalog identical fully 
qual ified names will be rejected . 

Control Volumes 

A control volume contains all or part of 
the catalog . The operating system res ides 
in a control volume , g enerally referred to 
as the system residence volume . Additional 
control volumes are established upon speci­
fication of the u ser . The use of separate 
control volumes permits data s ets that are 
functionally related to be cataloged separ­
ately from other parts of the catalog , and 
separately from the system residence 
volume . Advantages are : 

• Control volume s can be moved f rom one 
process ing system to another . 

• Storage requirements in the system 
residence volume can be reduced by 
placing seldom used indexes on a con­
trol volume . 

• Both the catalog and data can be stored 
in such a fashion that they can be 
removed entirely from the system. 

From the user's viewpoint , access to 
cataloged data s ets using control volumes 
is the same as if separate volumes were not 
involved . 

Generation Data Groups 

Some data sets are periodically updated , 
or are logically part of a group of data 
sets , each of which is created at a differ­
ent time. For example , a payroll 
• year-to-date• file is updated each pay 
period, and a new generation of the f ile is · produced. Each generation is its elf a data 
set. A special catalog facility maintains 
the identity of each generation and allows 
the same external name to be used at each 
updating . A collection of data s ets of 
this kind is called a generation data 
group . 

The external data s et name for all data 
sets within a generation data group for a 

· payroll might be named A. YTDPAY . Each data 
set is also automatical ly assigned a simple 
name in the form of a g eneration and 
version number , e . g . , G0032VOO ,  which rep-



resents generation 3 2 , version zero .  The 
next data set name which wi ll be automat­
i cally assigned is G0033VO O .  The external 
name qua lifies the generation and vers ion 
number. This automatic naming permits the 
user to refer to generations by either an 
absolute name , e . g . , A. Y'TDPAY . G003 2VOO; or 
by a relative name . An example of the 
relative notation is A. YTDPAY (O) ; this 
refers to the latest catalog ed vers ion . 
A .. YTDPAY (+1) identifies a. new data s et to 
be added to th e group , and A . YTDPAY (-1) 
identifi e s  the next to the latest g enera­
tion . 

When the index for the generation data 
group is establis hed , the programmer speci­
f ies how many generations he wants saved . 
If he wants a "grandfather , father , son "  
serie s maintained , h e  specifies three gen­
erations . As a new g eneration is 
cataloged ,  the oldest generation i s  either 
automati cally des troyed , or it is merely 
del eted from the catalog . 

Alternatively , the user may specify that 
all old generat ions of a full generation 
data group series be deleted from the 
catalog when th e succeeding generation is 
added , so that th e new ·entry effectively 
becomes the newest and only member of the 
s eries . This facil ity is useful in appli­
cations where several data s ets are accumu­
lated f or a fixed period of time,  then the 
entire s et is pro cessed and a new s eries 
start ed. 

When . the generation data group index is 
established , a model da1ta set label is 
built for it . This model is used for each 
succe eding generation , to supply uni form 
attribut es .  

PASSWORD PROTECT! ON OF DA�l'A SETS 

Most computer users have data sets that 
contain sensitive information , and want to 
restrict access to them. Examples of such 
records are payroll inforr�tion, corporate 
financial records , and the like . To safe­
g uard such data , the system allows any data 
set to be f lagge d as " protected . "  This 
protection flag is tested by the control 
program as part of the OPEN macro­
instruction rout ine . If the protection 
flag is on , a special handling procedure 
requires that a correct �tssword be entered 
from the console . The password is appended 
to the data set name , which then serves as 
an argument for a search of a password data 
s et . I f  a matching namE�-plus-password is 
found , the OPEN routine is permitted to 
continue . Refer ence to a flagged data set 
is not allowed by the system until the 
password is verified . 

The pas sword data set has its o wn 
�ecurity f lag and master password; thus it 
1s s ecure against access except by the 
system supervisor program , when s earching 
for a match , and by programmer s knowing the 
master pass word . The password data set 
coul d be changed periodically to alter 
pa ss words for added s ecurity . 

EDITING OF SPACE, INDEXES , AND CATALOGS 

Operating System/3 6 0  users maintain data 
sets and the catalog by means of uti lity 
programs and system subroutines .  These 
programs and subroutines can reorganiz e or 
edit volumes ,  data sets , and indexes .  

Data s ets may b e  deleted , o r  transferred 
from one volume to another , and fragmented 
volumes may be reorganized to consolidate 
avai lable space . Data set names may be 
changed. New members may be added to a 
partitioned data set . Data sets may be 
cataloged or removed from the catalog; 
generation data groups may be establ ished . 
Indexes of the catalog may be creat ed or 
deleted, and the catalog may be 
reorgani z ed .  New control volumes may be 
established . 

DATA ACCESS METHODS 

System facilities are provided for 
retrieving and storing data once the data 
set has been located and is ready to be 
used in processing . When preparing a pro­
gram , its designer must consider : 

• The way data is arranged within the 
data set . 

• The s election , where applicable ,  of one 
of the two categories of language 
statements , queued or bas ic, that indi­
cate �mong other things) whether input 
require ments may be anticipated , and 
output re quirements deferred; or wheth­
er input and output are to be initiated 
as an immediate conse quence of a lan­
guage statement . 

The combination of thes e two factors 
defines the access method . Each of the 
eight acces s methods has its features , from 
which the programmer can select those suit­
ed to the appl ication . 

The presentation of the data access 
methods is divided into two parts : a des­
cription of access methods and a descrip­
tion of blocking and buffering facilities . 

Data Management 2 5  



THE ACCESS METHOD S  

The first o f  the access methods to be 
described is the queued se quential access 
method (QSAM) , the most widely used method 
in older input/output control systems . 

Queued S equential Access Method (QSAM) 

The organization may be characterized as 
" tape-like , "  even when storage is on a 
direct-a ccess device . 

Logical records are retrieved by us e of 
the GET macro-instruction , which supplies 
one logical data record (or a pointer to 
its starting loca tion) to the program. The 
acces s method anticipates the need for 
records bas ed on their s e quential order , 
and normally will have the desired record 
in s torage , ready for use , before the GET 
is is sued. Logical records are designated 
for output by use of the PUT macro­
instruction . The program normally can 
continue as if the data record were written 
immediately , although the access method's 
routines actually may perform blocking with 
other logical records , and the actual writ­
ing is p erformed after the output buffer 
has been f illed . Since both GET and PUT 
rely on use of buffers supplied automat­
ically, there may be a delay if computation 
gets ahead of the actual data trans fer 
operations . This kind of delay is called 
an implied wait ; its frequency of occur­
rence depends on many factors , including 
relative input/output and proces s ing 
speeds , and total load on the input/output 
channels . 

Basic Sequential Access Method (BSAffl 

Data is sequentially organiz ed . Physi­
cal bloc ks of data are dealt with rather 
than log ical records . Input operations are 
initiated only when called for by a READ 
macro-instruction . The program may contin­
ue follo wing a READ ,  before the data cal led 
for is retrieved . The user must specify 
when the data is required by using the 
CHECK macro-instruction , which in turn 
calls upon the wait function . Program 
execution is suspended at a CHECK until the 
retrieval is completed. In addition , a 
validity check of the retrieved record is 
made. Similarly , an output operation is 
initiated for each WRITE . The program may 
continue immediately following the WRITE , 
before the output operation is completed . 
To ensure that it was completed , the pro­
grammer mus t again use the CHECK macro­
instruction. 
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Basic Partitioned Access Method (BPAM) 

This method is designed for efficient 
storage and retrieval of sequences of data 
(members) belonging to a data set s tored on 

a direct-access device . Each member has a 
simple name . Included in the data set is a 
directory that relates the member name with 
the track address where the se quence 
starts . The FIND macro-instruction 
searches the directory for a simple name 
and prepares for gaining access to the 
asso ciated member . Once a member is found 
it may be retrieved using successive READ 
macro-instructions; new members are written 
using successive WRITE's , followed by a 
STOW macro-instruction that updates the 
directory . Members may be added to a 
partitioned data set as long as there is 
space in the volume, and in the directory . 
CHECK is used to synchronize the program 
with the completion of each data transmis­
sion operation . 

Indexed S equential Access Methods - Basic 
and Queued (EISAM and QISAffl 

Because of their complementary use of 
the indexed sequential data organization , 
BI SAM and Q ISAM are discussed together .  

With the indexed sequential 
organization , data records on direct-access 
storag e devices are arranged in logical 
se quence on a data key . The data key will 
normally be a control f ield which is an 
intrinsic part of the information in the 
record (e . g . , a part number) ; it may , 
however , be some arbitrary identifier asso­
ciated with the re cord , such as a record 
serial number . When a record is stored , 
the data key is placed in a hardware­
defined key f ield a ssociated with the 
record. (If records are blocked , then the 
highest data key in the block is placed in 
the key f ield . )  

The data set also contains indexes 
relating the data keys of records to physi­
cal addres ses . For the data set as a 
whol e ,  there is a cylinder index that 
indicates the address of the cylinder on 
which a record with a given data key can be 
found. On each cylinder there is a track 
index that indicates the address of the 
track on which a record with a given data 
key can be found . On an optional basis , 
the cylinder index may be indexed by a 
higher leve l index . 

To create the data set initially , QISAM 
is used in the " load mode . " In this mode , 
successive PUT macro-instructions place the 



records 
s equence) 
indexes . 

(which must be in data key 
i nto the data set and create the 

To retrieve re cords in sequential fash­
ion ,  QI SAM is us ed in the " scan mode . •  In 
thi s mode , s uccessivE� GET macro­
instructions re trieve logical records 
s equenti ally . A SETL (set lower limit) 
macro-instruction may specify the data key 
of the first record to b«:'! retrieved with a 
subsequent GET . If the GET macro­
instruction is us ed without a prior S ETL, 
retrieval starts at the beginning of the 
data set . 

While in the s can mode � the PUTX macro­
i nstruction may be us ed following a GET to 
return an updated or replacement record to 
the data set , or to mask out an old record . 

Selective reading is p•:!rformed by BISAM , 
using the READ macro-instruction , and 
speci fying the key of the logical record to 
be retrieved.  In this case , the entire 
physi cal block containing the logical 
r ecord is read into storage , and the 
address of the specified logi cal record 
within that block is returned to the us er's 
program. An indexed S«:!quential data set 
can be updated in place, or new records 
inserted , by us ing BISAM and the WRITE 
macro-instruction . An important point i s  
that BI SAM i s  the only one of the basic 
acces s methods that can deal with logical 
records rather than blocks . 

In the event that an intended insertion 
cannot f it in the available s pace on a 
track , one or more records on the track are 
automati cally moved to an overflow area 
that may be on the same cylinder , on the 
same volume , or on a different volume . 
OVerf low record s are indicated in the 
appropri ate indexes . 

The fact that some rec ords are stored in 
overf low areas , physi cally out of s equence , 
does not change the ability of QISAM to 
read the data set in l ogical sequence as 
previous ly descri bed . 

A data control block for an indexed 
sequential data set can be opened for both 
QISAM and BI SAM at the same time . 

When using the READ or WRITE of BISAM, 
WAIT must be us ed to synchroni 2 e  the pro­
gram with the completion of the 
input/output transf er . Synchroni zation 
with QIS AM i s  automatic . 

In multitask environments , two or more 
concurrent tasks can refer to the same data 
s et ,  or even the same logical record . In 
thi s environment , if the ·tasks use the same 
data control bl ock, each program should 
request exclusive control of records while 

they are being updated . In that way , 
records being updated by one task are not 
destroyed by the concurrent updating by 
another tas k .  

Basi c Direct- Access Method (BDAM) 

This access method allows records within 
a data set to be organized on direct-acce s s  
volumes i n  any manner chosen by the pro­
grammer. When a re quest to store or 
retrieve a record is made , an address 
either relative to the beginning of the 
data set or an actual address (i . e . , 
devi ce , cylinder , track, record pos ition) 
must be furnished . This address can be 
specified as being the address of the 
desired record or a s  a starting point 
within the data set , where the search for 
the record begins . When a record s earch is 
specif ied , the programmer must al so furnish 
the data key (e . g . , part number , customer 
name) that is as sociated with the desired 
record . 

When adding a new record to the data 
set, the address is used by the access 
method as a starting point at which to 
begin a s earch for available space. Thus 
the programmer doesn't have to keep track 
of available spa ce within the data set . 
The extent of the s earch for available 
space (or record) can be controlled by the 
programmer. 

The READ and WRITE macro-instructions 
are used to request data transfer . To 
determine if a request has been completed , 
the programmer must use the WAIT macro­
instruction . When the WAIT has been 
sati sfied (a record has been read or 
written) , the status of the completion 
(e . g . ,  no error , record not found) wi ll 

al so be availabl e .  There can b e  any number 
of READ or WRITE requests in effect at any 
one time . 

Exclusive control of input records i s  
avai labl e ,  a s  with BISAM. 

Queued Telecommuni cations Access Method 
(QTAM) 

Telecommunicati ons devices have some 
characteristics that are significantly dif­
ferent from local i nput/output devi ces . 
For example : 

• Remote terminals are not under positive 
control of the central processing unit , 
parti cularly when the data source is a 
keyboard .  These factors complicate 
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Figure 1 2 . The Queued Telecommunications Acce ss Method 

error recovery procedures ,  and caus e an 
unpredictable speed and sequence of 
input data . 

• In some applications , me ssages of 
unpredictable length must be handled . 

• The number of remote terminals may be 
very large relative to the number of 
loca l input/output units , such as tapes 
and disks . 

Although the control of communications 
devices is considerably different f rom the 
control of local input/output equipment , 
the transmittal of data records between 
buff ers and the user's program is much the 
same in both case s .  This similarity allows 
the programmer to design processing pro­
grams for QTAM in much the same way as he 
would for QSAM, despite differences between 
telecommunications and local input/output 
devices .  

The result o f  this , a s  illustrated in 
Figure 1 2, is that the programmer using GET 
and PUT does not deal at all with remote 
terminal s ;  he deals instead with loca lly 
availabl e queues of data records from which 
he may receive input , and to which he may 
add output . 
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Both input and output records are placed 
on queues specif ied by the programmer . The 
determination of which queue a record 
should be placed on may be influenced, for 
exampl e, by the pr iority of the message , 
the receiving or transmitting terminal ,  and 
the identification of the processing rou­
tine . The sequence of records in each 
queue is based on their time of entry into 
the queue ; the earliest record on an input 
(or " processing ")  queue is provided when 

data is requested from the queue by a GET .  
Similarly , messages are selected for trans­
mission from output (or " destination " )  
queues in the same sequence they were 
placed on the queue by a PUT . 

In addition to buffer controls , many 
other message-related functions can be per­
formed automatically by the QTAM programs , 
according to the programmer's 
specification . These functions are summar­
ized as follows : 

• Terminals sharing the same transmission 
line are addressed and polled, to per­
mit contention for line use on a con­
trolled basis . 

• Message headers are analyzed to deter-



mine where me ssages are to be routed . 
Routing of an incoming message may be 
to another te rminal ,  or to a g roup of 
terminals . Some may be routed to a 
processing queue , from which they will 
be moved with a subsequent GET . 

• Automatic functions are available ,  such 
as queueing , checking the sequence num­
ber of incoming mes sages , assigning a 
transmis sion sequence number to outgo­
ing mes sages , validating source and 
destination codes , logging , transla ting 
between external transmis sion code and 
internal processor code , checking for 
transmis sion e rrors and taking correc­
tive action ,  and placing the date and 
time of day in messages for control 
purposes . 

A telecommunications language ,  based on 
the operating sys tem assembler, allows a 
programmer to s pecify these functions in 
convenient problem-oriented terms . 

Basic Tel ecommunications Access Method 
(BTAM) 

The s ame polling and line control func­
tions of QTAM are provided in BTAM. The 
READ and WRITE ma cro-ins·tructions a re used 
to request data transmis s ion; the WAIT 
macro-ins truction is used to synchronize 
program execution with data transmission . 

BLOCKING AND BUFFERING FACI LITIES 

Because of the similarity in block for­
mats and buffering facilities in many of 
the access methods,  these topics are des­
cribed s eparately rather than being repeat­
ed in the discuss ion of each access method . 
To assis t the reader furt.her, a summary of 
the access methods is pr·esented in a fold­
out chart (Table 1) that may be kept open . 
The chart associates the features discus sed 
with the access methods in which they are 
used . 

Block Fo rmats 

Da ta bloc ks (i . e . , physical records with 
hardware-defined boundaries) that are 
s tored on externa l s torage devices may have 
any of three different formats : fixed (� , 
variable W) , o r  unspecified (U) • In all 
cases , a maximum length mus t be specified 
in advance . The siz e  of blocks with the F 
forma t is normally equal to the maximum 
l ength; the s iz e of blocks with the V 

format is unpredictable but is specified in 
a count field at the beginning of each 
block; the size of blocks with the U format 
is also unpredictable ,  but there is no 
corresponding count field . 

Format F and V data blocks may contain 
blocked logical records . If so , the logi­
cal records in the F format are all of a 
fixed size , and normally , the same number 
of records appears in each block. The 
logical records in the V format may be of 
different sizes; each mus t be preceded by a 
leng th field specifying the record s iz e . 
Normally , a V format block contains the 
largest number of records that can fit 
within the specified maximum size . 

Blocks that are shorter than the maximum 
may be deliberately created . Such blocks 
will be properly handl ed when subsequently 
read . 

Data fo rmats used in the telecommunica­
tions acces s methods a re necessarily dif­
ferent from those described thus far .  A 
message is that unit of text that is 
terminated by a special " end-of-message " 
text character or set of characters 
(depicted by " EOM" in Figure 13) . A block 

is a portion of a mes sage terminated by a 
special " end-of-block" text character or 
set of characters (depicted by " EOB" in 
Figure 13) . An e�ception is the last block 
of a message which need not have the 
end-of-block characters . A segment is that 
portion of a message contained in a buffer ,  
the size of which is specified by the user. 
As shown in Figure 13 , a message is divided 
into segments without reference to the 
length of its blocks . 

Records fo r BTAM consist of blocks ; 
records for QTAM can be either message s , 
blocks , or segments . 

:;�i�:ting -1 � I [ 
I B lock ( l ) 1 B lock (2) 

EOB 

Segment I Segment 
(3) (4) 

I ! I 1 B lock (3) 1 
EOB EOM 

Figure 13 . Components of a Message 
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Bufferin g Facilities 

A buffer , as described in this manual , 
is the area of main s torage used for data 
that is being trans mitted between main 
storage and an ex ternal medium. When using 
the bas ic acces s methods ,  individual buf­
fers need not be identified to the control 
program before a READ or WRITE ma cro­
instruction is issued ; when using the 
queued a ccess method , more buffer space is 
generally required, and it is required in 
advance of the GET and PUT to permit 
automatic overla p of reading , writing , and 
processing . As a result of these differen­
ces , the buffer facilities available for 
the basic access methods are relatively 
simpl e ;  tho se available for the queued 
acces s methods , a re more numerous and flex­
ibl e .  

Three aspects o f  buffering facilities 
are discussed in the following paragraphs : 

• Buffer pools the means by which 
s torage may be set as ide and initial­
ized for use as buffers . 

• Buffer assign ment techniques - the sel­
ection of par ticular buffers from the 
pool . 

• Trans mittal modes - the manner in which 
a buffer rou tine and the us ing program 
• transmit• the buffer contents to each 
other .  

Buffer Pools 

A buffer pool is assigned to specific 
data control blocks (D CB's) . A data con­
trol block is a region in s torage us ed for 
communication between the user's program, 
the control program , and the access rou­
tines . (The method of creating the data 
control block and its role in the sys te m  
are described later . For now, it is suffi­
cient to point ou t that the only way to 
obtain a ccess to a data set is by reference 
to a data control block. )  

Before space in a buffer pool i s  used 
for buffers , information describing the 
siz e  and number of buffers is stored in the 
pool are a .  This is called constructing the 
buffer pool . The programmer may assign and 
construct buffer pools in three different 
ways.  The first method is to define a 
buffer area when the program is assembled . 
The s tructure is created when the progra m 
is executed , us ing the BUILD macro­
instruction . This method allows the buffer 
pool to be assigned to more than one data 
control block, and thus be available for 
proce ssing more than one data set at a 
time . 
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The second method is to use the GETPOOL 
macro-instruction which obtains main 
storage space dynamica lly ,  and performs the 
functions of BUILD . 

The third method is to let the system 
perform both the buffer area allocation and 
buffer structuring automatically , as part 
of the OPEN operation . 

A special macro-ins truction (BUFFER) is 
available for use with QTAM to do much the 
sa me thing as GETPOOL . However , the struc­
ture of the buffer pool obtained by BUFFER 
is tailored for the unique requirements of 
QTAM . The size of each buffer ,  specified 
by the us er , determines the size of a 
" mes sage seg ment . "  

Buffe r Assignment Techniques and 
Transmittal Modes 

The assignment techniques and trans mit­
tal modes are discussed as they pertain to 
basic or queued access methods .  

BASI C AC CESS METHODS : In all basic access 
methods , buffers are controlled by the 
prog rammer. He may obtain and return 
pooled buffer space using the GETBUF and 
FREEBUF ma cro-ins truc tions ; or he may use 
storage areas that are not in any pool . 
The only requirement (normally) is that he 
specify the buffer to be used as part of 
each READ or WRITE macro-instruction . 

Since he controls the buffer , input 
buffers are available as work areas after 
completion of the READ operation ; output 
buffers are available as work areas prior 
to the execution of the WRITE operation . 

Some access methods permit mul tiple READ 
requests to be queued . In such cases , each 
request may be assigned a buffer dyna mical­
ly , just before the transfer of data 
begins . To conserve main storage , this 
option should be used whenever multiple 
READ requests are common and the processing 
time for each record is short . 

For example ,  it may be sufficient to use 
a buffer pool containing only 4 buffers , 
even though 1 5  READ reques ts are normally 
on the queue �igure 1 4) . At a typical 
point, 1 buffer (A) may be ava ilable in the 
buffer .pool , 2 may be in use as work areas 
(C and D) , and only 1 - - not 1 5  - - would be 

assigned to the queue for the input opera ­
tion in process (B) • Buffers obtained 
dynamically , after their use as work areas , 
may be returned to the pool with either a 
WRITE or a free dynamic buffer (FREEDBUF) 
macro-instruction . 



QUEUED AC CESS METHODS : With the queued 
access methods , a ll control over buffers is 
made automatic , to ensurE� overlap between 
input , output, and processing . 

There are two clos ely related aspects of 
queued access buffer management that need 
to be taken into account to make mos t 
effective use of buffers . Both relate to 
how f requently da ta mus t  be moved after its 
initial entry or creation in main s torage . 
For example , inpu t data records may be : 

2 

3 

4 
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• Moved f rom the buffer to a user work 
area . 

• Worked on while s till in the buffer 
area . 

Queue of I Buffer 
READ Requests I Poo l  

I � '  , I  
� A 

I I \ 
I \ � I \ B 

\ 
I \ 

\ 
I �� c 

• J 
• I • 
• I D � I 

I 
I 

Figure 1 4 . Dynamic Buffering 

Or, if the input records are also to be 
used as output, possibly after some modi­
f ication , they may be : 

• Moved f rom the input: buffer to a work 
a rea , and from the work area to the 
output buffer . 

• Worked on while still in the input 
buff er and then moved to the output 
buff er. 

• Worked on while still in the input 
buff er and th en be the output f rom that 
same buffer. 

The two aspec ts of buffer management 
that af fect the movement of data within 
main storage are transm�ttal modes and 
buffer techniques . 

Transmittal modes 
by which input da ta in 

refer to the options 
a buffer is made 

available to the user program ; or by which 
output data created by the user program can 
be placed in a buf fer for output. 

To accomplish these functions , three 
transmittal modes are def ined�: 

• Move Mode The GET /and PUT macro-
instructions transfer data from an 
input buff er to a work area , and from a 
work area to an output buffer. 

• Locate Mode - GET and PUT do not move 
data , but provide a pointer to a record 
location in a buffer .  

• Substitute Mode - Similar to the locate 
mode, except that the programmer must 
provide a storage area e qual in size to 
the buff er that is being pointed to . 
The storage area is exchanged for a 
buffer segment . The buff er and work 
area , in effect, change roles . 

Buffer techniques refer to the various 
ways in which the control program can 
allocate buff ers from the pool for use in 
input/output operations .  Depending on the 
access method , a number of automatic 
buff ering techni ques are available , as 
shown in Table 1 .  

Simple buffering, 
technique , uses one 
each data set, each 
maximum length block. 

the most fl exible 
or more buffers for 
long enough for a 

Exchange buffering, is used with two 
data control blocks , one associated with an 
input data set, the other with an output 
data set. Control is by buffer segment, 
with each s egment holding a logical record . 
Data need not be moved in storage ; instead 
the control of each buffer segment may be 
trea ted , in turn , as an input area , work 
area , and output area . Data cha ining is 
us ed to allow noncontiguous segments to be 
treated as blocks . Buffer segments are 
fixed in length , so that any record length 
changes mus t  s tay within the preplanned 
leng th . 

Chained segmen t buffering accomodates 
messages of variable sizes . Since a mes­
sage will normally not fit into a single 
segment, segments are assigned dynamically , 
during data transfer. Address chaining 
techniques are used to relate physically 
sepa rated · segments . In this way ,  the 
amount of main s torage in use for buffers 
is controlled by the system , and buffer 
space is used effe ctively for all transmis­
sion , rather than being allocated on a 
fixed basis to lines or terminals not in 
operation at the moment. 

As desc ribed in the detailed publica­
tion s ,  only certain combinations of trans­
mittal modes and buff ering techniques are 
used . Here , illus trations wil l be given of 
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Outp\)t Buffers 

B 

Figure 1 5 . Simpl e Buffering - Move Mode 

only the most common combinations , where 
input and output data sets are controlled 
as follows : 

I NPUT 
simple ,  move 
simple ,  locate 
exchange , substitute 

OUTPUT 
simple , move 
simple , move 
exchange ,  substitute 

SIMPLE BUFFERING , MOVE MODE : Simple buf­
fering for an input data set with three 
logical records in one block is illustrated 
in Fi gure 1 5 .  Data is moved to a work area 
large enough for one logical record . Each 
logical record , after processing , is moved 
to an output buff er ,  and a new (updated) 
data set is written. Overlapping of input 
and output operations i s  achieved by having 
two buff er areas for each data set, as 
illustrated. Simultaneously : 1 )  input buf­
f er A is filled .  2) logical records are 
moved from input buffer B to the work area , 
and then to output buffer A .  3) the 
contents of output buffer B are being 
written out . The roles of input buff ers A 
and B are alternated ; the roles of output 
buffers are alternated also . 

This type of simple buffering is the 
most fl exible kind of processing , but is 
not always the fa stest , because two moves 
are required . Movement of data f rom an 
input buffer to the work area is requested 
by the move mode GET , and to the output 
buffer by the move mode PUT . 

SIMPLE BUFFER-LOCATE MODE INPUT , MOVE MODE 
OUTPUT: In applications where proces s ing 
does not increase the length of a logical 
record, it is practical to process data 
whi le it is still in an input buffer. In 
this cas e ,  the l ocate mode of GET is used , 
and time is saved because only one move is 

3 2  

A 

needed . The PUT or PUTX macro-instructions 
are used to move logical records from the 
input buffer directly to the output buf fer . 
Insertion and deletion of records are 
allowed . This technique is illustrated in 
Figure 1 6 .  

Output Buffers 

I � Output > ·
r---PU_�-�-r

0
_:-��-x-� 

.. - I 
G ET ( Locate ) 

Figure 1 6 .  Simple Buf fering - Locate Mode 

EXCHANGE BUFFERING-SUBSTITUTE MODE : This 
method is especially applicable for f ixed 
length records where insertions and dele­
tion s  are expected. Exchange buff ering 
with the substitute mode is illustrated in 
Figure 1 7. The illustrati on shows the 
status of 1 2  buffer segments (corresponding 
to 4 blocks of 3 logi cal records each) and 
an original work area after 1 0 0 cycles of 
operation . By now the physical location of 
the buffer segments (labeled A-L) i s  total­
ly unrelated to the records ( 1 0 1 - 1 08) they 
contain. A set of tables (at the bottom of 
the f igur� indicates the current usage of 

THE SEGMENI'S .  

I n  the example ,  E ,  D ,  and I are i n  use 
for input (the only input so far has been 
record 1 0 8) ; and G ,  A ,  and C containing 
records 1 0 1 - 1 0 3 are in use for output . 
Record 1 0 4 ,  in area H has been processed; 
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Figure 1 7 . Exchange Buffering - Substitute Mode 

record 1 05 in area L is being process ed ,  
and will be pla ced (lo9ically , but not 
physi cal ly moved) by the PUT substitute 
mode in the output buffer .. The PUT exchan­
ges pointers L and J .  Following that , the 
next GET will exchange pointers J and F .  

THE DATA CONTROL BLOCK 

The data control block and the procedure 
by which it is i nitialized provide the key 
to the system ' s  d ata handling f lexibility .  
I t  i s  by means of the ini·tialization proce­
dure caused by the OPEN macro-instruction 
that many of the specifications needed for 
input/output ope rations , in particular 
those dealing with device identif i cation 
and buff er s izes , can be made when the job 
is to be executed rathe:r- than at the time 
the program is written . 

OPEN AND CLOSE MACRO- INSTRUCTIONS 

Each data set to be di:r-ectly referred to 
by a problem prog ram is a ssociated with a 
data control block that must be initial;i zed 
(opened) before any data transfer takes 

place and suitably modified (closed) a fter 
all data transf er is completed . Under 
certain circumstances the same opened data 
control block may be used to control access 

to a number of different data sets 1 and a 
data set may be referred to through s everal 
concurrently open data control blocks . 
Nevertheles s ,  when there is no ambiguity , 
it i s  often convenient to talk of opening 
and closing a data set (rather than the 
associated control block) • Data access 
statements in a program , such as GET and 
PUT, also logically refer to a data set 
even though their actual reference is also 
to the control block . 

Some data sets are opened automatically 
by the control program , and may be indi­
rectly ref erred to or used in a problem 
program without additional opening or clos­
ing . One example i s  the catalog data set . 

The OPEN routine , at the time of its 
execution , has three primary functions : 

• It completes the data control block . 
• It ensures that all needed access rou­

tines are loaded, and necessary address 
relations completed . 

• It initializes data sets by reading or 
writing label s ,  and performs other 
related housekeeping operations . 

The data control block is created when 
the program is compiled, even though all of 
its f ields may not be f illed in at that 
time . 

Informat ion from two additional sources 
is used by the OPEN routines . These sour­
ces and the f ill-in sequence of the control 

Data Management 3 3  



block are illustr ated in Figure 1 8. The 
first i s  the s ource program itself . Any 
parameter stated in the source program DCB 
macro-in struction (which contains only 
nonex ecutable data) is us ed . In general , 
only those DCB ma cro-instruction parameters 
shoul d be stated in the source program that 
are need ed to ens ure correct program opera­
tion . Other parameters should be omitted , 
to al low for fill ing in from one or the 
other of the two remaining sources when the 
j ob i s  to be executed . In the 
illus tration , A i s  fi lled first when the 
program is compil ed .  

DCB Macro DD Statement Data Set Labe l  

A c D 

0 

DCB Area 

A 

DCB Fi l l- I n  at OPEN 

Figure 1 8 . Data Control Block Being Fi lled 
In 

The second source of data control block 
f ields is the DD statement from either the 
input job stream or f rom a catal oged proce­
dure ca lled upon by an EXEC statement in 
the i nput j ob str eam. 

In the illustration , B and C are stated 
in the DD statement but only B is used ,  
s ince the third f iel d ,  the intended desti­
nation for C ,  is already filled with A. 

The third source is a data set label . 
Label fi elds are used to fill in any fi elds 
still bl ank after the first two sources 
have been used .  For data sets being read , 
the a ctua� data s et label information is 
used . For data s ets being created , a 
" model" can be designated . The model can 
be the label of some data set already in 
the library , or it can be a different DD 
statement in the same job step. In the 
example, the second field is f illed from 
the data set labe l .  
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This procedure permits full flexibi lity 
to change data control block fields at job 
time , without requiring that all DCB macro­
instruction parameters be restated each 
time a job is run . These macro-instruction 
parameters and pos sible sources for each 
are given in the publication , IBM Operating 
System/3 6 0 :  Control Program Servi ces . 

Each data set ' s  data control block 
should be closed after use . The CLOSE 
macro-instruction restores a data control 
block to its original condition , so that it 
may be reused in the same program for a 
diff erent data set . The clos ing operation 
al so writes the trai ler label on tape , or 
completes the data set control block for 
dire ct-access storage . In the event any 
data control block is still open when the 
task is terminated , the system performs the 
CLOSE functions automatically. 

DATA ACCESS ROUTINES 

After all data control block fields have 
been filled in , the next step i s  to ensure 
that all access method routines are loaded 
and ready for use, and that all channel 
command word (CC� lists and buffer areas 
are ready, if the access method requires 
them . 

The selection and loading of the access 
method routines is made according to data 
control block fields that tell the data 
organi zation , buffering technique , access 
language features to be used , input/output 
unit chara cteristi cs , and other factors . 
The identif ication of all needed access 
routines is relayed to the supervi sor , 
which allocates main storage space and 
loads them into main storage . They remain 
there until the CLOSE routine signals that 
they are no longer in use by that data 
control block . Access routines are written 
so that the same copy may be shared by all 
programs in the system that need them . 
Sharing may be between two data sets within 
one program , between two independent ta sks , 
and between the user ' s  programs and the 
control programs . 

The access routines are treated as if 
they were a part of the user ' s  program , and 
are entered directly rather than through a 
supervisor call interruption . The routines 
block and deblock records , control buffers , 
and communicate with the input/output 
supervisor when a request for data input or 
output is needed . The input/output super­
vi sor ,  part of the supervi sor nucleus , 
performs a ll actual device control . It 
accepts all input/output requests , queues 
them if necessary , and issues them whenever 
a path to the des ired input/output unit is 



availabl e .  It also ensures that all 
input/output requests are ·�ithin the extent 
allocated to a data s et ,  posts the comple­
tion of each input/output operation, and 
performs standard input/output error recov­
ery proc edures where possible . 

Al l communicat ion between access method 
routines and the input/output supervisor i s  
by means o f  a standard interface , using the 
execute channel program (EXCP) system 
macro-instruction . 

The EXCP macro-instruction will usua lly 
not be used directly by programmers , but 
will be used indirectly through the access 
method routines . Those programmers who 
want more control over input/output opera­
tions , or who develop their own access 
methods , may use EXCP . One of the parame­
ters that mus t  be passed to · the 
input/output supe rvisor by the EXCP i s  a 
pointer to a list of channel command words , 
in the user ' s  program area , that are to be 
used in the input/output operation .  

One o f  the functions o f  OPEN is to 
prepa re and pla ce into proper format the 
lists of ccw • s  to be used by the access 
routines . These li sts , the access routine ,  
and any buffer ar eas that are automatically 

Prob lem Program I Pool I I 
.-- Data Control Bl�ck ..- -- 'Y' I 

___ / ___ / --- I I -- - f- - : (J) DcB L�_:_ _ _ _ _ _  I I  1 ' · - _ - - - � I 

obtained by OPEN are included in the prob­
lem program main storage area (not within 
·the problem program itself) • 

Figure 1 9  illustrates the relationships 
between the user-written program that con..:. 
·tains DCB,  OPEN, and GET statements , and 
·the other programs and data areas that are 
part of the data accessing operation . The 
actions depicted are as follows : 

1 .  The expansion of the DCB macro­
instruction creates a skeleton data 
control block . 

2 .  OPEN routines ,  part of the control 
program, complete the data control 
block, load the acces s and buffer 
contro l routines , and prepare buffer 
areas and CCW lists . 

3 .  G ET  refers to the data control block,  
which routes control directly to an 
access routine . 

4 .  The access routine handles deblocking , 
and returns control directly to the 
problem program. It may al so reque st 
an input operation by EXCP . 

5 .  The input/output supervi sor performs 
the operation , or queues it if the 
channels are busy . 

-- � I  
-----r--------�----------s_v_c r

:( o�P_EN�)------�� ® oPEN 
OPEN 

Routines 

(D G ET I 
I 
I 
I 
I 
I 

B uffer Contro ls SVC � EXCP ) � 
B lock - Deblock t-- -----------r-1 -__:_-------.-v 

I/O 
Supervisor Start 

l/0 

Access Routines l 0 I 

etc . ® I �----------� 

Figure 1 9 . Actua l Program Flow That Starts on Input/Output 
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Table 1 .  Ac cess Method Summa ry 

r------------------T--------------------------------T-----------·r-----------;...-----------------------T-----------T-------------------1 
! Organization ! Sequential ! Part itioned 1 Indexed Sequential f Direct ! Telecommunications I t-----------------+---------------------T----------+----------- t------- -------- -------T-----------+-----------f----------T--------� 
I I I I I QI SAMi I I I I I 
I I I I t-----------T-----------� I I I I I Access Method I QSAM I BSAM I BPAM 1 LOAD I SCAN I BISAM I BDAM I QTAM I BTAM I t------------------+---------------------+----------+----------- t-----------+-----------+-----------+----------+----------+--------� 
I Primary Macro- I GET, PUT I READ I READ, WRITE 1 PUT I SETL , GET, I READ I READ I GET I READ I 
! Instructions f PUTX f WRITE f FIND, STOW 1 f PUTX f WRITE f WRITE f PUT f WRITE I 
I I I I I I I I I I I t------------------+---------------------+----------+----------- t-----------+-----------+-----------+----------+----------+---------� 
! Synchronization ! Automatic f CHECK f CHECK 1 I I I I I I 
I of program with 1 1 1 1 1 1 1 1 1 1 
I input/output I 1 1 1 Automat ic 1 Automatic 1 WAIT I WAIT I Automatic I WAIT I 
I devi ce I I I I I I I I I I t-----------------+---------------------+----------+-------------t-----------+-----------+-----------+-----------+----------+----------1 
f Record type f Logical F , V  f Block f Block (Part 1 1 I I f Message, f Block U I 
I transmitted f Block U f F , V , U  f of a member) f Logi cal F , V f Logical F , V f Logical F, V f Block F , V , U f Segment, I I 
I I 1 1 F, V, u 1 I I I I or Block U I I t------------------+---------------------+----------+----------- t-----------+-----------+-----------+-----------+----------+----------1 
I Buffer creation I BUILD 1 BUILD 1 BUILD 1 BUILD I BUILD I BUILD I BUILD I BUFFER I BUILD I 
I and f GETPOOL f GETPOOL I GETPOOL f GETPOOL I GETPOOL f GETPOOL f GETPOOL I f GETPOOL I I construction I Automatic 1 Automati c 1 Automatic 1 Automat ic I Automatic I Automatic I Automatic I I Automatic I t-----------------+---------------------+----------+------------l------------+-----------+------------1------------+---------+----------f 
I f Automati c :  f GETBUF f GETBUF I Automati c :  "! Automatic :  f GETBUF f GETBUF ! Automatic :  f GETBUF I 
f Buffer f Simple I FREEBUF I FREEBUF f Simple f Simple I FREEBUF I FREEBUF f Chained f FREEBUF I 
I Technique I Exchange I I 1 I I Dynamic I Dynamic I Segment I Dynamic I 
I I I I I I f FREEDBUF f FREEDBUF I I FREEDBUF I t------------------+---------------------+----------+---------- - t-----------+-----------+-----------+-----------+---------+---------1 
I Transmittal modes I Move 1 1 1 Move I Move 1 1 I Move I I I (work area/buffer) ! Locate I I f Locate f Locate I I I I I 
I I substitute I I 1 I I I 1 I I L------------------.1.---------------------.1.---------.1.--------- - -L-----------.1.-----------.1.-----------.1.-----------.1.----------.1.--------J 
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Operating System/ 3 6 0  provides a number 
of fa cil ities to the programmer for his 
assistance in planning and coding a 
p:t'o<.fram. This section describes the 
var1ous techniqu es that the programmer may 
use in constructing his p:cogram , and spe­
cial features he may request in his coding 
by means of a ssembler language macro­
instructions . (Some of ·the features are 
also available to use:rs of compi ler 
languages . )  Als o described is the flow of 
control at the time these macro­
instructions are executed . 

PROGRAM SEGMENTATION 

Te chniques for designing large programs 
as small er , more easily managed subprograms 
have been used for many years . There are 
many advantages in do:ing this . For 
instance : large programming j obs can be 
assigned to several dif fe:rent programmers ; 
common subroutines can he reused; program 
testing and maintenance a:re s implified; and 
each subprogram can be written in _ the 
source language that is most appropriate . 
Operating System/ 3 6 0  adds a new dimens ion 
to the flexibil ity ava:ila}?le in program 
design. Now subprograms may be combined at 
four dis tinct times during the cycle from 
program statement to complete job 
execution :  

• Compilation or Assembly Time . Sub;rou­
tines and s eparately written sob.rce 
decks may be combined as the input to a 
s ingle compil ation or assembly . 

• Linkage Editi ng Time . Separately com­
piled object modules and load modules 
can be included as the input to a 
s ingle linkage editor run , to produce a 
s ing le compos ite load module for execu­
tion . If overlay techniques are used ,  
the entire l oad module need not be 
contained in avai lable main storage . 

• Job Entry Time . Load modules that 
correspond to phases of a multiphase 
proc edure can be specified in EXEC 
s tat ements a s  individual j ob steps . 
I nterconnection and i nterstep dependen­
cies are handled by the job scheduler . 
By s egmenting a procedure in this way , 
the greatest economy is obtained in the 
a llocation of space on direct-access 
devi ces . Only the space required for 
one step of the procedure need be 
a ssigned at one time . 

• Task Performance Time . The load module 
named in an EXEC statement, or in 

SECTION 4 :  PROGRAM DESIGN AND PREPARATION 

general , the first load module used in 
the performance of any task, may inter­
connect with other load modules named 
during the time the task is performed . 
Modules are placed wherever storage is 
available , relocated , (i . e . , initial­
ized to execute from a chosen location) 
and interconnected dynamically . Over­
lay of entire load modules may take 
place , and individual load modules may 
sometimes be shared between different 
tasks in a multita sk operating environ­
ment . 

The same sequence of instructions , in the 
appropriate one of its three forms of 
source , obj ect , or load module , can be used 
with little or no change at any of the 
specified times as a subprogram of a larger 
sequence of instructions .  

PROGRAM STRUCTURES 

When a new task is created , the control 
program is given the name of the first load 
module to be executed . The named load 
module may (but needn ' t) be loaded into 
main storage in one operation ; and it may 
(but needn ' t) be interconnected with other 

load modules in the course of the task ' s  
performance . Depending on the programmer ' s  
choi ce , the code executed on behalf of a 
task -- in this context , a program can 
be categori zed as one (or a combination) of 
the following program structures : 

1 .  Simple Structure . A single load 
module contains all of the user code 
required for task performance and is 
loaded into main s torage as an entity . 
It is immaterial whether the load 
module may itself have been derived 
from other load modules as a result of 
the l inkage editor run , or whether 
other load modules may be employed as 
a result of requests for supervisor 
services . 

2 .  Planned Overlay Structure .  In this 
case , the requi red code i s  processed 
by the l inkage editor into a single 
load module , just as with programs 
having s imple structures .  The only 
difference is that all sections of the 
load module are not loaded at the same 
time . Instead, segments of the pro­
gram are identifi ed which need not be 
in main storage at the same time . The 
same area of main storage is us ed and 
reused by different program segments . 
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3 .  Dynamic Serial Structure . More than 
one load module is called upon during 
the course of program execution . All 
linkages fol low standard linkage con­
ventions , with the control program 
acting as an intermediary in setting 
up subprogram entry and return . Pro­
gram execution is serial , which is the 
same as in types 1 .  and 2 .  

4. Dynamic Parallel Structure . More than 
one load module is called upon during 
the course of program execution, and 
the supervis or is an intermediary just 
as in type 3 .  In this case , however , 
the execution of two or more subpro­
grams is all owed to proceed in paral­
lel . To a ccomplish this , each asyn­
chronously operating subprogram is 
established as a task and follows 
normal task rules . 

Most programmers preparing programs to 
run under Operating System/ 3 6 0  will not be 
concerned with al l of the variations possi­
ble in program segmentation and program 
flow. The operat ing system is designed to 
handle programs that use few or many of the 
variations , either in a singl e-task or a 
multitask environment . The following para­
graphs dis cuss more fully the program 
design approaches available to the program­
mer . 

SIMPLE STRUCTURES 

Figure 2 0  .illu strates a s imple program 
structure .  A task has been attached with 
the sp ecif icati on that the f irst load 
module to be executed is SIMPLE . The 
supervisor finds SIMPLE , allocates space 
for it, and then loads the entire load 
module prior to execution . The name SIMPLE 
designates not only the entire set of code 
contained in the load module , but also the 
parti cular entry point to be used. 

S IMPLE 

---• S IMPLE SAVE 

------+- RETURN 

Figure 2 0 .  Execution of a Load 
Within a Task 

4 0  

Module 

The same load module may be associated 
with a number of different program names , 
each of whi ch can correspond to a different 
entry point . At linkage editing time , a 
primary program name and up to five a liases 
may be specif ied . All names and the cor­
responding entry points are contained in 
the directory of the library in which the 
load module is stored. In addition , a load 
module can dynamically specify additional 
names and entry points .  These are not 
retained when the space used by the load 
module is released . 

In the example ,  when S IMPLE completes 
its execution , it notifies the supervisor 
by the system macro-instruction RETURN. At 
the same time , it places in a standard 
regi ster a return code , by whi ch it reports 

us ing conventions established by the 
user -- how it was completed : • normally , •  
• type X condition encountered • ,  • type Y 
condition encountered , "  and so on . The 
supervisor, recognizing that SIMPLE is the 
only load module required by the task , wi ll 
then terminate the task.  

SIMPLE i s  written so that it could also 
be used a s  a subprogram of a larger 
program, either one formed by the l inkage 
editor with SIMPLE as an input , or in a 
dynamic structure . It begins with a SAVE 
macro-instruction that expands to an 
instruction sequence that saves designated 
regi sters . The RETURN macro-instruction, 
in addition to s etting the return code 
regi ster , restores the saved regi sters . If 
there had been a higher l evel program , 
control would then have been passed back to 
it . 

SIMPLE itself may be a composite of 
several load modules that have been com­
bined into a single load module by the 
linkage editor , as shown in Figure 2 1 .  
This does not change the fact that SIMPLE 
is a program with a simple structure (s ince 
it i s ,  at execution time , a single load 
module , all of whi ch is in main storage) • 

S IMPLE User 's Program Area 

--t--• SAVE SUBPROG SAVE 

CALL SUBPROG / 
RETURN 

+--I- R ETURN 

Figure 2 1 .  Subprogram Within a Program 



In the figure , two subprograms are 
shown , the first calling upon the second 
named SUBPROG . By definition the calling 
subprogram is at a higher control l evel 
than th e ca lled subprogram . In this exam­
ple , the supervis or is not involved in the 
subrouti ne linkage . The reference between 
CALL SUBPROG and the address SUBPROG i s  
resolved as part of the linkage editor 
process . The RETURN in SUBPROG restores 
the reg isters and branches to the higher 
control level . The supervisor is not 
called. Internal linkages of this sort are 
more eff icient in terms of execution speed 
than are linkag es where the supervisor i s  
involved . 

Within the log ical flow of a simple­
structured load module ,  other load modules 
may a ctually be called upon indirectly as 
supervisor servi ces . This can take place 
indirectly as a r esult of a request for 
supervisory service , or in a slightly dif­
f erent way , as wi th the input/output and 
buffer control routines described in S ec­
tion 3. In the latter case , the OPEN 
function incorporates additional load 
modul es as if they were logically part of 
the same Simple l ogical :flow of the single 
load module .  Linkage to such added load 
modules is made via the data control block . 
The routines are thus used directly , with­
out any supervi sor ac·tion , except when a 
hardware input/output operation i s  actually 
requi red . 

Note that the sequences of code , l ines 
and arrows in this and other figures in 
thi s s ection d enote logical flow , not 
actual f low. That is , hardware interrup­
tions may cause an actual f low quite dif­
f erent f rom the f low that the programmer 
plans . Actual flow ,  described later in 
" Task Management , • Sect:ion 6 ,  is not a 
matter of concern to the programmer when he 
designs his program . 

Deferred Exits 

Figur e 2 1  showed how a. subroutine may be 
entered at a predi ctable point in the 
logical flow of a load module . There are 
some situations where the exit point may 
not be known in advance , but depends on an 
interruption whose time of occurrence is 
unpredictabl e .  Such subroutines may nev­
ertheles s be included by the linkage editor 
in a l oad module . Included also must be 
system macro-instructions that the program­
mer uses to describe the conditions for 
entry i nto the subroutines , as well as 
their entry point s .  

Four conditions 
achieve a deferred 
logical flow : 

may be specified to 
exit from the main 

1 .  Completion of a timing interva l .  
2 .  Program error interruptions . 
3 .  Unusual end of task. 
4 .  End of subtask . 

Completion of a timing interval by use 
of the STIMER macro-instructi on ,  the proc­
es sing time used by any one task (which may 
be s ignificantly less than total elapsed 
time) may be measured . For exampl e ,  the 
programmer may request notification after 
one second of task time. Such an interval 
may be set up just prior to entering a 
poss ibly endless loop in a program under 
test . As a parameter of the macro­
instruction , the programmer specifies the 
entry point in the current load module to 
be entered after the specified time 
expi res . Thus , if the program overstays 
its alloted time in the loop, control is 
pass ed to a routine that can take 
corrective ·action . If an exit is made from 
the loop before the time interval expires , 
the TTIMER macro-instruction may be used to 
cancel the interruption reque st. A further 
di scussion of the interval timer functions 
appears lat er in this section . 

Program error exits are requested by the 
set program interrupt exit (SPIE) macro­
instruction . The programmer may specify 
the types of program interruptions his 
subroutine will handle,  and the types the 
supervisor is to handle. The programmer 
most likely will want to handle conditions 
such as overflow and underflow from 
arithmetic operations , and let the supervi­
sor take normal action for the others , such 
as execution of a privileged instruction 
and violati on of s torage protection . 

An abnormal end o f  task exit is set up 
by the spec ify task abnormal exit (STAE) 
macro-instruction . This exit i s  taken if 
the task is abnormally terminated internal­
ly or externally . An internal termination 
is one resulting f rom the execution of the 
abnormal end of task (ABEND) macro­
instruction . This may be i s sued by the 
user ' s  program after the determination is 
made that an uncorrectable error has 
occurred . An external termination i s  one 
initiated by the supervisor program, for 
example,  in the event of storage protection 
violation or the expiration of the speci­
fied time for the job step . 

End of subtask.  In multitask 
operations,  the completion of any subtask 
can cause an entry i nto a specified point 
in the program of the higher level task.  

An example of a def erred exit i s  shown 
in Figure 2 2 .  In this case , a subroutine 
named FIXUP is to be entered in cas e  of 
floating-point overflow . The SPIE macro­
instruction specif ies the exit condition , 
namely , floating-point overflow .  At the 
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User 's Program Area Supervisor Area 

S IMPLE 

E NTRY SAVE 
SPI E • • •  

FP 

R ETURN 

Figure 2 2 .  Deferred Exit t o  Subroutine 

floating-point instruction • Fp , • an 
overflow occurs , causing a program inter­
ruption. The supervisor handles the inter­
ruption as specif ied by SPIE , routing con­
trol to FIXUP . 

PLANNED OVERLAY S TRUCTURES 

Some tasks may require programs that are 
too large to be placed in main storage all 
at one time . In thes e cases , the simple 
program approach described above is not 
adequate , and the programmer should consid­
er designing the program us ing a planned 
overl ay structure .  Programs that can be 
logically divided into ma jor sections are 
well suited for planned overlay execution .  

A planned over lay structure i s  a single 
load module , created by the linkage editor 
program in response to overlay control 
statements .  Unlike simple structures , how­
ever , it i s  not loaded into main storage 
all at once.  

The l ogical segments of a planned over­
lay program are l oaded into main storage as 
required , each occupying an area which may 
at some time be used by a different 
segment . The rel ationship of program s eg­
ments must be planned in advance by the 
programmer . The type of flow can be illus­
trated best by the tree structure shown in 
Figure 2 3 .  

Each branch (A, B ,  and C) of the tree 
structur e represents a segment . The verti­
cal length of each branch represents the 
amount of main storage used by the segment . 

The root segment (A in Figure 2 3) 
tains the entry point of the overlay 
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con­
pro-

,gram and tables (ins erted by the l inkage 
editor) needed to control the overlay exe­
cution . The root segment remains in main 
storage at all times during program execu­
tion .  

Program segments B and C occupy the same 
,area of main storage , but at different 
'time s during the course of program execu­
,tion . such segments overlay each other , 
;and are called exclusive segments . 

j Entry Point 

A 

c 

Figure 2 3 .  Overlay Tree Structure 

During the execution of an overlay pro­
gram , overlaid segments are destroyed rath­
er than being saved on secondary storage 
and then restored . When a previously over­
laid segment is needed again, a fresh copy 

: is loaded. For this reason , any data area 
used for communi cation by two or more 
exclusive s egments must be included as part 
of a higher segment that remains in storage 

' with either of the exclusive segments . 

Two segments that may be in main s torage 
at the same time , such as A and B ,  or A and 
C in the exampl e ,  are called inclusive 



segments , and are in the same path . A path 
consi sts of a given segment , the root 
segment , and all interm•ediate segments , as 
represented in the tree structure .  

Upward calls (toward ·the root segments) · 
are always to segments already in main 
storage. Such c alls a:re always direct , 
just as if they were contained in a simple 
load module . Since this type of control 
flow is most effi cient , ·the designer of the 
overlay structure should attempt to capi­
talize on it . 

Downward calls are always indirect , but 
will only requi re the assistance of the 
overlay supervisor (a part of the control 
program) if the entry points referred to 
had not been used since the segment was 
loaded. If the called segment is already 
in storage , no segment loading i s  required .  

The f low of c ontrol between exclus ive 
segments , and downward calls to segments 
not in main storage are also indirect . 
'l�hey always requi re the assistance of the 
overlay supervisor , which loads a fresh 
copy of the re quired :segment before com­
pleting the branch .  

Many requirements to load segments will 
impai r the effici ency of program execution .  
Two additional features are available to 
m1n1mize this loss of efficiency. The 
first is a s tructure variation in which two 
or more different paths can be in storage 
at the same time . Each diff erent path 
occupies a diff erent storage area ; each 
such storage area is called a region . One 
region might contain the main program and 
the other might have a number of subrou­
tines used by several different paths in 
the first region. The second feature , 
useful in multita sk operations , allows seg­
ment loading to proceed in parallel with 
other processing ,  so tha1t program load time 
may be overlapped . This feature is con­
trolled by the segmen1t load (SEGLD) and 
s egment wait (SEGWT) system macro­
instructions . 

DYNAMIC SERIAL STRUCTURES 

For many appl ications , a simple program 
structure is inadequate , even in a planned 
overlay form. For example , a large number 
of subroutines may be called on , but their 
selection and sequence of execution depend 
on examination of each data record or 
transaction to be process ed .  The large 
number of subroutines makes it impractical 
to have all of them in main storage at 
once . Furthermore ,  the effectively random 
sequence of use makes a planned overlay 
operation uneconomi cal , diff icult , or 

impossible. For applications of this gen­
eral nature , the operating system provides 
a means for calling subprograms 
dynamically , during the performance of a 
task . This capabi lity is poss ible because :  

• Program retrieval by name is a normal 
supervi sor service . 

• Main storage space is allocated dynami­
cally by the supervisor . 

• The task concept treats programs a s  
resources . 

• Standard subroutine linkage conventions 
permit any load module to be executed 
as a subroutine .  

Four different forms o f  dynamic program 
construction are provided by the operating 
system . They are referred to here by their 
system macro- in structions , even though the 
same linkages may be provided by a 
compiler .  The four forms of dynamic lin­
kage are : LINK , XCTL (transfer control) , 
LOAD , and ATTACH .  

The first three , which provide sequen­
tial program executi on , are dis cussed 
below . The fourth provides parallel 
(asynchronous) program execution and 1s 

described in " Dynamic Parallel Structures . • 

Link Macro- Instruction 

LINK is used to pas s  control from one 
load module to another in much the same way 
as CALL is used to pass control to a 
subprogram within a single load module .  Of 
the two load modules involved , the first is 
at a higher control level than the second . 
The operation of LINK i s  illustrated in 
Figure 2 4 .  Three different load modules 
are shown: their names are "DYNAMIC" , .. A , " 
and " B . " Each linkage involves supervisor 
action . 

The program DYNAMIC is the only one of 
the three named at the time the task was 
created . It could ,  for example , have been 
named in the EXEC statement of a job step. 
The supervisor f inds DYNAMIC , allocates 
spac e ,  and fetches it just as with a simple 
program structure . DYNAMIC i s  the highest 
level load modul e us ed for the task. Exe­
cution of DYNAMIC proceeds until the macro­
instruction " LINK A .. is reached . One of 
the machine instructions generated by LINK 
A is a supervisor call (SVC) ; the 
subprogram name "A" is a parameter in the 
linkage. The supervisor proceeds to find , 
allocate space for , and fetch subprogram A .  
The linkage t o  A i s  effected , and program 
execution takes place serially . Subprogram 
A is at a lower control level than DYNAMIC . 
All RETURN macro-instructions cause control 
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to be pa ssed to the load module at the next 
higher control level . Hence , a RETURN from 
A ,  via the supervisor , wi ll go to DYNAMIC 
at the instruction following LINK A, and 
the storage area us ed by A may be made 
avai labl e for reuse . Later , when LINK B is 
encountered , the same procedure is followed 
as with A. If no other storage is avai la­
ble , subprogram A may be overlaid by B .  
(Since DYNAMIC is t o  b e  returned to , that 

i s ,  since it i s  at a higher level of 
control than either A or B ,  it is not 
subject to overlay by either of those 
programs) . When DYNAMIC ' s  RETURN is 
reached, the supervi sor recogniz es that 
there is no higher level of control ,  and 
causes the task to be terminated . 

DYNAM IC A 

----t-- SAVE SAVE 

RETURN 

B 

SAVE 

R ETURN 

* Supervisory Action 
Figure 2 4 .  The LINK Operation 

Al l parameters used by subprograms A or 
B are explicitly passed as part of a 
standard linkage procedure .  Thi s i s  neces­
sary because the load modules A, B, and 
DYNAMIC have been proces sed by the linkage 
editor independently ; no external symbol 
resoluti on has taken place between them . 

The LINK procedure i s  speeded up cons id­
erably if a copy of the program is 
" avai lable" in main storage when the LINK 
is is sued . A program may already be in 
main storage be cause it was used earli er ,  
o r  because i t  was fetched in anticipation 
of the current need with a LOAD macro­
instruction .  A copy of a program that has 
already been used is " available" for reuse 
under certain constraints , di scussed in 
" Program Des ign Facil ities . "  

A LINK macro-i nstruction may be imbedded 
within a linked program, so that nesting 
takes place . Figure 25 i llustrates how 

44 

programs may be nested , using three levels 
'of control .  The only limit on the number 
'of control level s i s  the availability of 
main storage . 

In this example ,  program B is used 
twice , once at the third control level and 
once at the second level . If B i s  sti ll in 
main storage and " avai lable" when called 
'for the second time , the same copy of B 
wi ll be used rather than a new copy (which 
·woul d require addi tiona! loading) • 

Transfer Control (XCTL) Macro- Instruction 

XCTL i s  used to pas s  the logical f low of 
control dynamically to load modules 
corresponding to successive phases of a 
serial program . Its operation i s  similar 
to that of LINK in these ways : 

• The flow of control passes 
sequentially ; that is , the two load 
modules involved do not operate concur­
rently. 

• Standard linkage conventions are 
observed , and all parameters are pa ssed 
explicitly . 

• Acting as the intermediary , the super­
visor f inds the program , allocates 
space,  and fetches it . 

Operation of XCTL is different f rom that 
of LINK in several important respects : 

• The program receiving control is con­
sidered to be at the same control level 
as that transf erring control . 

• The transferring program is cons idered 
to have been completed , and its storage 
area may be made avai lable for reuse ,  
even by the program receiving control . 

• Work or storage areas in the transfer­
ring program may not be used by the 
program receiving control , since they 
may have been overlaid . 

• XCTL i s  used instead of RETURN . Conse­
quently , any needed register and indi­
cator restoration must be done at this 
time . 

An illus tration of the XCTL relationship 
is shown in Figure 2 6 .  

DYNAMIC,  the highest , o r  f irst control 
level program , links to subprogram A. A in 
turn trans fers control to B. A is consid­
ered to be completed, and i s  replaced by B 
at the second control level . B may overlay 
A i f  there is not enough storage space for 
both . Although work areas in DYNAMIC could 
be passed to A, and A could pa ss the same 
work area to B ,  A cannot pass work areas to 
B contained in A. When B ,  at the second 
level , issues its RETURN, control is passed 



to the next higher level of control 
(DYNAMIC) • When DYNAMIC issues its RETURN , 

the supervisor re cognizes that there is no 
higher leve l of contro l,  and the task is 
terminated. 

LOAD Macro-Instruction 

The LOAD macro-instruction was designed 
primarily for those situation s  in which 
tasks must make f requent dynamic use of the 
s ame load module ; and the load modul e has 
the characteristics alluded to earlier 
which make it avai lable for reuse. A 
typical situation i s  shown in Figure 2 7  
(a) , i n  which load module B is required 

several times during the execution of 
DYNAMIC . S ince LINK alone is us ed to 
indi cate the need for B, the main storage 
occupied by B may be released after each 
execution of B. This may require repeated 
fetches of B at each successive LINK . 

DYNAMIC A 

--+-- SAVE 

LI N K B 

•--+---

RETURN 

* Supervisory Action 

Figure 2 5 .  Nested Subprograms 

DYNAMIC A 

---t---. SAVE SAVE 

* 

LI N K  A XCT L B 

-----+-- RETURN 

* Supervisory Act ion 

Figure 2 6 .  Use o f  XCTL Macro- Instruction 

* 

LOAD , however , speci fies to the control 
program that the named load module is to be 
fetched and then retained in storage until 
either a DELETE macro-instruction is 
issued , or the task i s  complete. LOAD 
itself does not cause control to be passed 
to B ;  it merely causes B to be loaded . 

Figure 2 7  (b) shows how LOAD may be 
used . Here the programmer is assured that 
the same copy of B can be used each time 
LINK B is executed , with no unneces sary 
program fetches . 

Figure 2 7  (c) shows a more eff icient use 
of LOAD , which takes advantage of the fact 
that LOAD returns B ' s  entry point address 
to DYNAMIC . Thi s allows direct linkages , 
using BRANCH-type instructions , and avoids 
any supervisor intervention other than in 
the , execution of LOAD and DELETE . 

SAVE 

R ETURN 

SAVE 

RETURN 
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D YNAMIC DYNAMIC D YNAMIC 

SAVE SAVE SAVE 

LINK B LOAD B 
LOAD B BRANC H B 
LINK B 

LINK B 
LINK B BRANCH B 

LINK B 
LINK B BRANC H B 

DELETE B DELETE B 

RETURN 

(a) RETURN RETURN 

(b) (c) 

Figure 2 7 .  Uses of LOAD Macro-Instructions 

Planned Overlay versus Dynamic Structures 

The control program faci lities for 
planned overlay structures and dynamic 
fetching of load modules are both designed 
to meet the ne ed for executing programs 
larger than the storage areas available . 
They each have their advantages.  Planned 
overlay structure s can be more efficient in 
terms of execution speeds , because the 
linkage editor procedure permits direct 
references by one segment to values whose 
locations are i dentified by external sym­
bols in another s egment . There is no need 
to coll ect such values in a consolidated 
parameter list , as required f or supervi sor­
assi sted linkages . Furthermore , when us ing 
a planned overlay , supervisory assi stance 
is needed to locate a single load module in 
the library . When using a dynamic 
structure , many load modules need to be 
located in order to execute an equivalent 
program. Also, a planned overlay optimi zes 
the use of main s torage . 

These advantages tend to diminish as 
user ' s problems g et more and more complex , 
particularly when the logical s election of 
subprograms depends on the data being proc­
essed . In this situation , the use of 
dynamically constructed programs is usually 
a better solution than planned overlay 
programs . Furthermore , load modules 
fetched dynamica lly may be reused by other 
tasks ; s egments f etched using the planned 
overlay structure cannot be reus ed . 
Although both a pproaches are solutions to 
the same problem, there is no prohibition 
against using c ombinations of the two . A 
load module , linked to dynamically , may 
itself operate in the overlay mode . The 
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LINK macro- instruction may be used within a 
planned overlay program . The usual consid­
erations apply regarding the possible over­
lay that can take place when XCTL i s  used , 
in which the load module releasing control 
is subject to overlay . 

DYNAMIC PARALLEL STRUCTURES 

The ATTACH macro-instruction creates a 
new task that can proceed in parallel with 
other tasks , according to the resources it 
needs and the condition of other tasks in 
the system. In many ways , the ATTACH 
function is simi lar to LIN� .  The main 
diff erence is that LINK is a request for 
serial execution, where ATTACH is for par­
allel execution . Since ATTACH creates a 
task that can have resources allocated to 
it , the execution of ATTACH is more costly 
in supervi sor time than is LINK .  In some 
circumstances the use of ATTACH within a 
problem program can be extremely helpful ; 
in others , it is unnecessarily wasteful . 
The following four examples will serve to 
clarify this point , and illustrate the 
program flow that takes place when ATTACH 
is used. In all f our example s ,  two load 
modules are involved , A and B. During the 
execution of A ,  the need for execution of B 
is detected at point (D) ; at (R) the 
completion of B is required . 

Example 1 (Figure 28) • Detection and 
requirement for completion occur together . 
LINK should be used , since there is no 
chance for parallel execution . 

( D )  ( R )  
I 

I I I I I 1 
I t  
I I 
1 1  
I I 

A 

LINK B 

I nd icates Program Execution 

I I -r-r-------.-. 
I I  
I I 
I I 
I I 
I I 
1 I 

u-
Figure 28. Immediate Requirement for 

program 
Sub-



Example 2 (Figure 2 9) . Detection occurs 
before requirement for completion. Fur­
thermore , an appr eciable delay in the exe­
cution of A is expectE�d before B is 
required to be completed . B consi sts 
entirely of cal culations with no inherent 
delay s .  A should attach B with a lower 
priority than itself . Otherwi se , B would 
be executed in its entirety before A could 
regain control ,  and there would be no 
paral lel execution. 

A 

( D )  ATTACH B 

WAIT I/0 
I 
I 

I I 
I I 

( R ) l:J 
B 

I 
I 
I 

l_j 
( I/ 0 Completed ) 

( B Already Comp l eted ) 

Figure 2 9 .  Delays Expected in Higher Level 
Subprograms 

Example 3 (Figure 3 0) . Detection occurs 
before requirement , as in Example 2 .  In 
this cas e ,  A expects no inherent delays , 
but B does . A should ATTACH B ,  giving B 
higher priority. Execution of A proceeds 
during the delays in B .  

A 

( D )  q I I I I 

� � 
I I 

� I 

( R )  W�IT B � 

B .-� WAIT I/0 0 
I I 
1 I 
I I l� (f�p leted ) 

( B Already Completed ) 

Figure 3 0 .  Delay s Expec·ted in Subprogram 

Example 4 (Figure 3 1) . Detection again 
occurs before requirement for completion ; 
in this case there are no significant 
delays expected in either A or B. LINK 
should be used , at any convenient point 
between (� and �) • No advantage would be 
gained by us ing ATTACH . 

A 

( D ) r=l 

( R ) 

� LI N K  

B 

� =lu...--..1 -----L-11 1  
Figure 3 1 . No Delays Expected 

The general rule is simply that ATTACH 
should be used only when . a significant 
amount of overlap between the two ta�:ks can 
be a chieved . 

Further discus sion of the role of the 
ATTACH macro-instruction, the use of prior­
ities , and the system ' s control of t�sks i s  
described in Section 6 ,  •Task Management . "  

PROGRAM DES IGN FACILITI ES 

Before coding , the programmer should be 
fami liar with the techniques involved in 
producing reusable programs and the special 
faci lities that he may request . The fol­
lowing paragraphs describe these facilities 
and some recommended techniques in using 
them . 

REUSABILITY 

All load modules in the library are 
placed in one of three categories , as 
specif ied by the programmer at the time of 
linkage editing . The three categories are : 
not reusable , serially reusable ,  and reen­
terable. 

Not reusabl e .  Programs i n  thi s  category 
are fetched directly from the library when 
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each is requested for use .  These programs 
alter themselves during execution, and will 
not execute correctly if entered again. 

Seria lly reusable.  A load module of 
thi s type is designed to be s elf­
initiali zing , so that any portion modi fied 
in the course of execution is restored 
before it is reus ed . The same copy of the 
load module may , therefore , be used 
repeatedly during performance of a ta sk. 
In addition , a serially reusable load 
module may be shared between different 
tasks , provided that both tasks were creat­
ed f rom the same job step . A further 
condition for use of the load module by 
more than one tas k is that it not be in use 
by one task at the time it is called for by 
another. If it is , a new copy will be 
fetched .  If the programmer wants t o  avoid 
the automatic fetching of a second copy of 
the module in the se circumstances , he may 
do so by use of the enqueue (ENQ) and 
dequeue (DEQ) macro-instructions . These 
enabl e s everal ta sks to place themselves in 
a queue , waiting for the load module to 
become available. The operation of these 
macro-instruction is explained in Section 6 
under " Event Synchronization . " 

Reenterable . Such a program is desi gned 
so that it doe s not in any way modify 
itsel f  during execution . It is 
" read-only• . Reenterable load modules 
fetched from the system ' s  link library 
(defined further in Section 5 ,  "Job 

Management ") are loaded in storage areas 
prote cted with the same storage key that is 
used for the supervi sor program . Since 
only the control program operates with a 
matching PSW protection key , such programs 
are protected aga inst accidental modifi ca­
tion from any other user programs . Since a 
reenterable load module is never modi fied 
during its execution , it can be loaded 
onc e ,  and used freely by any task in the 
system at any tim e .  Specif ically, it can 
be used concurrently by two or more tasks 
in multitask operations . One task may use 
it,  and before the module execution is 
compl eted , an interruption may give control 
to a second task which in turn may reenter 
the module. This in no way interferes with 
the first task resuming its execution of 
the module at a l ater time. 

In a multitask environment , simultaneous 
use of a load module is considered to be 
normal operation . Such use is an important 
f actor in minimizing main storage s pace 
requirements and program reloading time . 
Many of the control program routines are 
written in reenterabl e form, so that they 
can be shared between tasks , and reused 
within a single task . (The data storage 
and retrieval routines that are requested 
during execution of the OPEN macro­
instruction are examples of supervi sor-
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provided reenterable programs . )  A load 
module of this category can be executed 
correctly even though the protection key in 
the program status word during task exe­
cution is different from the supervisor 
storage key .  Thi s  is possible because the 
prot ection key compari son must be satisfied 
only when the contents of the addressed 
storage area are to be altered . The 
contents of storage areas containing reen­
terable programs are not altered in any way 
during execution . 

I f  a reenterable load module i s  not 
fetched from the link library , but rather 
from a private library or the job library , 
it i s  made available only to tasks origi­
nating from the same job step. 

DESIGN OF REENTERABLE PROGRAMS 

A reenterable program is designed to use 
the general purpose and f loating point 
regi sters for addressabi lity and variables 
where practical , and to use temporary stor­
age areas that " belong " to the task , and 
are protected with the task ' s  storage pro­
tection key . Temporary or working storage 
area s of this sort can be provided to the 
reenterable program by the calling program , 
which uses a linkage parameter as a pointer 
to the area . Temporary storage areas can 
also be obtained dynamically by the reen­
terable program itself , using the GETMAIN 
macro-instruction. This macro-instruction 
is a request to the supervisor to allocate 
additional main storage to the task , and to 
point out the location of the area to the 
requesting program . Note that the storage 
area obtained is assigned to the task,  and 
not to the program that requested the 
space . The space may be subsequently 
returned to the supervisor ' s  control by a 
FREEMAIN ma cro-instruction , or by task com­
pletion . 

I f  a reenterable program is interrupted 
for any reason , the register contents and 
program status word (PS� are saved by the 
supervisor in an area associated with the 
interrupted task , and restored later when 
program execution is to continue for that 
task . No matter what use is then made of 
the reenterable module, the interrupted 
task can resume its use of the module at a 
later time . The supervisor merely keeps 
the task ' s  working storage area intact , and 
when required , restores the contents of the 
saved regi sters and the program status 
word . The reenterable load module is not 
affected , and is unaware of which task is 
using it at any instant . Each tas k  will 
have its own temporary storage area for use 
by the reenterable module . 



Shared use of a reenterable program i s  
i llustrated i n  Fi gure 3 2 .  In this example , 
the shar ed program is READER , and the tasks 
(READ 1 and READ 2) are part of the job 

s cheduler function , simultaneously reading 
two input job str eams . 

I Task 
READ 1 

Task 
r---

READ 2 R EAD ER ( Program ) 

_ .. SAVE 
--
--
GETMAI N <: 

--
--
RETURN 

"' 

Buffer and 
Work Area 
for Task 

READ 1 

Buffer and 
Work Area 
for Task 

* Supervisory Action READ 2 

Figure 3 2 .  A Re enterable 
Requests Its 
Stor age 

CHECKPOI NT AND RESTART 

Program that 
Own Temporary 

Checkpoint is a facility of the control 
program that can be used (with the CHKPT 
macro-in struction) to permit temporary 
removal of a j ob , or to minimiz e  lost t ime 
due to machine failure or external error . 
When the CHKPT ma cro- ins1:ruction i s  execut­
ed , the control program saves all the main 
s torage areas and control information need­
ed to restart from the checkpoint . 

Af ter execution of CHKPT , control i s  
returned t o  the user ' s  program. Proces s ing 
continues as if the checkpoint function had 
not been performed . The checkpoint output 
may be printed by a debugging faci lity 
called the test translator as a debugging 
aid . 

Restart i s  the procedure used to restore 
and run a previously checkpointed j ob step .  
At restart , the c ontrol program retri eves 
the checkpoint control information ,  ensures 
that volumes ar e correctly mounted, and 
repo s itions tapes . All programs and data 
are res tored to the locations occupied at 
checkpoint time , and the job s tep 
continues .  Depending on the exact condi-

ti on s , res tart may be initiated by macro­
in struction s  or operator command . 

When the restart is executed , control i s  
normally given t o  the standard restart 
location , which i s  the instruction 
immediately following the CHKPT macro­
in struction . The programmer can specify 
his own restart location when additional 
action i s  required to make the program 
restartable . 

The checkpoint/restart facility does not 
automatical ly copy any data sets . The 
programmer should locate checkpoints at 
thos e points in h i s  program where restarts 
are easiest . 

TIMER 

The interval timer is optional on some 
models of System/ 3 6 0 ,  standard on others . 
It i s  used by the operating system for 
control program functions , and may also be 
used by user-written programs by means of 
three different supervisor macro­
instruction s .  

The control program makes use o f  the 
timer in two way s : to ensure that the 
maximum t ime for the job step , specified in 
the EXEC statement , i s  not exceeded ; and to 
make j ob step time avai lable f or accounting 
purposes . 

A user-written program can use the 
interval timer f eature through three dif­
ferent ma cro-instructions . The f irst 
faci lity provides access to a simulated 
real -time clock maintained by the supervi­
sor . The clock (or ps eudo-clock , a s  it is 
sometimes calle� is set by the console 
operator after he loads and prepares the 
operating system to process the 
installation ' s  work flow (initiali zes the 
system) , and is updated periodi cally as 
long as the system is not in the stopped 
stat e .  The clock can provide both time of 
day and calendar date . The TIME macro­
instruction is used to query the supervisor 
at any time during program execution ; the 
response is time and date . 

The s econd facility is the ability to 
request that the supervisor communi cate 
with a problem program after a stated 
period of t ime . The set timer (STIMER) 
macro-instruction is used for thi s  purpose . 
Inte rvals requested are e ither real time 
(actual elapsed time) or task time . Task 

time is accrued only while a task is using 
the centra l processing unit . It does not 
include time in a wait condition . 
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Us ing STIMER , the programmer may request 
that the task be placed in a wait condition 
until a real-time interval is completed . 
He may also request that the task be 
allowed to continue but that at the end of 
either a real-time or task time interval , 
control be given to the subroutine 
designated in the STIMER macro-instruction . 
In some cases , the programmer may want to 
find out how much time remains in a 
requested but i ncomplete interval , or to 
reset a previous interval . These functions 
are provided by the third facility ,  the 
test timer (TTIMER) macro-instruction . 

Some of the possible applications for 
these fa cilities are : 

• Time and date • stamping • of messages , 
data sets , and printouts . The telecom­
muni cations package (QT� uses the 
timer in this way . 

• Restarting a task after a predetermined 
time . Telecommunications li ne polling 
can be done on a periodic basis , rather 
than continuously , during low traffic 
hours . 

• Program execution analysis and program 
debugging . Phases of a l ong program 
can be timed individually under a var­
i ety of conditions . In program debug­
ging , the timer can be used to limit 
the amount of time spent in executing 
each section of a program , thus allow­
ing a s ingl e test run to continue in 
spite of loops or other time-consuming 
a cti on that might occur unexpectedly . 

DEBUGGING FACILITIES 

Even though the cost of program debug­
ging may be signi ficant , the cost of an 
undetected program error can be far 
greater. The goal of the operating system 
testing facilitie s is to minimiz e  the time 
and cos t  of program testing . The primary 
emphasis is placed on source language 
debugging facilities provided by the oper­
ating system languages and compilers . Com­
piler source language debugging statements 
and f aci lities are described in the indivi­
dual language publications . The debugging 
f acil iti es provided for users of the assem­
bler language are explained in the follow­
ing paragraphs . 

ASSEMBLER LANGUAGE PROGRAM DEBUGGING : 
TEST TRANSLATOR 

The t est trans lator combines a series of 
source language macro-instructions , some 
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control of program execution time , and 
po st-execution editing to give programmers 
a wide range of test capabilities . The 
primary control over test translator opera­
tion is by means of a series of system 
macro-instructions that are assembled and 
linkage edited with the program being test­
ed . 

The general procedure is to produce 
object modules without mixing test instruc­
tion s  with user ' s program instructions . 
All test instructions are placed in a 
separate control section . The advantage of 
this approach i s  that the test instructions 
can be deleted after correct program opera­
tion is achieved , or they can Qe changed 
without requiring reassembly of the parts 
of the program being tested . (Deletion and 
replacement of control sections i s  a normal 
function of the linkage editor . )  In addi­
tion to saving time , the risk of introduc­
ing new errors by manipulating the original 
source module for reassembly is minimi zed . 
One obvious way of doing thi s  is for the 
programmer to place his test instructions 

· in one source module and his program 
instructions in another, and assemble them 
separately. 

When preparing a program, the programmer 
wi ll often find it convenient to mix pro­
gram and test instructions in the source 
module . The assembler wi ll s eparate them 
for him and produce an object module con­
taining the test instructions as a separate 
control section . If , subsequently , a dif­
ferent set of test instructions is 
required , they can be assembled indepen­
dently of the user ' s  program instructions , 
and combined by the linkage editor with the 
previous a ssembly , where they will replace 

. the earlier version of the test instruc­
tions . The test instruction control sec­
tion is generated as nonexecutable data , 
and controls the test translator during 
execution of the program . The ass embler 
al so produces a symbol table that is later 
used to prepare the test data output in the 
proper format . 

The load module to be tested is prepared 
by the linkage editor from its components 
(obj ect modules or other load modules) • 

The TEST option is specified for the lin­
kage editor run in which the test control 
section appears as input . The TEST option 
specification i s ,  furthermore , placed with 
Uhe load module on the library . 

When a program to be tested executes the 
TEST OPEN macro-instruction , supervisor 
call instructions are inserted by the test 
translator at locations where testing is to 
be performed . As a result , the supervisor 
routes control to the routine that performs 
the requested test service . No special 
• test• register is used . The supervisor 



call linkage does not affect the contents 
of any regi ster , and test operation places 
no limitations on the use of registers by 
the programmer .  After the test function is 
performed, control is returned to the orig­
inal program. Although part of the us er ' s  
code is displaced with the inserted super­
visor calls , the test translator ensures 
that the logical flow in the user ' s  program 
is unaff ected by the displacement . The 
inserted supervis or calls can be removed by 
the TEST CLOSE macro-instruction . TEST 
OPEN and TEST CLOSE can be i ssued any 
number of times during the execution of a 
load module . 

Two kinds of test stat.ements are provid­
ed , a ction and control . Action statements 
permit the user to display program values , 
changed values , r egister contents , status 
words , system tables , program maps , and 
comments . In addition, program execution 
may be monitored to record the detection of 
changes in program flow (branch instruc­
tions , subrouti ne calls , supervisor 
requests , or refe rrals to program areas) . 

The control statements allow the pro­
grammer to route control to specified test 
requests , depending on arithmetic or logi­
cal relationships between program values , 
flags , and special test counters . They 
also allow him to modify the contents of 
the load module . In this fashion ,  when an 
error i s  dis cover ed , the program i s  allowed 
to continue testing and s eek additi onal 
errors .  

TEST OUTPUT 

Test data produced during the execution 
of a load module is placed on external 
storage for later editing . The test output 
editor routine i s  executed after the actual 
test run . The formats indicated in the 
symbol tabl e  produced by the a ssembler are 
used , unless test macro-instructions have 
specified an overriding format . 

The time used f or processing test output 
is minimized , s inc e :  

• Limits stated by the installation or 
programmer on the quantity of test 
output and the number of test ma�ro­
instructions encountered prevent 
runaway test execution . 

• Test output may be designated , at the 
programmer ' s  option , according to any 
of eight priority categories . These 
categories allow selective editing and 
output of test results . 

• Test output editing is separate from 
test program execution . Output may be 
saved by the programmer until the time 
when editing and printing are conven­
ient. 

The tes t  translator is described in 
greater detail in the publication I BM Oper­
ating System/3 6 0 : Control Program Servi ces . 
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SECTI ON 5 :  JOB MANAGEMENT 

Job management functions of the control 
program include handling system job f low 
and all operator communications . All work 
to be done by the operating system is 
des cribed in a standardiz ed format and fed 
into the system via one or more i nput 
units . Job descr iptions are in the form of 
control statements , whose functions are 
des cribed in th is chapter , and whose 
detai led formats are given in the publ ica­
tion IBM Operating System/360 : Job Control 
Language . The input unit (or units) used 
to read control statements is normally 
designated by operator command . The flow 
of control statements optionally combined 
with data , coming f rom any one input unit , 
is called an input j ob stream . The system 
may have many concurrently active input job 
streams . 

The job flow is handled by a group of 
programs , colle ctively termed the job 
scheduler . Operator communication func­
tions are handl ed by a program called the 
master s cheduler . A wide variety of job 
management functions are avai labl e ,  f rom 
which the user can select those most 
appropriate for his appli cations and work­
load . Deta ils of master scheduler func­
tions ar e described in the publi cation IBM 
Operating System/3 6 0 : Operating Considera­
tions . 

CONTROL STATEMENT CAPABILITIES 

Control statements are designed to allow 
the programmer and the operator to describe 
clearly and conci sely each job to be per­
formed by the sys tem . In addition, control 
statements allow many job accounting ,  
input/output device allocation , and work 
scheduling functi ons to be performed by the 
system rather than by the operator . A job 
is cons idered to be any unit of work that 
can be run independently of other units . 
The time required for its execution may be 
anywhere from a f ew seconds to many hours . 

Ea ch job is described by a series of 
control statement s written by a programmer 
and i ntroduced into the system in the input 
j ob stream. Control statements are iden­
tified by the symbols // in the first two 
positions of ea ch 8 0-byte logical record . 
Since control statements may be continued 
from one record to the next , there is no 
f ixed limit on th eir length . Their format 
is s imi lar to that used in the assembler 
language , with a name field for statement 
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identification , an operation field , and an 
operand fi eld for statement parameter s .  
The format for operands resembles that used 
for macro- instructions .  Because the exact 
format of control statements is given in 
the publication IBM Operating System/ 3 6 0 : 
Job Control Language, no attempt wi ll be 
made here to give complete statements in 
examples . Only the portions needed to 
illustrate each point are shown . 

The control statements required to spec­
ify a job are : 

• The JOB Statement . Thi s  statement 
gives the job a name . The programmer 
may optionally state job accounting 
information , his own name , and other 
information applicable to all steps of 
the job . Each JOB statement marks the 
beginning of a job , and at the same 
time marks the end of the preceding 
job. An example of a JOB statement is : 
//PAYROLL JOB 

• The Execute (EXEC) Statement . This 
statement is used to name the f irst 
load module to be used to perform one 
step of the job. It may al so be used 
to name cataloged procedures . If a job 
consi sts of more than one job step , an 
EXEC statement i s  used to signify the 
start of each step and the end of the 
preceding step . Thi s  statement need be 
named only if it is referred to by some 
other control statement . The EXEC 
statement i s  us ed to state conditions 
that �pply within the job step ; for 
example ; maximum execution time for all 
of the load modules used in the job 
step . Each job step results in the 
execution of at least one task .  An 
example of an EXEC statement is : 
// EXEC PGM=SUMPAIRS 

• The Data Definition (DD) Statement . 
Several such statements may follow the 
EXEC statement ; each is used to define 
a data set used or created during 
execution of a job step . The DD state­
ment provides the symbolic link between 
the ref erence compiled into a program 
and the actual name and location of the 
data s et to be used in this execution 
of the program . The program reference , 
part of the data control block macro­
instruction (DCB) , is a symbolic 
• ddname , •  which i s  identical to the 
name field of a DD statement . One of 
the operands of the DD statement 
(DSNAME= • • •  ) names the actual data s et 

to be used . An example of a DD 
statement is : 
//DDNAME 1 DD DSNAME=COLOR . CRIMSON 



As sume that control statements are to be 
written for a j ob tha1t uses only a single 
program (load module) named SUMPAIRS . This 
program uses the symbolic names IN1 and IN2 
f or its input data sets , and OUT for its 
s ingle output data set .  The actual input 
data s ets are named LIB. ADDENDS and 
LIB. AUGENDS ; the output data set is to be 
cataloged under the name LIB . SUMS . The 
programmer choose s to name this job SIMPLE . 
The f ollowing control s1tatements are us ed: 

//SIMPLE 
// 
//I N 1  
//IN2 
//OUT 

JOB 
EXEC 
DD 
DD 
DD 

PGM=SUMPAIRS 
DSNAME=LIB. ADDENDS 
DSNAME=LIB. AUGENDS 
DSNAME=LIB. SUMS 

Coding within each statement is free 
form; i . e . , f ie lds are recognized by the 
presence of one or more blanks or by other 
designated separators , rather than by the 
columns in which they are placed . The // , 
however, as wel l as characters that indi­
cate that a statement :is continued on a 
succeeding card , are column dependent . The 
three DD statements :in the above example 
could be in any s equence .  

Not s hown i n  the example is that jobs 
may contain many steps , in which case the 
EXEC statement for each succeeding step is 
placed immediately behind the last state­
ment or the data of the preceding step .  
Also , j obs may use many control parameters 
not shown in the example .  The choice of 
parameters is ba sed on the control program 
options selected by the user , and on the 
j ob execution conditions that the program­
mer wishes to state . In the dis cus s ion 
that follows , the parameters , options , and 
execution conditions are introduced under 
the following categories : 

• S cheduling controls 
• Program source sel ection 
• Data set identification and disposition 
• Input/output device allocation 
• Direct-access storage space allocation 
• Cataloged procedures 

SCHEDULING CONTROLS 

Job s cheduling deals with functions con­
cerning i f ,  when , and how long jobs are to 
be run. These and other uses of the job 
control language are discussed in the fol­
lowing paragraphs . 

Job Priority 

I f  the system has an input work queu� , 
the priority determines the sequence 1n 
which queued j obs will be selected for 
initiation as tasks . The priority i s  then 
applied to tasks and ,  in multitask opera­
tion s , is used to resolve contention 
between tasks for system resources . The 
priority is also appli ed to a task ' s  print 
or punch output, and determines the 
sequence of output writer operations where 
there is a backlog . 

Prior to the selection of a j ob from the 
input work queue , its priority can be 
changed by operator command .  

Dependencies 

A programmer may request that the return 
code set in the return code register at the 
completion of the job step be tested . The 
action to be taken as a result of the code 
value is stated in a condition parameter 
that is optional f or each JOB , EXEC , and DD 
statement . If the stated condition is met , 
then the job will be terminated , an entire 
step skipped , or a DD statement ignored . 
This facility can be used to terminate 
automatically a compile-link-execute 
sequence if errors found by the compiler 
are such that execution of the following 
steps could not produce useful results . It 
can also be used to select one of several 
data sets f or use as test data,  depending 
on the outcome of previous steps . It is 
further u sed to execute a job step contain­
ing a us er diagnostic program when a 
preceding j ob step is terminated with other 
than a spec if ied return code . 

Maximum Execution Time 

A maximum execution time can be speci­
fied for each j ob step . This allows the 
programmer to guard against endless 
looping . I f  a maximum time l imit i s  not 
stated by the programmer in the EXEC state­
ment , an installation-specif ied standard 
maximum time limit is used . 

Non- Setup Jobs 

Jobs that can be executed without having 
any specia l input/output setups can be 
designated as "non-s etup" in the JOB con­
trol statement . A compilation using resi-
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dent direct-acce ss storage for work areas 
and the input job stream for source state­
ments i s  a typical non-setup job. In some 
of the j ob schedulers , non- setup j obs are 
used as fillers to make use of time other­
wise spent waiting for operator action. 

Job Log 

A log of all j obs can be maintained by 
the job scheduler . Information from the 
JOB and EXEC statements is used for iden­
tification; interval timer facilities pro­
vide a measure of the time used by a job 
step ; a dditional information can be placed 
on the log by an installation-written 
accounting routine , an operator command 
from th e consol e ,  or a problem program 
using a write-to-log (WTL) macro­
instruction. The log data set can be 
printed at specified times , or upon 
operator command. It will be printed auto­
mati cally when the log area is full . 

PROGRAM SOURCE SELECTION 

Link library i s  the term used to refer 
to a parti cular partitioned data set con­
taining load modu les . In the absence of 
contrary specif ications , load modules 
referred to in EXEC statements , as well as 
in the ATTACH , LI NK ,  XCTL , and LOAD macro­
instructions , are retrieved from this 
library. 

In some jobs , a programmer may want to 
have programs taken from different parti­
tioned data sets that he names , rather than 
from the link l ibrary . This might be the 

Compi l ed wi th ob ject modu le  Created wi th data set 

DCB 

dcbname 

GET 

Compi l ed w i th object modu le  

Data Se t  Labe l  

ddname dsname 

DD 

Con tro l statement as 
in terpreted at job t ime 

Figure 3 3 .  Chain of Symbolic References 
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case for programs that are still being 
tested , and not yet available in the link 
library . A procedure is provided to state , 
in one or more DD statements placed immedi­
ately after the JOB statement , the iden­
tifi cation of the preferred librari es . The 
ordered set of preferred libraries is 
call ed the job library. 

In calling for a program, the programmer 
may specify the data control block of any 
library he wishes to be used . If he makes 
no such specification , the j ob library is 
searched . If the program is not found in 
the job l ibrary , the link library will be 
searched . 

mATA SET IDENTIFICATION AND DISPOSITION 

The DD statement identifies each data 
set to be used in a job step . One of the 
most important functions of thi s  statement 
is to complete the symbolic chain through 
which a program retrieves or stores data . 
This chain of indirect symbolic references 
gives the user flexibility by allowing him 
to define characteri stics such as buffer 
sizes and techniques , blocking factors , and 
devi ce identification at job entry time , 
rather than in his program . It also pro­
vides a way for a single program to be 
used , independently and simultaneously , by 
two or more dif ferent tasks . Without sym­
boli c references ,  it would be difficult or 
impossible for the same utility program , 
for example ,  to be in shared use , printing 
two completely different data sets from two 
tapes simultaneously . 

The chain of symbolic references is 
illustrated in Figure 3 3 .  



The first ref erence i s  the GET dcbname , 
where data input is requested . The second 
is in the DCB statement of the program , 
where the ddname i s  referenced. The third 
is the DO stat ement , \t7here the ddname is 
related to the data set name to be used 
during the current execution of the 
program. The paragraphs that follow out­
line in brief some of thE� ways of identify­
ing and controlling data sets by parameters 
in the DO statement . 

SYSIN and the DO * Statement 

Original input data (e . g . , keypunched 
cards) may be pre sented to the system in an 
input job stream, together with the control 
statements . This minimi:1:es operator setups 
of input/output devices . Such data immedi­
ately f ollows a DO asterisk (DO *) state­
ment . An example of this statement is : 

//SYSIN DD * 
(data) 
(data) 

An internal unique data set name is gener­
ated by the job scheduler for thi s  data , 
but the data set i s  no·t cataloged. The 
generated name is used only f or the dura­
tion of the j ob. 

Depending on the co:nfiguration, input 
presented in this way is available to the 
user ' s  program e ither directly from the 
card reader (or other input j ob stream 
devic� or from a direct-access device onto 
which the job scheduler places the data 
prior to job execution . 

In the preceding example , convention was 
followed in assigning SYSIN as the ddname . 
The a ctual ddname chosen is immateria l ,  so 
long as the name in the input j ob stream 
matches the name used in the program . 
Furthermore , the selection of a ddname - ­
speci fically , SYS IN -- i n  n o  way constrains 
the program to receive its input from the 
input j ob stream . The actual source of 
data is not specified until the SYSIN DD 
statement is entered in the input job 
stream. 

That statement may specify a different 
data source . For example ,  if the program­
mer wants to use a previously transcribed 
and cataloged dat.a set named 
HAROLD. TESTPROG , the following statement 
could be used ins tead of the DD asterisk 
statement : 

//SYSIN DD DSNAME=HAROLD . TESTPROG 

No change in his program is necessary . 

Concatenated Data Sets 

When an appli cation uses a sequence of 
two or more data sets as input , the control 
statements permit the programmer to conca­
tenate (logically connect) the data sets 
for the duration of the job step. For 
example, f ive data sets , one produced on 
each day of a week , might be used as input 
to a single sort . 

Each data set i s  described by a separate 
DD statement , but only the first DD state­
ment i s  named ; it is implied that each 
member of the group shares thi s common 
ddname . Each data set is u sed automat­
ically , in the same sequence as the DD 
statements ,  whenever the ddname is used . 

Generation Data Groups 

The programmer can identify data sets 
belonging to generation data groups , in 
which the names are identical except for 
generation number . Data sets of thi s  type 
of group are designated by either relative 
notation ,  or by the full name including 
generation number . 

Dummy Data Sets 

A general purpose program may require 
that one of its input requirements , or a 
regularly scheduled report , be ignored . 
Also , during early phases of a program 
debugging , it may be desirable to test only 
program flow, rather than full processing 
of data from data sets . These techniques 
are possible with sequential data organiza­
tions by use of the DUMMY parameter of a DD 
statement . Data sets so identified are not 
assigned to input/output units , the OPEN 
procedure is simplified ,  and any attempt 
within the program to store in or retrieve 
from the dummy data set results in an 
end-of-data condition on input and i s  
treated as a • no operation• o n  output . 

For example , in the first run of a tape 
file maintenance program , the master file 
may not yet exist. A dummy master file 
coul d be specified a s  input ; the transac­
tion file by itself becomes the f irst 
actual master f ile . 
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Data Set Disposit ion 

For each data set used , the programmer 
has a variety of options for the action to 
be taken by the system at the end of the �ob step . He may specify that a data set 
1s to be treated as system output and 
printed or punched , using the output writer 
feature of the job scheduler ; or cataloged 
in the library ; retained but not cataloged ;  
deleted at the completion o f  the j ob step ;  
o r  treated a s  a temporary data set .  A 
temporary data set is handled as if it were 
cataloged during the remainder of the job ' s  
execution , but i s  automatically deleted at 
the end of the job. A temporary data set 
i s ,  in effect , passed to succeeding steps . 
This type of data set is often used for 
temporary storag e of a compiler ' s  output 
that serves as the input to the linkage 
editor in a later job step. 

The programmer may
. 

also designate 
volumes that are to rema1n mounted through­
out an entire job ;  he may also designate 
whether or not the system is allowed to use 
a dir ect-access volume for storage of other 
data sets . These latter features ensure 
that a volume intended for repeated use 
over a s pan of several job steps is not 
dismounted and remounted unnecessarily, and 
that volumes are not used for data s ets 
that have not been specifically designated 
to reside there . 

If no disposition instructions are given 
in the DD statement , a normal procedure is 
followed . Data sets created during a job 
step are deleted at the end of the step ;  
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Typical Input/Output Devices 

data sets that were already in existence 
are retained. 

INPUT/OUTPUT DEVICE ALLOCATION 

Allocation of input/output devices is 
done by the job scheduler before job step 
initiation, according to a number of dif­
ferent considerations . One of these is the 
allocation requests included in each DD 
statement ; others are the devices available 
and the s ystem generation parameters .  In 
general , it is not necessary to specify 
allocation of specific devices . The job 
scheduler will make reasonable assignments .  
There are applications , however , where the 
performance of a job depends very much on 
the device types and channels used for 
certain data sets . To handle this , the 
system accepts allocation requests and 
requirements in a variety of forms . Even 

: so ,  the programmer gains flexibility and 
· improved overall performance if he states 
hi s requests in a general way , rather than 
being specific . 

Individual input/output devi ces and 
arbitrary groups of input/output devices 
can be given permanent symbolic names for 
allocation purposes. The symbolic name 

: requested in the DD statement should be the 
least restrictive one appropriate to the 
situation . For example ,  the group of 
input/output devices in Figure 34 illus­
trates two IBM 2 3 1 1 Di sk Storage Drives and 
eight tape drives (four of the tapes are 
IBM 2 4 00 Tape Drives , Model 1 ,  and four are 
IBM 2 4 00 Tape Drives ,  Model 2) • 



Table 2 .  Names of Installation Devices 
r----------T--------·---T-------------T·-----------------�--------------------1 

I I 2 3 1 1 Disk I 2 3 1 1 Disk I Channel 1 tapes I Channel 2 Tapes I 
I I I �----------�---------+----------T----------i 

I Name I Storage D:ri ve I Storage Drive I Mod 1 I Mod 2 I Mod 1 I Mod 2 I 1 1 1 r-----r-----+-----T----+----T-----+----T-----i 

I I # 1 1 1 2 I 1 1 1 1 2 1 1 1 1 12 I t 1 I 12 I 1 1 I # 2 1 
�-----------+----------·----+-------------+·----+-----+-----+---+----+-----+----+-----i 

I SEQUEN I X I X I X I X I X I X I X I X I X I X I 
I TAPE I I I X I X I X I X I X I X I X I X I 
I DIRECT I X I X I I I I I I I I I 
�------------+---------- ----+--------------+----+-----+-----+----+----+-----+----+-----i 

I CH 1 TAP EX I I I X I X I X I X I I I I I 
I CH2 TAPEX I I I I I I I X I X I X I X I 
�------------+----------·---+--------------+----+-----+-----+----+----+-----+----+-----i 

I CH 1 MOD 2 I I I I I X I X I I I I I 
I CH2MOD2 I I I I I I I I I X I X I 
I MOD2TAPE I I I I I X I X I I I X I X I 
�--------------+--------------+--------------+·----+-----+-----+----+----+-----+----+-----i 

I CH 1 TAPE 1 I I I X I I I I I I I I 
I CH 1 TAPE3 I I I I I X I I I I I I 
I CH2TAPE 1 I I I I I I I X I I I I 
L-------------�--------------�--------------�----�-----�-----�----�---�-----�----�-----J 

Table 3 .  Specifi cations That Achieve I nput/OUtput Overlap 
r------------------T----------------T----------------T----------------T------------------1 

I I I I I I 
I I Case 1 I Case 2 I Case 3 1 Case 4 1 
�-------------------+----------------+----------------+----------------+------------------i 

! Data Set 1 I CH 1 TAPE 1 I CH 1 MOD2 I CH1 TAPEX 1 TAPE 1 
�-----------------+----------------+----------------+-----------------+------------------i 

I Data Set 2 I CH2TAPE 1 I CH2MOD2 I CH2TAPEX I CHAN=SEP 1 
L-----------------�---------------�-----------------�---------------�------------------J 

Table 2 illustrates some names that 
might be us ed, and the units included under 
each name . 

Speci fic allocation could be requested 
�y us�ng the name CH 1 TAPE3 , but the system 
1s g 1ven more flexibility if a less res­
trictive name such as CH 1 TAPEX or MOD2TAPE 
is used instead . The use of restrictive 
reque sts may result in a job being held up 
if the s pecific un�t is not available .  

To obtain input/output overlap between 
two data s ets on tape , any of the combina­
tions of statements in Table 3 could be 
used in order of increasing generality. 

Case 4 is the least restrictive of the 
cas es , and illu strates the way to request 
channel separation between two data s ets , 
i . e . , a different channel for each of the 
data sets . An extension of channel s epara­
tion is the facil ity for channel affinity .  
If data · sets A and B are to b e  assigned 
separate channels ,  then an affinity of data 
set C for A means that C and B should be 
given different channels .  It does not 
neces sari ly mean that A and C share the 
same channel . 

Volume affinity may be requested .between 
two data sets that are t:o be placed on the 

same volume . This would be desirable with 
data sets on direct-access storage where 
their use is related, and the programmer 
wants to minimi z e  disk pack mounting and 
demounting. Thi s  would also be desirable 
for two data sets that are created serially 
which the programmer wants on the same tape 
reel . 

For large multivolume data sets on mag­
neti c tape , where reel s must be di smounted 
and mounted during a job step , spare or 
alternating drives can be requested to 
minimize operator setting up time , if extra 
tape drives are availabl e .  This is done by 
requesting that two tape drives be assigned 
to a s ingle data s et .  In the case of 
output data s ets , mounting a • scratch" reel 
on one or more drives allows a drive to be 
assigned dynamically to any one of s everal 
output data sets , whichever reaches the end 
of volume f irst . A • pool • designation is 
us ed for such case s .  

I f  an al location request state s  the name 
of a nonexi stent device ,  or a device 
decl ared by the operator to be unavailable , 
the associated j ob will be terminated . 
Requests for affinity or separation will 
only be followed if there are enough 
input/output devi ces in the system. If 
there are not enough, as when a tape drive 
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has been removed for maintenance , the sys­
tem ignores the affinity and separation 
requests , and runs the job using other 
units . 

Deferred Mounting of Tapes 

Normal operation of the job schedulers 
requires that the correct volumes be mount­
ed on all input/output devices used by a 
j ob step before the step is initiated . 
Thi s ens ures that work wi ll not be started, 
parti ally completed, and then forced to 
wait for operator action . Half- compl eted 
tasks , in a multitasking operation , ti e up 
the system facil ities and prevent other 
tasks f rom proc eeding . In some cases , 
however , this precaution may be unn eces sary 
or even undesirable . Some appli cations , by 
their design , allow suff icient mounting 
time during execution of an early phas e to 
ensure that data sets needed on tape during 
a later phase ,  wi ll be mounted in time . 
Other applications us e a single unit , 
sequenti ally , for more than one data set .  
I n  such cas es , the programmer may want to 
use the deferred mounting option, where a 
job step is all owed to proceed without 
first having all data sets in place . 

DIRECT-ACCESS STORAGE SPACE ALLOCATION 

The DD statement for data sets to be 
written out on di rect-access storage con­
tains requests for the needed space . Nor­
mally the amount of space to be initi ally 
allocated is specified , as well as the 
increments of space to be allocated auto­
mati cally as needed . A request may be for 
space on a • private •  volume , which means 
that no subsequent request f or space will 
be allocated from that volume unl ess the 
volume is speci fically designated . This 
allows direct-access volumes to be reserved 
for the exclusive use of , for instance , a 
programmer or an organizational department . 
Alternatively , the request may be non­
speci fic , which means that the request will 
be f ill ed from avai lable space on any 
volume other than previously designated 
private volumes . 

Space may be requested in terms of 
tracks or cylinders ; or it may be requested 
in terms of blocks ( i . e . , physical 
records) • In the latter case , the system 
will compute the number of tracks or 
cylinders required .  The program , in this 
instance , is independent of the charac­
teristics of the direct-access unit that is 
used . To make most efficient use of avail­
able space , the l ogically contiguous tracks 

5 8  

or cylinders will not always be phys ically 
contiguous .  Physically contiguous space 
wi ll be allocated , if requested . 

A seri es of DD statements may be used to 
request a split cylinder . Thi s  f eature 
allocates space that is to be shared among 
each of the data sets involved . Each data 
set represented by one of the DD statements 
is given a specified percentage of the 
tracks on each of the allocated cylinders . 
The split-cyli nder technique allows concur­
rent use of two or more data sets on the 
same volume without excessive access arm 
movement . 

CATALOGED PROCEDURES 

Frequently used control statement 
sequences may be prepared once and then 
cataloged in the system library . These 
control statement sequences , called catal­
oged procedures , can be reused upon demand . 

Typical sequences of j ob steps and out­
put requirements that might be predefined 
are :  

Compile - Linkage edit - Execute - Print 
Edit input data - Sort - Update master 

file - Print exceptions . 

Control statement sequences that are to be 
cataloged are presented in the input work 
stream in the usual way .  A JOB statement 
parameter indicate s that the s equence is to 
be cataloged rather than executed . The 
sequence may contain one or many job steps . 
Once cataloged , a procedure is called from 
the library by an EXEC statement that names 
the procedure to be executed , rather than 
naming a program. The entire cataloged 
procedure is then substituted in place of 
the EXEC statement that named it . 

Temporary changes can be made to cata­
loged procedures , for the current job only , 
by statements in the input job stream whose 
names match those of cataloged procedure 
statements .  Input job stream statements 
override cataloged statements ,  but do not 
change what is cataloged . 

JOB SCHEDULER AND MASTER SCHEDULER 
FUNCTIONS 

Job management contains four maj or func­
tional area s .  Each area includes a number 
of s electable options . The four functional 
areas are : 

• Job s cheduler:  reader/interpreter 



• Job scheduler : ini tia·tor/terminator 
• Job scheduler : output writer 
• Master s cheduler 

JOB SCHEDULER 

Reader/Interpreter 

Each reader/interpreter of a j ob schedu­
ler is responsi ble for reading one input 
j ob s tream, scanning the input data to 
identify control statements , interpreting 
and analyzing the control statements , and 
preparing the necessary control tables that 
des cribe each . j ob to the system. For 
systems with an input work queue , the 
reader/interpreter ensures that the control 
information is placed in the queue in 
priority sequence , and that the data fol­
lowing a DD * statement i s  stored separate­
ly on a direct-access device as a temporary 
data set . 

Multi ple reader/interpreter tasks may be 
functioning at the same time , each one 
trans cribing control statements and data to 
direct-a ccess s torage concurrently with 
other ta sk operations . All use the same 
input work queue . Since the subprograms of 
the reader/interpreters are reenterable , 
the same copy may be used by all concur­
rently p erforming reader/interpreter tasks . 

Some systems have the ability to do 
remote s tacked job processing , in which job 
control information i s  submitted from 
remote on-li ne terminals . A 
reader/interpreter task is attached to han­
dle the job control statements forwarded 
through the queued telecommunications 
acces s method. The control information is 
placed in the input work queue and handled 
in the s ame manner as locally submitted 
j obs . Output data sets from remote jobs 
are handled by an output writer task a s  
described later , except that the system 
also provides for routing the output data 
to s pecified terminals . Thi s  is described 
in detai l in the publication IBM Operating 
System/3 6 0 :  Telecommunications . 

Initiator/Terminator 

The initiator of the job s cheduler is 
responsi ble for s electing j obs to be exe­
cuted and performing necessary preparatory 
work . The selection is made directly from 
an input job stream, or from an input work 
queue , depending on the conf iguration . For 
each step of a se lected job, the initiator 
ensures that al l neces sary input/output 

devices are allocated , that direct-access 
storage space i s  allocated as required , and 
that the operator has mounted any necessary 
tape and direct access volumes .  It f inally 
requests that the supervisor give control 
to the program named in the j ob step. 

At job step completion , the terminator 
of the job scheduler is responsible for 
removing the work description from control 
program tables , freeing input/output devi­
ces , and disposing of data sets a ccording 
to instructions in the DD statements . 

As part of the input/output device a llo­
cation function , the initiator/terminator 
is responsible for issuing operator messa­
ges calling for volume mounting , and ensur­
ing that the mounted volumes actually match 
allocation requests in the control state­
ments . The f ollowing paragraphs present 
the three features that are optionally 
supplied to help minimi ze system time loss 
due to operator setup. 

• Project ed Mount . The operator is given 
volume mounting messages a number of 
j ob steps in advance of that being 
initiated . Operator setup time can be 
overlapped with the execution of the 
previous j ob step. 

• Automatic Volume Recognition . With 
this feature , the operator may premount 
labeled nine-track tape reels on any 
available unit ; the job scheduler wi ll 
record in a table the identification of 
each volume and the unit used . When a 
particular tape reel is needed for j ob 
step s et-up , the table will be 
searched.  If the needed reel is found 
to be already mounted , the usual proce­
dure of i s suing a mounting message will 
be bypassed . This feature i s  particu­
larly advantageous in production 
installations where work schedules usu­
ally are set in advance and follow a 
repeated pattern . In this situation , 
the operator usual ly knows in advance 
which tape reels are to be used and the 
sequence in which they will be 
required . Automatic volume recognition 
is also desi rabl e with those configu­
rations which perform jobs in the same 
sequence in which they appear in the 
input j ob stream. 

• Non-Setup Padding. Jobs not requiring 
any operator setup action can be iden­
tified in the JOB statement . When any 
job step requiring setup is delayed 
because operator action is not 
complet e ,  the initiator/terminator can 
scan the input work queue, find the 
highest priority non- setup job , and 
immediately initiate its first step . 
On completion of that step , the 
initiator/terminator checks to see if 
operator action is complete . If so,  
the job step requiring setup i s  ini-
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tiated; if not , the next step of the 
non- setup job is initiated and run and 
the procedure i s  repeated . 

A more advanced version of the 
initiator/terminator i s  optional for larger 
systems where it is practical to have more 
than one j ob f rom the input work queue 
under way at one time . This capability is 
called multijob initiation . When the sys­
tem is generated , the user specif ies the 
maximum number of different j obs that the 
initi ator is to h ave under way simultane­
ously . 

Ea ch selected job is run sequentially 
(one step at a time) just as with single 

j ob ini tiators . However ,  additional j obs 
are s elected from the queue and initiated 
as long as : 

• The number of jobs specif ied by the 
user is not exceeded . 

• Enough input/output devices are avail­
able to satis fy allocation requests . 

• Enough main storage is available for 
all current requirements and for the 
initiator program its elf . 

• Jobs are in the input work queue ready 
for execution . 

• The initiator has not been detached by 
the operator. 

I > 
I nput J ob 

Job l 

Stream 

I nput 
Work 

Q ueue 

J ob l 
Step A 

Figure 3 5 .  Multi job Initiation 
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Job 2 
Step A 

Figure 3 5  ill ustrates the selection of 
three jobs from the input work queue and 
the initiation of one step from each as a 
task . The allocation method used by the 
multi job initiator ensures that each job 
selected will have input/output devices 
allo cated to it before any jobs selected 
later are ass igned their devices . 

Multi job initiation may be used to 
advantage to initi ate jobs in an applica­
tion where a series of " batch-type • jobs 
are to run simultaneously with an indepen­
dent job requiring input from remote termi­
nals . Typically , such telecommunications 
jobs have frequent periods of inactivity 
due either to periods of low traffic or to 
delays for direct-access s eeks . During 
such delays , locally available jobs can be 
executed . (Because multi job initiation is 
a more generalized way to optimize device 
allocation, the non-setup padding facility 
may not be combined with it . )  

OUtput Writers 

During program execution , output data 
sets with a " system output " di sposition may 
be stored on a direct-access storage device 
at high speed . Later , an output writer of 

Job 3 
Step A 



the job schedul er can trans cribe the data 
to a system output unit , normally a printer 
or punch . Whenever this is done , control 
information regarding the output data sets 
i s  stored in an output work queue .  An 
output data set can be retained indefinite­
ly and still be proc,essed by an output 
writer. Each sys tem output device in oper­
ation is controlled by an output writer 
task ; each device can be started or stopped 
independently by the ope rator . 

Groups of output devices can be logical­
ly grouped together as a cla s s  to handle 
work of simi lar nature . For example ,  a 
single printer might be designated as a 
class to handle all high-priority , low­
volume printed output , and two printers 
might be designated fo:r all high-volume 
printing . 

The DD statement a llows output data s ets 
to be directed to a class of devi ces , and 
allows the specif ication of a form number 
or card electro number code . This number 
is given to the operator before printing or 
punching starts so that ·the forms in the 
output unit can be prope:rly set up. 

Output data destined for an output 
writer may or may not be referred to by the 
ddname • sYSOUT . • However , SYSOUT must be 
specified on the DD statement as the di spo­
sition of the data set . It is this speci­
fication that places i ::t  reference to the 
data on the output work queue . The queue 
is maintained in priori·ty sequence , allow­
ing the output writers to select data sets 
on a priority bas i s . 

In systems with input and output work 
queues on direct- access devices ,  the output 
writer i s  the final linllt in a chain of 
control routines designed to ensure fast 
turn-around time . Turn-around time, in 
this cas e ,  is considered to be the time 
from entry of the work statement in the 
computer until a usable output i s  obtained . 
Fast turn-around is achieved largely 
because of two f actors : data at two inter­
mediate stages of the work f low is accessi­
ble as s oon as it i s  prepared ,  without any 
requirement for hatching ; and at each such 
stage , priorities are used to place impor­
tant work ahead of less important work that 
may have been previously prepared .  The two 
intermediate stages are : when the job has 
just been entered in the input work queue , 
and when the job is completed with referen­
ces to output data in the output work 
queue . 

Output Work 
Queue 

( 1 )  
(2) 
(3) A 

Input Work 
Queue 

A 
BCDEFG 

Input Job 
Stream 

ABC--- z  
BCD--- z 
H$J--- z  

(4) ABC 
(5) (A) $BC 

$DEFGH 
DEFGHJ 

JKL---z 
KLM---z 

Line ( 1) illustrates j obs A through Z in 
the input job stream (perhaps a card 
reader) before any jobs have been entered 
in the input work queue . 

Line (2) shows job A in the input work 
queu e .  The j obs that follow are still 
being read in . As soon as j ob A is entered 
in the queue , execution begins . There is 
no need to wait for j obs B through z to \:nter the work queue. 

1 Line (3) shows the situation when A has 
completed execution with its output 
referred to on the output queue . By this 
time , jobs B through G have been entered in 
the input queue . Since A ' s  output is ready 
to be printed or punched , the output writer 
begins . There is no wait f or the output 
that will be produced by the jobs that 
follow .  Shown also on thi s  line is a 
high-priority j ob (represented by the dol­
lar sign) • It is still in the input stream 
(card reader) and has not yet · been recog­

ni zed by the system . 

Line ( 4) shows the situation when ($) 
has entered the input queue . Jobs A 
through C have been completed ; job A ' s 
output is still being printed . Job ($) i s  
the next j ob selected by the job scheduler 
because of its priority , even though it 
entered the input work queue later than 
jobs D through H .  

Line ( �  shows the situation a t  the 
completion of job ( $) • By now the output 
of j ob A has been completed . The output of 
j ob ($) will be the �ext set of data to be 
printed by the output writer , because of 
its priority, even though j obs B and C 
entered the input work queue first. 

MASTER SCHEDULER 

All systems have a master scheduler 
whose functions are to handle messages from 
the system to the operator , replies from 
the operator , and commands frOm the opera­
tor to the system. 

Messages to the operator are initiated 
by use of the write-to-operator �TO) or 
write-to-operator-with-reply (WTOR) macro­
instructions . The WTO macro-instruction is 
used to supply information to the operator 
(or programmer) ; WTOR is normally used to 

request information from the operator . 

The operator can issue various commands : 

• Job action commands cause a change in 
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the status of a job. For example , 
cancelling or suspending a job, or 
modi fying its priority . 

• System action commands cause changes in 
the actions taken by the three job 
s cheduler functions . These commands 
may inform th e system of a new device 
to be used in the input job stream, or 
of a device that is no longer available 
f or allocation. 

• Information requests allow him to 
inquire about the status of the system 
or of certain jobs . 

• Information entries allow him to pro­
vide the system with current date and 
time , to enter information in the sys­
tem log , and to reply to system or 
program requests for information (as a 
consequence of the WTOR 
macro-instruction) • 

Operator commands normally are entered into 
the system from a devi ce such as a console 
typewriter , but can also be placed as 
separate statements in an input job stream . 



.Al l  work submi tted fo:r processing must 
be formalized as a task (or part of a task) 
before it will be performed . A program is 
treated by the Operating System as data 
until the time that it is named as an 
element of a task . This is true regardless 
of the particular control program features 
that are selected . 

There are ,  however , s ignificant differ­
ences in the features available . Although 
the requirement that all work be performed 
under task control has no exception , the 
manner of controlling 1tasks i s  subj ect to 
consi derable vari ation . The most signifi­
cant choice among the options avai lable is 
the choice between single-task and multi­
task control . 

No more than one task can exist in the 
singl e-task environment . On the other 
hand, several ta sks may coexi st in the 
multi tas k  environment and compete for 
availabl e resources on a priority basis . 

Since both environments have to do with 
task control ,  a program that is written for 
the single-task environment and follows 
normal systems conventions wi ll work equal­
ly well in the latter environment . 

SINGLE-TASK OPERATIONS 

In a single- task environment , the job 
s cheduler operates as a 1:ask which uses a 
task control block that entered the system 
when the system was initiali zed . Each job 
step is executed as part of this task. 

The task so defined is the only task 
that wil l  exist in the system and so can 
have al l available resources . Its program 
can have a simple , ovE�rlay , or dynamic 
serial structure - one 01: more load modules 
may be required . 

The control program must first fetch the 
load module named in the EXEC statement . 
To do so it : 

1 .  Finds the program , using the program 
name . 

2 .  All ocates main storage space according 
to the program size and loading attri­
butes stated in the library directory 
entry for the load module . (The load­
ing attribute is specif ied by the 
programmer as input to the linkage 
editor run that produces the load 
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module . It is discus sed further 
below. ) 

3 .  Loads the program into main storage , 
relocating it as part of the proces s .  
This function i s  performed by program 
fetch. 

Three loading attributes may be named in 
a linkage editor run .  For convenienc e ,  all 
three are discuss ed below , although the 
third option , scatter loading , is never 
avai lable for single-task operations : 

1 .  If block loading is specified ,  the 
entire load module is placed in a 
contiguous main storage area . 

2 .  If overlay loading i s  specified, suf­
ficient contiguous main storage is 
reserved to contain the longest path 
in the planned overlay program . How­
ever , only the root segment is ini­
tially fetched . 

3 .  If scatter-loading is specified , the 
control program loads the entire load 
module , but not neces sarily in con­
tiguous main storage locations . This 
has no effect on program execution . 
The scatter-loading capability allows 
load modules to be split according to 
contro l section boundarie s .  Even with 
the scatter-loading attribute , a load 
module will be block- loaded in the 
following instances : 

• The control program does not have 
scatter-loading capability . 

• There is a single main storage 
area large enough to contain the 
entire load module . 

In no case will a single control 
section be split . 

Once the load module (or root segment , 
in the case of overlay) is available in 
main storage , control is passed to the 
entry point associated with the module 
name . Logical flow of control thereafter 
is as explained in "Program Design and 
Preparation . "  If the load module fetched 
is the first subprogram of a serial dynamic 
program, then the subsequent load modules 
required are fetched in the same way as the 
first, with one exception : if the needed 
module is reusable and a copy is al·ready in 
main storage , that copy will be used for 
the new requirement . 

Control program routines are handled in 
much the sam� way as user routines . 

Some of the control program routines are 
resident in main storage at all times . The 
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first-level interruption handlers are exam­
ples . Other control program functions are 
called i nto main storage upon demand ; these 
are termed transi ent control program rou­
tines . An example is the routine associat­
ed with the OPEN macro-instruction .  When a 
control program transient routine has com­
pleted its functi on , it remains in storage 
until the storage space is required for 
some other use. 

If a transient routine is in storage , 
and i s  called , the control program will use 
it directly without going through the find­
allocate-fetch process , since such 
transient routine s are reenterable . 

When a task is completed (normally or 
abnor�l ly) , control is returned to the 
superv1sor . The supervisor , recogni zing 
the end condition, reports back to the job 
s cheduler that the job step is complete . 

ACTUAL FLOW OF CONTROL 

The single-tas k control program provides 
for normal interruption handling , and hence 
provides for over lapped operation between a 
task and other asynchronous operations sup­
ported by the hardware ,  such as 
input/output and interval timer operations . 
The programmer is not concerned with the 
actual f low of control as a result of 
interruption handling , other than as a way 
to better understand the environment in 
which hi s program will be executed . 

This actual flow of control is illus­
trated in Figure 3 6 .  Control passes to the 
supervisor by any interruption allowed by 
the hardware design ,  and is returned by the 
load program status word (LPS� 
instruction .  

Interruptions may b e  caused by a super­
visor call instruction in the user ' s  pro­
gram . Such instructions are requests for 
some form of supervisory service, such as 
starting an input/output operation , which 
usually requires the execution of one or 
more privileged instructions .  No matter 
what source language is originally used ,  
the only way of obtaining such services 
while the task is bei ng performed is by use 
of supervisor cal l s .  

All other interruptions take place unex­
pectedly as far as the user ' s  program i s  
concerned. Although program and machine 
interruptions may be caused by th.e execu­
tion of an instruction in the user ' s  pro­
gram, the programmer cannot normally pre­
dict when such an interruption will occur . 
Input/output and external interruptions are 
entirely asynchronous with the execution of 
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the user ' s  programs . A s  a consequence ,  
control will pass back and forth between 
the user program and the control program at 
all interruptions .  This actual flow of 
.control is something that is entirely tran­
'sparent to the user ' s  program ; that i s ,  the 

. jprogram is unaware of the actions taken . · 

User 's Program Area 

S IMPLE 

SAVE 

R ETUR N 

Supervisor Area 

I nterruption 
Hand ler 

Figure 3 6 .  Actual Flow of Control 

MULTITASK OPERATION 

All task management functions des cribed 
for single-task operations apply equally 
well for multitask operations . Each job 
step is executed as a task . The manner in 
which this takes place , which has been 
touched on in its various aspects in 
preceding section s ,  is illustrated in Fig­
ure 3 7 . Named load modules are either 
reus ed (if they are in storage and 
reusable) or new copies are fetched . 

: Interruptions are transparent to the user 
programs . As a re sult , programs following 
system conventions that are written for a 
single-task environment work equally well 
in multiple-task environments .  However , 
cons iderably more is required of task man­
agement when many tasks compete in request­
ing system facilities . The manner in which 
these requests are handled is described in 
the following paragraph s .  

The goal of the control program is to 
effectively isolate each job step from the 
others , and at the same time allow tasks to 
share system facilities where it i s  advan-

· tageous to do so . 

Whether or not individual programs use 
· multitask facili ties , such as certain 
macro-instructions whi ch create new tasks 
or which synchronize multiple tasks , the 

: installation can benefit in a number of 
· ways from having a multitask control pro­

gram . One of these benefits is concurrent 
· operation of input readers and output writ­
: ers which improves turn-around time for a ll 
· jobs , and allows special handling of high 
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Figur e 3 7 .  Job Step-Task Relati onship 

priority jobs . Another is that multi job 
initiati on by the job scheduler i s  made 
pos sible , which a llows two or more jobs to 
be under way at the same time . 

A more direct benefit of multitask oper­
ation i s  simpli fied program design . Indi­
vidual programs (or subprograms of complex 
programs) need not be as carefully planned 
to ba lance processing time with 
i nput/output time to gain efficient opera­
tion . An individual program may be rather 
ineff ici ent if run alone , but in a multi­
task operation it s waiting t ime can be used 
eff ectively to process other tasks . This 
is parti cularly important in programs which 
spend a relative ly high proportion of t ime 
in seeking re cords in di rect-access 
storage ; for example ,  inventory programs in 
whi ch transaction or inquiry records are 
received by the computer directly f rom 
remote terminals . The i nventory may be , 
f or example , of parts a·vailabl e ,  savings 
d epos its balances , or airline s eats avai la­
ble . S ince a rapi d res ponse (updating 
master files or replying to the remote 
terminal) is required , mas·ter files must be 
on di rect-access devices . Each incoming 
message must be processed by a program 
which in turn depends on direct-access 
s torage retrieva l . In such appli cati ons , 
each mes sage can be processed by a separate 
task , many messag es can be processed con­
currently ,  and the s eeks can be effectively 
overlapp ed .  

TASK CREATION -- ATTACH 

Ta sks are cr eated as a result of three 
different actions . These are : 

• The operator performing the initial 
program loading operation , or using 
commands that start components of the 
job scheduler . 

• The EXEC j ob control statement defining 
a job step , whi ch in turn becomes a 
task to be executed . 

• The ATTACH macro-instruction within a 
us er ' s  program calling for creation of 
a subtask . (Like a subprogram , a sub­
task generally noti fies the higher­
level task that created it of its 
compl et ion . )  

The mechani sm used in all of these 
situations except initial program loading 
is the ATTACH macro-instruction .  The only 
diff erence is whether the ATTACH is i s sued 
by the control program or by a user-written 
program . (There are one or two other 
special cas es in which the control program 
may issue the ATTACH as an indirect result 
of a service request, but these cases are 
of less importance in program design . They 
are in the QTAM access method and the SEGLD 
macro- instruction . )  

Figure 3 8  shows the most elementary 
si tuation that could exi st after initial 
program loading , and before any input 
readers have been started by the operator . 
This assumes that the user has chosen to 
have all input readers started and stopped 
under operator command .  The master s chedu­
ler task exists in the system at all times . 

F igure 3 9  shows the situation after the 
operator has started one input reader , the 
initiator , and one output writer , and after 
the f irst job step has been initiated . 
F'our of the five tas ks are performing j ob 
management functions . The dotted lines 
show subtas k  relationships . 
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Control Program Tasks 

TCB 

Master 
Schedu l er 

Processing Program Tasks 

( None ) 

Figure 3 8 .  Situation Immediately 
Initi al Program Loading 

After 

Fi gur e 4 0  shows the s ituation that 
exi sts after three j obs have been initiated 
to run s imultaneously . The task created by 
j ob 1 , step 1 (A) is shown with two 
subtasks that it ba s attached (B 1 and B 2) • 

One of these subtasks bas attached its own 
subtask (C) • 

TCB 

Control Program Tasks 

....­/ 
// - - - - - - -

/ .... ....-

/ /  ,// ;' / / /'  

--

The control program , in controlling the 
sharing of facilities between tasks , does 
not differentiate between control program 

! tasks and processing program tasks as such . 
It exercises control on the basis of ta sk 
priority and storage protection key , and 

: allocates system resources among all tasks 
· according to the general rules described in 
the following paragraphs .  

RESOURCE ALLOCATION 

Many system resources are demanded by 
competing tasks . Even in a single-task 
control program, some resource allocation 
is necessary . In a multitask control pro­
gram , many system facilities are treated as 
resources subj ect to control and 
allocation. 

In situations where there are conflict­
ing demands , the control program resolve s 

Processing Program Tasks 

. , TCB 

Master 
Scheduler 

Reader Writer I nitiator 

Figure 3 9 .  Situation With Reader , Writer , Ini tiator , and One Job Step 

Control Program Tasks 
TCB 

J ob 1 
Step 1 

A 

Job 1 
Step 1 

c 

User Program Tasks 

TCB 

Job 2 
Step 1 

Job 1 
Step 1 

B2 

Figure 4 0 .  Situation After Initiating Three Concurrent Jobs 
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the conflicts , allocates resources , and 
gets work accompl ished . 

Tasks As Us ers of Resources 

Re sources are assigned to tasks . As a 
result ,  the control program can keep track 
of all a llocation s ,  and ensure that resour­
ces are freed, when appropriate , upon task 
completion . Rele asing resources , especial­
ly upon abnormal end-of-task conditions , is 
essential for nonstop sys tem operation . 

Some of the system ' s  resources may be 
allocated immediately , but in other cas es , 
a task may be forced to wait until the 
current user of the resou rce frees it . In 
cases where several tasks are waiting . for 
the same resource , queueing takes place . 
(The queue is made up of control blocks 

that directly or indirect ly point back to 
the requesting tasks . )  When the resource 
becomes availabl e ,  it is given to the 
ranking member of the queue , whose rank was 
determined by task priority , sequence of 
entry into the queue , the specif ic reque$t , 
or some combinati on .  

Each system resource is controlled by a 
different part of the control program ,  
these parts being collectively termed 
resource managers . Figure 4 1  illustrates 
the logi cal relationship that exi sts 
between tas ks in the system and the 
resource managers that manage queue s .  

The queue concerned with the central 
proce ssing unit i s  composed of task control 
block s ,  and is called the task queue. The 
central processing unit time •manager• is a 
part of the supervisor called the task 
dispatch er . When the taf3k dispatcher is 
given control ,  it i ssuef3 the load program 
status word (LPSW) instruc�ion that pas ses 
control to the task of highest priority 
ready to use the central processing unit . 

The task queue consists of all task 
control blocks 1n the system, ordered by 
priority . Each t ask control block i s  con­
sidered to be in either the ready or wait 
condition. A • ready task" can make immedi­
ate use of central processing unit ; a 
•waiting task" c annot . If a task i s  wait­
i ng ,  it means that some ev�nt must be 
completed before the task will again be 
ready to use the control proces sing unit , 
f or example , the completion of an 
input/output operation . 

Tasks are pl aced in the wait condition 
whenever they cannot proceed further .  The 
need to wait is stated explicitly by means 

of the WAIT macro-instruction , or implicit­
ly as a condition of system macro­
instructions . A typical implied wait is 
that included in the GET macro-instruction . 
GET requests that the next sequential input 
record be made avai lable to the program . 
If the next record is already in a buffer 
area of main storage ,  the record is 
supplied immediately , and the control pro­
gram is not involved; no WAIT takes place . 
If , however , the record is not yet in main 
storage , a WAIT i s  i s sued automatica lly , 
and the task is delayed until the record is 
read and can be supplied. 

Figure 4 1  shows four tasks in sequence 
by priority . Task A is waiting for two 
events , ta sks B and C are waiting for one 
each , and task D i s  not waiting . In this 
illustration , D is the only one ready ; 
therefore , it i s  the a ctive task using the 
central processing unit . Each time an 
awaited event takes place , the completion 
is • posted " in a designated communi cation 
area , called an event control block (ECB) • 

The WAIT ,  POST , and event control block 
relationship is di scuss ed in more detail 
under " Event Synchronization . • 

The wait condition applies to tasks in 
the ta3k queue , and does not mean that the 
central processing unit itself has been 
placed in a hardware waiting state . Howev­
er , all the tasks in the system must be in 
a wait condition before the supervisor 
places the central processing unit in a 
wait condition . 

One action i s  common to the management 
of all resources -- when use of a resource 
is completed , that fact is signalled by an 
interruption . The interruption causes con­
trol to be seized from the currently active 
task , and routed to the appropriate 
resource manager . The resource manager may 
now reallocate the resource and place a 
waiting task in the ready state if all of 
its requirements are met . In the example 
(Figure 4 1) , task A becomes ready after 

both of its resource requests are 
completed . At that time it displaces D as 
the active task , and continues from the 
instruction following the WAIT.  When no 
higher priority tasks are ready , D resumes 
execution where it had been interrupted 
unaware that its operation had not been 
continuous .  

Resource queue elements are created only 
by active tasks . Similarly , tas� control 
blocks representing s ubtasks are created 
only by active tasks as a result of the 
ATTACH macro-instruction . Tasks can wait 
for the completion of subtasks , j ust as 
they wait f or completion of other events .  
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Task Q ueues 

Q ueued Tasks : 
D 

_. c B 
PR = 3 PR = 4 PR = 1 0  

W ( 1 )  W ( 1 )  

Q ueued Resource Requests : c 

Q ueued Resource Requests : B 

Figure 4 1 .  Resource Queues 

Passing Resources to Subtasks 

When subtasks are attached within a job 
step , they share some of the system re­
sources ass igned to the attaching task . 
The res ources that are passed or shared , 
are : 

• Storage protection keys . 
• Main storage areas . 
• Seri ally reusable programs , if not 

a lready in us e .  
• Reenterable programs . 
• Data sets , and the devices on which 

they res ide .. 

Data sets to be used for a j ob step are 
initially presented to the job s cheduler by 
DD statements . When the job scheduler 
creates a task for the job step, all such 
data sets are available to all load modules 
operating under the task. They may OPEN 
and CLOSE ,  store and retrieve , with no 
restriction other than heeding data set 
boundari es . 

When a task attaches a subtask , it may 
pass the location of any data control block 
to the subtask. Using this , the subtask 
has equal acces s to the data set .  When a 
j ob s tep is termi nated , all data sets are 
automati cally clo sed. However , when a sub­
task that has been given the location of an 
open data control block is closed , no such 
automati c closing of data sets takes place . 
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A Manager of 
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A Manager of 
Resource Alpha 

A Manager of 
Resource Beta 

EVENT SYNCHRONI ZATION 

WAIT and POST Macro-Instructions 

Event synchronization is the delaying of 
task execution until some specified event 
occurs . The synchronization has two 
aspects : 

• The requirement for synchroni zation is 
stated explicitly by the WAIT macro­
instruction , or is implied by use of 
certain other macro-instructions . 

• After the event ha s occurred , notice to 
the requesting task is given so it can 
proceed past the WAIT point . 

The notif ication required is performed 
by the POST macro-instruction .  When the 
event is known to the control program (for 
exampl e , the completion of a read 
operation) , the control program issues the 
POST . If the event is known only to the 
user ' s  program , the user ' s  program must 
i s sue it . 

As an example ,  the function of both 
tasks A and B in Figure 4 2  is to compute 
some value , di splay it , and then proceed ; 
the display of task A must precede that of 
B. Task A displays first , then issues the 
POST ; task B waits for A, then di splays its 
result . 



( Ca lcu late ) 
D I SPLAY 

POST 9_____. ( Ca lcu late ) 
WAIT  

D ISPLAY 

Figure 4 2 .  Intertask Synchroniz ation . 

A ta sk may make several dif ferent 
requests and then wait for any number of 
them . For exampl e ,  a task may specify by 
READ , WRITE , and ATTACH macro-instructions 
that thr ee asynchronous functions are to be 
performed . However , as soon as two of them 
have been complet ed , it is to be placed in 
the rea dy condi tion . When each of these 
requests is made initially to the control 
program, the location of a one-word event 
control block (ECB) is also stated . The 
event control . block provides the basic 
communication between the task i ssuing both 
the orig inal requ ests and the subsequent 
wai t ,  and the pos ting agency (in this case , 
the control program) • When the WAIT macro­
instruction is i ssued , the parameters 
supply the addr esses of the event control 
blocks corresponding to the requested s er­
vices . Also supplied is a wait count that 
specifie s how many of the services (events) 
are required before the task is ready to 
continue . 

When an event occurs , the f ollowing 
takes place : 

• A •complete f lag " in the appropriate 
event control block is set by the POST 
macro-instruction . 

• A wait count test is made to see if the 
number of compl ete flags satisfies the 
wait conditi on , and hence if the task 
is ready . 

• A " post code• specified in the POST 
macro-instruction is also placed in the 
event contro l block .. The post code 
gives additional information regarding 
the manner in which the completion 
occurred . 

After the tas k has again been . given 
control , the programmer can determine what 
events did occur , and in what manner . He 
does this (with instructions following the 
WAIT ma cro-instruction) by testing each 
event control block . 

Many requests for services may result in 
waits that are of no concern to the pro­
grammer -- for exampl e ,  GETMAIN, GET , and 
PUT . In these cases , event control blocks 
and wait specifications a1�e handled entire­
ly by th e supervi sor or by accessing rou­
tines . 

The programmer i s  responsible for clear­
ing event control blocks before each use . 
It i s  imperative that the event to which an 
event control block pertains has occurred 
before it i s  reused. 

Programmers intending to make use of the 
event synchroni zation facilities will find 
the following example helpful . 

A READ macro-instruction within program 
SYNCH is followed by a wait for the comple­
tion of the input event . Figure 43 shows 
the situation immediately after the READ . 
The event control block required for the 
operation is located in a main storage area 
belonging to the task .  Its address , 
8ECBA• , was specif ied in the READ ( 1 ) . The 
appropriate resource manager , the 
input/output supervisor , has queued the 
READ request and has placed the address 
ECBA in the queue element (2)  • 

TCBA SYNCH I nput/Output 

R EAD· · · ECBA · · · 

ECBA .... I _____ ___, 

Figure 4 3 . Situation After READ 

Figure 4 4  shows the situation at the 
time the WAIT macro-instruction is 
executed . In this example ,  the READ opera­
tion has not yet been concluded . The WAIT 
macro-instruction ' s  parameters point to the 
event control block location , and state 
that only one event is needed to satisfy 
the WAIT .  The supervisor , as a result of 
the WAIT ma cro- instruction , performs these 
actions : 

• �laces the task control block address ,  
• TCBA " ,  in the event control block ( 1 )  , 
and sets a single bit indicator (the 
"wait bit • )  in the event control block 
to 1 ,  meaning that a task is waiting 
for the event to take place . 

• Sets a 1 in the wait count indicator in 
the ta sk control block to show the 
number of events being awaited (2) • 

• Flags the task control block as being 
in the wait condition ; therefore , its 
task is no longer eligible to us e the 
central proces sing unit. 
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• Pass es control to the next ranking 
ready task on the queue . 

TCBA 

Input/Output 
READ · · ECBA · • · Supervisor 

WAIT 1 ,  ECBA 

Q ueue E lement 

EJ 
Figure 4 4 .  Situation After Execution of 

WAIT 

Figur e 4 5  shows the situation at the 
time the input/output operation is complet­
ed, when the input/output supervisor per­
forms the POST function. The following 
then takes place : 

• The event control block is located from 
the address ECBA in the queue element 
in the input/output supervi sor queue 
( 1 ) , and another bit , "the complete 

bit , " of the event control block is set 
to 1 .  

• The wait bit in the event control block 

ECBA 

SYNCH 

READ . .  • ECBA . . . .  

WAIT 1 ,  ECBA 

'6 .] 3: Q) 
0.. 5 
u 

is tested to see if a task is waiting . 
In thi s case , it is , so the task 
control block wait count is decremented 
by 1 (2) • 

• The post code specified in the POST 
macro-instruction replaces the address 
of TCBA in the event control block. 

• The wait count in the task control 
block is now 0 ,  so the task is placed 
in the ready condition , eligible to 
compete on a priority basis for centra l 
process ing unit time . As soon as there 
are no higher priority ready ta sks , 
execution continue s .  

In the preceding example , the program 
reached the WAIT macro-instruction before 
the requested input/output operation was 
completed . If the input/output operation 
had been completed first , the complete bit 
and post code would have been set , and the 
program would have proceeded without any 
supervisor call interruption . 

Enqueue (ENQ) and Degueue (DEQ) 
Macro-Instructions 

The form of event synchronization des­
cribed , which employs the wait and post 
functions , is used in the management of 
resources by the supervisor . When a task 
requests a system resource , a control block 
associated with the task is placed on the 
appropriate resource queue ; the task may 
have to wait until the resource is availa­
ble .  When it is available , the supervisor 
notifies the task by posting . 

Another form of event synchroni zation is 
possible , which allows • cooperating • tasks 

I nterrupti on 

Figure 4 5 . Situation at Completion of Input/Output Operation 
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to shar e certain resources defined by the 
user in much the same way . The resources 
that can be controlled in this way are 
called • serially reusablE! . • 

The i dea of serial reusability (brought 
out in the discu ssion of serially reusable 
programs) , may be applied to a l arge varie­
ty of f acilities . Thei.r common charac­
teristic is that each may be used by all 
tasks that are associated with the same job 
step, but only one task may use them at one 
time . For exampl e ,  the facility may be a 
table that has an entry with the value of 
1 00 .  One task is to increment the value by 
1 0 ,  a second by 2 0 .  I f  the two tasks have 
concurrent acces s to the table , the f irst 
task may store 1 1  0 ,  and t.he s econd task may 
store 1 2 0 .  The correct end value should , 
however , be 1 30 .  

I f  the programmer wants to control 
acces s  to such a facility, he may create a 
queue of all task s requiring a ccess , and 
limit a ccess to one task at a time . Speci­
fically ,  in the cas e of serially reusable 
programs , he may want to queue tasks 
requiring such a program, instead of allow­
ing the control program to fetch copies of 
it if the one in main storage is in use . 

Queueing capabilities are avai lable in 
the form of the two :macro-instructions 
enqueue (ENQ) and dequeue (DEQ) • When 
ENQueue is used , a task will wait if the 
facility is in us e ;  when DEQueue is used 
(after the task comple·tes its use of the 

facil ity) , it wil l  notify the first waiting 
task so that the facili·ty can again be 
used. 

The enqueue ma cro-instruction (ENQ) pro­
vides the means by which concurrently oper­
ating tasks can be preven·ted from interfer­
ing with each other while using common 
data , or competing for a :Eacili ty that can 
not be shared . The natu:re of the facility 
is known only to the tasks that require it , 
and i s  of no concern 1to the operating 
system. All that the operating system 
needs is a queue control block that is 
provided by the programmer . When 
speci fied , ENQ causes a request to be 
placed in a queue associated with the queue 
control block . A check i s  then made to see 
if the • busy indicator• in the queue con­
trol block is on . If it is on , the 
serially reusabl e facility cannot yet be 
used, and the task i ssuing the ENQ is 
placed in the wait condition until its turn 
comes . 

If the busy indicator is not on, the 
task issuing the enqueue is f ree to use the 
f acil ity and will proceed to do so . Its 
queue element b ecomes f irst in the queue , 
the busy indicator i s  turned on (to block 

later requests) , and control is returned to 
the task. 

When the task has finished with the 
faci lity ,  it must make it available to any 
other tasks that may be waiting for it . 
The dequeue (DEQ) macro-instruction i s  pro­
vided for this purpose. It causes the 
task ' s  queue element to be removed , and the 
first of any pending queue elements to be 
activated ; the busy indicator is set 
appropriately and the next pending request 
i s  satisfi ed by posting the appropriate 
waiting tas k .  

TASK PRIORITIES 

In a multitask operation ,  competing 
requests for servi ce or resources must be 
resolved . For example : two or more job 
requests (i . e . , sets of job control state­
ments not yet acted upon) are available on 
the input work queue; two or more requests 
for use of a channel and control unit to 
gain access to an input/output device 
appear on the corresponding resource queue ; 
two or more tasks in the ready state appear 
on the task queue , etc . In all of these 
situations the control program must decide 
what is to be done first. In some cases , 
choi ces are made by considering hardware 
optimization , for example ,  servicing 
requests for access to a disk in a fashion 
that minimi zes disk seeking time . In most 
cases , however , the system relies upon a 
priority number provided by the user. 

The user can best decide the priority 
criteria . He may combine in his selection 
such factors as the identification of the 
job requestor , response time requirements 
in teleprocessing appli cations , the amount 
of time already al located to a task , or the 
length of the time that a job has been in 
the system without being processed. 

The result of such considerations is a 
priority number ranging from 0 to 1 4  in 
order of increasing importance . 

I nitia l priorities are specified on j ob 
statements and aff ect the sequence in which 
j obs are selected for execution . The oper­
ator is free to modi fy such priorities up 
to the time that the j ob is actually 
selected . 

Further changes to priorities may be 
made dynami cally by the change priority 
(CHAP) macro-instruction , which allows a 

program to modify the priority of either 
the active task or of any of its subtasks . 
Controls are available to prevent unauthor­
i z ed modi fication . The controls operate in 
the following way. 
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When the job s cheduler initiates a job 
step, the current priority of the job 
(which may have been set by the operator) 

is used to establ ish a dispatching priority 
and a limit priority. The dispatching 
priority is used by the resource managers , 
where applicable , to resolve contention for 
a resource . The limit priority , on the 
other hand, serve s only to control dynamic 
priority ass ignments . 

Each task is free (by use of CHAP) to 
change its dispatching priority to any 
point in the range between z ero and its 
limit . Furthermore , when a task attaches a 
subta sk , it is free to set the subta sk ' s  
dispatching and limit priorities at any 
point in the rang e between zero and the 
limit of the attacher . However , the 
subtask ' s  dispatching priority � be high­
er than that of the attacher (although not 
higher than its own limit) . For example , 
if task A, with limit and dispatching 
prioriti es both equal to 1 0 ,  wants to 
attach subtask B with a higher relative 
dispatching priority than itself , it may 
proceed as follows : 

1 .  Task A use s CHAP to lower its own 
dispatching priority to 7 .  

2 .  Task A attaches B with limit and 
dispatching priorities both equal to 
8 .  

La stly,  a task may change the dispatch­
ing priority of any of its subtasks , so 
long as it does not exceed the higher level 
task ' s l imit . Care should be exerci sed ,  
for i f  the new dispatching priority is 
higher than the s ubta sk ' s  limit priority , 
the subtask ' s  limit will be changed accord­
ingly . For example , suppose A has a limit 
priority of 1 0 , and attaches a subtask B 
with a limit priority equal to 8 .  A CHAP 
macro-instruction may be issued under task 
A which specifies that B ' s  dispatching 
priority should be 9 .  Since 9 is less than 
A ' s  l imit , the request is valid. Since 9 
is greater than B ' s  limit , the limit prior­
ity of B will be changed to 9 as well as 
the dispatching priority. 

Ta sk prioritie s are used as criteria for 
temporary suspens ion of low priority tasks , 
called roll-out , in case sufficient main 
storage space i s  not availabl e .  This is 
des cribed further under •Main Storage Allo­
cation. • 

Job priorities (the original priorities 
when ta sks are i nitiated) are also used by 
the j ob scheduler ' s  output writers to esta­
bli sh the sequence of output printing , 
punching , and s imilar functions speci fied 
in the j ob control statements . 
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I t  i s  expected that most installations 
wi ll use only three l evels of priority for 
batch-process ing j obs in the normal input 
j ob stream. Normal work will automatically 
be assigned a median priority (as selected 
at system generation time) • A higher num­
ber will be used for urgent jobs , and a 
lower one for • t il lers • or deferred work. 

TASK TERMINATION 

Normally ,  programs s ignal completion of 
their execution by either RETURN or by 
XCTL , as described earlier . In the case of 

RETURN , one of the general registers 
(cal led the return code regi'Ster) i s  used 

to transmit a return code back to the 
caller . If the program at the highest 
control level within the task executes a 
RETURN , the supervisor treats it as an 
automatic end-of-task signal . The return 
code at task termination may be inspected 
by the attaching task . In particular ,  it 
is used by the job scheduler to evaluate 
the condition parameters in job control 
statements . 

In addition to the normal RETURN proce­
dure above , any program operating on behalf 
of a task can execute an abnormal end 
(ABEND) ma cro-instruction to discontinue 

task execution . Two cases may exist , 
depending on whether or not the terminating 
task has created a subtask which is still 
active . The situation with no subtask is 
illustrated in Figure 4 6 .  At (1)  task A is 
attached by the job scheduler . At (2) an 
unusual condition is recognized ,  and ABEND 
is executed . The supervisor immediately 
takes any special termination action 
requested by the ABEND macro-instruction , 
such as caus ing a dump , and passing a 
completion code (a parameter of ABEND) to 
the attaching task to be recorded with key 
control areas in the supervisor . All re­
sources of the task are released, except 
the task control block itself , and the 
event control block of the attaching task 
which is posted. At (3) the 
initiator/terminator proceeds with any ter­
mination procedure necessary , such as dis ­
position of data sets and releas e of 
input/output resources . It then issues a 
DETACH ma cro-instruction , which is a 
request to the supervi sor to eliminate the 
task control block from the system. 



TCB 

Task for Job Schedu ler 
lnit iator/T erminator 

ATTACH A 

WAIT 1 ,  ECB 

EC B 

* 
DETACH A --1---

3 

* Supervisory Actnon 

A 

SAVE 

ABEND 

RETURN 

• D ump 
• Re l ease Task A's 

Resources 
• POST ECB 

Figure 4 6 . Abnormal Termination of a Task 

If a task encountering an unusual condi­
tion had created a subtas k, and the subtask 
had not yet finis hed normally , the supervi­
sor action woul d be slightly di ff erent . 
This situation is illustrated in Figure 4 7 .  
At ( 1 ) in the execution o f  task A,  subtask 
B i s  created , but not completed . At (2) an 
unusual condition in A results in the 
execution of an ABEND macro-instruction .  
The supervisor , prior to performing the 
termination act ions discussed in the 
preceding exampl e ,  causes an ABEND and 
DETACH for task B ,  thereby eliminating all 
traces of B from the system , including B ' s  
task control bl ock. Then termination 
action is taken for A. At (3) , the 
initi ator/terminator executes DETACH A ,  
causing TCB A to be deleted . 

TCB I n i t iator/ 
Termi nator 

ATTACH A 

A 

ATTACH B 

Task termination i s  considered to be 
normal only when all subtasks are complete , 
and have been detached. Abnormal subtask 
termination is possible , however ,  without. 
caus ing termination of the attaching tas k .  

Asynchronously entered o r  def erred sub­
routines were di scus sed in Section 4 ,  
" Program Design and Preparation . •  One of 
the causes for a deferred entry is an 
abnormal end of task . Figure 4 8  illus­
trates how a deferred entry is triggered in 
B by an abnormal end in A .  The conditions 
are s imi lar to thos e of the preceding 
example, except that task B has earlier 
executed a specify task abnormal exit 
(STAE) macro-instruction , identifying a 

subroutine TERM to be executed in the event 
of any abnormal termination . 

At ( 1 )  , task A is attached by the 
initiator/terminator. At (2) during the 
execution of A ,  subtask B is created . At 
(3) during the execution of B ,  the STAE 

macro-instruction is encountered , which 
pl aces a flag in the task control block for 
B, indicating that subroutine TERM is to be 
entered , to perform some post-mortem 
action , in the event that B terminates 
abnormally. At (4) , during the execution 
of A and before the normal termination of 
B, an ABEND is executed . The supervisor 
recogniz es the flag in task control block B 
(5) , and at the point (6) pas ses control to 

TERM . The post-mortem routine continues to 
completion, then returns to the supervisor 
at (7) • The supervi sor terminates both B 
and A ,  as in the previous example , and 
posts completion of A so that the 
initiator/terminator can execute a DETACH . 

Supervisor 
WAIT  ECB 

ABEND --+---< 2 * ABEND B 
DETACH B 
Terminate A 
POST ECB DETAC H  A 

Delete TCB A 

* Supervis<lry Action ....__ ___ _, 

Figure 4 7 .  Abnormal Termination of a Subtask 
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TCB 
In it iator/ 
Terminator 

ATTACH B 

ABEND ----+---! Suspend processing 
in A and B; give 
control to TERM 
routine in B 

Prepare Exit i n  
4------+--------- TCB B 

TERM 

RETURN ----+--! 

* Supervisory Action 

Terminate B 
D ETACH B 
Terminate A 
POST ECB 

Figure 4 8 .  Deferred Exit at Abnormal End of Task 

MAIN STORAGE ALLOCATION 

One of the important functions of the 
supervisor is the control and allocation of 
ma1n storage space. This is done dynami­
cally , when it is demanded by a task or the 
control program i tself . The basic alloca­
tion procedures , which apply in both single 
and multitask e nvironments , are discussed 
in the following paragraphs . This is fol­
lowed by a discus sion of the procedures for 
multi tas k operati on . 

The only part of storage that i s  stati­
cally allocated i s  that used by the control 
program on a resi dent basis . The size of 
thi s area is s et at the time of system 
generation , and the control program nucleus 
fills it at the time of initial program 
loading . All other main storage areas are 
allocated dynamically , that i s ,  on request . 
The bas i c  request mechanisms have both been 
mentioned previou sly . They are : 
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• Impl icit . An implicit request is gen­
erated internally within the control 
program , because of some other control 
program service . An example of the 
implicit request is LINK , in which the 
supervisor f inds a program , allocates 
s pac e ,  and fetches it . 

• Expl icit . The GETMAIN or GETPOOL 
macro- instructions may be used in any 
u ser program . These are requests for 
a ssi gnment of additional main storage 

areas , the locations of which are sup­
plied by the supervisor to the problem 
program . The GETPOOL macro-instruction 
is used in con junction with the 
system ' s data management f acilities . 

Procedures are also supplied for dynamic 
release of main storage areas . The areas 
may be released automatically when the task 
is completed. They may also be released 
during execution, either impli citly or 
expl icitly. Impl icit release may take 
place when a program is no longer in use ,  
a s  signaled by RETURN , XCTL , o r  DELETE . 
Explicit release i s  requested by the FREEM­
AIN or FREEPOOL macro-instructions . 

Explicit allocation by GETMAIN can be 
for fixed or variable areas , and can be 
conditional or unconditional : 

• Fixed area . The amount of storage 
requested is explicitly g iven . 

• Variable area . A m1n1mum acceptable 
amount of storage i s  specified, as well 
as a larger amount preferred. If the 
larger amount is not availabl e ,  the 
supervi sor wi ll respond to the request 
with the large st available block not 
less than the stated minimum . 

• Conditional .  Space is requested if 
avai lable , but the program can proceed 
without it . 

• Unconditional . The task cannot proceed 
without the requested space . 



· MAI N  STORAGE ALLOCATION IN A MULTITASK 
ENVIRONMENT 

Since main storage is shared in a multi­
task environment , several factor s should be 
consi dered when reserving space . To allow 
for effective use of spac e ,  the programmer 
should generally not , during assembly or 
compi lat ion , reserve lar�Je blocks of main 
storage that are infrequently - used. Such 
blocks should be obtained and released 
dynamica lly . Work areas for reenterable 
programs must be obtained dynamically �r 
passed by the higher level program as 
previous ly described) • 

' 
On the other hand , since ·each dynamic 

request takes some supervisor time to make 
and a ccount for the allocation , requests 
for dynamic allocation and release of stor­
age should genera lly not be repeatedly made 
for very small ar eas . 

A number of additional storage consi der­
ations are : 

• Storage protection between different 
tasks . 

• Storage protection boundarie s .  
• Need t o  pass o r  share storage areas 

between related tasks . 
• . Potential for noncontiguous main stor­

age areas , and the possible use of 
scatter loading . 

• Task prioriti es , and the potential need 
to clear storage areas so a high prior­
ity task can proceed . 

These considerations form the basis for 
the storage allocation methods used by the 
multitask supervi sor . 

STORAGE PROTECTION AND PROTECTION 
BOUNDARI ES 

System/ 3 6 0  protects blocks of 2 04 8  (2K) 
bytes of main storage .  E:a.ch block can be 
given ·a storage key in the range of 0 to 
1 5 . The operating system ' s supervisor 
areas are assigned key 0 7  the remaining 
keys are assigned to tasks created by the 
j ob s cheduler . All of t.he tasks created 
from the same j ob step are given the s ame 
key . 

Storage protection is a vital element in 
multitask operations . Undebugged programs 
may be tested at the same time production 
work is being run . Production programs can 
contain undetected errors that are not 
exposed until some peculiar combination of 
conditions is pre sented .  The storage pro­
tection feature contains the effects of 
such conditions as much as possible , speci-

fi cally within the boundaries of a single 
job step . When the initiator/terminator 
creates a task from a job step , it gives 
the task a protection key - that it shares 
with its subtasks .  The protection key is 
placed in the program status word when any 
task from the job step is in control of the 
central processing unit . 

Storage areas allocated by the supervi­
sor conform to the 2 K- byte boundari es of 
the protection feature , on the basis of 
subpools . Each job step in the system is 
automatically assigned two logically dif­
ferent subpool s ,  each consisting of one or 
more storage blocks . The f irst of these 
pool s is used to store non-reusable and 
serially- reusable programs from any 
source , and reenterable programs from sour­
ces other than the link library. This pool 
is considered to be unnumbered . The second 
pool , numbered 0 0 ,  is used for any task 
work areas obtained by the supervisor , and 
for filling unnumbered GETMAIN or GETPOOL 
requests . Optionally , requests may supply 
specific numbers , in which case numbered 
subpools are established. Established sub� 
pool s may be added to , deleted from , or 
entirely released. 

The programmer , in requesting main stor­
age areas , normally wi ll not be concerned 
about the effect of the 2K-byte block size . 
Each request is filled by the supervisor 
from any available space within the set · of 
2K-byte blo cks assigned to the subpool , and 
additional blocks are assigned only if a 
large enough space does not exist . 
Requests for space may be made in the form 
of a list of independent requirements , so 
that noncontiguous main storage areas can 
be used to f ill space requests . Thi s  
method i s  used , f o r  example ,  when fetching 
a load module with a scatter- load 
attribute . 

· 

PASSING AND SHARING OF MAIN STORAGE AREAS 

When the h
.
ighest level task of a job 

step (i . e . ,  the ta sk attached by the job 
scheduler) is terminated , all storage pools 
are releas ed for reass ignment . However ,  
when a task attaches a subtask ,  and makes 
avai lable to it storage areas (possibly 
containing data that i s  being passed as 
part of the l inkag� , the release of those 
storage areas after the subtask has .been 
terminated may not be desired . The higher 
level task may still want them . 

To provide for thi s  alternative , pro­
grams may call f or the creation of subpools 
numbered 0 1  or greater . Each such subpool 
may be made available to a subtask at the 
time it i s  attached by passing or by 
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sharing. If a subpool created by a task i s  
pas sed t o  a subtask , termination o f  the 
subtask will re sult in relea se of the 
subpool . If the subpool is shared, termi­
nation of the subtask wi ll not result in 
the release of the subpool. In both cases , 
tasks that " receive " subpools (by passing 
or sharing) may add to them, delet e from 
them, or even rel ease them, in the same way 
as the originating task. 

A subtask that • receives " a subpool may 
in turn pass it or share it with its 
subta sks . Whenever a subpool is passed ,  
the higher level task surrenders a l l  claims 
to it. Indeed , if the task then requests 
additional storag e blocks for the subpool , 
a new subpool i dentified by the same sub­
pool number would be formed . Whenever a 
subpool is shared , the higher level task 
retains a claim to the subpool .  All tasks 
with claims to a subpool must be terminated 
before the subpool is automatically 
relea sed . 

A task may share a subpool with any 
number of subtask s that it attaches � but it 
may not share and pass the same subpool , or 
pass the same subpool more than once. 

Subpool 0 0  ref ers to the same set of 
storage blocks for all tasks in a job step �  
i t  therefore need not b e  pas sed or shared , 
nor i s  it released until the j ob step is 
complete . 

TASK PRI ORITIES AND ROLL- OUT 

In multi j ob systems , the situation can 
arise where two or more job steps are being 
executed , and one of them makes an uncondi­
tional request for additional main storage 
space , either directly or indirectly , but 
no space is available for allocation . This 
situation is handled automatically by the 
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control program in the following way . 
Firs t ,  the control program attempts to free 
main storage space occupied by a program 
that is in storage , but is neither in use 
nor reserved by a task . Failing that , a 
deci sion can be made to temporarily suspend 
the execution of one or more tasks , and 
remove information as sociated with them 
from main storage by writing it on an area 
of a direct- access device or on a magnetic 
tape . It is written in a format suitable 
for fast storage and retrieval . These 
operations of storage and retrieval of task 
information brought about by competing 
demands for main storage space are termed 
" roll-out " and " roll-in . "  

The deci sion to roll out a task or group 
of tasks i s  made primarily on the basis of 
task priority . A main storage demand by a 
high priority task will cause as many lower 
priority tasks to be rolled out as i s  
necessary t o  satisfy the demand . I f  the 
lowest priority task in the system requires 
additional space to continue , it is placed 
in a wait state pending main storage 
avai lability . 

When roll-out takes place , it is on a 
j ob step basi s ,  that i s , all tasks operat­
ing under a single job step are rolled out 
as a group. Roll-in takes place automat­
ically , as soon as the original space is 
avai lable again . The rolled-out group i s  
brought back into storage exactly as i t  was 
at roll-out time , and continues execution 
from where it left off . All input/output 
operations under way at the time of the 
roll-out are completed before the roll-out 
takes place , so that no data i s  lost. 
During the time a task is rolled-out , its 
input/output units are not altered , so that 
repositioning information need not be 
saved. A rolled-out task is not completely 
removed from the system , since its ta sk 
control block remains in a wait status , 
awaiting roll-in. 



The material i n  this and other publi ca­
tions r elated t·o Operating System/ 3 6 0  des­
cribes the fa cilities offered by the 
system. System conventions relate to the 
use of thos e facilities . These 
conventions : 

• Provide standardiz ed methods , particu­
larly for communi cation between rou­
tines within tasks and between tasks . 

• Safeguard the user from using system 
f aci lities in a way that would require 
r evi sion of h is programs if the instal­
lation change s its computing or operat­
i ng system configuration . They also 
help minimize effects of IBM changes or 
extensions of funct.ion to either the 
computing or the operating system .  

Operating Sys tem/3 6 0  does not insist 
that the system conventions be followed , 
although in some cases it may call the 
attention of the user t.o a violation of a 
convention . It i s  recognized that in some 
instances a deli berate violation of a con­
vention is justif iable . 

The co:qventions , descr·ibed in the fol­
lowing paragraph s ,  have to do with : names , 
subprogram linkag es , programs that can be 
shared, communication between tasks , wait 
loops , operator messages , control section 
size , s ource language debugging , character 
sets , volume l abel s ,  and direct-access 
storage addresses . 

The standard f ormat for names is one to 
eight bytes , starting with an alphabetic 
character ,  without embedded blanks . No 
speci al characters are allowed within a 
name . Some variation to this general rule 
is allowed , according to the use that will 
be ma de of the name . For example , COBOL 
language allows f or names written according 
to di fferent rule s than those stated. 

Names may be applied to many different 
items within the operating system. Some 
are of concern only to programmers , but 
others are used by parts of the operating 
system and are of wider interest . Names 
need not be unique within the entire oper­
ating system .  They must be unique , 
however , in the area in which they are 
used . It is important to understand these 
contexts to avoid duplications that could 
cause errors . 

APPENDIX :  SYSTEM CONVENTIONS 

• System Components . These are arbitrary 
groupings used for convenience in 
ordering and distributing programs sup­
plied by IBM .  System component names 
will begin with some letter in the 
range of "A" through " I . "  Letters "J" 
through • z •  will not be used by IBM , 
and are therefore available to us ers .  

• Object Modules .  Each object module 
provided by IBM ,  if named , wil l have 
the same three initial letters as the 
system component of which it is a part . 

• Load Modules . A load module (output 
from the linkage editor) will have a 
primary (program) name , and up to five 
additional aliases , each of which is 
associated with the name of an entry 
point for the load module . Each load 
module is stored as a member of a 
partitioned data set , on a direct­
access storage unit . Load module names 
must be unique within each partitioned 
data set . Load module names need not 
be the same as the names of the obj ect 
modules used to create them . 

• Control Sections and External Symbols . 
Within a load module there will be one 
or more control sections that had been 
defined as part of an object module . 
IBM-written control sections and 
externa l references between control 
sections will use the same initial 
three letters as that used in the 
ob ject module name . 

• Data S ets . Every data set used by the 
operating system will be named at the 
time of use . The name will be declared 
explicitly in most cases , but in some 
instances may be generated internally . 
Reference from the program i s  to a data 
definition name in a DD control state­
ment , which in turn specifies the 
actual data set name to be used . 

Each data set name is made up of a 
simple name which may be preceded by one or 
more qualifiers , as was described in "Data 
Management. " Simple names that are quali­
fied need not be unique . Qualified names 
of data sets that are cataloged , or that 
are on the same volume must be unique . 

All DD statement names used 
control program or IBM- supplied 
translator will start with the 
letters SYS . 

by the 
language 

initial 
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SUBPROGRAM LINKAGE 

A standard procedure for subprogram lin­
kage has been des igned to give the greatest 
possible flexibil ity of use consistent with 
efficient program execution . For greatest 
flexibility of interconnection , all load 
modul es in the system should use the stand­
ard linkage convention for intermodule lin­
kag e .  Each load module should start with 
the SAVE macro and should terminate with 
the RETURN or XCTL macro , or their equival­
ents . 

Subroutine linkage conventions are dis­
cusse d in the publication , IBM Operating 
System/3 6 0 : Control Program Services·. 

PROGRAM SHARING 

Sharable programs are either reenterable 
or serially reusable .  Where pos sible , sub­
programs should be written and designated 
as one of these types . The advantage to be 
gained increases as the number of uses of 
the program increases . 

INTERTASK COMMUNI CATION 

Definite rules are stated for the ATTACH 
macro-instruction , telling what parameters 
can be pass ed, and how . Techniques exist, 
however , which a programmer could use to 
bypas s the supervisor ' s  control and esta­
bli sh direct task-to-task intercommunica­
tion . I t  is strongly recommended that only 
the standard methods be used , because a 
nonstandard approach can cause system s ide 
effects that may be hard to find and to 
correct , particularly if there is any 
change in the supervisor due to new equip­
ment , addition of selectable modules , or 
program updating . 

USE OF WAIT 

The programmer should use the WAIT 
macro-instruction in cases where event syn­
chronization is needed , rather than pro­
gramming a wait loop as has been common 
practice . Wait l oops waste central proc­
essing unit time , and prevent the supervi­
sor f rom allocating resources efficiently . 
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OPERATOR MESSAGES 

A standard format and rules are provided 
for messages to and from the console opera­
tor. All IBM- supplied system components 
that produce operator messages will tag 
each message with a code that will identify 
the component . It is recommended that user 
programs follow a similar identification 
procedure . 

CONTROL SECTION SI ZE 

Where practical to do so, the user 
should divide programs into control sec­
tions that are 4 0 9 6  bytes , or slightly 
less . The reasons are : 

• Address es will be within the range 
covered by the displacement part of 
instructions using a single loading of 
a single base regi ster . 

• The control program can scatter load 
when appropriate. 

• The supervisor can allocate main stor­
ag e space effi ciently .  Programs that 
are at or under some multiple of 2 0 4 8  
bytes are most efficient , and those 
just over are least efficient . 

When cons idering control section size , 
the user may consider the effect of program 
maintenance and modification , which can 
cause programs to change in s i ze .  

CHARA C�ER S ET CONSIDERATIONS 

System/3 6 0  permits . relatively free asso­
ciation between the internal bit structure 
of a byte and the graphic symbol represent­
ed . The TRANSLATE instruction simplifies 
any translations that may be needed. Even 
so , there are considerations that may 
affect program design .  Some of these are : 

• The number of characters in the s et of 
each printer in the system , which is 
generally devi ce dependent . 

• The use of dual graphics for a single 
bit configuration . System/3 6 0  coding 
separates the graphics of the former 
•A• and "H• character sets used with 
the 1 40 3  and other IBM printers .  It is 
recommended that dual usage in instal­
lations be eliminated . 

• The trend toward standardi zation of 
codes under the auspices of the Ameri­
can Standards Association and the 
International Standards Organization . 
Widespread use of a standard code 
structure might be reason for an 
installation to change internal code s .  



It i s  strongly recommended that user 
programs be written so that they do not 
depend on speci fic relations between bit 
configurations and graphic symbols in cases 
where there is a possibility of character 
code change . D ependencies will be needed 
in some cases ,  in spite of careful program 
des ign. such ca ses should be related to a 
table , i f  possibl e ,  in a way that would 
allow table repl acement t.o handle any code 
change .  In any event , it. is recommended 
that any character code-dependent sections 
of coding be cl early identified in all 
program documentation to help identify 
place s where reprogramming might be needed . 

SOURCE LANGUAGE DEBUGGING AND MAINTENANCE 

Good programming practice requires that 
source language programs be maintained in 
an up-to-date c ondition at all times . 
Operating System/3 6 0  is des igned to ass ist 
the user to keep source programs current 
and avoid the temptation to " patch " at the 
obj ect program l evel . The general approach 
to program debugg ing is insertion of debug­
ging statements u sing the same language and 
compi ler faciliti es as the program being 
tested. Changes for test purposes , and for 
correction of err ors , are made by recompil­
ing only the obj ect module in which the 
change is neede d .  The new or revi sed 
obj ect module is then recombined with other 
modul es us ing t he linkage editor, to pro­
duce and store a load module for test . 

VOLUME LABELS 

The operating system provides a standard 
label procedure for all magnetic tape 
reel s , disk packs, and data cells . With 
tapes , however , there may be compatibility 
cons iderations , and users may choose to 
incorporate their own nonstandard tape­
label handling procedures , or not to check 
tape label s .  Detail s  on system standards 
in this area are described in IBM Operating 
System/3 6 0 :  Data Management .  

.TRACK ADDRESS INDEPENDENCE 

Space on direct-access storage units is 
allocated dynamically on a track or 
cylinder basis . To make the best use of 
avai lable s pace , a cces s methods have provi­
sions to allocate physically separated 
tracks ; and , for purposes of data access , 
to convert relative track addresses (that 
relate to the boundary of the data set) to 
actual track addresses . Therefore , for 
purposes of space allocation , as well as 
programming ease , programs should generally 
be written to use relative track addresses 
and remain independent of the actual 
addresses . 
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GLOSSARY 

acces s method : Any of the data management 
techniques available to the user for trans­
ferring data between main storage and an 
input/output devi ce . 

address constant : A value, or an expres­
sion representing a value , used in the 
cal culation of storage addresses . 

alias : An a lternate name that may be used 
to refer to a member of a partitioned data 
set 7 an alternate entry point at which 
execution of a program can begin . 

allocate : To g rant a resource to, or 
reserve it for , a job or task.  

asynchronous : Wi thout regular time rela­
tionship : hence , as applied to program 
execution ,  unexpected or unpredi ctable with 
respect to instruction sequence . 

attach (task) : To create a task control 
block and present it to the supervi sor. 

attri but e :  A characteri stic : e . g . , attri­
butes of data include record length , record 
format, data set name , associated device 
type and vo lume identification ,  use ,  crea­
tion date ,  etc . 

auxil iary storage : Data storage other than 
main storage . 

basic access method : Any access method in 
which each input/output statement causes a 
corresponding machine input/output opera­
tion to occur . (The primary macro­
instructions used are READ and WRITE . )  

batch processing : 
proce ssing . )  

block (records) : 

(See stacked job 

1 .  To group records for the purpos e  of 
conserving storage space or increasing the 
eff iciency of access or processing .  
2 .  A physical r ecord s o  constituted , o r  a 
portion of a telecommunications message 
defin ed to be a unit of data transmiss ion .  

block loading : The form of fetch 
brings the control sections of a 
module into contiguous positions of 
storage. 

that 
load 
main 

buffer (program input/output) : A portion 
of main storage into which data is read , or 
from whi ch it is written . 

catalog: 
1 .  The collection of all data s et indexes 
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' maintained by data management . 
2 .  To include the volume identification of 
a data set in the catalog . 

cataloged data set :  A data set that i s  
represented i n  a n  index o r  hierarchy of 
indexes which provide the means for locat­
ing it . 

cataloged procedure :  A set of j ob control 
statements that ha s been placed in a catal­
oged data set and can be retrieved by 
naming it in an execute (EXEC) statement . 

checkpoint: 
1 .  A point at whi ch information about the 
status of a j ob step can be recorded so 
that the job step can be restarted . 
2 .  To record such information . 

concatenated data set : A collection of 
logi cally connected data sets . 

control block : A storage area through 
which a particul ar type of information 
required for control of the operating sys­
tem is communicated among its parts . 

control dictionary : The external symbol 
dictionary and relocation dictionary , col­
lectively , of an obj ect or load module .  

control program : A col lective or general 
term for all routines in the operating 
system that contribute to the management of 
resources , implement the data organization 
or communi cations conventions of the oper­
ating system, or contain privileged opera­
tions . 

control section : The smallest separately 
relocatable unit of a program ; that portion 
of text specif ied by the programmer to be 
an entity, all elements of which are to be 
loaded into contiguous main storage loca­
tions . 

control volume : A volume that contains one 
or more indexes of the catalog . 

data control block : A control block 
through which the information required by 
access routines to store and retrieve data 
is communicated to them . 

data definition name (ddname) : A name 
appearing in the data control block of a 
program which corresponds to the name field 
of a data definition statement . 

data defin ition (DO) statement : A job 



control statement that describes a data set 
associated with a particular job step . 

data manaqement : A general term that col­
lectively descri bes those functions of the 
control program that provide access to data 
sets , enforce data storage conventions , and 
regulate the use of input/output devices . 

data organization : A term that refers to 
any one of the data management conventi ons 
for the arrangement of a data set . 

data set : The ma jor uni·t of data storage 
and retrieval in the operating system ,  
consi sting o f  a collection o f  data in one 
of several prescr ibed arrangements and des­
cribed by control information that the 
system has a ccess to . 

data set control block (DSCB) 
label f or a data set in 
storage . 

A data set 
direct-access 

data set label (DSL) : A collection of 
information that des cribes the attributes 
of a data set ,  and that :is normally stored 
with the data set ;  a general term for data 
set control bl ocks and tape data set 
label s .  

deferred entry: An entry into a subroutine 
that occurs as a result of a def erred exit 
from the program that passed control to it . 

deferred exit : The passing of control to a 
subroutine at a time determined by an 
asynchronous event rather than at a predic­
table time . 

device independence : The ability to 
request input/output operations without 
regard to the characteristi cs of the 
input/output devi ces . 

direct a cces s :  Retrieval or storage of 
data by a reference to its location on a 
volume , rather than rela1:.ive to the pre­
vious ly retrieved or stored data . 

dispatching priority :  A number assigned to 
tasks , and used to determine precedence for 
use of the central processing unit in a 
multi task situati on . 

dump (main storage) : 
1 .  To copy the contents of all or part of 
main storage onto an output devi ce , so that 
it can be examined .  
2 .  The data resulting from 1 .  
3 .  A routine that wi ll accompli sh 1 .  

entry point : 
which control 
program. 

Any location in a program to 
can be passed by another 

event : An occurrence of signifi cance to a 

task ; typically , the completion of an asyn­
chronous operation , such as input/output . 

event control block (ECB) : A control block 
used to represent the status of an e�ent . 

exchange buffering : A technique using data 
chaining for eliminating the need to move 
data 1n main storage ,  in which control of 
buff er segments and us er program work areas 
i s  passed between data management and the 
user program according to the requirements 
for work areas , input buffers , and output 
buff ers , on the basis of their 
avai lability . 

exclusive s egments : Segments in the same 
region of an overlay program , neither of 
which is in the path of the other . They 
cannot be in main storage simultaneously. 

execute (EXEC) statement : A job control 
statement that designates a job step by 
identifying the load module to be f etched 
and executed . 

extent : The physical locations on 
input/output devi ces occupied by or res­
erved for a particular data set. 

external reference : A reference to a sym­
bol defined in another module .  

external symbol : A control section name , 
entry point name , or external reference ; a 
symbol contained in the external symbol 
di ctionary. 

external symbol di ctionary (ESD) : Control 
information as sociated with an obj ect or 
load module which identifies the external 
symbols in the module . 

fetch (program) : 
1 .  To obtain requested load modul es and 
load them into main storage , relocating 
them as neces sary . 
2 .  A control routine that accomplishes 1 .  

F format : 
which the 
length . 

A data 
logical 

set record 
records are 

format in 
the same 

generation data group : A collection of 
successive, histori cal ly related data sets . 

inclusive segments :  Overlay segments in 
the same region that can be in main storage 
simultaneously . 

index (data management) 
1 .  A table in the catalog structure used 
to locate data sets . 
2 .  A table used to locate the records of 
an indexed sequential data set . 

initial program loading (IPU : As applied 
to the operating system , the initiali zation 
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procedure which loads the nucleus and 
begins normal operations . 

initiator/terminator :  The job s cheduler 
function that sel ects jobs and j ob steps to 
be executed , allocates input/output devices 
for them , places them under task control , 
and at completi on of the j ob ,  supplies 
control information for writing j ob output 
on a system output unit . 

input job stream: A sequence of job con­
trol statements entering the system , which 
may also include input data . 

input work queu e :  A queue of summary 
information of job control statements main­
tained by the job scheduler , from which it 
selects the jobs and job steps to be 
processed .  

installation : A general term for a parti­
cular computing system, in the context of 
the overall function it serves . and the 
individuals who manage · it , operate it , 
apply it to probl ems , service . it ,  and use 
the results it produces . 

job : An externally specif ied unit of work 
for the computing system from the stand­
point of install ation accounting and oper­
ating system control . A job consists of 
one or more job s teps . 

job control statement : Any one of the 
control statement s in the input job stream 
that identifies a job or defines its 
requirements . 

job library : A concatenation of user­
identifi ed partit ioned data sets used as 
the primary source of load modules for a 
given job. 

job management : A general term that 
collectively describes the functions of the 
j ob s cheduler and master scheduler . 

i ob scheduler : The control program func­
tion that controls input j ob streams and 
system output , obtains input/output re­
sources for jobs and job steps , attaches 
tasks corresponding to job steps , and oth­
erwis e  regulates the use of the computing 
system by jobs . (See reader/i nterpreter , 
initi ator/terminator , output writer . )  

job (JOB) statement : The control statement 
in the i nput job stream that identifies the 
beginning of a series of job control state­
ments for single job .  

job step : A unit of work for the computing 
system from the standpoint of the user ,  
presented to the control program by job 
control statements as a request for execu­
tion of an expli citly identified program 
and a descr iption of resources required by 
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it . A job step consi sts o f  the external 
specifications for work that is to be done 
as a task or set of tasks . Hence , · also 
used to denote the set of all tasks which 
have their origin in a job step specifi­
cation . 

language translator : A general term for 
any assembler , compiler , or other routine 
:that accepts statements in one language and 
produces equivalent statements in another 
language . 

·library :  
1 .  I n  genera l ,  a collection o f  obj ects 
(e . g . ,  data sets , volumes , card decks) 

,associated with a particular use , and the 
:location of which is i dentified in a direc­
:tory of s ome type. In thi s  context , see 
job library , link library , system library . 
2 .  Any partitioned data set . 

limit priority : A priority specification 
asso ciated with every task in a multitask 
operation , representing the highest dis­
patching priority that the task may assign 
to itself or to any of its subtasks . 

link librarv : A generally accessible par­
· titioned data set which , unless otherwi se 
: specif ied , is used in fetching load modules 
referred to in execute (EXEC) statements 

: and in ATTACH , LINK, LOAD , and transfer 
control (XCTL) macro-instructions . 

linkage: The means by which communication 
is effected between two routines or 
modules . 

linkage editor : A program that produces a 
load module by transforming obj ect modules 
into a format that is acceptable to fetch , 
combining separately produced ob ject 
modules and previously processed load 
modu les into a single load module ,  resolv­

' ing symbolic cross references among them , 
· replacing , deleting , and adding control 
sections automatically on request , and pro­
viding overlay f acilities for modules 
requesting them . 

: load : To fetch, 
: module into main 
executing it . 

i . e . , 
storage 

to read a load 
preparatory to 

: load module :  The output of the linkage 
editor ; a program in a format suitable for 

; loading into main storage for execution . 

! locate mode : A transmittal mode in which 
i data is pointed to rather than moved. 

' logical record : A record from the stand-
point of its content , function , and use 
rather than its physical attributes ; i . e . , 
one that is defined in terms of the infor­
mation it contains . 



macro-instruction : A general term used to 
collectively des cribe a macro-instruction 
statement , the corresponding macro­
instruction def inition , the resulting 
assembler language statements , and the 
machine language instructions and other 
data produced from the assembler language 
statements ; loos ely, any one of these rep­
resentations of a machine language instruc­
tion sequence . 

main storage : Al l addressable storage from 
which instruction s can be executed or f rom 
whioh data can be loaded directly into 
registers . 

master scheduler :  The control program 
function that responds to operator 
commands , initi ates a ctions requested 
thereby, and ret urns r�:!!quested or required 
information ;  thus , the overriding medium 
for controlling the use of the computing 
system. 

module (programming) : The input to, or 
output from , a singlE� execution of an 
assembler , compiler , or linkage editor ; a 
source, obj ect , or load module ;  henc e ,  a 
program unit that i s  discreet and i dentifi­
abl e  with respect to compiling , combining 
with other units , and loading . 

move mode: A transmittal mode in which 
data is moved between the buffer and the 
user ' s work area . 

multijob operati on : A ·term that descri bes 
concurrent execution of job steps from two 
or more jobs . 

multiprogramming: A general term that 
expresses use of the computing system to 
ful f i ll two or more different requirements 
concurrently . 

multitask operation : Multiprogramming ; 
called multitask operation to express par­
allel process ing not only of many programs , 
but also of a single reenterable program 
used by many task s .  

� A set o f  one o r  more characters that 
identifies a statement , data s et ,  module , 
etc . , and that is usually associated with 
the location of that which it identifies . 

nucleus : That portion of the control pro­
gram that must always be present in main 
storage. Also, the main storage area used 
by the nucleus and other transient control 
program routines . 

object module :  The o1lltput o f  a single 
execution of an assembler or compi ler ,  
which constitute s input to linkage editor . 
An ob ject module consists of one or more 
control sections in relocatable , though not 

executable, form and an associated control 
di ctionary. 

operator command : A statement to the con­
trol program, i ssued via a console device , 
whi ch causes the control program to provide 
requested information , alter normal opera­
tion s , initiate new operations , or termi­
nate existing operations .  

output work queue : A queue of control 
information describing system output data 
sets , which specif ies to an output writer 
the location and di sposition of system 
output . 

output writer : A job scheduler function 
that transcribes specif ied output data sets 
onto a system output unit , independently of 
the program that produced such data s ets . 

overlay: To place a load module or a 
segment of a load module into main storage 
locations occupied by another load module 
or s egment. 

overlay (load) module : A load module that 
has been divided into overlay segments , and 
has been provided by linkage editor with 
information that enables overlay supervisor 
to implement the desired loading of seg­
ments when requested. 

overlay segment : (See segment . )  

overlay supervi sor : A control routine that 
initiates and control s fetching of overlay 
segments on the basis of information 
recorded in the overlay module by linkage 
editor . 

parallel processing : Concurrent execution 
of one or more programs . 

path : A series of segments which , as 
represented in an overlay tree , form the 
shortest di stance in a region between a 
given segment and the root segment. 

..,p�h�y�s;;;.;1=-· c�a�l-�r;..;;e:...;c;..o;;..;r;::.d;:;..;;..: A record from the st·and­
point of the :manner or form in which it is 
stored, retrieved , and moved ; i . e . , one 
that is def ined in terms of physi cal quali­
ties . 

poll ing: A technique by which each of the 
terminals sharing a communications l ine i s  
periodically interrogated t o  determine i f  
i t  requires servicing . 

To note the occurrence of an event . 

priority scheduling system : A form of job 
scheduler which uses input and output work 
queues to improve system performance . 

private library 
partitioned <lata 

(of a job step) : Any 
set which is neither the 
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link li brary 
libra ry. 

nor any part of the job 

problem program: Any of the class of 
routines that perform processing of the 
type for which a computing system is 
intended , and including routines that solve 
problems , monitor and control industrial 
processes , sort and merge records , perform 
computations , process transactions against 
store d records , etc. 

proce ssing program : A general term for any 
program that is not a control program . 

protection key: An indicator associated 
with a task wh ich appears in the program 
status word whenever the task is in 
control , and which must match the storage 
keys of all storage blocks which it is to 
use . 

qualified name : A data set name that is 
composed of multiple names separated by 
periods (e . g . , TREE . FRUIT . APPLE) . 

qualifier : All component names in a quali­
fied name other than the rightmost (which 
is called the simple name) • 

queue control block (QCB) : A control block 
that is used to regulate the sequential use 
of ,a programmer-defined facility among 
reque sting tasks . 

queued access method : Any access method 
that automatically synchronizes the trans­
fer of data between the program using the 
access method and input/output devi ces , 
thereby eliminating delays for input/output 
operations .  (The primary macro­
instructions used are GET and PUT. )  

reader/interpreter :  A job scheduler 
function that services an input job stream .  

ready condition : The condition of a task 
that it is in contention for the central 
processing unit , all other requirements for 
its activation having been satisfied. 

real time (interval timer) : Actual time . 

record: A genera l term for any unit of 
data that i s  dis tinct from all others when 
considered in a particular context . 

reenterable : The attribute of a load 
modul e that allows the same copy of the 
load module to be used concurrently by two 
or more tasks . 

region: A contiguous area of main storage 
within which segments can be loaded inde­
pendently of paths in other regions . Only 
one path within a region can be in main 
storage at one time . 
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relo cation: The modification of 
constants required to compensate 
change of origin of a module or 
section . 

address 
for a 

control 

�elocation dictionary : That part of an 
object or load module which identifies all 
relocatable address constants in the 
�odule . 

resource : Any f acility of the computing 
system or operating sy stem required by a 
job or task and including main storage , 
�nput/output devices , the central process­
�ng unit , data sets , and control and proc­
essing programs . 

resource manager : A general term for any 
control program function responsible for 
the allocat ion of a resource . 

restart : To reestablish the 
job using the information 
checkpoint. 

status of a 
recorded at a 

return code : A value that i s  by system 
convention placed in a designated register 
: (the • return code register ") at tlle comple­
tion of a program. The value of the code , 
which is establi shed by user-convention , 
�ay be used to inf luence the execution of 
succeeding programs or , in the case of an 
abnormal end of task , it may simply be 
printed for programmer analysi s .  

return code register: A register identif i­
ed by system convention in whi ch a user­
specified condition code is placed, at the 
pompletion of a program . 

reusable : The attribute of a routine that 
the same copy of the routine can be used by 
two or more tasks . (See reenterable , 
serially reusable . )  

roll in : To reinstate a task or a set of 
tasks that had been rol led out . 

roll out : To record on an auxiliary stor­
'age device the contents of main storage 
tocations associated with a task so as to 
:free main storage for allocation to a task 
,of higher priority , and to do so at the 
!di scretion of the control program rather 
than the task that is rolled out . 

:root segment : That segment of an overlay 
program that remains in main storage at all 
'times during the execution of the overlay 
program ; the first s egment in an overlay 
· program . 

scatter loading : The form of fetch that 
may place the control sections of a load 
module into non-contiguous positions of 
main storage . 



scheduler : 
scheduler . )  

(See master scheduler and job 

secondary storage : Auxiliary storage .  

seek : T o  position the access mechanism of 
a direct-access device at a specified loca­
tion . 

segment : 
1 .  The smallest functional unit (one or 
more control sections) that can be loaded 
as one logical entity during execution of 
an overlay program . 
2 .  As applied to telecommuni cations , a 
portion of a mes sage that can be contained 
in a buf fer of specified size . 

sequenti al s cheduling system : A form of 
the job schedule r which recognizes one job 
step at a time in the sequence in which 
each job appears in the input j ob stream . 

serially reusabl e :  The attri bute o f  a 
routine that when in main storage the same 
copy of the routine can be used by another 
task after the current use has been con­
cluded. 

servi ce program: Any of the class of 
standard routines that assist in the us e of 
a computing system and in the succes sful 
execution of problem programs , without con­
tributing directly to control of the system 
or production of results , and including 
utilities ,  s imulators , 1:.est and debugging 
routines , etc .  

short block : A block of 
which contains fewer logical 
are standard for a block. 

F format data 
records than 

simple buffering : A technique for con­
trolling buffers in such a way that the 
buffers are ass igned to a single data 
control block and remain so assigned until 
the data control block is closed . 

simple name : The righ1:most component of a 
quali fied name (e . g . , APPLE is the simple 
name in TREE . FRUI T. APPL� • 

source module: A series of statements in 
the symbolic language of an assembler or 
compi ler , which constitutes the entire 
input to a single execution of the assem­
bler or compiler . 

stacked job proce ssing :  A technique that 
permits multiple job definitions to be 
grouped (stacke� for presentation to the 
system, which automatically recognizes the 
jobs , one after the other . More advanced 
systems allow j ob definitions to be added 
to the group (stack) at any time and from 
any source, and also honor priorities . 

storage block : A contiguous area of main 
storage consisting of 2 04 8 bytes to which a 
storage key can be assigned . 

storage kev : An indicator associated with 
a storage block or blocks , which requires 
that tasks have a matching protection key 
to use the blocks . 

substitute mode : A transmittal mode used 
with exchange buffering in which segments 
are pointed to and exchanged with user work 
area s . 

subtask : A task that i s  created by another 
task by means of the ATTACH macro­
instruction . 

supervisor : As applied to Operating 
System/3 6 0 ,  a routine o r  routines executed 
in response to a requirement for altering 
or interrupting the flow of operations 
through the central processing unit , or for 
performance of input/output operations , 
and, therefore , the medium through which 
the use of resources is coordinated and the 
flow of operations through the central 
processing unit is maintained; hence , a 
control routine that is executed in 
supervisor state . 

synchronous : Occurring concurrently , and 
with a regular or predictable time rela­
tionship .  

SYSI N :  A name conventionally used as the 
data definition name of a data set in the 
input job stream . 

SYSOUT : An indicator used in data defini­
tion statements to signify that a data set 
is to be written on a system output unit . 

system input unit : A device specif ied as a 
source of an input job stream . 

system l ibrary : The collection of all 
cataloged data sets at an installation . 

system macro- instruction : A pre-defined 
macro-instruction that provides acces s to 
operating s ystem facilities . 

system output unit : An output device 
shared by a ll jobs , onto which specified 
output data is transcribed . 

system res idence volume : The volume on 
which the nucleus of the operating system 
and the highest level index of the catalog 
are located . 

� A unit of work for the central 
processing unit from the standpoint of the 
control program ; therefore , the basic mul­
tiprogramming uni t under the control pro­
gram . 
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task control bloc k (TCB) : The consolida­
tion of control information related to a 
task. 

task dispatcher : The control program func­
tion that selects from the task queue the 
task that is to h ave control of the central 
processing unit , and gives control to the 
task. 

task manaqement : A general term that col­
lectively describes those functions of the 
control program that regulate the use by 
tasks of the c entral processing unit and 
other resources (except for input/output 
devices) • 

task queue : A queue of all the task 
control blocks present in the system at any 
one time . 

telecommunications :  A general term 
expressing data transmission between a com­
puting system and remotely located devices 
via a unit that performs the neces sary 
format conversion and controls the rate of 
transmis sion . 

tel eprocessinq : A term associated with IBM 
telecommunications equipment and systems . 

test translator : A facility that allows 
various debugging procedures to be speci­
f ied in assembler language programs . 

text : The control sections of an obj ect or 
load modu le , coll ectively . 

throughput : A measure of system 
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effi ciency� the rate a t  which work can be 
handled by a computing system . 

transmittal mode: The 
contents of an input 
labl e to the program, 
w�ich a program makes 
output . 

method by which the 
buffer are made avai­

and the method by 
records available for 

turn-around time : The elapsed time between 
submission of a j ob to a computing center 
and the return of results . 

U format : A 
�locks are of 
u;nknown length . 

data set format 
unspecified or 

in which 
otherwise 

user : Anyone who requires the services of 
a computing system . 

V: format : A data set format in which 
logi cal records are of varying length and 
include a length indi cator ; and in which V 
format logi cal records may be blocked , with 
�ach block containing a block length indi­
qator. 

volume : All that portion of a single unit 
of storage media which is accessible to a �ingle read/write mechanism . 

volume table of contents WTOC) : 
asso ciated with a direct-access 
which describes each data set 
volume . 

A table 
volume , 

on the 

wait condition : As applied to tasks , the 
condition of a task that it is dependent on 
an event or events in order to enter the i;eady condition . 



Abnormal end of task (ABEND) macro-
instruction 4 1 , 73 

Abnormal end of task exit 4 1  
Acce s s  l anguage c ategories 1 2  
Acces s method 

definition 80 
description 1 2 , 2 6 
di rect 2 7  
index ed s equential 26 
pa rti tioned 2 6 
sequential 2 6  
summary (Table 1 )  3 7  
telecommunications 2 7  

Action s tatements 5 1  
Addre ss constant 1 4 , 8 0 
Affinity 5 7  
Alias names 4 0 , 8 0  
Allocati on 1 8 , 66 , 8 0 
Assembler language program debugging (test 

trans lator) 50 
ATTACH macro-instruction 

definition 8 0  
dynamic parall el s tructures 4 6  
subtask creati on 6 7  
task creation 1 8 , 6 5 

Attribute 
data 8 0  
loadi ng 6 3  

Automati c volume recognition (AVR) 1 6 , 5 9  
Auxil iary storage 

definition 8 0  
locating data o n  1 0  

Basic access method 1 2 , 3 0 , 8 0  
Bas i c  di rect acce ss method (BDAM) 2 7  
Basic indexed sequential access method 

(BI SAM) 2 6  
Bas i c  partit ioned a cces s method (BPAM) 2 6  
Bas i c  sequential access method (BSAM) 2 6 
Bas i c  telecommuni cations access method 

(BTAM) 2 9  
BDAM (basic direct access method) 2 7  
BISAM (basic i ndexed sequential access 

method) 26 
Block 

data 2 9  
definition 8 0  
formats 2 9  
telecommunicat ions 2 9  

Block loading 63 , 8 0 
Blocking 

facil ities 2 9  
speci fication of 1 5  

BPAM (basic parti tioned a ccess method) 2 6  
BSAM (basic sequential access 

method) 2 6  
BTAM (basic telecommunicati ons access 

method) 29 
Buffer 

as signment techni ques 30 
definition 8 0  
pools 3 0  

transmittal modes 3 0  
BUFFER macro- instruction 3 0  
Buff er pool s 3 0  
Buffering 

chained segment 3 1  
exchange 3 1  
f aciliti es 3 0  
s imple 3 1  
s pecif ication of 1 5  

BUILD macro-instruction 3 0  

CALL macro- instruction 4 1 , 4 3 
Catalog 

definiti on 8 0  
editing 2 5  
i ndexes 1 1 , 2 4  
s earch procedure 2 4  
s tructure 1 1  

Cataloged data set 1 1 , 8 0 
Cataloged procedures 1 6 , 5 8 , 8 0  
Cataloging 1 1 , 2 3 , 8 0  
Chai ned s egment buffering 3 1  
Change priority (CHAP) macro-instruction 

7 1 , 7 2 
Channel aff inity 5 7  
Channel s eparation 5 7  
Character s et conventions 7 8  
CHECK macro- instruction 

use in BPAM 2 6  
use i n  BSAM 2 6  

Checkpoint 4 9 , 8 0  
Checkpoint (CHKPT) macro- instruction 4 9  
CLOSE functions 2 2 , 3 4  
CLOSE macro-instruction 2 2  
Combining Subprograms 1 3 , 3 9  
Concatenated data sets 5 5 , 8 0  
Connected o r  concatenated data sets 55 , 8 0 
Control block 1 8 , 2 2 , 8 0  
Control dictionary 8 0  
Control program 8 , 8 0 
Control s ection 

d efinition 1 4 , 8 0  
naming conventions 77 
s i z e  convention s  7 8  

Control statement 
capabiliti es 5 2  
data def inition (DD) 1 5 , 52 , 8 0 
execute (EXEC) 1 5 , 5 2 , 8 1  
j ob (JOB) 1 5 , 5 2 , 8 2 
test translator 5 0  

Control volume 2 4 , 8 0  

Data 
a ccess methods 25 
a ccess routines 3 4  
control block 3 0 , 3 3 , 8 0  
i denti fying and locating 1 0  
organi zing 1 1  
s toring and retrieving 1 1 , 2 3 

Data access methods 
basic direct 2 7  
basi c indexed sequential 2 6  
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ba sic partitioned 2 6  
basic sequential 2 6  
ba sic telecommunications 2 9  
definition 1 2 , 8 0 
queued indexed sequentia l 2 6  
queued sequential 2 6  
queued te lecommuni cations 2 7  
summary (Table 1 )  3 7  

Data accessing operation 3 5  
Data access routines 3 4  
Data control block 

definition 30 , 8 0 
fi ll- in 3 4  
initialization 33 

Data def inition name (ddname) 5 2 , 8 0 
Data definition (DD) statement 1 5 , 5 2 , 8 0  
Data key 2 6 , 27 
Data management 

definition 8 1  
detai led descr ipti on 22 
facilities provided 1 0 , 1 1  
general description 1 0  

Data organization 1 1 , 8 1  
Data set 

acces s methods 1 2 , 2 5 , 80 
cataloged 1 1 , 2 3 , 2 4 , 80 
connected or concatenated 5 5 , 80 
control block 2 2 , 8 1 
creation 2 3  
definition 1 0 , 2 2 , 8 1  
deletion 5 6  
dummy 5 5  
editing o f  2 5  
extent 2 2 , 8 1 
header label (tape) 2 3  
identification and disposition 5 4  
identification and extent control 2 2  
inclusion in input stream 1 6  
label 22 , 8 1 
name 1 0 , 2 3 , 77 
partitioned 1 1  
password prote ction of 1 0 , 2 5  
security prote ction of 1 0  
sequence number 2 3  
sharing by subtasks 2 7  
temporary 5 6  
trailer label (tape) 2 3  
updating o f  2 5  
us e by concurrent tasks 2 7  

Data set control block (DSCB) 2 2 , 8 1  
Data set label (D SL) 2 2 , 8 1  
DCB 

data control block 30 , 33 , 8 0  
macro-instruction 3 4  

dcbname 55 
ddname 5 2 , 8 0 
DD * statement 5 5  
Debugging facilities 5 0  
Deferred exit 

at abnormal end of task 7 3  
definition 8 1  
to subroutine 4 1  

Deferred mounting 5 8  
DELETE macro-instruction 4 5  
Dependencies 53 
Dequeue (DEQ) macro-instruction 4 8 , 7 0 , 7 1  
Design of reenterable programs 4 8  
DETACH macro-instruction 7 2 , 73 
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Devi ce control 1 1  
Devi ce independence 1 2 , 8 1  
Direct-access 8 1  
Di rect-access storage 

creation of data set in 2 2  
space allocation 5 8  
track address independence 7 9  

Direct access volume 1 0  
identi fication and the VTOC 2 2  
initiali zation o f  2 2  

Direct ca lls 4 3  
Directory 2 6  
Di spatching priori ty 7 2 , 8 1  
Downward ca lls 43 
DSCB (data set control block) 2 2 , 8 1 
DSL (data set label) 2 2 , 8 1  
Dummy data sets 5 5  
pynamic parallel program structures 4 6  
Dynamic serial program structures 4 3  

End o f  block (EOB) 2 9  
End of mess age (EOM) 2 9  
Enqueue (ENQ) macro-in struction 4 8 , 7 0 , 7 1  
Event 

definition 8 1  
posting 6 6  
synchronization 6 8  
system action a t  occurance of 6 9  

Event control block (ECB) 6 7 , 69 , 8 1 
Event synchronization 6 8 , 6 9 
:Exchange buff ering 

definition 3 1 , 8 1  
substitute mode 3 2  

Exclusive segments 4 2 , 8 1 
EXCP macro- instuction 1 2 , 3 5 

· Execute channel program (EXCP) macro­
instruction 1 2 , 3 5  

Execute (EXEC) statement 1 5 , 52 , 8 1  
Explicit re lease of main storage space 
Explicit request for main storage space 

; Expl icit wa it 6 8  
, Extent 2 2 , 8 1  
External symbol s 

definition 8 1  
naming conventions 77 

External termination (of a task) 4 1  

· Fetch procedure 6 3 , 8 1  
. FIND macro- instruction 2 6  

Fixed-length (F-format) blocks 2 9 , 8 1  
; FREEBUF macro- instruction 3 0  
' FREEDBUF macro-instruction 3 0  
; FREEMAIN macro-ins truction 4 8 , 74 

FREEPOOL macro-instruction 7 4  

GDG (generation data group) 2 4 , 5 5 , 8 1  
Generation and version number 2 4  

, Generation data group (GDG) 2 4 , 5 5 , 8 1  
GET macro-instruction 

implied wait 6 7  
locate mode 3 1 , 32 
move mode 3 1  
s can mode 2 6  
use in exchange buffering 3 3  
use i n  QISAM 2 6  
use in QSAM 2 6  
use i n  QTAM 2 7 , 2 8  
u s e  i n  queued access language 1 2 , 3 1  
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GETBUF macro-instruction 
GETMAIN macro-ins truction 
GETPOOL macro-ins truction 
GET/PUT language 1 2  

3 0  
4 8 , 74 
3 0 , 74 

I dentifying and locating dat a  1 0  
Implici t  release of main storage space 7 4  
Impli cit request for main s torage space 7 4  
Impli cit wai t  6 7  
Inclusive segments 4 2 , 8 ·1 
Indexed sequential 

acces s method 2 6  
organi zation 1 1  

I ndexes 
catalog 1 1 , 2 3 
cylinder 2 6  
definition 8 1  
editing 2 5  
track 2 6  

Indirect calls 4 3  
Ini ti al program load (IPL) 6 5 , 8 1  
Initi ator 1 6  
Initi ator/termina tor 1 7 � 59 , 82 
Input job stream 1 5 , 6 1 , 8 2 
Input/output devi ce 

allocation 1 6 , 5 6 
control 1 1  
names 5 6 , 5 7  
pools 5 7  

I nput/output over lap 5 7 � 5 8 , 6 4 
Input/output supe rvisor 35 
I nput work queue 1 7 , 6 0 , 8 2  
Internal terminat ion (of a t ask) 4 1  
Interval timer - 4 1 , 4 9  
IPL {initial program load) 6 5 , 8 1  

j ob 1 5 , 5 2 , 8 2  
Job account log 1 7  
Job a ccounting 1 7  
Job control language 1 5  
Job (JOB) s tatement 1 5 , �; 2 ,  8 2  
Job library 4 8 , 5 4 , 82 
Job log 54 
Job management 

detai led descr iption 52 
general descri ption '1 5 
options 1 7  

Job priority 1 6 , 53 
Job scheduler 1 6 , 5 3 

description 8 2  
functions 59 

Job s tep 1 5 , 8 2 

Label s 
data set 22 
data set header 2 3  
data set trail er 2 3  
non- s tandard t ape 2 3  
standard 2 3  
volume 1 0 , 7 9 

Language translat ors 
definition 8 , 82 
input to 1 4  
output from 1 4  

Library 1 1 , 8 4 
Library management 2 4  
Limit priority 7 2 , 82 
Link library 4 8 , 54 , 8 2 

LINK macro- instruction 4 3  
Linkage editor 1 4 , 82 
LOAD macro- instruction 4 5  
Load mode 2 7  
Load module 

d efinition 1 4 , 82 
execution within a task 
f etching from library 
naming conventions 77 
simple s tructure 4 2  
us e by concurrent tasks 

4 0  
6 3  

Loading attributes 63 
Locate mode 

definition 3 1 , 82 
simple buffering 3 2  

Logi cal records 
definition 82 
in dat a  blocks 2 9  
use by concurrent tasks 

Magnetic tape volumes 22 
Main storage 

block loading i nto 6 3 , 8 0 
definition 83 
explicit release of 
explicit reque s t  for 
implicit release of 
implicit request for 
overlaying 4 2 , 4 3  

7 4  
7 4  

7 4  
7 4  

4 8  

2 6  

passing and sharing of 7 5  
s catter loading into 6 3 , 8 4  
s ubpools 7 5  

Main s torage allocation 7 4  
Ma ster password 2 5  
Master scheduler 1 6 , 5 2 

definition 83 
functions 6 1  
i n  multitask operation 6 5  

Members 1 1 , 2 6 
Message 

operator 1 6  
remote 1 1 , 2 9 

Model data set label 2 5  
Move mode 

definition 3 1 , 8 3 
simple buff ering 3 1  

Multi j ob initiation 1 8 , 6 0 
Multi job operation 6 0 , 76 , 8 3 
Multiprogramming 1 8 , 8 3  
Multitask operation 6 4  

advantages of 1 9  
definition 83 
j ob priority in 1 8  
main s torage allocation 7 4  

Names 
alias 4 0 , 8 0 
conventions 7 7  
data s et 1 0 , 22 
quali fied 2 3 , 8 4  
simple 2 3 , 8 5  

Nested subprograms 4 5  
Non- reusable 4 7  
Non- setup j obs 1 7 , 53 
Non- setup padding 1 7 , 5 9  
Non- standard t ape labels 2 3  
NOTE macro- instruction 1 3  
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Obj ect module 
definition 1 3 , 83 
naming conventions 77 

OPEN functions 2 2 , 33 
in simple structured programs 
preparing CCW lists 35 

OPEN macro-instruction 2 2  
open functions 33 
protection flag test 2 5  

Operating system 
benef its to th e programmer 8 
de scr iption 2 , 8  
el ements 8 

Operator commands 1 5 , 6 2 , 8 3 
Operator communications 1 5  
Operator messages 

conventions 7 8  
in priority scheduling system 
in sequential scheduling system 

Organizing data 1 1  
Output work queue 1 7 , 6 1 , 83 
Output writers 1 7 , 6 0 , 8 3  
Overlay 1 4 , 6 3 , 83 
Overlay module 8 3  
Overlay segment 4 2 , 8 5 
Overlay structure d program 4 2  
Overlay supervi sor 4 3 , 8 3  
Overlay tree stru cture 4 2  

Parti tioned 
acces s method 2 6  
organi zation 1 1  

Partitioned data set (PDS) 
definition 1 1  
di rectory 2 6  
member 1 1  

Passed subpools 75 
Passing and shari ng 

of data sets 2 7  

4 1  

1 7  
1 6  

of main storage areas (subpools) 75 
Passwords 2 5  
Path 43 , 8 3 
PDS (partitioned data set) 2 6  
Planned overlay s tructures 

description 3 9 , 4 2 
versus dynamic structures 4 6  

POINT macro-instruction 1 3  
Polli ng 2 9 , 8 3  
POST macro-instruction 6 8  
Priorities 

changes to 7 1  
di spatching 72 , 8 1 
limit 7 2 , 82 
roll- out 72 , 7 6  

Priority scheduling system 1 7 , 8 3 
Private library 4 8 , 8 3 
Private volume 5 8  
Proce ssi ng programs 8 , 84 
Program 
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and subprogram 1 3  
compl etion of 72 
contrasted with task 1 8  
conventions for sharing 7 8  
debugging faci lities 50 
deferred exit from 4 1  
design facilit ies 4 7  
error exits from 4 1  
interruption handling of 4 1  

not reusable 4 7  
reenterable 4 8 , 84 
reusable 4 8 , 84 
serially reusable 4 8 , 8 5  

Program des ign and preparation 
detailed description 3 9  
g eneral description 1 3  

Program error exits 4 1  
Program segmentation 3 9  
Program s egments 4 2 , 4 3  
Prog ram source selection 5 4  
Program structures 3 9  

dynamic parallel 4 6  
dynamic serial 43 
planned overlay 42 
simple 40 

Projected mount 5 9  
Protection key 4 8 , 84 
PUT macro-i nstruction 

load mode 2 6  
locate mode 3 1  
move mode 3 1  
use in exchange buffer ing 3 2  
u s e  in QISAM 2 6  
use in QSAM 2 6  
use in QTAM 2 7 , 2 8  
use i n  queued acces s language 1 2 , 3 1 
use in s imple buffering 3 2  

PUTX macro- instruction 
use in QISAM 2 6  
use in s imple buffering 3 2  

QI SAM (queued indexed sequential access 
method) 2 6  

QSAM (queued sequential access method) 2 6  
QTAM (queued telecommunications access 

method) 2 7  
Qual ified name 1 0 , 2 3 , 8 4  
Qual ifier 1 1 , 8 4 
Queue control block (QCB) 8 4  
Queued access methods 1 2 , 3 1 , 8 4 
Queued indexed sequential access method 

(QI SAM) 2 6  
Queued sequential access method (QSAM) 2 6  
Queued telecommuni cations access method 

(QTAM) 27 

Read only 4 8  
READ macro- instruction 

use in basic access language 1 2 , 3 0  
use in BDAM 2 7  
u s e  i n  BISAM 2 6  
use i n  BPAM 2 6  
u s e  i n  BSAM 2 6  
use i n  BTAM 2 9  

READ/WRITE language 1 2  
Reader/interpreter 1 6 , 5 9 , 8 4 
Ready condition 1 9 , 6 7 , 8 4 
Real time 4 9 , 8 4  
Reenterable programs 

definition 84 
design of 4 8  
shared use of 4 9  

Region 4 3, 8 4  
Relocation 3 9 , 8 4  
RELSE macro-instruction 1 2  
Remote stacked- job process ing 1 8 , 5 9 
Remote terminals 1 1 , 1 8  



Resource allocati on.; 1 8 ,  6 7 
Resource managers 16 7 , 8 4 
Resources 

controlling access to 7 1  
definition 84 
passing to subtasks 6 8  
serially-reusa ble 7 1  
us e by tasks 1 8 , 6 7 

Resta rt 4 9 , 8 4  
RETURN macro-instruction 

in dynamic structured programs 4 4  
in simple structured programs 4 0  
task termination 7 2  

Reusability 4 8 , 8 4  
Roll- in 7 6 , 8 4  
Roll-out 7 2 , 76 , 8 4 
Root segment 42 , 63 , 84 

SAVE macro- instruction 4 0  
Scan mode 2 7  
Scatter loading 6 3 , 8 4 
S cheduling controls 53 
Secondary storage 4 2 , 8 5  
Segment 

definition 85 
overlay 42 
program 4 1 , 42 
telecommunications 2 �J 

Segment load (SEGLD) macro-instruction 4 3  
Segment wait (SEGWT) macro-instruction 4 3  
Separati on 5 7  
Sequenti al 

acces s method 2 6  
organi zation 1 1  

Sequential s cheduling system 1 6 , 85 
Serially reusable 

programs 4 8 , 8 5 
resources 7 1  

Servi ce programs 8 , 8 5 
Set lower limits (SETL) macro­

instruction 2 7  
S et program interrupt exit (SPIE) macro-

instruction 4 1  
Set timer (STIMER) macro-·instruction 4 1 , 4 9 
Shared s ubpools 75 
Simpl e buffering 

definition 3 1 , 8 5 
locat e mode 3 2  
move mode 32 

Simpl e name 2 3 , 8 5  
Simple program structures 3 9 , 4 0 
Singl e-task operations 6 3 , 6 4  
Source l anguage debugging· conventions 7 9  
Source module 1 3 , 8 5 
Speci fy task abnormal exit (STAE) macro­

instruction 4 1  
SPIE (set program interrupt exit) macro­

instruction 4 1  
Split cylinder 5 8  
STAE (specify tas k abnormal exit) macro-

instruction 4 1  
Standard label 2 3  
STI MER (set timer) macro-instruction 4 1 , 5 0 
Storage key 4 8 , 8 5  
Storage protection 4 8  
Stori ng and retri eving data 1 1  
STOW macro-instruction 2 6  
Subpools 7 5  

Subprogram 
at dif ferent levels of control 1 3  
a t  same and different levels of 

control 1 4  
combining 1 3  
definition 1 3  
delays expected in execution of 4 7  
immediate requi rement for 4 6  
l inkage conventions 7 8  
n esting 4 5  
no delay expected i n  4 7  
within a program 4 0  

Subroutines 4 1  
Substitute mode 

definition 3 1 , 8 5 
exchange buffering 3 2  

Subtask 
a bnormal termination of 73 
changing priori ty of 72 
creation 6 5  
definition 8 5  
end o f  4 1  
sharing resources 6 8  
sharing subpool s 7 5  

Supervisor 1 6 , 85 
Supervisor call (SVQ 43 
SYSIN 55 , 8 5  
SYSOUT 6 1 , 8 5 
System conventions 77 
System library 85 
System output data 1 7 , 6 0 
System output writers 1 7 , 6 0 , 83 
System residence volume 2 4 , 8 5 

Task control block (TCB) 1 8 , 6 7 , 8 6  
Task dispatcher 6 7 , 8 6  
Task management 

definition 8 6  
detailed description 6 3  
general des cription 1 8  

Task queue 1 8 , 6 7 , 6 8 , 8 6  
Task time 4 9  
Tasks 

a ctive 1 8 , 6 7 
attaching a subtask 6 7  
changing priori ty o f  7 2  
communication conventions 7 8  
concurrent u s e  o f  data set 2 7  
concurrent use of reenterable load 

module 4 8  
creation (ATTACH) 1 8 , 3 9 , 4 6 , 65 
definition 1 8 , 85 
di spatching of 1 9  
passing information between 7 6  
preventing interference between 2 7  
priorities 1 8 , 7 1 , 7 2 , 7 6 
queueing of 1 8 , 67 
ready condition 1 8 , 6 7 , 8 4  
representation o f  1 8  
roll-out and roll- i n  of 7 6  
switching control among 1 9  
s ynchronization between 6 9  
termination o f  4 1 , 4 5 
use of resources 1 8  
wait condition 1 8 , 6 7 , 8 6  

TCB (task control bloc� 1 8 , 6 7 , 8 6  
Telecommuni cations 

a ccess method 2 7 , 2 9  
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definition 8 6  
organization 1 1  

Telecommunications jobs 1 8 , 6 0 , 6 5  
Teleprocess ing 7 1 , 8 6 
Temporary data se t 5 6  
TEST CLOSE macro- instruction 5 1  
TEST OPEN macro-i nstruction 50 
TEST option (test translator) 50 
TEST output 5 1  
Test timer (TTIMER) macro-

instruction 4 1 , 50 
Test translator 50 , 5 1 , 86 
Throughput 8 6  
TI�� macro-instruction 4 9  
Timer 4 1, 4 9 
Track index 2 6  
Trans fer control (XCTL) macro-instructi on 

44 , 7 2 
Transient control program routines 6 4  
Transmittal modes 3 1 , 8 6 
Tree structure 4 2  
TRUNC macro- instruction 1 2  
TTIMER (test timer) macro-

instruction 4 1 , 5 0 
Turnaround time 

definition 8 6  
in multitask operation 1 8 , 6 4 
wi th output wr iters 6 0  

Unlabeled tapes 2 3  
Unspecif ied- length (U- forrnat) 

blocks 2 9 , 8 6  
Upward calls 4 3  

Variable- length (V-format) blocks 2 9 , 8 6  
Volume 

9 2  

control 2 4  
definition 1 0 , 8 6 
di rect access 1 0 , 2 2 

editing 2 5  
examples of 1 0  
labels 1 0 ,  7 9  
magnetic tape 2 2  
mounting 1 5 , 1 6 , 1 7  
private 5 8  
system residence 2 4 , 8 5 
table of contents 1 0 , 2 2 , 8 6  

Volume table of contents (VTOC) 

Wait condit ion 1 8 , 67 , 8 6  
WAIT macro- instruction 

conventions for 7 8  

1 0 , 2 2 , 8 6  

explicit o r  implicit statement o f  6 7  
us e . in BDAM 2 7  
u s e  i n  BISAM 2 6  
u s e  in BTAM 2 9  
u s e  i n  event synchroni zation 6 8  

WRITE macro-instruction 
use in basic access language 1 2 , 3 0  
use in BDAM 2 7  
use in BISAM 2 6  
use in BPAM 2 6  
use i n  BSAM 2 6  
use i n  BTAM 2 9  

Write-to- log (WT� macro- instruction 5 4  
Write-to-operator (WTO) macro­

i nstruction 6 1  
Write-to-operator with reply (WTOR) macro­

ins truction 6 1  
WTL (write to log) macro­

ins truction 5 4  
WTO (write t o  operator) macro­

instruction 6 1  
WTOR (write t o  operator with reply) 

macro-instruction 6 1  

XCTL (trans fer control) macro­
i nstruction 4 4 , 7 2 


