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PREFACE

This manual describes the use of PL/I in a GCOS environment for Series 60 
(Level 66)/6000 systems. The manual includes information on the execution of a 
PL/I program, file generation and access, compiler processing, loader functions, 
required control cards, and internal representation of PL/I data. Also, 
examples are included which are complete and executable. These examples contain 
the control cards and data necessary for execution; in addition sample output 
listings produced from the execution of some of these programs are also given.
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SECTION I

INTRODUCTION

This manual describes the ways in which the general facilities of the 
General Comprehensive Operating Supervisor (GCOS) are applied to the specific 
tasks of compiling, loading, and executing PL/I programs.

DESCRIPTION OF THE MANUAL

The scope and structure of the User’s Guide are described in the 
paragraphs and then a list of related manuals is given.

following

Scope of the Manual

This User’s Guide is a self-contained and complete introduction to the use 
of PL/I for the Series 60 (Level 66)/6000 (hereafter referred to as Series 60). 
Therefore, it contains some basic information about GCOS to aid the programmer 
using this system for the first time. The necessary control cards, for example, 
are described and illustrated. Whenever a basic Series 60 concept is discussed, 
a reference is given to the manual that contains the detailed description. 
However, the information given in this manual about these concepts is sufficient 
for thei r initial use.

Many examples are included in this manual. These examples are complete and 
executable; they contain all the control cards and data necessary for their 
execution. Also included are sample output listings produced from the execution 
of some of these programs.

Structure of the Manual

The sections of the User’s Guide are ordered to 
information about the use of the Series 60, then the 
and finally guidelines and examples.

provide, first the basic 
details on the use of PL/I,

After the introductory material, the control cards required to compile and 
execute a PL/I program are given and the use of the standard input and output 
files is described. The sections that cover this material are:

II Execution of a PL/I Program
III System Input/Output Files

1-1 DE04



Next, detailed descriptions are given for the two large system programs involved 
in compilation and execution, namely: the compiler and the loader. The 
characteristics of the compiler are described and the compiler output listing is 
explained and illustrated. The relevant loader control cards are given and the 
overlay capability is described. The sections are:

I V Compi1 er
V Loader

Next, the use of external files is described. For each 
the method of attachment and an example of file access are 
are:

type of organization, 
given. The sections

V I Externa 1 Files
VII CONSECUTIVE and INTERACTIVE Organization
VIII INDEXED Organization
IX REGIONAL Organization

Next, some details of the compiler program are given. The method.of linking 
PL/I programs with programs written in other languages is described. The 
internal representation of PL/I data is described and storage layout rules for 
variables given. The sections are:

X
XI

Linking PL/I and Other Languages 
Internal Representation of PL/I Data

Next, examples of the creation, modification, and use of the INCLUDE file are 
given. The section is:

XI I INCLUDE Files

Next, a detailed description of debugging PL/I programs is presented. The 
messages printed upon the abnormal termination of a job are discussed and the 
methods for locating different types of PL/I variables in a memory dump are 
described and illustrated. The section is:

XIII Debugging PL/I Programs

Next, a series of hints on the effective use of PL/I are given. Methods for 
optimizing PL/I programs are suggested and some common programming errors 
illustrated. The sections are:

XIV Efficiency Considerations
XV Common Programming Errors

Finally, a sample problem is programmed in PL/I in two ways. The first program 
illustrates how a programmer can use PL/I to solve a problem quickly for his own 
use. The second program illustrates the use of PL/I for the development of a 
routine for a production environment. The section is:

XVI Solution of a Problem in PL/I

1-2 DE04



The appendixesgive reference are:

A

H

Restrictions in Series 60 PL/1
Comparison of Series 60 PL/I and Standard
Memory Limits
Character Conversion Tables
Internal Representation of PL/I Data Tyes
External Names
Format of the INCLUDE File
Error Messages
ON Codes

these sections, appendixes are included in the User’s Guide 
material in tabular form

Related Manuals

Additional information on the PL/I language and the Series 60 is available. 
The PL/I language is described in another Honeywell publication, as follows:

The PL/I Reference Manual (Order Number DE05) describes the Series 60 
PL/I language. Each feature of the language is explained by an 
example, and the rules of the language are given in definitions that 
are informal but complete.

The aspects of the Series 60 environment discussed in this manual are described 
in other Honeywell publications, as follows:

The General Comprehensive Operating Supervisor (GCOS) manual (Order 
Number DD19) describes the functions of GCOS.

The Control Cards Reference Manual (Order Number DD31) describes the 
control cards used in the execution of the activities of a job.

The General Loader manual (Order Number DD10) describes the 
genera 1 - purpose loader used to initiate an execution activity.

The File and Record Control manual (Order Number DD07) describes file 
process i ng.

The Indexed Sequential Processor manual (Order Number DD38) describes 
the processor used for creating, accessing, and maintaining files with 
indexed sequential organization.

GCOS FUNCTIONS

The General Comprehensive Operating Supervisor (GCOS) consists of a set of 
control programs and processing programs that monitor the current status of all 
system resources and jobs in the system and allocate optimum resources to each 
job.

GCOS performs the following functions:

Input media conversion
Resource allocation
Execution
Termi nation
Output media conversion
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Each of these functions is considered in the following paragraphs.

Input media conversion handles input data in two categories: system related 
data and program data. The system related data consists of control cards that 
define peripheral devices, processors, and storage requirements for the 
activities belonging to a job. The program data consists of the information to 
be processed by the program.

Resource al location is based on the information obtained from the control 
cards. If the resources required for a job activity are not currently available 
in the system, the job activity is suspended.

Execution of the activity under the supervision of a dispatcher begins when 
all the necessary resources are secured. The dispatcher queues activities with 
an attached priority and processes activities from the queue in the order of 
the i r priorities.

Term i nat i on follows the completion of a job activity. Errors and 
accounting information about the job activity are written on the SYSOUT file, 
the file is closed, and all resources allocated to the job activity are 
released.

Output med i a convers i on takes place when all the activities that constitute 
a job are processed sequentially through allocation, execution, and termination.

Compilation of PL/I Programs

The compilation of a PL/I program requires the execution of a large system 
program, namely the PL/I compiler. GCOS loads the PL/I compiler from a 
catalogued master file, allocates the necessary resources for the compiler, and 
passes control to the compiler. The compiler then accepts a PL/I source program 
and translates it to an object program if no uncorrectab 1e errors are found.

Note that PL/I source programs must be prepared using either the BCD or 
ASCII character set. Section XV discusses special character considerations and 
Appendix D lists the graphic and punch-card representations of these character 
sets.

The PL/I compiler can be used to perform a simple syntactic check of a 
source program, to compile a source program, or to compile and optimize a source 
program. The amount of processing done by the compiler is specified by the use 
of options. The structure of the compiler and the compiler-directing options 
are described later, in the section on the ’’Compiler”.

The compiler operates in batch processing mode. The size of the source 
program determines the amount of memory that is required. Approximately 80K is 
needed for the compilation of a small PL/I program and 100K for an average 
program.

Loading and Execution of PL/I Programs

The execution of a PL/I program requires the loading of that program and 
the necessary subroutine group. The object program, the called subroutines, and 
the run-time packages are linked and the object program is executed.
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SECTION I I

EXECUTION OF A PL/I PROGRAM

This section describes the control cards that are used to compile and 
execute a PL/I program. These control cards define the compilation parameters, 
loading and execution operations, peripheral device assignments and core storage 
requ i rements.

DECK SETUP

An example of a basic control card setup that compiles and executes a PL/I 
external procedure follows. In this example, the source program is on cards.

1_______ 8._________ 16 ______________________

$ SNUMB 12345
$ IDENT ZETA,X2233,ST0P2
$ OPTION PL1
$ PL1 LIST

•
. PL/I Source Program

$ EXECUTE
$ LIMITS 2,SOK,-UK
$ ENDJOB

EOF

CONTROL CARDS

A detailed description of the control cards is given in the Control Cards 
Reference Manual. A brief description for each card in the example is given 
here.

SNUMB Control Card

The $ SNUMB control card provides an identifying name for the job. The 
format of the $ SNUMB card is:

1 8 16

$ SNUMB identifier

where: identifier is a 1- to 5-character alphanumeric
name identifying the job.
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IDENT Control Card

The $ IDENT control card supplies the account number for the job and the 
name of the user. The format of the $ IDENT card is:

1______ 8 16______________________________

$ IDENT account-no,name

where: account-no is the account number

name is a 1- to 12-character name
identifying the user.

OPTION Control Card

The $ OPTION 
program. This card

control card sets all the options 
is described later, in the section on

required for loading a 
the "Loader”.

PL1 Control Card

The $ PL1 control card specifies the compilation activity. Options that 
direct the compilation can be given on this card. The format of the $ PL1 
control card and the options that can be requested are described later, in the 
section on the ’’Compiler”.

EXECUTE Control Card

The $ EXECUTE control card specifies the activity of loading and executing 
the program produced as a result of the compilation activity. In response to 
this card, the loader brings the program into memory and links library 
subroutines to the object program. Normal termination of the loading initiates 
the execution of the object program. Further discussion of the $ EXECUTE 
control card is given later, in the section on the ’’Loader”.

LIMITS Control Card

The $ LIMITS control card modifies standard activity resource limits, 
format of the $ LIMITS card is:

The

1_______ 8________ 16

$ LIMITS time,storage-1,storage-2,print-1ines,I/0-time

where: time is a decimal integer that specifies the maximum
processor run-time for the activity in hundredths 
of an hour.

storage-1 is a decimal integer followed by ”K” that specifies 
the number of 1024 word blocks requested by a slave 
program that can be shared with the loader.
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storage-2 is a decimal integer, followed by ” 
by a minus sign, that specifies the 
102U-word blocks to be added to the 
General Loader to allow extra space

print-lines is a decimal integer that specifies 
number of print lines to be written

1/0-time is a decimal integer that specifies 
amount of I/O time in hundredths of

The $ LIMITS card is not required for PL/I compilation s 
standard limits are defined:

T i me Storage-1 S torage-2 Pr i nt"1i nes

.15 90K 0 12000

ENPJOB Control Card

The $ ENDJOB control card indicates the end of the job 
$ ENDJOB card is:

1______ 8_________ 16______________________________

$ ENDJOB

” and preceded 
number of 
size of the 
for load tables.

the maximum 
on SYSPRINT.

the maximum 
an hour.

nee the following

JL/O-1

None

The format of the
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SECTION I I I

SYSTEM INPUT/OUTPUT FILES

The file handling capability of PL/I 
of file organization can be generated and

is general and flexible, 
accessed by PL/I programs,

Four types
name 1y:

CONSECUTIVE 
INDEXED 
REGIONAL 
INTERACTIVE

The basic concepts of file handling are described later, in the section on 
"External Files". The section on "External Files" is followed by three sections 
that give the details of file attachment and use.

A large number of PL/I programs, however, use only the system input/output 
files. Since knowledge of the general capability is not required for the use of 
the system input/output files, a brief description of these files is given in 
thi s section.

SYSTEM INPUT/OUTPUT FILE USE

The two system files are SYSIN, the system input file, and SYSPRINT, the 
system output file. These files need not be declared, opened, or closed. If 
the filename is omitted from a GET statement, the filename SYSIN is assumed; if 
the filename is omitted from a PUT statement, the filename SYSPRINT is assumed.

The system input/output files have the following description:

F i1 ename Attribute Record Size

SYSIN INPUT,STREAM 80 characters

SYSPRINT OUTPUT,STREAM,PRINT 132 characters

System Input/Output File Codes

Files referenced in a PL/I program are attached to external files by a file 
code. The general rules for determining and using file codes are given later, 
in the section on "External Files". The file codes for the system input/output 
files are as follows:

F i1 ename

SYSIN
SYSPRINT

F i1 ecode

I*
P*
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To provide a program with input data on the system input file, the file code I* 
is used.

System Input

The data for a PL/I program can be included in the deck that contains the 
control cards and program cards. To include the data, a $ DATA control card is 
used. The $ DATA control card writes files onto a temporary linked disk for 
input to a user activity. The $ DATA control card has the following format:

16

$ DATA fc,options

where: fc is the 2-character code identifying the file.

options are described in the Control Cards Reference 
Manual.

Deck Setup Including Program Data

When the input data for a program is included 
setup of the previous section is modified to include a 
fol 1ows:

in the job deck, the deck 
$ DATA control card, as

$ ENDJOB
* * * EO F

1 8 16______________________________

$ SNUMB 12345
$ IDENT ZETA,X2233,STOP2
$ OPTION PL1
$ PL1

• 
• PL/I Source Program

$ EXECUTE
$ LIMITS 2,30K,-4K
$ DATA 1 *

• 
• Program Data

EXAMPLE OF THE USE OF THE SYSTEM INPUT/OUTPUT FILES

The use of the system input/output files is illustrated in the program 
given in Figure 3-1. The program determines the largest and smallest items from 
a list of five items. The list of five items is read from the system.input file 
and the minimum and maximum values are printed on the system output file.
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1 8________ L6_

$ SNUMB
$ I DENT
$ OPTION PL1
$ PL1

EXAMPLE: PROC OPT IONS(MA IN);

DCL (Nl, N2, N3, N4, N5, SMALL, LARGE) FIXED BIN; 
DCL (MIN, MAX) BUILTIN;

ON ENDFILE (SYSIN) GOTO EXIT;

LOOP: GET LIST (Nl, N2Z N3Z NU, N5);
SMALL = MIN(N1, N2Z N3Z N4, N5);
LARGE = MAX(N1, N2Z N3Z NA, N5);
PUT LIST (SMALL, LARGE) SKIP;
GOTO LOOP;

EXIT: END;

$ EXECUTE
$ LIMITS 2,30K,-2K
$ DATA I *
A 3 5 6 1
7 2 9 3 6
50 60 20 10 80
-15 -20 -35 -5 -10
$ ENDJOB
* * * E 0 F

Figure 3-1. The Use of Standard Files

The compiler output listing obtained from the execution of the program of Figure 
3-1 is reproduced in the next section of this manual to illustrate the different 
sections of an output listing.

The output from the program of Figure 3-1 follows the compiler output 
listing on the standard output filez as follows:

SNUMB = 7605T, ACTIVITY # = 02 REPORT CODE ¥ 01 1 RECORD COUNT = 000005
11

1 6
2 9

10 80
-35 -5
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SECTION IV

COMPILER

This section describes the PL/I compiler, the files used by the compiler, 
the options that can be specified to adjust the behavior of the compiler, and 
the output listing produced by the compiler.

COMPILER PHASES

A PL/I source program is translated into an executable object program by 
the PL/I compiler in six phases. During these phases the compiler produces 
edited error messages or object programs, as required. The six phases are:

Descr i pt i on Phase Name

Compiler control phase 
Syntax analysis phase 
Semantic analysis phase 
Optimization phase 
Code generation phase 
Error message editing phase

< COMMON
PARSE 
SEMANT 
OPTIMIZER
CODE GENERATION
DIAGNOSTIC

The programmer can determine the phases of the compiler that operate on his 
program by specifying options on the $ PL1 control card. The PARSE option 
directs the compiler to perform only the syntactic analysis phase; the CHECK 
option directs the compiler to perform only the syntactic and semantic analysis 
phases; and the OPTZ option directs the compiler to perform an optimization 
phase in addition to the usual phases of the compiler. The SEVERITY option 
directs the compiler to suppress error messages with level number less than the 
integer argument given with the option. A detailed description of the options 
recognized by the PL/I compiler is given later in this section.

The logical flow of the PL/I compiler is illustrated in Figure 4-1. If no 
options are specified, flow proceeds along the path straight down from the PARSE 
phase to the DIAGNOSTIC phase.
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Figure 4-1. Logical Flow of the PL/I Compiler
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Compiler Control Phase (COMMON)

The compiler control phase is in main storage throughout the compilation of 
a source program. This phase controls the execution of the other phases and 
performs the following actions:

Establish GCOS interfaces
Interpret compiler options
Determine overlay structure
Prepare output list
Determine storage space allocation
Prepare diagnostic message output
Prepare other services

Syntax Analysis Phase (PARSE)

The syntax ana lysis phase consists of two parts:

Lexical
Parse

ana lysis

During lexical analysis, the compiler constructs a series of tokens to represent 
source language statements. During parse, the token string created by lexical 
analysis is used to create for the program a tree structure that represents the 
relationships that exist among the elements of the source program.

Semantic Analysis Phase (SEMANT)

The Samant ic analysis phase handles declaration and semantic conversion. 
The declaration process allocates storage for variables appearing in the 
program. The semantic conversion process analyzes the tree structure 
representing the source program and facilitates operator conversion and operand 
process i ng.

Optimization Phase (OPTIMIZER)

The opt i mi zat i on phase is an optional phase that can be requested by 
specifying the OPTZ option on the $ PL1 control card. The PL/I compiler 
produces reasonably efficient code without this phase. Two major optimizations 
are performed in this phase, namely:

Factoring of common sub-expressions
Moving invariant computations outside loops

This phase is usually requested for the final compilation of a production 
program.
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Code Generation Phase (COPE GENERATION)

Two functions are performed by the code generat i on phase:

Allocation of storage space 
Generation of the object code

The object code is the series of machine instructions generated 
representation of the program.

from the tree

Error Message Editing Phase (DIAGNOSTIC)

The error message editing phase produces edited error messages describing 
the errors detected in the compilation of the source program. At the completion 
of this phase, control returns to the compiler control phase and the compilation 
is completed.

FILES USED DURING COMPILATION

The PL/I compiler uses standard system files, implicitly 
The files used in a PL/I compilation are given in Table 4-1. 
of these files to the compiler is shown in Figure 4-2.
described in more detail.

generated by GCOS.
The relationship
Each file is then

Files Used in a PL/I CompilationTable 4-1.

File
Code

—

File Name Size Type

A* Alter file variable 1i nked

B*

C*

D*

K*

p*

Object program file

Obj ect deck file

Stranger option file

Compressed deck file

Sys tern output file

2 1 i nks 1i nked

S* Source program file variable 1i nked

*3

.L

Work file

1nc1ude f i1e a

5 links random

It an i nclude file is used, it must be prepared 
by the user.
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Figure 4-2. Files Used During Compilation
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Al ter File

The alter file (A*) is used to make partial modification of the PL/I source 
program to be compiled. A detailed description of the modification of a source 
program using $ ALTER cards is given in the File and Record Control manual.

The alter file is generated by the GCOS system input module when a $ UPDATE 
card is detected. The $ ALTER and source program cards are stored in the alter 
file by the system input module.

Ob j ect Program File

The object program file (B*) is used to store the object program generated 
as a result of the compilation of the source program by the PL/I compiler.

The object program file is generated by ALLOC, a GCOS module, when a 
$ EXECUTE card occurs in the job.

Object Deck File

The object deck file (C*) contains the deck generated by the PL/I compiler. 
The object deck begins with the $ OBJECT card and ends with $ DKEND card.

The object deck file is generated by ALLOC, a 
option is given on the $ PL1 control card.

GCOS module, when the DECK

Stranger Option File

The stranger option file (D*) 
the PL/I compiler given on the $ PL1 
the options given in this file.

contains card images of options specific to 
control card. The PL/I compiler interprets

The stranger option file is generated by the GCOS system input module when 
options that have no commonality with other language processors are given on the 
$ PL1 control card.

Compressed Deck File

The compressed deck file (K*) contains the source program 
form. A detailed description of a compressed deck is given in 
Record Control manual.

in a compressed
the File and

The compressed deck file is generated by ALLOC when the COMDK option is 
given on the $ PL1 control card. The compressed deck is stored in the format of 
an input file to the PL/I compiler and can be used as a source program input 
(S*) .
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System Output File

The system output file (P*) is used when the PL/I compiler, or any other 
processing program under GCOS, outputs reports or processing results. This file 
is usually allocated to the system output device and is fed to this device via 
SYSOUT, a GCOS module.

The maximum number of lines that SYSOUT can output for one activity is 
30,000. Output beyond this limit can also be fed to the line printer by first 
allocating the system output file to a magnetic file or disk and then 
transferring its contents to the line printer by the Bulk Media Conversion (BMC) 
modu1e.

Listings that the PL/1 compiler outputs on the system output file (P*) are 
described and and illustrated later in this section.

The system output file 
output.

is generated by ALLOC when processing resu1ts are

Source Program File

The source program file 
input for the compilation.

(S*) contains the PL/I source program image used as

The source program file is generated by the system input module when source 
cards are present in the job stream. The source program file (S*) may also be 
provided by a $ PRMFL card.

Work File

The work file (*3) is used to store intermediate results.

The work file is generated by ALLOC.

INCLUDE File

The INCLUDE file is prepared by the user as a file to store macro text when 
the ^INCLUDE statement is used in the PL/I program. Appendix G gives a detailed 
description of INCLUDE files.

OPTIONS

By the use of options the programmer can direct the compiler in the 
translation of his program. For example, options can be requested that limit or 
extend the amount of processing done by the compiler, that request additional 
output listings, that change the form of input and output, and that suppress a 
class of error messages.
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An option can be requested, negated, or omitted. An option is requested by 
giving the option name on the appropriate control card; for example, to request 
optimization the programmer specifies OPTZ. An option is negated by specifying 
the option name prefixed with the letter ’N’; for example, to negate the option 
OPTZ, the programmer specifies NOPTZ on the appropriate control card. If an 
option is omitted, a default assumption is made about the specification of the 
opt ion.

There are two types of options, standard opt i ons and spec i al opt i ons. The 
option names and the method of specifying options are given for both types in 
the following paragraphs.

Standard Options.

The standard options allow a programmer to determine which phases of the 
compiler operate on his program and to specify the listings and decks produced 
by the comp i1 at i on.

Standard options are specified on the $ PL1 control card. For example, the 
following $ PL1 control card illustrates the specification of the standard 
options ALTNO and COMDK.

1_______ 8________ 16____________ ___

$ PL1 ALTNO,COMDK

A detailed description of the control card formats used to specify the standard 
options is given later in this section.

The standard options recognized for the PL/I compiler are given in Table 
4-2. A brief description of the meaning and the associated default assumption 
is given for each option. Following the table, a more detailed description is 
given for each of the options.
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Table 4-2. Standard Options

Opt ion Mean i ng Defau1t

ALTNO Produce a list of the source program with 
alter numbers.

NO ALTNO

CHECK Suspend the code generation phase. NO CHECK

COMDK Produce a compressed deck of the source 
program.

NO COMDK

CSYM Include in the symbol table the internal 
names created by the compiler.

NO CSYM

DECK Produce a binary deck for the object 
program.

NO DECK

LIST Assume that LSTOU, MAP, SYMT, and XREF 
are specified.

NO LIST

LSTIN Produce the option list, expanded source 
program, storage requirements, external 
symbols, and compiler storage requirements.

LSTIN

LSTOU Produce a list of the object program. NO LSTOU

MAP Produce a map that associates the line 
numbers of the source program with the 
relative address in the object program.

NO MAP

NLSTIN Cancel the LSTIN option. LSTIN

OPTZ Optimize the object program. NO OPTZ

PARSE Suspend semantic analysis and code 
generation.

NO PARSE

SEVERITYn Suppress error messages with a severity 
level less than the indicated number.

SEVERITYl

SNUMBER J) Attach the line number of the source 
program to error messages.

Generate a complete symbol table that 
can be used at execution time.

NO SNUMBER

STAB NO STAB

SYMT Produce a list of names used in the 
source program and their attributes.

NO SYMT

XREF Produce a cross reference table with the 
symbol table indicating lines of 
declaration and reference for each name.

NO XREF
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STANDARD OPT ION NAMES

The standard options recognized by the PL/I 
following paragraphs.

compiler are described in the

ALTNO Option

The ALTNO option directs the compiler to produce a listing of the source 
program with attached alter numbers. The source program listing is an exact 
copy of the source program input to the compiler and contains star (*) option 
cards and ^INCLUDE statements. This listing is useful for determining the line 
number in the program for altering the output compressed deck image, especially 
if the program contains the ^INCLUDE statement or if the LONGFORM option is also 
requested.

CHECK Option

The CHECK option causes the compiler to suppress the code generation phase. 
Syntax analysis and semantic analysis are performed and any errors detected 
during these phases are reported.

The use of this option allows the programmer to save computer time, during 
the initial compilations of his program when the probability of errors is high.

COMDK Option

The COMDK option directs the compiler to produce a compressed deck of the 
source program. Columns 73 through 76 of this deck contain the name of the 
deck, composed of four characters specified by the TITLE option or as descrioed 
below. Columns 77 through 80 contain a sequence number.

CSYM Option

The CSYM option directs the compiler to add the internal names created by 
the compiler to the symbol table output listing. The attributes of each 
internal name are given in the listing. The CSYM option is recognized only when 
the SYMT option is also requested.

DECK Option

The DECK option directs the compiler to produce a binary deck for the 
object program.

LIST Option

The LIST option directs the compiler to proceed as if the LSTOU, MAP, SYMT, 
and XREF were requested. The LIST option is a convenient way to obtain a 
complete output listing.
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LSTIN Option

The LSTIN option directs the compiler to produce the option listing, the 
expanded source program listing, the storage space and external symbol listing, 
and the storage capacity required at compile time. These listings are parts of 
the compiler output listing described and illustrated later in this section.

The LSTIN option is the only option with a positive default assumption. 
Therefore, if no options are specified, the output requested by the LSTIN option 
is produced.

LSTOU Option

The LSTOU option directs the compiler to produce a listing of the object 
program in the compiler listing. The object program is given in a format 
similar to that of assembly language.

The object program listing is described and illustrated later in this 
section.

MAP Option

The MAP option directs the compiler to produce the table that gives the 
association between the line number of the source program and the relative 
address of the generated object code for that line of source language.

The object program map listing is described and illustrated later 
sect ion.

in this

OPTZ Option

The OPTZ option directs the compiler to perform an additional optimization 
phase. In this additional phase, common sub-expressions are eliminated. The 
code produced by the compiler, without this additional phase, is quite 
efficient. The decision to request the OPTZ option is based on considerations 
of program size and frequency of execution.

PARSE Option

The PARSE option directs the compiler to suppress the semantic analysis and 
code generation phases. This option is useful for the initial compilations of 
programs that use the ^INCLUDE statement in which syntactic errors can be 
especi al 1y serious.

SEVERITY Option

The SEVERITY option, with its associated integer ’n’, directs the compiler 
to suppress the listing of any error messages with level number less than ’n1.
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Error levels for PL/I error messages range from level 1 (warning level) to 
level 4 (fatal error). The error levels are categorized, as follows:

Fatal error.

Level Mean i ng

1 Warn i ng. The program contains a construction that may be in 
error. The compilation is not affected by an error of level 
1.

2 Correctable error. Errors of level 2 are corrected by the 
compiler and the compilation process continues unless the 
correction affects the process adversely.

3 Uncorrectable error. Errors of level 3 are not fatal, but 
cannot be corrected. The compilation process continues from 
the next logical point in the program, but code generation is 
suspended.

Errors of level 4 cause compiler termination.

For example, the option SEVERITY2 causes warnings (level 1) to be 
suppressed but allows error messages with a level greater than or equal to 2 to 
be 1i s ted.

SNUMBER Option

The SNUMBER option directs the compiler to include the corresponding source 
program statement number and line number in the information given by the error 
trace-back when an error occurs at execution time.

STAB Option

The STAB option directs the compiler to generate a complete symbol table 
for use at execution time. Variable names, label names, and entry names 
referred to in the source program are arranged so that execution time debugging 
can be performed conveniently.

SYMT Option

The SYMT option directs the compiler to produce the symbol table listing as 
part of the compiler output listing. The symbol table listing contains the 
names used in the source program with their attributes. The symbol table 
listing is described and illustrated later in this section.

XREF Option

The XREF option directs the compiler to include in the symbol table listing 
the line numbers on which each name is declared and referenced. The XREF option 
implies the SYMT option and automatically specifies it.
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STANDARD OPTION CONTROL CARDS

Standard options are given on the $ PL1 control card, in the following way:

I_______ S_______ 16______________________________7J_______ 80

$ PL1 opt ion,opt ion,... (not used)

The options are separated by commas and can be given in any order. A control 
card is terminated by a blank column, so no imbedded blanks can be included in 
the option list. If the last nonblank character on the card is a comma, more 
options are assumed to follow. The additional options are given on a $ ETC 
control card, as follows:

card. If the $ ETC control card ends with a comma, another $ ETC control card 
is assumed to follow.

1___ 8 16 73 80

$ PL1 opt i on,opt i on, (not used)
$ ETC opt ion,... (not used)

The format of the $ ETC control card is similar to that of the $ PL1 control

Each option name must be 
be continued from one card to

entirely 
another.

contained on one control card and canno t

The following example requests the options DECK, MAP, LSTOU, and SYMT on a 
single $ PL1 control card:

$ PL1 DECK,MAP,LSTOU,SYMT

The same request can be made on several cards, as follows:

$ PL1 DECK,
$ ETC MAP,LSTOU,
$ ETC SYMT

Special Options 

The special options 
for different versions 
compilation process, and

are used to name a program, to determine conventions 
of PL/I, to request statistical information about the 

to change the format of output listings.

Special options are given on star (*) control cards and are interpreted by 
the PL/I compiler. For example, the following star (*) control cards assign the 
name PRG1 to any output program decks, provide a listing title and request the 
special option SMESSAGE.

1_______________  13_______________ ____________________69

*TITLE ALPHA PROGRAM MAIN LISTING PRG1
*OPTIONS SMESSAGE

A detailed description of the control card formats used to specify the special 
options is given later in this section.
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The special options recognized by the PL/I compiler on the *0PTI0NS cards 
are given in Table 4-3 with a brief description of their meanings. Following 
the table, a more detailed description is given for each option.

Table 4-3. Special Options

Opt ion Mean i ng

FLOATBIN Regard scaled arithmetic fixed-point 
constants as arithmetic floating­
point constants.

1BMFORM Process source in columns 2-72 only.

LONGFORM Interpret the character ’#’ or in
column 1 as the continuation symbol.

SEC__SYMDEF Create for each external entry name 
containing a character a
corresponding entry name to be used as 
a secondary symbol.

SHORTFALL Reduce the size of the object program 
by restricting the code generated for 
subroutine calling sequences.

SMESSAGE Do not use the full printer for error 
message output. Limit it to 80 columns.

STATUS Produce statistical data about the 
compi1ation.

SPECIAL OPTION NAMES

thi s
The special 
sect ion.

option names recognized by the PL/I compiler are described in

FLOATBIN Option

The FLOATBIN option directs the compiler to regard any scaled arithmetic 
fixed-point constant in the source program as an arithmetic floating-point 
constant.

This option is provided so that programs 
language can be compiled by the PL/I compiler.

wr i tten i n the IBM DOS PL/I
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I BMFORM Option

The IBMFORM option directs the compiler 
through 72 of the input card. Column 
processed when this option is requested. If 
entire card is processed.

to process data in columns 2 
1 and columns 73 through 80 are not 
this option is not requested, the

LONGFORM Option

imii -The LONGFORM option directs the compiler to interpret the 
@ in column 1 of the source program input card as a symbol 

continuation of output lines in the source program listing 
compiler. 6

character ’#’ 
indicating 
produced by

or 
the 
the

. Since the image of each input card with this continuation symbol is the 
’°s|cal continuation of the preceding card, the compiler- tries, insofar as 
possible, to put the complete image on a single line in the program listing.

, This option is provided to allow the programmer to 
listing that is easy to read and to understand. produce a program

SEC—SYMDEF Option

The SEC—SYMDEF 
name to be used as a 
a ’$’ character.

option directs the compiler to create a corresponding entry 
secondary symbol for each external entry name that contains

The loader processing of the secondary SYMDEF occurs after the processing 
of the primary SYMDEF. The General Loader manual contains a complete 
description of this processing.

SHORT__CALL Option

The SHORT-CALL option directs the compiler to reduce the size of the object 
program by restricting the code generated for subroutine calling sequences. The 
object programs created when this option is specified are smaller in size but 
execute less efficiently than programs created when the option is not requested 
or is negated.

SMESSAGE Option

The SMESSAGE option directs the compiler to use only 80 
printer line for the listing of error messages. This option 
page width.

columns of the 
i s used to limit
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STATUS Option

The STATUS option directs the compiler to produce statistical 
the compilation of the source program in the compiler listing.

data about

The compiling statistic list, produced as a result of requesting this 
option, is described and illustrated later in this section.

SPECIAL OPTION CONTROL CARDS

Special options are given on one or more star (*) control cards. The star 
control card is a PL/1 control card and contains options that are specific to 
the PL/I compiler. The star control cards must be given first in the PL/1 
source program input deck.

The 
i s:

TITLE option card must be the first card if it is present. Its format

1____________ _____________________________ 63___________ZJ______ 80

*TITLE Listing heading of user's choice YYMMDDXXXXCnot used)

The listing heading replaces the standard main title line of the compilation 
listings. The date is optional and the date of compilation is entered if 
columns 63-68 are blank. The date is placed in columns 67-72 of the $ OBJECT 
card of the object deck (if any). Columns 69-72 of the *TITLE card are used for 
identification of output object and compressed source decks if such decks are 
requested by the appropriate options. The first 32 characters of the title are 
reproduced on the $ OBJECT card of the object deck (if any) beginning at column 
16. If no TITLE card is present, the deck identification is four zero 
characters and blanks are entered on the $ OBJECT card.

The SUBTITLE option card must be the second card if it is present. The 
format is:

1____________ 13__________________________________ ___ _____________ 13_______ 80

*SUBTITLE Listing subheading (not used)

Columns 13-72 become the subtitle on the compilation listing. If there is no 
SUBTITLE card the subtitle consists of the standard subtitle line that includes 
the first text line image of the program.

The COPYRIGHT option card has the following format:

1_____________ 13_________________________________ _____ ___________ 13_______ 80

♦COPYRIGHT "any desired copyright message" (not used)

The given message will be printed in a box formed with asterisks on the option 
listing page of the compiler output listing. A typical message could be

"COPYRIGHT 1975 BY THE ABC WIDGET CO."
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The format of the OPTIONS option card is as follows:

■1------------------------ 12------------ — _____________________________________ 73_______ 80

*OPTIONS option,... (not used)

The special options given in Table 4-3 are separated by commas and can be given 
in any order. More than one *OPTIONS card may be present.

Example of the Use of Options

The following program fragment illustrates the use of both standard and 
special options:

1_______ S_____ 1_5 16 _____________________________________ 69

*0PTIONS SMESSAGE,STATUS

$ SNUMB 12345
$ IDENT ZETA,X2233,ST0P2
$ OPTION PL1
$ PL1 DECK,COMDK,LIST,
$ ETC ALTNO
*TITLE PROG1

PL/I Source Program

$ EXECUTE
$ LIMITS
$ ENDJOB
* * * EO F

2,30K,-4K

PRGA

The standard options DECK, COMDK, LIST, and ALTNO and the special options 
SMESSAGE and STATUS are requested.

COMPILER OUTPUT LISTING

The compiler output listing is divided into sections. Each section is a 
listing that gives information about the source program, the compilation, or the 
object program. The programmer can select the sections of the listing to be 
produced by specifying options. The sections are shown in Table 4-4 in the 
order in which they appear, if requested, in the output listing. Associated 
with each section in the table is the option whose specification causes that
section of the listing to be produced.

Following the table, each section of the listing is described and 
illustrated. The program EXAMPLE, given in Figure 3-1, was used to produce the 
sample listings included here.
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Table 4-4. Sections of the Compiler Output Listing

Sect ion Opt ion

Alter listing ALTNO

Compiler option listing LSTIN

Expanded source program listing LSTIN

Symbol table SYMT

Cross reference table XREF

Storage space and external 
symbo1 listing

LSTIN

Object program map MAP

Object program listing LSTOU

Error message listing SEVERITYn

Compiling statistics listing STATUS

Storage capacity required 
at compi1e time

LSTIN

Alter Listing

The alter listing is a listing of the source program with alter numbers. 
This listing is used to change the compressed deck of the source program. The 
numbers associated with the lines of the source program in the alter listing can 
be different from the line numbers in the expanded source program listing due to 
the presence of star (*) option cards and the ^INCLUDE statement.

The alter listing for the sample program 
shows that the special option STATUS was given on

EXAMPLE follows. This listing
a star (*) control card.

ALTER NO SOURCE IMAGE OF THIS PROGRAM

1 *OPTIONS STATUS
2 EXAMPLE: PROC OPT IONS(MA IN);
3 DCL (Nl, N2, N3, N4Z N5Z SMALL, LARGE) FIXED BIN;
4 DCL (MIN, MAX) BUILTIN;
5 ON ENDFILE(SYSIN) GOTO EXIT;
6 LOOP: GET LIST(N1, N2, N3, N4, N5);
7 SMALL = MIN(N1, N2, N3, N4, N5);
8 LARGE = MAXCNl, N2, N3, N4, N5);
9 PUT LISTCSMALL, LARGE) SKIP;

10 GOTO LOOP;
11 EXIT: END;
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Compiler Option Listing

The complete set of standard option specifications 
listing. Options that are not specified on control cards are 
the default interpretation described earlier in this section.

is gi ven in this 
assumed to have

Any special options given on a star (*) control card are listed. The 
complete set of special options, however, is only included in the listing when 
the STATUS option is requested.

The compiler option listing produced as a result of a job that requested 
the standard options ALTNO, COMDK, CSYM/ and DECK and the special option STATUS 
is given below.

OPTIONS USED IN THIS COMPILATION

*OPTIONS STATUS

COMPLETE LIST OF OPTIONS

NO
NO
NO
NO

NO
NO
NO
NO
NO

NO 
NO

NO 
NO 
NO 
NO 
NO

LSTIN 
LIST 
MAP 
SYMT 
LSTOU 
ALTNO 
CSYM 
PARSE 
CHECK 
OPTZ 
SEVERITY 
STAB 
DECK 
COMDK 
SNUMBER 
XREF 
STATUS 
SHORTFALL 
LONGFORM 
IBMFORM 
SEC_SYMDEF 
FLOATBIN

Expanded Source Program Listing

The expanded source program listing gives a numbered list of the source 
program. If a ^INCLUDE statement is present, it is replaced in this listing by 
the expanded image. The nesting level of the DO group is given on each line, 
following the line number.

If the LONGFORM option is requested, the expanded source program listing 
occupies columns 9 - 136.
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The expanded source program listing for the sample program EXAMPLE is given 
below. Notice that the line numbers differ from the line numbers in the alter 
listing given earlier in this section due to the presence of the star (*) 
control card.

COMPILATION LISTING OF PROGRAM: EXAMPLE: PROC OPT IONS(MA IN);

1 EXAMPLE: PROC OPT IONS(MA IN);
2 DCL (Nl, N2, N3, N4, N5, SMALL, LARGE) FIXED BIN;
3 DCL (MIN, MAX) BUILTIN;
4 ON ENDFILE(SYSIN) GOTO EXIT;
5 LOOP: GET LISTCNl, N2, N3, N4, N5);
6 SMALL = MINCNl, N2, N3, NU, N5);
7 LARGE = MAXCNl, N2, N3, N4, N5);
8 PUT LISTCSMALL, LARGE) SKIP;
9 GOTO LOOP;

10 EXIT: END;

Symbol Table and Cross Reference Table

The 
program.

symbol table listing is a list of names declared or used in the source 
The names are given in the following order in the table:

Names declared explicitly by the DECLARE statement.

Names declared but not used.

Names declared explicitly through context outside of the DECLARE 
statement. (For example, label constants, format constants, and entry 
constants.)

Names declared implicitly or by context.

For each name, the following information is listed:

• If the name is that of a structure member, its structure relative 
address is given in the form of a word offset (in octal) and bit 
offset (i n decimal).

• Address.

• Storage space attributes.

• Data type attributes.

If the XREF option is requested, 
for each name in the symbol table, 
line numbers of the declarations and 
as to whether or not the value of the variable is set.

the cross reference listing is produced 
The cross reference listing indicates the 

references for each name and an indication

References to a DEFINED variable are included in the cross reference table 
for the base variable since the storage generation for the two variables are the 
same. The cross reference table for a pointer variable, which, implicitly 
modifies (i.e., appears in the declaration of) a BASED variable, includes all 
references to the BASED variable except those using a different pointer for 
qualification. If the BASED variable has an upper bound, lower bound, or length 
specified by an expression, a simple reference to the BASED variable implies a 
reference to any variables used in the expression.
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The symbol table and the cross reference table for the sample program 
EXAMPLE is given here. For reproduction in this manual/ the format has been 
compressed by reducing the length of each field on the listing.

*** NAMES DECLARED IN THIS COMPILATION ***

IDENTIFIER OFFSET LOC STORAGE CLASS DATA TYPE ATTR AND REFERENCES

*NAMES DECLARED BY DECLARE STATEMENT*
LARGE 000014 AUTOMATIC FIXED BlN(17,0 ) DCL 2 SET REF 7 8
MAX BUILTIN FUNCTION INTERNAL DCL 3 REF 7
MIN BUILTIN FUNCTION INTERNAL DCL 3 REF 6
N1 000006 AUTOMATIC FIXED Bl N(17,0) DCL 2 SET REF 5 6 7
N2 000007 AUTOMATIC FIXED Bl N(17,0) DCL 2 SET REF 5 6 7
N3 000010 AUTOMATIC FIXED Bl N(17,0) DCL 2 SET REF 5 6 7
N4 000011 AUTOMATIC FIXED Bl N(17, 0 ) DCL 2 SET REF 5 6 7
N5 000012 AUTOMATIC FIXED BIN(17,0) DCL 2 SET REF 5 6 7
SMALL 000013 AUTOMATIC FIXED BIN(17,0) DCL 2 SET REF 6 8

*NAMES DECLARED BY EXPLICIT CONTEXT*
EXAMPLE
EXIT
LOOP

000035 CONSTANT
000167 CONSTANT

ENTRY
LABEL
LABEL

EXTERNAL DCL 1 REF 1
DCL 10 REF 10 4
DCL 5 REF 5 9000074 CONSTANT

*NAMES DECLARED BY CONTEXT OR IMPLI CATION*
ENDFILE 000015 STACK REF CONDITION REF 4
SYS IN 000003 CONSTANT FILE SET REF 4 5
SYSPRINT 000004 CONSTANT FILE SET REF 8

Storage Space and External Symbol Listing

The storage space listing gives the amount of storage required for the 
object program and the automatic storage requirements. The object program size 
is given in words and includes the required storage space for INTERNAL STATIC 
variables and constants. The number of V count bits is also given. The number 
of words of automatic storage determined by the constants required for the 
procedure block and the automatic storage required by BEGIN blocks and ON units 
are given in this listing.

The external symbol listing gives the external operators, external entries, 
and external variables used in the program.
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The storage space listing and 
program EXAMPLE are, as follows:

external symbol listing for the sample

COMPILATION LISTING OF PROGRAM: EXAMPLE: PROC OPT I0NS(MAIN);

★STORAGE REQUIREMENTS FOR THIS PROGRAM*

OBJECT PROGRAM SIZE IS 120 WORDS. (V COUNT 5)

EXTERNAL PROCEDURE "EXAMPLE" USES 58 WORDS OF AUTOMATIC STORAGE
ON UNIT ON LINE 4 USES 6 WORDS OF AUTOMATIC STORAGE

★THE FOLLOWING EXTERNAL OPERATORS ARE USED BY THIS PROGRAM*
GET LIST NP AL EXT_ENTRY ON_UNIT_ENTRY RETURN_MAC
putZlist_np_al TRA_EXT_1 GET_TERMINATE PUT_TERMINATE
ENABLE_FILE GET_PREP PUT_PREP

★NO EXTERNAL ENTRIES ARE CALLED BY THIS PROGRAM*

★THE FOLLOWING EXTERNAL VARIABLES ARE USED BY THIS PROGRAM*
SYSIN SYSIN# SYSPRINT SYSPRINT#

★EXTERNAL NAMES AND CONVERTED NAMES OF THEM*

EXAMPLE 7EMPLE

SYSPRINT 8SRINT

Ob j ect Program Map

The object program map listing is produced when the MAP option or the LIST 
option is requested. The object program map listing gives for each line of the 
source program the relative address for the start of the cor respond!ng.object 
program code. The number of words required for the object code translation of 
the source line is also given in the form of a zero-suppressed decimal number, 
truncated to 2 digits.

The object program map for EXAMPLE is given here, compressed 
columns per line. The actual computer listing gives seven columns per

to four
line.

★OBJECT MAP*

LINE SIZE LOC LINE SIZE LOC
1 5 000032 3 000043
6 14 000115 7 14 000133

10 1 000167

LINE SIZE LOC LINE SIZE LOC
4 6 000055 5 5 000074
8 7 000151 9 1 000166
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Object Program Listing

When the LSTOU option is requested, the object program listing is produced. 
This listing consists of the series of assembly language instructions produced 
as a result of the translation of the source program.

The object program is produced in the following order:

INTERNAL STATIC region
Label constant array
Literal constants
FORMAT information
Object program procedure

A portion of the object program listing for the sample program EXAMPLE is 
given below:

BEGIN PROCEDURE "EXAMPLE"
ENTRY TO " 

000032 
000033 
000034

EXAMPLE”
105 130
120 114 
000000

101 115
105 040

000007

000
000
000

EXAM
PLE
ZERO

STATEMENT

0,7

1 ON LINE 1

000035 050000 7000 00 030 TSXBP .P0090 EXT-ENTRY
000036 000000 000072 000 ZERO 0, 58
000037 000035 4500 12 000 STZ 29, SP
000040 000035 7420 12 000 STXSP 29,SP
000041 000022 6200 12 000 EAXBP 18,SP
000042 000004 7400 12 000 STXBP 4, SP
000043 020000 6200 00 030 EAXBP SYSPRINT#
000044 000000 6360 10 000 EAQ 0, BP
000045 040000 7560 00 030 STQ SYSPRINT
000046 777751 6360 04 000 EAQ -23, IC 000017
000047 020003 7560 00 030 STQ SYSPRINT#+3
000050 010000 6200 00 030 EAXBP SYSIN#
000051 000000 6360 10 000 EAQ 0, BP
000052 030000 7560 00 030 STQ SYSIN
000053 777731 6360 04 000 EAQ -39, IC 000004
000054 010003 7560 00 030 STQ SYSIN#+3

000055 000007 7260 07 000 LXL6
STATEMENT 1

7, DL
ON LINE 4

000056 030000 6200 00 030 EAXBP SYSIN
000057 777723 6350 04 000 EAA -45, IC 000002
000060 060000 7010 00 030 TSXLP .P0376 ENABLE—FlLE
000061 000006 7100 04 000 TRA 6, IC 000067
000062 000012 7100 04 000 TRA 10, IC 000074
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Error Message Listing

The error message listing contains the errors that are detected during the 
translation of the source program. Each error message has an associated level 
number, between one and four. A description of the error level classification 
is given in connection with the SEVERITY option earlier in this section.

The error message list gives the error number, the severity level, the line 
number in the source listing at which the error was detected and explanatory 
text describing the error.

The error message listing for the sample program EXAMPLE is given below. 
An error of severity level 1 is printed as a WARNING.

WARNING 75
THE UNDECLARED IDENTIFIER "SYSPRINT" HAS BEEN CONTEXTUALLY DECLARED AS A FILE 
CONSTANT. IT WILL ACQUIRE DEFAULT ATTRIBUTES.

WARNING 133
THE UNDECLARED IDENTIFIER "ENDFILE" HAS BEEN CONTEXTUALLY DECLARED AS A 
CONDITION NAME. IT WILL ACQUIRE DEFAULT ATTRIBUTES.

WARNING 75
THE UNDECLARED IDENTIFIER "SYSIN" HAS BEEN CONTEXTUALLY DECLARED AS A FILE 
CONSTANT. IT WILL ACQUIRE DEFAULT ATTRIBUTES.

WARNING 495
IMPLEMENTATION RESTRICTION: LONG EXTERNAL NAME "EXAMPLE" 
6 CHARACTER NAME. RESTRICTIONS ARE: EXTERNAL FILE NAME 
EXTERNAL NAME SIZE <= 6.

HAS BEEN CONVERTED TO A
SIZE <= 5 AND OTHER

WARNING 495
IMPLEMENTATION RESTRICTION: LONG 
A 6 CHARACTER NAME. RESTRICTIONS 
EXTERNAL NAME SIZE <= 6.

EXTERNAL NAME "SYSPRINT" HAS BEEN CONVERTED TO 
ARE: EXTERNAL FILE NAME SIZE <= 5 AND OTHER

Compiling Statistics Listing

When the STATUS option is requested, the compiling statistics listing is 
produced. This listing contains statistical information about the performance 
of the compiler in the translation of the source program.
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The compiling statistics listing summarizes the usage of tokens, nodes, 
symbols, statements, and core. The compi1ing statistics listing for the sample 
program EXAMPLE is given below.

COMPILATION LISTING OF PROGRAM: EXAMPLE: PROC OPT IONS(MA IN);

*STATISTICAL DATA FOR PROGRAM*

<SUMMARY OF TOKEN USAGE>

THE NUMBER OF TOKENS IS 59
THE NUMBER OF EMPTY HASH TABLE SLOT IS 160
THE MAXIMUM NUMBER OF TOKENS IN A SLOT IS 2
THE TOTAL NUMBER OF WORDS IS 332

<SUMMARY OF SYMBOL USAGE>

THE TOTAL NUMBER OF COMPILER CREATED SYMBOLS IS 16

<SUMMARY OF NODE USAGE>

BLOCK 4 STATEMENT 27 OPERATOR 52 REFERENCE 80
TOKEN 59 SYMBOL 28 CONTEXT 3 LIST 18
MC-STATE 2 STORAGE 28 LABEL 6 XREF 1

<SUMMARY OF STATEMENT USAGE>

DUMMY—ST 1 ASSIGN ETC. 12 END 2 GET 3
GOTO 2 NULL 2 ON 1 PROCEDURE 2
PUT 2

<SUMMARY OF CORE USAGE>

* MAXIMUM STACK SIZE = 004651
* SIZE FOR PGM-TREE = 001262
* EXTENDED CORE SIZE = 000000

Storage Capacity Required at Compile Time

This section of the compiler listing consists of a single line giving the 
amount of storage required to compile the program, as follows:

** 66K WAS USED TO COMPILE THIS PROGRAM.

For the sample program EXAMPLE, 66K was required to compile the program.
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SECTION V

LOADER

This section provides an introduction to the General Loader activities 
necessarv for the execution of a PL/I program in the GCOS environment. The 
loader functions, loader control cards, and overlay structures are described. A 
detailed description of the loader is given in the General Loader manual.

DESCRIPTION OF LOADER FUNCTIONS

The General Loader produces an executable unit from a set of object 
programs, control cards, and libraries. The General Loader performs the 
following functions:

Linkage of object programs into a single object unit

Linkage of referenced library routines to the object unit

Assignment of main storage space required by the program, including 
common reservations

Definition of the overlay structure

Creation of file control blocks for the manipulation of files required 
by the object program

Upon completion of this processing, the loader passes control to an entry name 
within the object unit and the execution of the object programs begins.

Loader Processing

The object decks created by the PL/I compiler and other language processors 
are composed of two types of cards: preface cards and text cards. Preface cards 
contain information about the size and external names of the object program. 
The internal procedure names declared in the program (SYMDEFs), the external 
procedure names referenced in the program (SYMREFs), and the external variables 
declared and referenced in the program (Labeled Commons) are given on preface 
cards. Tg.,^t ca.rds contain the machine instructions and data for the program.

The loader obtains input from the GCOS standard files identified by the 
file codes R* and B*. The loader control file (R*) contains control cards and 
object programs from the input deck. The object program file (B*) contains 
object programs produced by the PL/I compiler. The loader’s primary input is 
the loader control file. When the loader encounters a $ SOURCE control card on 
that file, it inputs the cor responding object program from the object program 
file.
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When the object programs are loaded, the external variable procedure names 
referenced by the programs are resolved. The loader uses information contained 
on the preface cards to resolve SYMREFs, searching first any user-suppligd 
libraries, then the secondary svstem standard library (*L), and finally.the 
system standard library (L*). Every library program included in the object 
program by the PL/I compiler in the translation of.the source program is 
contained in the standard system library. (Some installations may include them 
in the secondary system standard library.)

Input Deck Processing

Figure 5-1 illustrates the processing of a typical input deck by GC0S,.the 
construction of the files used by the loader, and the processing of these files 
by the loader. Following the figure, the action taken by GCOS for each control 
card is described. Then, the action taken by the loader for each control card 
on the loader control file is given.

5-2 DE04



Ul,R,R,US ER/LIBRARY

ENDJOB

COMPILER

LOADER

DKEND

seconda ry 
standard

(Ul)
use r- MAIN STORAGE 

SPACEstandard 
system

PRMFL

EXECUTE

LIBRARY Ul

$ SNUMB

$ IDENT

$ OPTION pl:L

$ PL1

PL/1 source A

$ OBJECT 
object deck B

$ DKEND

$ PL1

PL/1 sou rce C

$ OBJECT 
object deck D

$ DKEND

$ PL1

PL/1 sou rce E

(R*)

$ OPTION PL1

/ $ SOURCE

$

z $

OBJECT 
object 
DKEND

deck B

' $ SOURCE

$

$

OBJECT 
object 
DKEND

deck D

■ $ SOURCE

$ LIBRARY Ul

$ EXECUTE

object 
file

program 
(B*)

$

$

OBJECT 
object 
DKEND

deck A

$

$

OBJECT 
object 
DKEND

deck C

$ OBJECT

Figure 5-1. Input Deck Processing
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GCOS processes the 
indicated control cards:

input deck and performs the following actions for the

Card Act i on

$ SNUMB Records the information on these cards for accounting purposes.
$ IDENT

$ OPTION

$ PL1

$ OBJECT
$ DKEND

$ PL1

$ OBJECT
$ DKEND

$ PL1

$ LIBRARY

$ EXECUTE

Copies the $ 
(R*).

OPTION control card to the loader control file

Writes a $ SOURCE card on the loader control file 
limits, allocates files and arranges for control 
to the PL/I compiler to translate program A.

(R*), sets
to be passed

The PL/I compiler reads as its source program all cards up to 
the next control card, translates the source program A, and 
produces the object program for A on the object program file

object deck B with its delimiting control cards to 
control file (R*) .

Writes a $ SOURCE card on the 
performs, for source program 
above for source program A.

loader control file (R*) and 
C, the same actions as described

Copies the object deck D with its delimiting control cards to 
the loader control file (R*).

Writes a $ SOURCE card on the loader control file 
performs, for source program E, the same actions as 
above for source programs A and C.

(R*) and
descr i bed

Cop i es the $ LIBRARY card to the loader control file (R*).

Passes control to the General Loader.

The General Loader then reads the loader control file 
during the processing of the input deck and performs the 
the indicated control cards:

(R*) created by GCOS 
following actions for

$ OPTION Sets the loader options necessary for the execution of a PL/1 
program, namely: LOWLOAD and PSETU.

$ SOURCE Loads the object program (A) from the object program file (B*).

$ OBJECT Loads the enclosed object program (B).
$ DKEND

$ SOURCE Loads the object program (C) from the object program file (B*).

$ OBJECT Loads the enclosed object program (D).
$ DKEND

$ SOURCE Loads the object program (E) from the object program file (B*).

$ LIBRARY Searches the user-supplied library (Ul) to resolve any
undefined SYMREFs, then the secondary system standard library 
(*L) and the system standard library (L*).

$ EXECUTE Passes control to the object program at the appropriate entry 
point.
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LOADER CONTROL CARPS

Loader control cards give information to the General Loader about the 
object programs that are to be executed. These control cards indicate the 
beginning, end, and entry point name for the object programs and define options, 
libraries, and memory allocation methods. In addition, the program can be 
divided into overlay segments by the use of the loader control card $ LINK. A 
more detailed description of these and other loader control cards can be found 
in the General Loader manual and Control Card Reference Manual.

The loader control cards described in this manual are summarized in Table 
5-1. Following the table, the cards are described in more detail.

Table 5-1. Loader Control Cards

Card
Name Mean i ng Parameters1

DKEND End Object deck.

ENTRY Specify SYMDEF name to which 
Loader passes control.

name

EXECUTE Conclude loading and pass 
control to object program.

sense swi tches, 
dump option

FFI LE Describe nonstandard file 
control blocks and options.

opt i ons

LIBRARY Include user libraries 
to resolve SYMREFs.

file codes of 
user 1i brar i es

LINK Define overlay structure. segment names, 
opt i on

OBJECT Begin object deck.

OPTION Define Loader options opt ions

SOURCE Read object program from 
object program file (B*).

USE Define Labeled Common Block 
or SYMREF.

name and size

^•Refer to the General Loader manual for a deta i1ed descr i pt i on of the
parameters.
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DKEND Control Card

The $ DKEND control card Indicates the end of the absolute or relocatable 
deck. The PL/I compiler generates this card at the end of the object deck. The 
$ DKEND card has the following format:

ENTRY Control Card

The $ ENTRY control card specifies the name to which the loader passes 
control upon the completion of the loading process. The $ ENTRY control card 
has the following format:

$ ENTRY name

where: name

If this card is 
external entry name 
statement or to the

is a SYMDEF corres ponding to an external 
for the program.

not included, the loader passes control 
that has the OPTIONS (MAIN) attribute 
special SYMDEF , if present.

entry point name

to e i the r the first
in its PROCEDURE

EXECUTE Control Card

The $ EXECUTE control card causes GCOS to activate the loader to load all 
the programs in the activity. The options on the $ EXECUTE control card request 
the setting of sense switches and the form of the dump. The $ EXECUTE card has 
the following format:

1______ 8________ 1,6 ____________________

$ EXECUTE options

where: the following options can appear:

ONI Set sense switch 1 on.
0N2 Set sense switch 2 on.
0N3 Set sense switch 3 on.
ONU Set sense switch U on.
0N5 Set sense switch 5 on.
0N6 Set sense switch 6 on.
DUMP Take full dump if activity terminates abnormally.
NDUMP Dump only registers if activity terminates abnormally.
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If no options are requested on the $ EXECUTE control card, all sense switches 
are set off and only the registers are dumped on abnormal termination of an 
activity.

FFILE Control Card

The $ FFILE control card describes nonstandard file control blocks and 
nonstandard file options. This control card is described later, in the section 
on "External Files".

LIBRARY Control Card

$ LIBRARY control card directs the loader to search the user-supplied 
libraries whose file codes are given as parameters. The libraries are searched 
in the order in which they appear on the card. The format of the $ LIBRARY card 
is as foilows:

1______ 8________ 16 _________________________

$ LIBRARY fc,...

where: fc is the 2-character alphanumeric file code of the user library.

Consider the following card:

$ LIBRARY Al,C2

If this card is included, the loader searches the user library identified by the 
file code Al and then the user library identified by C2 to resolve SYMREFs.

LINK Control Card

The $ LINK control card defines the overlay structure. The parameters on 
this card define the name of the segment, and optionally the name of the 
previously defined segment to be overlaid by this segment and the NOPAC option. 
The format of the $ LINK card is as follows:

16

LINK seg-name[,oseg-name[,NOPAC]]

where: seg-name is the name of the segment composed of the programs 
following the control card up to the next $ LINK or 
$ EXECUTE control card.

oseg-name is the name of the previously defined segment 
over laid.

to be

NOPAC indicates that SYMDEFs in the overlaid segment 
refe renced.

can
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The $ LINK control card is described in more detail later 
in connection with the definition of overlay structures.

i n this section

OBJECT Control Card

The $ OBJECT control card indicates the beginning of the absolute or 
relocatable deck. The PL/I compiler generates this.card at the beginning of the 
object program produced as a result of the translation of the source program. 
Identification is included on the card in the following format:

1______ 8________ 16

$ OBJECT

TTL date (see *TITLE description. Section IV)—

deck name (n characters, n = 0-4) 
sequence number (8-n characters)

For example:

$ OBJECT

indicates the following:

col 60 = P

col 67 - 72 = 111574
col 73 - 76 = CALC
col 77 - 80 = 0000

P 111574CALC0000

The card was generated by the PL/I 
compi 1 er.
TTL date is November 15, 1974.
The deck name is ’CALC’.
The sequence number is 0.

OPTION Control Card

The $ OPTION control card specifies options for the loader. The $ OPTION 
card has the following format:

1______ 8________ 16_________________________ _

$ OPTION options

where: option describes the execution of the program and the output of the 
loader.

The options that can be specified are given in Table 5-2.
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Table 5-2. Loader Options

Opt i on 
Name Mean i ng Defau1t

MAP Generate a memory map. MAP

NOMAP Do not generate a memory map. MAP

CONGO Execute even if errors detected. CONGO

GO Execute only if no errors detected. CONGO

NOGO Do not execute. CONGO

ERCNT/n/ Abort the program if the total 
number of errors exceeds n.

ERCNT/150/

SYMREF Include the SYMREF symbols used by 
each subprogram in the memory map.

NOSREF

NOSREF Do not include SYMREF symbols in 
the memory map.

NOSREF

PL1 Specify all necessary conditions 
for the execution of PL/1 programs 
(LOWLOAD, PSETU).

NOMSUB Suppress the missing routine message.

SOURCE Control Card

The $ SOURCE control card is generated by GCOS on the loader control file 
(R*) when a system call card (for example $ PL1) is encountered. The format of 
the $ SOURCE card is as follows:

1______ 8________ 16___________________________

$ SOURCE

This card indicates that the object program input for the loader is to be found 
on the object program file (B*).
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USE Control Card

The $ USE control card specifies a name for the Labeled Common Block or 
SYMREF. A numeric size enclosed in slants immediately following the name 
defines the name to be a Labeled Common Block; otherwise, the name is assumed to 
be a SYMREF. The format of the $ USE control card is as follows:

16

is the name of a Labeled Common Block or SYMREF.where: name

is the amount of storage to be 
Common Block.

s i ze

The loader enters the name in its symbol table and, if a size is given, sets 
aside the necessary storage.

Consider the following example:

ALPHA/U00/,PXY,BETA/200/USE

ALPHA is a Labeled Common Block 400 words long.
PXY is a SYMREF
BETA is a Labeled Common Block 200 words long.

The $ USE control card is necessary for the attachment of INTERACTIVE, INDEXED, 
and REGIONAL files. This usage is described later, in the section describing 
file attachment.

OVERLAY STRUCTURE

A program that exceeds main storage capacity can be executed as an overlay 
structure. By the use of $ LINK control cards, a program is divided into a 
series of segments. These segments share storage and, therefore, must be loaded 
during the execution of the program as they are needed.

The definition of the overlay structure by $ LINK control cards, the tree 
representation for an overlay structure, and the routines used to load overlay 
segments are described in the following paragraphs.

Segment Definition

The $ LINK control cards delimit the segments of the overlay structure. A 
$ LINK control card with a segment name defines as the named segment the 
programs between that card and the next $ LINK or $ EXECUTE card. The segment 
name consists of one to six alphanumeric characters, the first of which must be 
alphabetic. Segment names must be unique with respect to SYMDEFs and other 
segment names.
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Consider the following fragment of an input deck:

$
$

$
$

$ 
$

LINK ASEG
OBJECT

object program Al 
DKEND
PL1

source program A2
LINK BSEG
PL1

source program Bl

LINK CSEG

Two segments are defined in this fragment: ASEG and BSEG. The segment ASEG 
consists of the object program Al and the object program produced as a result of 
the compilation of the source program A2. The segment BSEG consists of the 
object program produced as a result of the compilation of the source program Bl.

Root Segment

The main segment of the overlay structure/ the root segment, remains in 
main storage through the entire activity. The programs in the input deck 
preceding the first $ LINK control card make up the root segment. The loader 
generates the name ’//////1 for the root segment.

Segment Overlays

defines aThe $ LINK control card with two segment names as parameters 
segment overlay. For example:

$ LINK DSEG/BSEG

This card indicates that the segment 
and that the segment DSEG overlays the 
loader assigns the segment DSEG to 
BSEG.

DSEG is defined by the programs following 
previously defined segment BSEG. The 
the same starting location as the segment

Example of an Overlay Setup

An input deck defining an overlay structure is given here. Following the 
deck setup a diagram of the memory allocation produced by the loader is given.
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Consider the input deck:

1 8 ___ 16

$ SNUMB
$ IDENT
$ OPTION PL1
$ PL1_______________

source program 
for root segment

$ LINK ABC
PL1______________

source program
A ________

$ LINK DEF
$ PL1______________

source program
D_________________

$ LINK GHI
$ PL1

source program 
 G _____  

$ LINK JKL,GHI
$ PL1

source program
J_________ _______

$ LINK MNO,DEF
$ PL1____________

source program
M_________

$ LINK PQR,ABC
$ PL1______________

source program
P________________

$ LINK STU
$ PL1______________

source program
S __________

$ LINK VWX,STU
$ PL1

source program
V________________

$ EXECUTE

root segment

segment ABC

segment DEF

segment GHI

segment JKL

segment MNO

segment PQR

segment STU

segment VWX

This input deck defines a root segment and eight overlay segments, namely: ABC, 
DEF, GHI, JKL, MNOZ PQR, STUZ and VWX. The segments JKL and GHI overlay each 
other, as do segments MNO and DEF, PQR and ABC, and VWX and STU. Each segment 
in this example is made up of a single source program. However, the segments 
can be made up of any number of source and object programs as is i1 lustrated in 
a more general example later in this section.
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The loader allocates storage based on the $ LINK control 
allocation of storage can be diagrammed in the following way:

card. The

low address

GHI JKL

MNO

STU VWX

DEF

PQRABC

mill
root segment

hi gh address

The solid horizontal lines in this diagram indicate the points at which the 
loader resets its loading origin as a result of encountering a $ 1 INK control 
card with two segment names. The broken horizontal lines indicate the end of 
the shorter overlay segment.

Tree Representation

A tree provides a convenient form 
structure. The tree representation for the

of representation for 
structure just described

an
i s:

over 1 ay

GHI JKL

STU VWX

ABC PQR
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A tree representation makes explicit the notion of the path. A path is a 
route that can be traced from the root of the tree to one of the tips. The 
paths of the above tree are:

//////-ABC-DEF-GHI 
//////-ABC-DEF-JKL 
//////-ABC-MNO 
//////-PQR-STU 
//////-PQR-VWX

If two segments are connected by a path, these segments are said to be 
common to a path. Notice that the root segment, //////, is common to every path 
of the tree. The segments ABC and JKL are common to a path, namely: the second 
path on the above list of paths. The segments ABC and VWX are, however, not 
common to any path of the tree.

References Between Segments

Programs can reference other programs in the same segment or programs 
contained in segments on a common path with their containing segment. If there 
is no common path between two segments, the programs of one segment cannot 
reference the programs of the other segment. Programs of segments not on a 
common path share storage and are, therefore, not usually in memory at the same 
time.

Programs of segments on separate paths can communicate with each other 
through the root segment or through a segment closer to the root segment that is 
common to both paths. For example, the program S of segment STU cannot 
communicate directly with the program V of segment VWX, but both S and V can 
communicate with the program P of segment PQR since there is a path through PQR 
and STU and through PQR and VWX.

The loader prohibits references between programs belonging to segments on 
separate paths by removing the names defined in overlaid segments from its 
symbol table. References to such names therefore become undefined.

It sometimes happens, however, that segments on separate paths co-exist in 
memory. Consider, in the previous example, the segments GHI and MNO. Clearly, 
the loading of MNO does not in any way affect the contents of GHI, if GHI is in 
memory. The NOPAC option of the $ LINK control card allows programs in a 
segment to reference programs in an overlaid segment. If the program M of 
segment MNO references the program G of segment GHI, the $ LINK control card 
defining the segment must be:

$ LINK MNO,DEF,NOPAC

The NOPAC option directs the loader to omit the step that removes the names 
defined in the overlaid segment DEF from the symbol table. These names are then 
available to the programs of MNO, and the reference from M to G is defined.
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Loading Segments

The loader converts each segment into a load module stored on the program 
link file (H*), which is provided by the system (as a temporary file) if it is 
not provided by the user. The loader then loads the root segment into main 
storage and passes control to any entry name within the root segment. The 
user's program is responsible for loading the overlay segments into main storage 
as they are needed. Two programs, PLINK and PLLINK, are provided in the PL/I 
standard library to accomplish this loading. These two programs differ from 
each other only in the way in which control is returned.

PLINK loads the segment named as its 
(H*) and passes control to the 
$ ENTRY control card.

argument from the program link file 
entry name defined by the use of the

PLLINK loads the segment named as its argument from the program link file 
(H*) and returns control to the statement following the call to 
PLLINK.

Consider the following portion of an overlay segment:

16

$ LINK XSEG
$ PL1__________

A: PROCEDURE;

_________END;_______
$ ______ PL1__________

B: PROCEDURE;

_________END;_______
$ ENTRY B
$ LINK YSEG

The following two examples illustrate the loading of the segment XSEG, first 
using PLINK and then using PLLINK.
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EXAMPLE USING PLINK

The subprogram PLINK is used to load and transfer control 
B in the segment XSEG in the following example:

to the entry name

PROG1: PROCEDURE;

DECLARE PLINK ENTRY(CHARACTERC6));

CALL PL INK(’XSEG ’);

END;

EXAMPLE US I NG PLLINK

The subprogram 
example. Control is 
the entry name B.

PLLINK is used to load the segment XSEG in the following 
subsequently transferred to the segment XSEG by the call to

PROG2: PROCEDURE;

DECLARE PLLINK ENTRY(CHARACTER(6));

CALL PLLINKC'XSEG ');

CALL B;

END;

EXAMPLE OF THE USE OF OVERLAYS

The deck setup for an example using overlays is given here. The tree 
representation defined by the overlay structure and a diagram of the processing 
of this example by the loader are also included. Note, in this example, that 
$ ENTRY cards for the overlay segments are not required since only PLLINK is 
used.
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Deck Setup for Example QVLY

1 8 16

SNUMB
IDENT
OPTION PL1
PL1 __________________________________

A: PROCEDURE OPT IONS(MA IN);
DECLARE PLLINK ENTRY(CHARACTER(6));

CALL PLLINK('SEG1 1); 
CALL X;

CALL PLLINK(’SEGU ’); 
CALL Y;

________ END;_______
PL1__________

B: PROCEDURE;

________ END;_______
PL1__________

C: PROCEDURE;

________ END;_____________________________________
ENTRY A
LINK SEG1
PL1________________________________________

X : PROCEDURE •
DECLARE PLLINK ENTRY(CHARACTERC6));

CALL PLLINK('SEG2 ' );
CALL Z;

CALL B;

CALL PLLINKC’SEG3 1 ); 
CALL V;

CALL C;

END;
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Deck Setup for Example QVLY (cont)

1 8 16 

$ LINK SEG2
$ r______ PL1__________

Z: PROCEDURE;

_________END;_____________
$ LINK SEG3,SEG2
$ PL1________________

V: PROCEDURE;

________ END;_____________
$ LINK SEG4/SEG1

$ LIMITS

$ ENDJOB
* * * EO F
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Tree Representation for OVLY

The overlay structure defined by the input deck of the previous section can 
be represented by the following tree:

////// 
root segment

C

B

A

> SEGU

Loader Processing of OVLY

The processing done by the loader in connection with OVLY is diagrammed in 
Figure 5-2. As in Figure 5-1, the loader inputs control cards and object 
programs from the loader control file (R*) and object decks, produced as a 
result of translation, from the object program file (B*). The loader searches 
the secondary system standard library file (*L) and the system standard library 
(L*). In addition, this example illustrates the construction of load modules on 
the program link file (H*).
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Loader control file 
(’R*' )

Object program file 
( ' B*')

DKEND

OBJECT 
object program C
DKEND

OBJECT 
object program X
DKEND

OBJECT 
object program A
DKEND

OBJECT 
object program B
DKEND

OBJECT 
object program Z
DKEND

OBJECT 
object program Y
DKEND

OBJECT

$ OPTION PL1

$ SOURCE (A:PROCEDURE) .

$ SOURCE (B:PROCEDURE) ’

$ SOURCE (C:PROCEDURE)

$ ENTRY A

$ LINK SEG1

$ SOURCE (X:PROCEDURE)

$ LINK SEG2

$ SOURCE (Z:PROCEDURE)

$ LINK SEG3/SEG2

$ SOURCE (V:PROCEDURE)

$ LINK SEGU,SEG1

$ SOURCE (Y:PROCEDURE)

$ EXECUTE

Figure 5-2. Loader Processing of Overlays
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SECTION VI

EXTERNAL FILES

This section describes the basic concepts of file processing: organization/ 
access, and transmission. The device assignment control cards and the 
requirements of the different devices are also included.

FlLE ORGANIZATION

GCOS PL/I allows the following four types of file organization:

CONSECUTIVE 
INTERACTIVE 
INDEXED*^ . 
REGIONAL

In CONSECUTIVE and INTERACTIVE organization, records are retrieved in the order 
in which they were written; in INDEXED and REGIONAL organization, records are 
retrieved by means of a key. The four types of organization are described in 
detail in the following sections of the manual. For each type of organization, 
the data transmission statements that can be used are given and the method of 
attachment to external files is described. Examples of file creation and access 
are included for each type of organization.

The organization can be specified at compile time by the ENVIRONMENT 
attribute. If the organization is not given in the program, it can be specified 
at execution time by a parameter on a control card. In the absence of 
specification, CONSECUTIVE organization is assumed.

ACCESS MODE

Two types of access, sequential or direct, are available; however, the 
organization of the file imposes some constraints on the type of access that can 
be applied to that file. Table 6-1 summarizes the access mode that can be used 
with each type of organization. The activities permitted for the organization 
and access are also given.
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Table 6-1. Record-Oriented Access Methods

Organ i zat ion Access Acti vi ty

CONSECUTIVE SEQUENTIAL INPUT 
OUTPUT 
UPDATE

INTERACTIVE SEQUENTIAL INPUT 
OUTPUT

INDEXED SEQUENTIAL INPUT
OUTPUT
UPDATE

DIRECT INPUT 
UPDATE

REGIONAL SEQUENTIAL INPUT 
OUTPUT 
UPDATE

DIRECT INPUT 
OUTPUT 
UPDATE

As indicated in the table, CONSECUTIVE and INTERACTIVE files cannot be 
accessed directly and an INDEXED file cannot be opened for DIRECT OUTPUT and 
thus cannot be created directly. The motivation for these restrictions is given 
in the detailed description of file organization later in this manual.

TRANSMISSION

PL/I uses two types of transmission: stream-oriented transmission and 
record-oriented transmission. The PL/I reference manual contains a detailed 
description of these two transmission methods.

Stream-Or iented Transmission

In stream-oriented transmission, the file is considered to be a continuous 
stream of characters. However, the conceptual PL/I stream file is attached to 
an external file that consists of a series of records; consequently, the record 
size must be provided for stream files. If the LINESIZE option is given in the 
OPEN statement of an output file, the record size is assumed to be the same as 
the line size. Otherwise, the record size can be given at execution time on 
control cards.
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There are two PL/I statements for stream-oriented transmission, namely:

GET
PUT

Stream-oriented transmission can be used only with CONSECUTIVE and INTERACTIVE 
files* The structure of INDEXED and REGIONAL files is predicated upon the 
relationship between a key and a record.

Stream-oriented transmission can access either BCD or ASCII files. Unless 
otherwise specified, the file is assumed to be BCD and is converted during 
transmission to ASCII. Punch stream files are exceptions to this, however (see 
"Device Requirements" in this section and "Descriptor Files" in the section on 
"Consecutive and Interactive Organization").

Record-Oriented Transmission

In record-oriented transmission, the minimum unit to be processed is a 
logical record. No data conversion takes place during transmission.

A file is considered to be a set of logical records. On OUTPUT, a WRITE, 
REWRITE, or LOCATE statement causes the record to be transmitted to the external 
file exactly as it is recorded internally. A READ statement causes the record 
of the external file to be transmitted to memory. The logical records are 
written on the external file after being blocked by the operating system. Since 
the records are blocked, the execution of a data transmission statement does not 
necessarily cause the record to be actually transmitted between memory and a 
peripheral device. The execution of a CLOSE statement causes any records 
retained in the blocking buffers to be transmitted to the device.

There are five 
fol 1ows:

PL/I statements for record-oriented transmission, as

READ 
WRITE 
REWRITE 
LOCATE 
DELETE

The options that can be used in these statements depend upon the type of 
organization and the method of access. The permissible data transmission 
statements for each type of organization are given in the sections following.

RECORD STRUCTURE

PL/I handles the following record types:

FIXED 
VARIABLE

FIXED records can be used with all types of file organization, 
types can be used only with CONSECUTIVE files.

VARIABLE record
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FIXED Records

FIXED records are all of the same defined length. The size of the buffer 
determines the number of records to be blocked. No record control word appears 
in fixed length records.

VARIABLE Records

For VARIABLE records, a record control word appears at the beginning of 
each logical record. VARIABLE records can be used only with files generated in 
the binary mode. VARIABLE records can contain a record larger than the buffer 
size. Such a record is called a part i t i oned record. When files with 
partitioned records are handled, the PRTREC option must be requested on the 
$ FFILE control card.

ATTACHMENT OF PL/I FILES TO EXTERNAL FILES

The PL/I file is a conceptual unit. When the OPEN statement for the file 
is executed, the file is attached to an external file by the file code. The 
file code is determined from the first two characters of the TITLE option. If 
the TITLE option is not given, the first two characters of the file name are 
used as the file code. Control cards with the identifying file code are used at 
execution time to specify a device and to provide additional information about 
the file.

A CONSECUTIVE file can be attached directly to a peripheral device, if all 
the default assumptions apply to the file. To change default assumptions, a 
$ FFILE control card or a descriptor file can be included. INDEXED and REGIONAL 
files require a descriptor file and a $ USE control card for attachment. Figure 
6-1 illustrates the attachment of files with different types of organization. A 
description of the peripheral device assignment cards is given later in this 
section. The descriptor file cards depend upon the organization of the file and 
are, therefore, described separately under each organization type. Similarly, 
the $ USE is described for INDEXED and REGIONAL files.

In Figure 6-1, the first file Fl is a CONSECUTIVE file with record-oriented 
transmission. The file Fl is opened with a TITLE option Wl. The file code is 
taken from the first two characters of the TITLE option, so the file code for Fl 
in this example is Wl. All the default assumptions apply to this file; 
therefore, it can be attached directly by the device assignment card $ TAPE Wl. 
The second file, F2, is a CONSECUTIVE file with stream-oriented transmission. A 
descriptor file is provided for this file to alter the default assumption about 
record size. The third file, F3, is a REGIONAL file; therefore, the necessary 
descriptor file and $ USE control card are provided in addition to the device 
assignment card for a direct access device. The fourth file, F4, is an INDEXED 
file; the necessary descriptor file, $ USE control card, and device assignment 
cards for index and data file are provided. The fifth file, SYSIN, is a 
standard file and needs no control cards.
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PL1

EXI
FILE ENV IRONMENTCCONS ECUT IVE);

FILE ENV IRONMENTCREG IONAL);

PROC
DCL
DCL
DCL
DCL
DCL

SNUMB 
IDENT 
OPTION 
PL1

Fl RECORD
F2 STREAM
F3 RECORD 
FU RECORD
SYSIN FILE;

OPEN FlLE(F1) TI TLE('Wl') 
OPEN FlLE(F2) TITLEC1XI1) 
OPEN FlLECF3) TITLEC1Y1') 
OPEN FlLE(FU) TITLEC’Z1’) 
OPEN FlLECSYSIN) INPUT;

INPUT;
OUTPUT;
DIRECT UPDATE;
KEYED SEQUENTIAL INPUT;

END;

USE
USE
EXECUTE

.RBUF1/2000/,

.XBUF1/3000/,
RBUF2/2/
XBUF2/2/

$ TAPE Wl,...

$ TAPE Al,...
$ PRMFL Bl, ...
$ FILE Cl,...
$ FILE C2, .. .

$ DATA XI
CSP DATA FC=A1
CSP RECORD CHARSZ=100

$ DATA Y1
RSP DATA FC = B1
RSP RECORD RECSZ=U0

$ DATA Z1
ISP 1 NDEX FC=C1,PAGESZ=320
ISP DATA FC=C2,PAGESZ=320
ISP RECORD RECSZ=20 -KEYOFF=0,KEYSZ = 12

$ ENDJOB

Figure 6-1. File Attachment
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Device Assignment Control Cards

Device assignment control cards specify the actual device to be used for 
each file and define additional file information. This section briefly 
describes seven of these device assignment cards. A more detailed description 
of these and information about other file control cards is given in the Control 
Cards Reference Manual.

Device assignment cards must (1) follow the control
activityz and (2) precede any data cards associated with

card that defines
the act i v i ty.

the

FlLE CONTROL CARD

The $ FILE control card allocates a file to a mass storage device. If the 
device type is not given, the file is allocated to the fastest device type 
available. The $ FILE control card has the following format:

fc,lud,access,device-1ist

where: fc

1 ud

is the 2-character alphanumeric file code identifying 
the external file.

is the logical unit designator, a 2- or 3-character 
symbol (followed by a disposition code) identifying 
the file. The first character of the identifier is 
alphanumeric and the remaining characters numeric. 
The following disposition codes can be given:

R - Release
S - Save for subsequent activity 
P - Purge

access indicates the number of links and the file type:
sequential (L) or random (R).

dev i ce-1 ist specifies a device type 
allocation of mass storage, 
be g i ven are:

preference for the
The device types that can

DSS167
DSS170
DSS180 k
DSS181 [
DSS190
DSS191 J
DSS270
MSU0310 >
MSU0U00 )

(DSPK)

(MASS)
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Consider, for example, the following $ FILE control card:

1 8 16 

$ FILE AA,X1SZ2L,DSS167,DSS180

This card requests that the external file with file code AA be assigned to 
DSS167 andz if that device is not available, to DSS180. The file is accessed 
sequentially and occupies two links (2L). The file is to be saved (S) for a 
subsequent activity.

PRMFL CONTROL CARD

The $ PRMFL 
$ PRMFL card has

control card is used to access an existing permanent file, 
the following format:

The

$ PRMFL fc,permit,type,fi1e-string

whe re:

permit

type

file-string

is the 2-character file code identifying the file.

is the allowable access, as follows:

R - Read
W -Write
A - Append
E or X - Execute
REC - Recovery

indicates sequential (L) or random (R).

is the file descriptor. It contains the catalog name, 
password (if needed), and file name.

Consider, for example, the following $ PRMFL control card:

1 8 16

$ PRMFL H*,W,R,ALPHA/CW

This card requests the permanent file created by FILSYS on H*. The requested 
access is append (A). The file is random (R), and the file string is ALPHA/CW.

TAPE CONTROL CARDS

These cards assign tape units. Three tape control cards are available:

$ TAPE7 assigns a seven-track tape unit.
$ TAPE9 assigns a nine-track tape unit.
$ TAPE meaning may be installation dependent. 

Reference Manual.
See the Control Cards
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The format of the tape control cards is as follows:

1 8________ 16

$ TAPE fc,lud,mri,serial,seq,fi1e-name
TAPE7
TAPE9

where: fc is the 2-character alphanumeric file code identifying
the file.

lud is the logical unit designator, a 2- or 3-character
symbol identifying the file and a disposition code. The 
following disposition codes can be given:

S - Save 
C - Continue 
D - Dismount 
R - Release 
P - Purge

mri is the multireel indicator. Any nonblank character in
this field indicates a second tape is assigned to the 
file.

serial is the tape serial number of the first reel of the file.

seq is the sequence number of the reel at which processing
beg ins.

file-name is a 1- to 12-character name given for external 
identification of the file; this name is used to issue 
mounting instructions to the operator.

SYSOUT CONTROL CARD

The $ SYSOUT control card assigns the file identified by the file code to 
SYSOUT for online conversion. The $ SYSOUT control card has the following 
forma t:

1______ 8________ 16 ______________________________________

$ SYSOUT fc

READ CONTROL CARD

The $ READ control card allocates the file identified by the file code to 
the card reader. The $ READ control card has the following format:

1______ 8_________16

$ READ fc
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PRINT CONTROL CARD

The $ PRINT control card allocates the file identified by the file code to 
the line printer. The $ PRINT control card has the following format:

$ PRINT fc

PUNCH CONTROL CARD

The $ PUNCH 
the card punch.

control card allocates the file identified by the file code 
The $ PUNCH control card has the following format:

to

1_______ §________ 16

PUNCH fc

Device Requi rements

Table 6-2 summarizes the device requirements of different devices and 
indicates the type of organization that can be applied to that device. In 
addition, the transmission method and mode for the device are given.

Table 6-2. Device Requirements

Dev i ce 
Type

Allowable 
Organ i zat ion

Transmi ss i on 
Method Mode

reader
CONSECUTIVE stream-oriented or 

record-oriented with 
fixed length records

BCD (stream) 
binary (record)

punch
CONSECUTIVE s t ream-or ien ted or 

record-oriented with 
fixed length records

BCD or IBMEL 
(stream) 
binary (record)

1 i ne 
printer

CONSECUTIVE stream-oriented or 
record-oriented with 
fixed length records

BCD

magnet i c 
tape

CONSECUTIVE record-o r i en ted 
s t ream-or i en ted

ASCI 1
ASCI 1 or BCD

mass 
s torage

CONSECUTIVE record-or i ented 
s tream-ori ented

ASCI 1
ASCI 1 or BCD

1NDEXED record-or i ented binary

REGIONAL record-o r i en ted binary
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SECTION VI I

CONSECUTIVE AND INTERACTIVE ORGANIZATION

This section describes the attachment of files with CONSECUTIVE and 
INTERACTIVE organization. The general requirements for the attachment of a file 
with CONSECUTIVE organization are followed by examples of the creation and 
access of CONSECUTIVE stream files and record files. The special requirements 
of INTERACTIVE files and an example of the creation and access of an INTERACTIVE 
file concludes the section.

CONSECUTIVE ORGANIZATION

A CONSECUTIVE file can be accessed only in 
written. For devices like the card reader, punch, and 
only acceptable form of organization.

the order in which it was 
line printer, this is the

A CONSECUTIVE file can be attached to an external file directly if all the 
default assumptions apply. If a CONSECUTIVE file is attached to a direct access 
device, the SEQUENTIAL file option must be specified. To alter the default 
assumptions for a CONSECUTIVE file, the $ FFILE control card and/or a descriptor 
file can be specified.

Attachment of a CONSECUTIVE File

To specify and attach a CONSECUTIVE file, the following requirements must 
be met:

The file must be designated as CONSECUTIVE. The CONSECUTIVE keyword 
can be specified in thp ENVIRONMENT attribute at compile time or a 
descriptor file containing CSP cards can be supplied at execution 
time. In the absence of the ENVIRONMENT attribute and a descriptor 
file, CONSECUTIVE organization is assumed.

The file must be assigned to a peripheral device by a $ TAPE, 
$ PRMFL, $ SYSOUT, $ READ, $ PUNCH or $ PRINT control card.

$ FILE,

To override the default assumptions about buffer size, number of 
buffers, mode, or record type, the $ FFILE control card can be used. 
The default assumptions are:

buffer size 320 words
number of buffers 1
record length variable
mode binary
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To override the default assumptions about record size, tabs, mode, and 
rewinding, a descriptor file of CSP cards can be provided. The 
default assumptions are given with the explanation of the descriptor 
file, later in this section.

$ FFILE CONTROL CARD

For files with CONSECUTIVE organization, the file control block can be 
created using the $ FFILE control card. The format of the $ FFILE control card 
is as fol lows:

16

fc,option,FFILE

where: fc is the 2-character alphanumeric code identifying the file.

options describe the nonstandard properties of the file.

The options of interest to the PL/I programmer are given in the following

Option M.san.i..Qg

STDLBL A standard label is generated and checked

NSTDLB No label is generated.

NBUFFS/n The number of buffers to be used is n, (n = 1 or 2).

BUFSIZ/n The size of the buffer is n, where n is a decimal number 
< 4095.

MODBCD or
MBCD

The recording mode is BCD.

MODMIX The recording mode is mixed (BCD and binary).

FlXLNG/n The file contains fixed length records of length n, where n 
1 4095.

PRTREC The file contains partitioned records.
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DESCRIPTOR FILE FOR A CONSECUTIVE FILE

CONSECUTIVE files can be more fully specified by the use of a descriptor 
file. The descriptor file contains information about the rewinding of the file, 
the character set, format, and record size.

Two types of control cards are used to provide information about files with 
CONSECUTIVE organization: the CSP DATA card and the CSP RECORD card. Columns 
1-3 of these cards contain the code CSP to indicate that the cards apply to a 
CONSECUTIVE file. The format of the CSP DATA card is as follows:

1_______ 8________ 16

CSP DATA FC=fc,option,...

where: fc is the 2-character alphanumeric code identifying the file.

option provides additional information.

The options that can be used on a CSP DATA card are given in the following list:

Option

OLEAVE
LEAVE
LOCK
ASCI I

BCD

Mean i ng

Open file without rewinding. 
Close file without rewinding. 
Lock file.
File consists of ASCII 
characters.
Punch stream file consists 
of BCD.

TAB

NTAB
INTERACTIVE

Set tabs at specified 
columns, i.e., TAB(1,15,19) 
Print data continuously 
File is INTERACTIVE.

Defau1t

Rewi nd 
Rewi nd 
Do not 
Stream

on opening.
on closing.

file.
i s BCD.

Punch stream file as 
IBMEL (see appendix on 
’’Character Conversion 
Tables”).
TABU,11,21,...131)

TAB( 1, 11, 21, . . . 131) 
File is CONSECUTIVE.

The CSP ETC control card can be used to continue the CSP DATA card.

The CSP RECORD control card has the following format:

1______ 8________ 16_______________________________________

CSP RECORD option

where: option indicates the size of the record, as follows:

RECSZ=n The logical record contains a maximum of n words.

CHARSZ=n The logical record contains a maximum of n 
characters.
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EXAMPLE OF CONSECUTIVE FILE ATTACHMENT

The following fragment illustrates the attachment of a file with 
CONSECUTIVE organization.

16

$
$
$
$

SNUMB
IDENT
OPTION PL1
PL1

EXI: PROC;

OPEN FILE(Fl) OUTPUT TITLE(’Xl’) STREAM;

$ FFILE Al,BUFS1Z/400,NBUFFS/2
$ TAPE Al,AID
$ DATA XI
CSP DATA FC = A1
CSP RECORD CHARSZ=100

$ ENDJOB

The TITLE option in the OPEN statement specifies the file code XI. 
file is included following the $ DATA control card with the file 
descriptor file specifies that the file code is Al and that the 
records of the file is 100 characters. A $ FFILE control card 
alter the default assumptions about the number of buffers and the

A descr i ptor 
code XI. The 
size of the 

is included to 
buffer size.

Strearn-Oriented Transmission

Stream-oriented transmission can be applied to files with CONSECUTIVE 
organization. Although a stream file is a continuous sequence of characters, it 
is attached to an external file that consists of a series of records.. The 
record size of the external file is specified either by the LINESIZE option in 
the OPEN statement (for an output file) or directly on a CSP card.

EXAMPLES OF STREAM FILE ACCESS

Figure 
the system 
attached to

7-1 illustrates the creation of a stream file. Data is. taken from 
input file and placed in the stream fi le MASTER. The file MASTER is 
an external tape file with records 80 characters long.

Figure 7-2 illustrates stream file access. The file MASTER created.in the 
previous figure is opened, and those entries belonging to the engineering 
department are printed on the system output file.
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$ SNUMB
$ IDENT
$ OPTION PL1
$ PL1

SFC: PROC OPT IONS(MA IN);
DCL MASTER STREAM FILE ENV IRONMENTCCONS ECUT IVE);
DCL SYS IN FlLE;
DCL 01 DIRECTORY,

02 PLANT CHARC16),
02 DEPARTMENT CHARC16),
02 SECTION CHARC16),
02 NAME,

03 LAST CHARC16),
03 FIRST CHARC16);

ON ENDFILE(SYSIN) GOTO EXIT;
OPEN FILE(MASTER) OUTPUT LINESIZEC80) TITLE("MF"); 

INSF: GET LIST(PLANT,DEPARTMENT,SECT I ON,LAST,FlRST);
PUT FILE(MASTER) LIST(DI RECTORY);
GOTO INSF;

EXIT: CLOSE FlLE(MASTER);
END;

$ EXECUTE
$ LIMITS 10,U0K,-2K
$ TAPE SC,X1D
$ DATA I *
CLEVELAND ENGINEERING 33B
CLEVELAND PURCHASING 2UC
CLEVELAND PURCHASING 2UD
PHILADELPHIA PLANNING 2 24

JONES WALTER
SMITH HENRY 
MARTIN JOSEPH 
FRANKLIN ROBERT

PHILADELPHIA ENGINEERING 335 GEORGE WALTER 
WASHINGTON MARKETING AA45 JENSON THOMAS 
PHILADELPHIA ENGINEERING 336 SMITH CLYDE 
ALBANY PURCHASING XX22156 BURR ARTHUR 
ALBANY ENGINEERING XX223U57 HAMILTON NATHAN 
$ DATA MF
CSP DATA FC=SC
CSP RECORD CHARSZ=80
$ ENDJOB
* * * EO F

Figure 7-1. CONSECUTIVE Stream File Creation
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$ SNUMB
$ IDENT
$ OPTION PL1
$ PL1

SFA: PROC OPT IONS(MAIN);
DCL MASTER STREAM FILE ENV IRONMENT(CONS ECUT IVE);
DCL SYSPRINT FlLE;
DCL 01 DIRECTORY,

02 PLANT CHARC16),
02 DEPARTMENT CHAR(16),
02 SECTION CHAR(16),
02 NAME,

03 LAST CHAR(16),
03 FIRST CHARC16),

ON ENDFILE(MASTER) GOTO EXIT;
OPEN FILE(MASTER) INPUT;

LOOP: GET FILE(MASTER) LIST(DI RECTORY);
IF DEPARTMENT = "ENGINEERING"

THEN PUT SKIP LIST(DI RECTORY);
GOTO LOOP;

EXIT: CLOSE FILE(MASTER);
END;

$ EXECUTE
$ LIMITS 10,AOK,-2K,20000
$ TAPE SA,X1D
$ DATA MA
CSP DATA FC=SA
CSP RECORD CHARSZ=80
$ ENDJOB
* * * EO F

Figure 7-2. CONSECUTIVE Stream File Access
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Record-Oriented Transmission

Records of a CONSECUTIVE file have no key and are retrieved in the order in 
which they are written. A CONSECUTIVE file is created by the execution of a 
sequence of WRITE statements with the SEQUENTIAL OUTPUT attribute. Once the 
file is created, it can be accessed by READ statements with the SEQUENTIAL INPUT 
or SEQUENTIAL UPDATE attributes. The REWRITE statement cannot be used for a 
file with CONSECUTIVE organization.

DATA TRANSMISSION STATEMENTS

The data transmission statements 
CONSECUTIVE RECORD file are given 
alternative forms, each written on a 
indicate a construct that is optional.

that can be used to create and access a 
in Table 7-1. Braces are used to group 
separate line. Brackets are used to

Table 7-1. Data Transmission Statements for CONSECUTIVE RECORD Files

SEQUENTIAL OUTPUT

WRITE FILE(file-name) FR0M(variab1e-name);

LOCATE based-var FILE(fi1e-name SET(pointer-var) ;

SEQUENTIAL INPUT or SEQUENTIAL UPDATE

< INTO(variab1e-name)>
READ FILECfile-name) < SET(pointer-var) ) ;

I IGNORE(expression) J

EXAMPLES OF RECORD FILE ACCESS

Figure 7-3 illustrates the creation of a CONSECUTIVE RECORD file and Figure 
7-4 illustrates the access of the file just created.
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$ 
$ 
$ 
$ 
$

SNUMB
IDENT
USERID
OPTION
PL1

SMCNAME$PASSWORD 
PL1
LIST

CFC: PROC OPT IONSCMAIN);
DCL DISC RECORD SEQUENTIAL FILE ENV IRONMENTCCONS ECUT IVE);
DCL SYSIN FlLE;
DCL 01 IMAGE,

NAME,
03 LAST
03 FIRST

CHAR(30) 
CHAR(30) 
CHARC30) 
CHAR(26) 
CHAR(U);

02
02
02

CITY
STATE
CODE

ON ENDFILE(SYSIN) GOTO EXIT;
OPEN FlLE(DISC) OUTPUT;

LOOP: GET LIST(LAST,FIRST,CITY,STATE,CODE); 
WRITE FlLE(DISC) FROM(IMAGE);
GOTO LOOP;

EXIT: CLOSE FlLE(DISC); 
END;

$ EXECUTE
$ LIMITS 10,20K,-2K
$ PRMFL DF,W,S,DATA/BANK
$ DATA DI —7}
CSP DATA FC=DF-
CSP RECORD RECSZ=30
$ DATA I *
JONES ROBERT PHILADELPHIA PENNSYLVANIA AA
SMITH HENRY WAKEFIELD OHIO AB
SMITH ROBERT STONEHAM CALIFORNIA AA
SMITH MARY STONEHAM CALIFORNIA BA
SMITH CHARLES RANDOLPH MARYLAND AA
SMITH MARTIN SHARON WASHINGTON BA 
SMITH CHARLES NORWOOD FLORIDA BA 
$ ENDJOB 
** * EOF

Figure 7-3. CONSECUTIVE RECORD File Creation
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16

CFA:

$ SNUMB
$ IDENT
$ USERID SMCNAME$PASSWORD
$ OPTION PL1
$ PL1 LIST

LOOP:

EXIT:

PROC OPT IONS(MAIN);
DCL (DISC,ATAPE) RECORD SEQUENTIAL FILE ENV I RONMENK CONS ECUT I VE );
DCL 01 IMAGE,

02 NAME,
03 LAST CHAR(30),
03 FIRST CHAR(30),

02 CITY CHAR(30),
02 STATE CHARC26),
02 CODE CHAR(4);

ON ENDFILE(DISC) GOTO EXIT;
OPEN FILE(DISC) INPUT;
OPEN FILE(ATAPE) OUTPUT;
READ FlLE(DISC) INTO(IMAGE);
IF CODE = "AA" THEN WRITE FILE(ATAPE) FROM(IMAGE);
GOTO LOOP;
CLOSE FlLE(DISC);
CLOSE FILE(ATAPE);
END;

$
$
$
$
$
$
CSP
CSP
$
CSP

EXECUTE
LIMITS 10, 20K,-2K
TAPE TF,X1S
FFI LE TF,NBUFFS/2, BUFSIZ/6U0
PRMFL DF,R,S,DATA/BANK
DATA DI
DATA FC=DF
RECORD RECSZ=30
DATA AT
DATA FC = TF

CSP RECORD RECSZ=30
$ ENDJOB
* * * EO F

Figure 7-4. CONSECUTIVE RECORD File Access

INTERACTIVE ORGANIZATION

To communicate with a remote terminal in the DIRECT PROGRAM ACCESS mode, a 
stream file with INTERACTIVE organization is used.

Attachment of an INTERACTIVE File

To specify and attach a file with INTERACTIVE organization, the following 
requirements must be met:

The file must be designated as INTERACTIVE. The INTERACTIVE keyword 
can be specified in the ENVIRONMENT attribute at compile time or the 
INTERACTIVE attribute can be specified on the CSP DATA card at 
execution time.

A $ USE .RTYP control card must be included before the $ EXECUTE 
control card to cause the loading of the proper File and Record 
Control routine for accessing the terminal.
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A $ DAC control card must 
capability between a remote 

be included 
terminal and a

to provide direct access 
program in execution.

The $ DAC control card contains the file code and a single character that 
is to be appended to SNUMB identifier to provide an inquiry name.

Example of INTERACTIVE Files

Figure 7-5 gives a program fragment 
INTERACTIVE files. The inquiry name for

illustrating the attachment 
this example is ’123451 1 .

two

1 8 16 _________________________ ___

$ SNUMB 123 45
$ 1 DENT
$ OPTION PL1
$ PL1

1 FAC: PROC;
DCL DI STREAM FILE ENV 1RONMENT(1NTERACT1VE);
DCL D2 STREAM FILE ENV 1RONMENT(1NTERACT1VE);

OPEN FlLE(D1)
OPEN FlLE(D2)

I NPUT TITLECAB");
OUTPUT LINESIZE(120 );

GET Fl LE(D1) LIST(X);

PUT FlLE(D2) LIST(Y);

END;

$ USE . RTYP
$ EXECUTE
$ DAC Xlz 1
$ DAC X2Z 1
$ DATA AB
CSP DATA FC=X1ZINTERACTIVE
CSP RECORD RECSZ=10
$ DATA D2
CSP DATA FC=X2ZINTERACTIVE
CSP RECORD CHARSZ=120
$ ENDJOB
***EOF

Figure 7-5. Attachment of INTERACTIVE Files
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SECTION VIII

INDEXED ORGANIZATION

This section describes the access and structure of files with INDEXED 
organization. The method of attachment for an INDEXED file and the utilization 
report produced as a result of using an INDEXED file are given. Examples of the 
creation and access of an INDEXED file are included.

INDEXED files are processed by the 
GCOS. For additional information on 
Sequential Processor manual.

Index Sequential 
INDEXED files,

Processor (ISP) in 
refer to the Indexed

INDEXED FILE ACCESS

A file with INDEXED organization consists of a series of records, each 
containing an imbedded key. The imbedded key is a character string within the 
record. The length of the imbedded key and the position of the key within the 
record are specified on a control card at execution time. The maximum length 
for a key is 32 characters.

File Creation

Records in an INDEXED file are arranged in the order defined by the 
imbedded keys. To create an INDEXED file, the file is opened for SEQUENTIAL 
OUTPUT and records are written so that the imbedded keys are in order with 
respect to the ASCII collation sequence. The execution of a WRITE statement 
during file creation for a record whose imbedded key is lower in the ASCII 
collation sequence than the key of a previously written record causes the KEY 
condition to be raised.

Once a file is created, additional records can be inserted. The file is 
opened for UPDATE and records are logically inserted in the file according to 
the position of its imbedded key in the ASCII collation sequence with respect to 
the keys of the other records of the file. The structure of the file is 
described later in this section.

File Access

An INDEXED file can be accessed either sequentially or directly. 
Sequential processing accesses records in the order defined by the imbedded 
keys. Direct processing accesses a record by matching the source key from the 
data transmission statement to an imbedded key within the file.
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SEQUENTIAL ACCESS OF AN INDEXED FILE

When an INDEXED file is accessed sequentially, the source key is not 
required. Records are accessed in the order of the imbedded keys. If no 
records have been added to the file since its creation, the order of the 
imbedded keys is the same as the order in which the records were written. 
However, if a record has been added with an imbedded key lower in the ASCII 
collation sequence than the key of the last record of the file, the order of the 
imbedded keys is different from the order in which the records were written.

For example, if a file is created with records having keys:

A, B, D, F, I, P, T, X

and then an additional record is added with the key G, the order of the imbedded 
keys is:

A, B, D, F, G, I, P, T, X

Sequential processing of the file retrieves the records in the above order.

In SEQUENTIAL UPDATE, the execution of a DELETE statement without the KEY 
option causes the most recently retrieved record to be eliminated. If the FROM 
option does not appear in a REWRITE statement, the execution of that statement 
causes the record just retrieved to be replaced.

DIRECT ACCESS OF AN INDEXED FILE

All di rec t access
or the KEYFROM option.

data transmission statements must include either the 
Files can be opened either for INPUT or UPDATE.

KEY

In direct mode, records can be read, replaced, eliminated, or added. The 
source key must be specified on the data transmission statement. The source key 
is compared against the imbedded keys of the file, using the rules that govern 
character string comparison. If no match is found for the source key specified 
with a READ, REWRITE or DELETE statement, the KEY condition is raised. If a 
match is found for the source key specified with a WRITE statement, the KEY 
condition is also raised, indicating that the key of the record to be added is 
already contained in the file.

Data Transmission Statements for INDEXED Files

Table 8-1
INDEXED files.

lists the data transmission statements that can be used with

Braces are used to group alternative forms, each written on a separate 
line. Brackets are used to indicate a construct that is optional.
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Table 8-1. Data Transmission Statements for INDEXED Files

SEQUENTIAL OUTPUT

WRITE FILE(fi1e-name) FROMCvariable-name) [KEYFROMCexpression)] ;

LOCATE based-var FILE(fi1e-name)[KEYFROMCexpression)] [SETCpointer-var)];

SEQUENTIAL INPUT

READ FlLECfile-name)

READ FlLECfile-name)

INTOCvariable-name) KEY(express i on)

IGNORE(expression);

SEQUENTIAL UPDATE

READ FILECfi1e-name)

READ FILECfi1e-name) IGNORE(expression) ;

REWRITE FILECfi1e-name)[FROMCvariabl e-name)J ;

DELETE FILECfi1e-name) ;

DIRECT INPUT

READ FILECfi1e-name) INTOCvariable-name) KEYC express ion) ;

DIRECT UPDATE

READ FILECfi1e-name)

REWRITE FlLECfile-name)

WRITE FILE(fi1e-name)

DELETE FlLECfile-name)

INTOCvariable-name)

FROMC var i ab1e-name)

FROMC var i able-name)

KEYCexpression) ;

KEYCexpression) ;

KEYCexpression) ;

KEYFROMCexpression) ;
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STRUCTURE OF AN INDEXED FiLE

An INDEXED file consists of two separate files, namely: a data f i1e, 
containing the written records of the INDEXED file, and an index file, 
containing information about the position of the keys within the data file, for 
efficient access. These two files are separate and can be stored on separate 
direct access devices.

.Pafi.es

The data file and the index file, like all direct access files, are divided 
into pages. A page is the unit of information passed between random access 
storage and main memory during processing. The page size and the percentage of 
the page to be filled can be specified on control cards at execution time.

Relationship Between the Data File and the Index File

For every page in the data file, 
a f i ne i ndex. When the fine index 
The coarse index portion of the index 
the fine index portion.

an entry exists in the index file, called 
exceeds one page, a coarse i ndex is buiIt. 
file contains an entry for every page in

When an INDEXED file is accessed directly, the 
efficiently locate the desired record in the data file, as

i ndex file is used to
fol lows:

The source key 
entries in the 
i ndex.

The source key 
page to obtain

The source key 
page to obtain

from the data transmission 
coarse index to obtain the

statement is compared to the 
page number in the fine

is compared to the entries on the designated fine index 
the page number in the data file.

is compared to the keys 
the desired record.

on the designated data file

Structure of the Data File

The data file begins with a record containing 62 words of control 
information and concludes with an end-of-file. The data file contains the 
records written; each record contains, in addition to the key and data, a record 
control word and a pointer. The record control word specifies the record 
length, record type, and deletion status. The pointer specifies the next 
logical record according to the order of the imbedded keys.

Records can be variable in length; but the key must be located at the same 
position in every record. The pages of the data file are filled with records. 
If there is not sufficient space on a page to accommodate an entire record, the 
space is left unused and a new page is started.

The pages of the data file that are not filled with 
creation are called overflow pages. These overflow 
records added after file creation.

records during
pages can be used for
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Space for the addition of records can be reserved uniformly throughout the 
file by specifying a percentage fill figure at execution time. The percentage 
fill parameter is described later in this section in connection with the 
descriptor file. The uniform distribution of space throughout the file is 
useful if records with keys distributed throughout the file are to be added 
after file creat i on.

Figure 8-1 illustrates the structure of the data file. Record #3 was added 
to the file after file creation and is, therefore, stored physically on an 
overflow page and linked into its logical position within the file. If space 
had been reserved uniformly throughout the file, this record could possibly have 
been located physically on the page to which it logically belongs.
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page 1
OVERFLOW AREA 

page n

Data page control word Data page control word
Data utilization record 
control word

record control word

utili zat ion
record (62 words) record #3

link to #4
record control word • • •

record #1

link to #2
record control word

record #2

link to #3
record control word

record #4

link to #5

unused space

page 2

Data page control word 
record control word

record #5

link to #6

Figure 8-1. Structure of the Data File
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Structure of the Index File

The index file begins with a record containing 64 words of control 
information and concludes with an end-of-file. The fine index is created in 
ascend i ng order from the beginning of the file. When the fine index portion 
exceeds one page, the coarse index is created in descend i ng order from the end 
of the file. If the fine index and the coarse index overlap, an error message 
is produced and the program is aborted. Guidelines for determining the size of 
the index file are given later in this section. The size of the index file is 
related to the page size of the data file; the larger the page size in the data 
file, the fewer fine index entries in the index file.

Figure 8-2 illustrates the structure of the index file.
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index utilization record 

fine i ndex (page 1)

page 1

fine index (page 2) page 2

fine i ndex (page 3) page 3

coarse index (page 3)

coarse index (page 2)

coarse index (page 1)

page n-2

page n-1

page n

n = number of pages allocated to the index file.

Figure 8-2. Structure of the Index File
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ATTACHMENT OF AN INDEXED FILE

To specify and attach an INDEXED file the following 
met:

requirements must be

The file must be designated as an INDEXED file, 
can be specified in the ENVIRONMENT attribute 
no ENVIRONMENT attribute is given, a descriptor 
cards can be supplied at execution time.

The INDEXED keyword 
at compile time or, if 
file con ta i n i ng ISP

A descriptor file must be provided to specify the file codes of the 
data file and index file and the record and key sizes.

A device assignment control card for a direct access device must be 
provided for both the data and the index files.

The size of the work region to be reserved for INDEXED files must be 
specified on an appropriate $ USE control card.

Descriptor File for an INDEXED File

Each INDEXED file must have an associated descriptor file that specifies 
the file code of the data file and the file code of the index file. In 
addition, the maximum record size and key size must be given.

Optionally, the page size and percentage fill for both the data file and 
the index file can be specified. In the absence of specification, the page size 
is assumed to be 320 words with 100% fill.

If the key is not located at the beginning of the record, the key offset 
must be specified. Records can be variable in length, but the offset of the key 
within the record must be fixed.

The format of the cards in the descriptor file is now given. A discussion 
of the parameters and some guidelines for their selection follow the card format 
descr i pt ion.

CONTROL CARDS FOR INDEXED FILES

Three types of control cards are used to provide additional information for 
files with INDEXED organization: the ISP INDEX card, the ISP DATA card, and the 
ISP RECORD card.

The ISP INDEX card has the following format:

1_______8________ 16____________________________________

ISP INDEX FC = fc[, PAGESZ=I PS]

where: fc is the file code of the index file.
IPS is the page size in words.
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The ISP DATA card

ISP DATA FC = fc[/PAGESZ = DPS] [,PAGEFIL=PF]

where: fc is
DPS is
PF is

the file code of the data file.
the page size in words.
the percent of the page to be used.

The ISP RECORD card has the following format:

1_______ 8________ 16____________________________________

ISP RECORD RECSZ=RS,KEYSZ=KS[,KEYOFF=KF]

where: RS is the size of the fixed length records in words.
KS is the size of the key in BCD character units.
KF is the offset of the key in BCD character units.

An ISP ETC descriptor card can be used to continue any of these cards.

Page Size

Many factors enter into the determination of page size. Since a Jink is 
divided into pages, the page size* should be chosen to divide evenly into the 
link size (3840 words). If the file is composed of fixed length records, the 
page size should provide for minimum unused space by being the closest number to 
a multiple of the record size (including the two record control words) plus the 
page control word.

However, since the page buffers are all the same size for INDEXED fi1es, 
all INDEXED files should have the same page size for most efficient utilization 
of these buffers. Moreover, the page size can be altered from run to run to 
obtain better efficiency. Studies have shown that for random access small page 
sizes are most efficient and for sequential access larger pages are most 
eff i c i ent.

Percent

The percent of the page to be used can also be altered from run to run. A 
percent less than 100 causes space to be reserved throughout the file. 
Subsequent adjustment of the percent fill allows records to be added in the 
previously unused space. Thus, if sufficient unused space is available on a 
page, records added to the file after its creation can be physically placed on 
the page to which they logically belong.

■’■For further background information, see Section IV of the F i „l„g, Management 
Superv i sor manual.
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Record and Key Parameters

The record size (RS) of the largest record in the file must be given. 
Since a maximum of four ASCII characters can be contained in a word, the number 
of words per record is calculated by dividing the total number of ASCII 
characters in the record by four.

RS = CEIL
number~of-ASCIl-characters

whe re: CEIL is the PL/I truncating function that returns 
integer greater than or equal to its argument.

the sma11es t

The key size (KS) is determined by multiplying the 
characters in the key by a factor that expresses its length in 
units.

numbe r of ASCI I
BCD character

_9
KS = number-of-ASCI I-characters-in-key * 6

The offset is determined by multiplying the number of ASCII characters 
before the key by the same factor. If the offset is not given, an offset of 
zero is assumed.

Memory Reservation

Space must be provided for file tables and page buffers by a $ USE control 
card, as foilows:

1 8 16

$ USE .XBUFl/n/,.XBUF2/2/

where: n is the number of words required for the INDEXED files of a 
program.

Each INDEXED file used requires a 160-word file table allocation. The page 
buffers are shared among all the INDEXED files of the program. An estimate of 
the number of words required can be obtained as follows:

n = 8 + 160 * NF + MAX(1016,(MPS+4)*NPB)

where: NF is the number of INDEXED files which are open.
MPS is the maximum page size for all the INDEXED files.
NPB is the number of page buffers needed. ISP requires that it be 

at least 3 .
MAX is the PL/I built-in function.

PAGE BUFFERS

A page buffer is an area of memory used to hold a page during processing. 
The number of page buffers allocated for a file affects the efficiency of 
operation. For example, the efficiency of direct access of an INDEXED file can 
be improved if there are sufficient page buffers to allow the fine index and the 
coarse index to be retained in memory.
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The Utilization Report produced as a result of the execution of a program 
using INDEXED files can be used to determine the change in efficiency 
accomplished by the change in the number of page buffers allocated. The ratio 
of logical to physical reads and writes provides a good indication of the 
improvement. The Utilization Report for INDEXED files is described later in 
th i s sect ion.

Calculation of File Size

The size of the data file and the index file can be calculated by the 
following methods. The number of links required for the data file and index 
file can be specified on the device assignment card for each file. A sample 
calculation of file size is given in the example following this section.

The PL/I truncating functions FLOOR and CEIL are used in these formulas. 
These functions discard the fractional part of their arguments to produce an 
integer, as follows:

FLOOR(R) is the largest integer <_ R

CEIL(R) is the smallest integer >_ R

CALCULATION OF DATA FILE SIZE

The formulas given here for calculation of the data file 
following variables whose values are furnished by the user.

size use the

NR = total number of records in the file 
RS = record size (in words) 
DPS = data page size (in words) 
PF = percent fill

Values for the following variables are calculated using the given

Nl = number of records that can be stored on the first page
N2 = number of records that can be stored on each page after the 
NDP = total number of data pages required
NDL = number of 3840-word links required for the data file

Nl = FLOOR
FLOOR [DPS * PF/lOO] - 65

RS + 2

formu1 as.

first

If NR + 1 <. Nl, only one data page is required.

N2 = FLOOR
FLOOR EPPS * PF/lOO] - 1

RS + 2

NDP = CEIL

NDL = CEIL

NR - Nl
N2

NDP * DPS
38U0

Otherwi se,
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