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FOREWORD

This report presents the results of the project to design an automatic
system for computer program documentation. This work was performed by the
Texas Eng1neer1ng Exper1ment Station at Texas A&M University, College Stat1on,
Texas. This work was performed under Contract NAS5-11911 for the National
Aeronautics and Space Administration, Goddard Space Flight Center, Greenbelt,
Maryland. . The project monitor Was Mr. E. P. Damon.

The authors wish to express their appreciation for the assistance provided
by Randy Birge, Hank Goggan, Melvin McKinney, George Nichols, Ralph F. Planthold,
Charles Schroeder, Andrew Sobey, Jdr., Ernest R. Story, James R. Thames, and
Darre]] Ward.

 This report was submitted on December 15, 1972.
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ABSTRACT

This report describes the work done on a project to desigh an automatic
system for computer program documentation. An extensive survey of documentation
aids was made to determine what existing programs could be used effeetive1y
to document computer programs. Results of the study are included in the form
of an extensive bibliography and working papers on appropriate‘operating systems,
text editors, program editors, data structures, standards, decision tables,
flowchart systems, and proprietafy documentation aids. The pfe]iminary design
for an automated documentation system is included. An actual program has been
documented in detail to demonstrate the types of dutput that can be produced

by the proposed system.
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1.0 INTRODUCTION

Program documentation consists of all those items produced to help some-
one understand a program but which are not actually needed to. produce the
program. A program 1is£ing, when prdperly prepared, contains much descriptive
jnformation in addition to what is necessary to create the program. Documents
such as written program descripfions, two dimensional data layouts, flowcharts,
and cross references are all part of program documentation.

There is ample evjdence that indicates the programmers, when properly
motivated, are more than willing to provide needed program documentation.
The problem of documentation is less one of ability to document than it is to
" define realistic documentation requirements. And, it is a general misconcep-
tion that most programmers prefer to do thihgs in their own wéy instead of in a
standard way. Programmers are quite willing to follow a preécription for
documentation as long as the policy is sound. A realistic management policy
makes the difference between good and poor documentation.

To be generally useful, an automatic system for computer program documen-
tation should document programs written in compiler or assembler languages.
It should be independent of any manufacturer's computer or peripheral equipment.
It shou]d be applicable to a wide variety of types and sizes of programs. And,
it should be'capablé of prpviding complete documentation for large,complex,
high-qse programs and more elementary documentation for smaller low-usage
programs. ‘

Such a systém will be described in the following section. In general,

documentation will be derived from information programmers normally supply when



designing, programming, and debugging a program. The system is both economical
to operate and easy to use. The automated system described in this report
allows a manager to épecify the type and degree of documentation he would like
produced on a project. The systém aids him in controlling programming projects
during development. Documentation produced by the system has been designed
with flexibility to meet the needs of various types of programming projects.

The development of the automated documentation system design was accomplished
over a period of nine months. During the first part of the study existing documen-
tation aids were surveyed and their effectiveness was evaluated. An extensive
bibliography of documentation aids was developed which is included in Appendix
A of this report. To aid in evaluating documentation aids, working reports: in
areas such as program editors, text editors, operating systems, proprietary
systems, flowcharting systems, and decision tables were produced. Existing
documentation standards were examined. Audio-documentation techniques were
explored as a possible alternative to written documentation.

Upon completion of the study and evaluation phase, an automatic documenta-'
tion system was designed. One major objective of the system was to include
existing documentation aids whenever possible. The system has been designed to
make maximum use of existing software and to minimize the amount of additional
software that needs to be developed in order to have an efficient, easy-to-
operate, user-oriented automated documentation system. The system produces
documentation during the development of a project as well as final documentation
needed to understand and mainféin the programming system.

In the following section the documentation aids study and evaluation phase

will be described in detail. Then an overview of the system design will be



given after which a sample output from the proposed system will be described.
A section describing the deliverable items described in the original contract

is included after the sample pfogram.

2.0 DOCUMENTATION AIDS - STUDY AND EVALUATION

An extensive sfudy of existing documentation aids was made. Computer
abstracts, relevant computer literature, and government information services
were used to locate pertinent documents. A key word in context (KWIC) program
was used to produée the bibliography contained in Appendix A. The bibliography
cites 149 documents. In the first section of the bibliography, documents are
listed by‘author. Each entry contains the author's name, the title of the
document and the document number. In the next section, the document titles
are listed according to key word with the document number to referencevthe
full ehtry in the next section. In the third section of the bibliography,
each document entered in the bibliography is listed by document number. The
complete entry contains the name of the author, title, source of the reference
and a brief statement about the contents of the reference. The last section
of the bibliography is the KWIC index of document titles.

In addition to suryeying existing literature and government data bases,

a number of documentatfon aids which are supplied commercially were examined.

A working paper was written describing AUTOCHART, AUTODIAGRAMMER, AUTODOC,
AUTOFLOW, COMCHART,, DYNACHART, EASYFLOW, FACTS, FLOWGEN/F, FORFLO, QUICKDRAW,
SUPEREF, and FORDOC. Al1 of the existing documentation aids had obvious fail-
ings. Many were:restricted to either a single language or a single machine. None
produced all of the documentation required.to document a computer program. Most

were able to document only at compilation level in contrast to a load module level



or a total system level. Many were limited to a single output device. Existing
documentation aids are as difficult to use as a major compiler. If the
programmer were to make use of more than one proprietary documentation aid

he would have to make a major effort to learn the detai]ed.rules of each

package. Even though proprietary systems are quite expensive, they do not

meet the total documentation needs of a major computer user in that most do not
even address themselves to the problems of dealing with the textual descriptioné,
data layouts, etc., that must be included in every set of documentation.

Wh{1e NASA has computers from almost every computer manufacturer, a major
part of program development is done on IBM, CDC, and Univac systems. A
working paper contained in Appendix C describes options available to the
user through compilers, assemblers, and 1linkage editor/loaders. The operating
systems evaluated were IBM's 0S/360, Univac's EXEC 8, and CDC's SCOPE3. The
‘ languages chosen for study to determine options available were PL/1, FORTRAN,
COBOL, and the Assembly language appropriate for the'specific machine.

In the design of the automated documentation system, a decision was made
not to modify any compiler or operating system. A1l information required for
documentation would be either obtained from output normally produced by the
appropriate software or from a special program produced to recreate the in-
formation. While the operating systems developed for the different machines
are not the same, many options are very similar. An automatic documentation
system that is designed to be used on any of the machines should take advantage
of the common options of the operating systems. Tables within the working
paper on operating systems describe the options of the systems and show which

options are similar for the various operating systems.



Audio techniques.were examined to determine their effectiveness as a
tool for documentation. An experiment described in Appendix D was conducted
in which programs were documented using both written and- audio techniques.
No significant advantage to either mode of documentation was noted. Probably
the most useful place for audio recording techniques‘would:be in the capturing
of information which is later transcribed to written text. Many programmers
who do not like to write descfiptions of programming systems are perfectly
willing to dictate them into a recorder. The recorder description can then
be transcribed and edited into high qua]ify written descripfions of programs.

Since much of the final documentation of programming systems is written
text, text editors must be considered a majdr_documentation aid. Many text
editors such as the interactive ATS text editor on the IBM 360/370 or the
‘batch TEXT360 available on the same systems required many man years to develop.
. Systems such as text editors should be used as subsystems of any automated
documentation system developed so that it is not necessary to reproduce the
features already built into existing text editors. Appendix E is a working
paper describing text editors. Included are APL Text Editor, MTST, ASTROCOMP,
DATATEXT, EDIT, ED PROCESSOR, ATS, TEXT/360, HES, FRESS, REDIT]RUNOFF, NLS, (TNLS,
DNLS) and TEXTf Included in the Appendix are describtions of the various systems
and a table compéring them. Some of these text editors would be excellent
subsystems of an automated documentation system.

Program editors were also examined during the study'and evaluation phase.
In Appendix F the CMS, WYLBUR, QED, TECO, TVEDIT, EDIT, and ED on-Tine program
editors were compared. Also the LIBRARIAN, SIMPLE, CLOT, PROGRAM/MANAGE, CFMS,
,PANVALET; PLUS D-A, SPLIS-II, IEBUPDAT, IEBUPDTE, and ED off-line program



editors were described and compared. Program editors are not as comp]ex_as
text editors, and most of the features of the program editors are included

as subsets of the features of text editors. The program editor function

would be developed as a part of the software necessary to control an automated
documentation sysfem that encompasses a wide spectrum of documentation aids.

A report was written by George C. Nichols describing a number of exist-
ing flowcharting systems.* A number of articles have been published on the
various flowcharting systems. The most comprehensive comparison of flowchart-
ing systems was written by Ned Chapin. ** N. Chapin mentions in his book
that of the flowcharting systems he has evaluated, none could draw the standard
f]owchaft symbols recommended by the American Standard Association. A system
developed by D. B. Simmons at Bell Telephone Laboratories is operational and
can draw any flowchart symbol on any type of output device to document any
language. A number of flowcharting systems exist which could be driven by
an automatic ddcuméntation system.

Decision tab]es are sometimes used as a type of documentation. Sometimes
the actual source program is automatically produced from a type of decision
table. An evaluation of existing decision table systems was done by J. R.
Thames.*** In most cases, decision tables are used to produce a program

‘instead of vice versa. It is felt that for most programming languages, it

is not appropriate to automatically produce decision tables from source codes.

* Automatic documentation: A State of The Art Report by George C. Nichols
’ gr!tten in partial fulfiTiment of a Master of Science degree in Computer
cience :
** Chapin, N., Flowcharts, Auerbach Publishers, Princeton, 1971
*** J. R. Thames, Documentation: Justification and Decision Table Exemplification,
Texas A8M University, Spring, 1972 prepared in partial fulfiliment of
requirements for the degree of Master of Computing Science.
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In most programming languages, the data description is éither implicitly
or explicitly described in a Tinear manner. When someone works with a complex
data structure, specia]‘documentation techniques such as a two dimensional |
description of a data structure is useful. At the present time, very little
has been done to automatically document data structures of programs. A
short report was written and is included in Appendix G describing characteristics
of the data strUctures of the PL/1, FORTRAN, and COBOL languages. Additional
| work needs to be done in the area of automatically describing data structures.

A very important facet of program documentation involves the standards
that are used. There is no set of standards for all documentation that is
‘produced describing programs. Standards exist for flowcharts but in other
areas there are no generally accepted standards, and Tocal practices usually
take their place. A number of Tocal documentation standards from both
government and industry were examined and a short reporfvon documentation
sténdards is included in Appendix H.

As a result of the study evaluation phase, it was determined that many'
of the existing software systems such as text editors, flowcharters, language
processors, operating systems, and data description software can be used as
modules of a total docdmentation system. A flcxible user—criented documenta-

tion system is described in the following section.

3.0 AUTOMATIC SYSTEM FOR COMPUTER PROGRAM DOCUMENTATION
An automatic documentation system has been designed to produce timely
up-to-date documentation at a relatively low coét. The system will document

- any computer language and run on any hardware taking advantage of existing



documentation aids. The system will be easy to use and will place no

réstrictions on the programmer. A detailed proposal for implementing the

automatic documentation system is included in Appendix I. A brief summary

of the system features is given in the next section.

3.1 System Features

The automatic documentation system will have the following features:

1.

Minimal programmer restrictions - The system will be able to

produce detailed, detail-suppressed and giobal flowcharts, data
layouts, overlay deScriptions, special cross reference glossaries,
etc., from any computer program. Programmers who write comments
in a standard way and who write their program descriptions using
an interactive interrogator will be able to produce all documenta-
tion automatically. The syStem will be designed so that if a
program is developed outside the system 4t will be fairly easy to

retrofit the pfogram into the system for documentation maintenance.

Eliminate all redundant efforts - Documentation produced in an early

phase of the design or imp1ementatioh process can be reused later

on in the development process.

No operating system modification - No modifications will be made to

any operating system. Items of documentation 1ntérest will be obtained

by scanning output produced by operating systems or by reproducing

information found in the internal tables of the operating system.



4. Use of existing documentation aids - Existing documentation aids will

be used as modules in the comprehensive automated system.

5. Interactive/batch system - An interactive mode with special features

for interrogating the user of the system will be used to obtain
necessary documentation aids. An alternative batch mode will be
available. |

6. Documentation during development - The documentation data base will

be constructed from information gathered during all design phases.
As the design progresses, the user supplies only the information not
available from previous steps.

7. Accept ahy language - The automated documentation system will be

language indepéndent. Initially the system will be designed to accept
FORTRAN, COBOL, PL/1, and Assembly Language.

8. Operate on any hardware - Initially the system will be designed‘to

operate on the IBM 360 with p]anned expansion to the Univac 1108
and the CDC 6600 computer systems.

9. Monitor and control projects - Features will be designed into the

system to a]]ow the project manager to monitor the exact status of
program development and program documentation. In addition, system

access and security will be under his control.

3.2 Initial Phase

It is proposed that in January, 1973, initial deve]dpment of the automatié
system for computer program documentation will begin. A twelve month peridd be-
ginning at that time will be termed the-initial phase: -During the initial phase

either FORTRAN or: COBOL will be used to:write programs that make up the automatic
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documentation system. Initial development will be for a system operational on
an IBM 3560 computer, but software will be easily transportable to the Univac
or CDC system. The automatic documentation system will ddcument COBOL, FORTRAN,
PL/1, or assembler 1anguage programs.

A detailed description of how the automated documentation system can be
used for documentation during development as well as for documentation when

development is complete is described in the proposal contained in Appendix I.

3.3 System Structure

Three types of programs will be used in the system. Types 1 and 2 are
new programs that must be developed. Type 3 programs are existing programs
that can be used without change. Type 3 programs make up a major part of
the software necessary to implement the automatic documentation system. New
programs will not be developed when operational documentation aids are availabie.
By doing this, a sophisticated system will be developed at a relatively low
cost. A detailed description of the Type 1, Type 2, and Type 3 programs is
contained in Appendix I. The detailed descriptions of the programs to be
developed and the types of documentation produced by the system are described

in Appendix I.

3.4 Advantages

Use of the proposed automatic documentation system offers many advantages
over other techniques for developing programs and producing documentation.
The system will be user-oriented and will be as easy to operate as existing
on-line or batch program editors. Programmers who use good programming

practices in developing software can use all of the system features without
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extra effort. Programmer productivity will be enhanced by improved communica-
tions during the development process. A modular system will allow new types

of documentation to be easily added to the system. This is the first system to
" bring togéther all types of documentation aids into a single system. It
emphasizes documentation on a load module and system basis as well as for

a single compi]ation; Documents can be produced containing heterogeneous |
outputs such as text and flowcharts. Managers can use the system to control
and monitor projects. Program and documentation standards can be enforced

and tadght through the use of automatic documentation systems. People who

do not use the documentation system during program development will be able

to use it for post-development documehtation. Programs deve]oped-independént]y
of the aufomatic documehtation system can easily be retrofited into the

documentation data base.

4.0 SAMPLE PROGRAM bOCUMENTATION

A sample of the types of documentation to be produced by'the automatic
system is included in Appendix J. Since the types and formats of fhe documen-
tation prepared is completely determined by the user when he specifies temp]étes
for data to be collected and the recipes for documentation to be produced, the
sample is just one possible format that a manager cou]d select. The templates
and recipes can be varied from one project to the other.

The subject of the sample documentation was a set of fifteen Fortran
'programs called "DYNASOR-II, A Finite Element Program for the Dynamic Nonlinear
Analysis of Shells of Revolution® developed for NASA by Joe R. Tillerson and
Walter E. Haisler of the Aerospace Engineering Department, Texas A&M University.
The DYNASOR II programs were developed to compute‘the nonlinear dynamic response
of shells of revolution in relatively short periods of cbmputer time for a

large number of important shell problems.
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The sample documentation for the DYNASOR II system is in three parts, a

User's Manual, a Program Maintenance Manual and an Operations Manual. These
manuals bring together information generated in various stages of the develop-
ment process by such people as the specifier, designer, programmer and the
validator. The sample documentation shows how the same information can be
used to produce documentation for the system user, maintainer or operator.

The sample User's Manual is designed to explain to a scientist or engineer
the prob]em solution and to show him how to prepare input to use the programs.
It is preparéd assuming'that the user does not know computer programming.

The User's Manual begins with a title page, abstract, system overview,

system flowcharts, and environment and configuration descriptions. These
components can also be used without change in the maintenance and operator

guides. The User's Manual then describes the method of analysis of the
problem. Included next are guidelines for the user and program limitations.
The next section covers the meaning of the input parameters and how to prepare
the input. The solution of example problems using DYNASOR II are included
to further clarify the system for the user. A list of references to the
methods of analysis is given in case the user would like to study the techniques
in detail. A special restart feature of the DYNASOR 11 program is explained
in addffion to a discussion on how to properly chodse certain iﬁput parameters
(in this case loads and temperatures) for best results. Functional flowcharts
are included for the user interested in the strUctufe of the programs, their
functions and how they work together.

The Maintenance Manual is designed to familiarize the maintenance pro-
. grammer with the set of DYNASOR II programs and .to serve as his reference when
modifying or correcting the programs. The maintenance manual is introduced

by the title page, abstract, system overview, system flowchart and environment
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description. The next sections contain detailed descriptions of the computer

aspects of software being documented on system, global ahd Tocal 1eve157 On

the system level there is a subroutine connectivity diagram, a system f]owchakt,
and Job Control Language and deck. setup descriptions. On the global level,
dverlay maps, Q]oba] flowcharts, global data descriptions, control card
descriptions and ;ubroutine calls are included. On the local level, the
Maintenance Manual contains detailed, detail suppressed, and functional flow-
charts; local data déscriptibns; label cross references and individual program
listings. Also included are system test samples and evaluation criteria. .
Other sections could be included here concerning such .items as rules for program-
ming practices, naming conventions, mathematical symbols and the like.

The Operator's Manual is designed to be used by the person who is
responsibTe for running of. the system on the computer. Hé is not required
fo have a knowledge 6f the scientific problem or of computer programming.

Again the manual begins with title page, abstract, system overview, -
system f1dwchart, and environment page dup]icatgd automatically by the doc;
umentation system. The next secfions deséribe components of the operation:
of the DYNASOR II runs. The purpose of each run is described along with its
relationship to ofherlruns, set up and run instructions, run frequency, run
prerequisites, controls and schedules. Each data set is described along
with the file characteristics. The job control language and control formats
are detailed along with'directionS'for setting up the deck.

Error messages are listed with explanations and actions to be taken.
There is a section on checkpoint, restart, error procedUre53 backup and
recovery procedures. '

Any of the parts of any of the manuals in Appendfx J can be produced
separately at any stage of deveiopment where appropfiate data is available

in the data base.
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5.0 DELIVERABLE ITEMS
Article II of NASA Contract NAS5-11911 requested the following deliverable

items:

a)

c)

Items of interest for documentation purposes that can be obtained

automatically by the use of specifically designed computer programs

and/or modifications to the operating system and associated software.

Output that can be obtained from commerical documentation aids is
described in Appendix B. Text editors are described in Appendix C

and program editors are described in Appendix F. No modifications

to operating systems or associated software are recommended. Items

of interest for documentation purposes that can be obtained auto-
matically by the proposed automatic documentation system are described

in Appendix I.

Sample formats of useful and alternate printouts applicable to pro-

gram documentation; derived from (a).

Sample outputs of the type of documentation that will be produced
by the automatic documentation system are included in Appendix J.

Methods by which the necessary data are obtained from source decks

and/or operating system components (compilers, loaders, etc.).

A detailed description of the methods by which the necessary data
are obtained from source decks and/or operating system components
is described in the Appendix I.

Programming disciplines, restrictions or coding requirements imposed

upon programmers in order to enable them to produce documentation by

using software recommended as a result of this effort.
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The report should indicate what behavior may be expected if required

disciplines are not observed and obeyed. In establishing these

constraints, consideration must be given as to what may be reasonably

expected in the'way of programmer coqperation.

,-The automatic documentation system will be as easy to use as the typical

program editor. For programmers who use text editors in developing
their program descriptions, additional restrictions will not be
necessary to the textual part of the documentation. A large part

of the docﬁmentation necessary to describe'the program cah be

produced with no programmer restrictions as described in Appendix I.
For such things as high quality functional f]owcharﬁs, the programmer
will be required to stylize his program'comments. A program deve1opéd
outside the automatic documentation system can be retrofitted into

the documentation system. In the design of the.automatic documentation

system; a major effort will be made to minimize restrictions on

~ programmers.

Certain of the outputs desirable for program documentation purposes

may be obtained by modifying sténdard software components. Inasmuch

as"most compilers, 1oaders; etc., extract relevant information and

retain it 1ntérna11y,'mUCh of the program development needed to

produce this data in readable form may be avoided; however, two points

must be borne in_mind. First, this effort is not directed toward

2 spécific_type or model of computer or:$oftware'system; hence, the

:techniques employed must be more or less genéra]ly applicable.

,Second,“i; is most desirable that system modifications be kept to a

minimum; hence,_it wou]d-be‘preferab]e to confine such modifications
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)

g)

h)

to a few system modules as is practicable and to modularize any

proposed extensions to the fullest possible extent.

No standard software components will be modified.

If one or more specific operating systems are cited as jllustrative

examples, or for purposes of investigation, the particular modules

or components of the system(s) requiring change, and the nature of

such changes, should be fully described to the extent that they

are penetrated by this study.

No modules or components of operating systems need be changed to
work with the proposed automatic documentation system.

While certain information may be extracted by altering system

components, certain independent programs may be required to complete

the package in order to supplement, broaden and/or organize meaning-

ful documentation elements. Such programs must be fully described,

including inputs required, functions performed, and outputs derived.

Programs required to complete the package in order to supplement,
broaden and/or organize meaningful documentation elements are Type 1
and Type 2 programs described in the proposal in Appendix I. Sample
output provided by the system is described in Appendix J.

As a separate document or separate section of the final report, there

will be a consolidation listing of all those techniqués which could

be implemented without changes in hardware or operating systems.

As a subset of the above, there will be a designation of complexity

level for the incorporation into a working program. Those which

require Tittle or no effort or change in style by the applications

programmer should be specifically defined.
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No changes will need to be made to program statements in a working'

program for documentation purposes. Documentation systems might

make changes to the comment fields in a working program, but this

will be done in a manner that will not, in ahy way, affect the
other statements in operational programs. A1l noncomment program
statements will be fully protected during any mode in which the

program comments are being changed.

This section should be presented and recommended as an integrated,

usable package which could be implemented 1mmediaté1y to provide

a partial solution while further work is being done on the more

elaborate improvements.

Commercially available documentation aids that can be used immediately
are described in Appendix B. The initial phase of the automated
documentation system to be implemented is described in Appendix I.
Future elaborations and exténsibns to the system are also described

in the proposal in Appendix I. |

The outputs produced by the automated methods devised should contribute

to final program documentation. Techniques should be recommended which

best present a format for future computer program documentation.

A sample output of the type that would be produced by the automated

~ system has been reproduced in Appendix J. This exémp]e demonstrates

the type offoutput that would be produced by the system. The specific
format of the:manual desired by a project manager would be determined

by the project manager.
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COMMUMICATIONS COMPUTER PROGRAMMING CENTER

AUTCMATED WEATHER NETWORK

AUTOMATED WEATHER DIVISICN, CCPC, TINKER AIR FORCE BASE,

THLS PAPEP DESCRIBES THE AUTOMATED WEATHER NETWORK AND
MENTIONS SUME SUHROUTINES AND INPUT-QUTPUT HANDLING
METHUDS USED IN THE PROJECT. THIS IS A VERY SPFCIALIZED
PAPER OF LITTLE GENERAL INTERFST.

CONKLINy CeFs MEADOW, C.T,.
EVOLUTINNARY SYSTEM FOR DATA PROCESSING, VOLUMES I-1IV.
IBM CENTER FOR EXPLORATUPY STUDIES, ROCKVILLE, MD, 1968
ESOP 1S A PROPOSED SYSTEM WHOSE PURPOSE 1S TO ACQUIRESTORE,
RETHIEVE,PURLISH,AND DISSEMINATE ALL OOCUMENTATICN, FXCLU-
SIVE OF GRAPHICS FOR A LAKGE COMPUTER PROGRAMMING ACTIVITY
VOLUME To SYSTEM DESCRIPTYION,
VOLUMF I1. CONTROL AND USE OF THE SYSTEM
VOLUME I11 THE CAINT EXECUTIVE LANGUAGE & INSTR GENFRATOR
VOLUME [V. PROGRAMMING SPECIFICATIONS

KETRSTEAD, R.F. PARKER, D.8.

ON THE FEASIDILITY OF FORMAL CERTIFICATION

STANFI2D RESEARCH INSTITUTE, MENLQ PARK, CALIFORNIA

THLIS PAPEA COMSIDERS THE FEASIARILITY DF ESTABLISHING
CERTIFICATICN AND VALIDATION SERVICES TO ASCERTAIN THE
RELIABILITY OF SOFTWARE PRODUCTS.

CHAPIN, N.

FLOWCHARTS

AUEPBACH PUBLISHERS, PRINCETCN, 1971

A CCMPREMENSIVE STUDY CF HOW GRAPHIC TECHNIQUES CAN BE USFD
TN EXPLAIN AND INTERPRET THE COMPLICATED WORKINGS OF A
COMPUTER, THE BUOK EXPLAINS HOW TO APPLY FLUWCHARTS TQ
ALL PHASES OF DATA PREPARATION AND PROCESSING,

SCCITy Ae €0

AUTCMATIC PREPARATION OF FLOWCHART LISTING.

J. ACM 5, 1(JAN,1958), S5T7-64

CIVERS INITIAL MEANS OF AUTOMATING FLUWCHART PRODUCTION, A
REASON FOR FLOWCHART PRIOUCTINN IS TO MAKE IT UNNECESSARY
TO PUBLISH DETAILED BLCCK DIAGRAMS. AS A CEBUGGING TOOL.
17T HAS GREAT VALUE.

HATDBT, LeMa

A PROGRAM TO DRAW MULTILEVEL FLOWCHARTS

AFIPS WJCC PRDC. (1959), 131-137.

GENERALLY COVERS THE VARIOUS TYPES OF FLOWCHARTING.

CANTRELL,y HoNe KINGy FoEa

LIGIC STRUCTURE TABLES

CNMV, ACM &(JUNE 19611,272-275

NESCPIBRES SET OF PULES FOR WRITING AND USING LOGIC TABLES.
LOGIC TABLES ARE TWO-DIMENSIONAL ENABLING ONF TO FULLY
EXPRE SS BOTH SEQUENTIAL AND PARALLEL ASPECTS. THEY CAN RE
COMPILED DIRECTLY INTO PROGRAM ELIMINATING NEED FOR
FLOWC HART ING AND HAND CODING.

620901

630901

631001

640301

640501

641C01

650101

650102

PAGE 2

MINTALBANO, M. »

TABLES, FLUW CHARTS, AND PPOGRAM LOGIC .

INM SYSTEYS Jo 1,9(SEPT 19562),51-63,

DEC ISIUN TABLES ARE INTRCDUCED WITH REFEENCE TN nusxuﬁls
DATA PROCESSING. CUMPLETENESS AND CONSISTENCY VERIFICATION
CHECKS ARE MADE., CONVEPSION NF TARLES T PRNGPAMS IS
CCNSIDFRED AND A TECHNIQUE OF OBYAINING A PRCGRAYM WHICH
MINIMIZES BRANCHING REQUIREMFNTS WITH RESPFCT TO MFMDY
AND EXFCUTION TIME. DEBUGGING AND MODIFICATINN AYF ALSN
DISCUSSED,

KNUTH, He Eo-

COMPUTER-DRAWN FLOWCHARTS,

COMM, ACM 6, SISEPT,1963), 555-563

SIMPLE SYSTEM FOR EFFECTIVE COMMUNICATION 1S PRESENTED,
SUPPOSEDLY HELPS MEET FCOR BETTER DOCUMENTAYION OF PRCGRAMS
IN SIMPLE FURMAT, COMPUTER PREPARES FLOWCHARTS AND OTHER
CROSS-REFERENCE LISTING FROM THIS INPUT,

IBM CORPLGRATION

PIOGRAM ENARLES 18M TQ070/7374 T0O ORAW FLOWCHARTS,

CIYPUTFRS AND AUTQOMATION 12, 10(0CT.1963), &7,

A GENEKAL SYSTEM OF FLOWCHARTING. THE COVPUTER PRINTS 0UY
A FLOWCHART,

SHMIDT, D.T. KAVANAGH,y T.E.

USING DECISION STRUCTURE TABLES

DATAMATION 10, 3(MARCH 1Q64),08

THIS ARTICLE EMPHASIZES MANUFACTURING APPLICATICHS OF
DECISIUN-TABLES. TT ALSU LISTS REASONS wHY DECISION
TABLES PAY OFF.,

MEKCER, V.

AUTOCHART NEW METHUD CUTS MANUFACTURING.

JIURNAL DF DATA MANAGEMENT 2, S(MAY,1964), 664-645.

COMMERC 1AL PROGRAM PACKAGF CAN BE USED TO ODECRREASE THE COST
OF PRUDUC ING PROGRAMS.

KRIDER, L.

A FLOW ANALYSIS ALGURITHM

Je ACM 11, 10(0CT. 1904), 429-4136,

ALGEDRAIC REPRESENTATION OF THE FLCW OF A COMPUTER PRNGRAv
IS NESCP IBED. ALGURITHM PRESENTED FOR MANIPULATING THIS
REPRCSENTATION INTO A FORM FROM WHICH f FLOWCHART CAN BF
DFLWN, ALSJ, A PPUCENURE FUR FNIMING THE ALGI23AIC
REPPESFNTATION FROM A COMPILER SCURCF CNIOE IS CIVEN,

ANDEPSON, He E.

AYTOMATED PLOTTING UF FLOWCHARTS ON A SMALL CUMPUTER

COMM, ACM 8, 1{JAN 1965}, 38-39,

PROGRAM IS DESCRIBED WHICH ACCEPTS FORTRAN Il SOURCE PROGRAM
AS INPUT. PRODUCES ANNCTATED FLOWCHARTS AS ~UTPUT, UNIQUE
IN THAT A DIGITAL INCREMENTAL PLOTTFR [S USEN AS NUTPUT
MEDIUM, AND THATY JTS DESIGANED FUO© £ SMALL (&JK) COYPUTER,

KIRKy HeWe
USE OF DECISION TABLES IN CNMPYTER PROGRAMMING
COMM, ACM 8,1(JAN 1965),41-43,
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ARTICLE OESCRIBES DECISION TABLE ADVANTAGES. A TECHNIQUF
FCR CONVERSION OF TABLELS TO COMPUTER PROGRAMS IS
PRESENTED: IT IS THE RULE MASK TECHNIQUE. ADVANTAGES
GAINCD THROUGH UTILIZATION OF THE TECHNIQUE ARF ALSO
DESCP 1BED.

CONTROL DATA CCRPORATION

CONTRIL DATA &000 SERIES COMPUTTR SYSTEMS REFERFNCE MANUAL
NUMBER 60100000

CONTROL DATA CORPORATION

T41S MANUAL DESCRIBES THE SYSTEM CHARACTFRISTICS OF THF
6600 SFRIES. ALSO DISCUSSED ARE THE CENTRAL MEMORY CENTRAL
PRUCESSGR PERIPHERAL ANN CCNTROL PROCFSSORS SYSTEM
INTERRUPTS AND MANUAL CONTROL OF THE SYSTEM.

SNYCER, R,

PROGRAMMING OOCUMENTATICN

DATAMATION 11,10(0CTOBER 1965),64-45

DJCUMENTATION IS A RY-PRODUCT OF A GOND SYSTEMS JOB, AUT IT
1S FVEN MCRE IMPORTANT DURING COMPUTER SYSTEM CONVFRSION.
THIS AQTICLE LISTS WHAT GOES INTO AN EFFECTIVE JOB MANUAL,

POLLACK, S.l.

CONVERSIOd OF LIMITED ENTPY DECISION TABLES TO CUMPUTEP
P KOG AMS

COMM, ACM 8,11(NOV 19¢5),677-682

T4D ALGOPITHMS ARE PRESENTED FOR CONVERSION OF DECISION
TABLLS TO COMPUTER PAOGRAMS. BOTH ALGORITHMS PINPOIMTY
R EDUNDANC TES AND CONTRADICTINNS IN THE TABLES. THE FIRST
ALGUR ITHM MINIMIZES STORAGE SPACE, THE SECOND MINIMIZFS
/LN TIME,.

FISHER, D.L.

DATA, DLCCUMENTATION, AND CECISION TABLES

CIMM, ACM 9,1(JAN 1966),26-31

IN RUSINESS DATA PROCFSSING, 1T IS NECESSARY TO BE ABLE TO
DEFINE AND DOCUMENT DATA, FILES, PROGRAMS AND DECISION
RULES IN A WAY THAT REPRFSENTS THEIR CHANGING TNFCRMATION
FO9MAT AND THEIR CONTINUCUS INTERACTION. TABLES MAKE THIS
PNSSIHLE. ARTICLE IS BASICALLY A BUILDUP OF THE VIRTUES OF
DECISION TABLES.

VEINOTT, CeGe '

PROGRAMMING DECISTON TABLES IN FORTRAN, COBOL OR ALGOL

COMM, ACM 3,1(JAN 1986),31-35.

A REOAD-BASED APPROACH FCR PROGRAMMING OECISION TABLES 1IN
FORTRAN OR COHOL IS DEVFLOPED. ONLY ONE OR TWO STATEMENTS
ARE DEEMED NECESSARY WITH INPUT IN A STANDARDIZED FNRM.
ACTUAL PROGPAMMING TECHNIQUES ARE OFFERED, THE TECHNIOUES
ARE ALSN EXTENDED YO ALGOL.

MAR TIN, W, W.
FLOWCHARTING: SHORTHAND, ANALYSES AND MODEL.
JUURNAL OF SYSTEM MANAGEMENT 17, 2(MARCH-APRIL, 1966), 14-22

SHORER, JsA.
VDEC ISION TABLES FOR BERRER MANAGEMFNT SYSTEMYS
SYSTEVS AND PROCEOURES J. 17,2(MARCH-APRIL),28~32.
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THIS ARTICLE BEGINS WITH A LIST OF BENEFITS GAINED AY
DECESION VABLE UTILIZATION. SOME EXAMPLES OF USAGE APE
PPESENTED. DECISION TABLES ARE DIRECYLY CAMPARED TN
FLOWCHARTS, )

SWANSUNy ReWe

INFORMATION SCIENCES: SCME RESEARCH DIRECTIVES

NT1S-AD631535

A STUDY OF THE PROCESSES INVOLVED IN IDENTIFYVING,
CLASSIFYING, REPRESENTING, STORING, MANIPULATING, AND
PRESENTING DATA.

OPERATIONS DIVISION STRATFGIC SYSTEMS DEPARTMENT

AUTOMATIC DATA PROCESSING SUPPORT FOR FLAG PLAT

DDC-ADHL 5567 : ,

THIS RCPORT PPCPOSES PRELIMINARY DESIGNS FOR THE FLAG PLOT
ADP SYSTEMS. 1T OUTLINES BOTH HARDWARE AND SNFTWARE PLANS
FOR THE INITIAL AND INTERMEDIATE EFFORTS [N AUTOMATING
FLAG PLUT DATA PROCESSING FUNCTIONS,

RELL SYSTFMS PRACTICES

PROGRAM DOCUMENTAT ION STANDARDS

BRELL SYSTEMS PRACTICES, AMERICAN TELEPHONE AND TELFGHAPH c9d.

THIS IS A MANUAL WHICH HAS THE STANDARDS FNP THF BLLL SYSTEM
IT INCLUDES STANDARRS FOR PRUGRAM DOCUMENTATICN,
FLOWCHAKRTS SYMBULS AND NCTATIONS, DECISION TABLES ARE
[NCLUDED AS WELL AS NUMFROUS FXAMPLFS.

PENSIERD, WeS.

SLIP - SOURCE LIBRARY INCUIRY PROGRAM, NO. 3670-07,3,70°

IHM CORPORATION, NEW YO2K, NY, 1966

TH1S PRNGRAM STORES SYMBOLIC PROGRAM MOLULES NN MAG TAPE AND
RETRIEVES SELECTED MOUDULES TN RE LISTED, PUNCHED, OR
COPLIED TU ANOTHER MAG TAPE *IN A FORVAT ACCEPTAALE TD THE
ASSEMBLER®, IT RUNS ON A S/36737 OR LARGER, UNDEF 98X 0OFS,

REINWALD, L.T. SOLAND, R.M.

CJUNVE2SION OF LIMITED-SnNTOY DECISICN TAPLES TO CPTIMAL
COMPUTER PROGRAMS I: MIMIYMUM AVEKAGE PROCESSING TIve

Je ACM 13,70JULY 19661 ,339=-254A,

REGINS WITH A BRIEF DESCRIPTION OF DECISION TASLES AND THEN
PRESENTS A DISCUSSION OF ALTEQNATE EXPRESSIONS FNO THEM IV
THE FURM OF ‘SFQUENTIAL TESTING PROCENURES. AN ALGFRITHY S
DEVELNPED FUR CNNVERSION COF TAALES TQ A PRNGPAM WITH
MINIMUM AVERAGE PRGCESSING TInE, ’

HUL ZER, JaE.

A SYSTFM UF PROGRAM DOCUMENTATION

SYSTEMS AND PROCEDURES Jo 37,5(SEPT-0CT 19661,15-17,

ARTICLE RELATES WHY DUCUMFNTATION SHOULD RE USED TN ACHIEVE
EFFECTIVE COMPUTER UTILIZATION IN AN ORGANIZATION. A
DFSCRIPYICN (IF THE FACETS INVOLVED [N PONGOAY
DUCUMENTATION 1S ALSY PTESENTED, A MANUAL CUNTAINING ALL
DCCUMENTATION 1S SUGGESTED. :

KINGy PoJoHe,
CUNVERSION OF DECISION TABLES TO COMPUTER RROGRAMS BY RULF
MASK TECHNIQUES
J
N -
~
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COMM, ACM 9,11(NOV 1966),796-801.

AXTICLE PRESEMTS A DESCRIPTION OF THE RULE MASK TECHNIQUE
FOR CONVERSION OF DECISION TABLES TO COMPUTER PROGRAMS.
THE TECHNICUE, AS PRESENTED, MAY GIVE UNDESIRARLY LING RUN
TI4ES. A MODIFICATION IS PROPOSED TO HFLP ALLEVIATE THIS
PROUBLEM,

SHERMAN, PHILIP M,

FLOWIRACE, A PROGRAM FOR FLOWCHARYTING PROGRAMS,.

CIMM, ACM 9, 12(DEC. 1966), 845-854.

FLOWTPACE PRUDUCES FLOWCHARTS NF PROGRAMS WRITTEN IN ALMOST
ANY PROGRAMMING LANGUAGE. META LANGUAGE AVAILABLE FOR
DESCKRIPTION OF SYNTAX OF CCONTPOL STATEMENTS.

CALLAHAM, M.D. GRACF, G.l.

AUTODNC: COMPUTER-BASED ASSISTAMCE FCR DOCUMENT PRODUCTION

pINC. ACM CONF 22 {19671y 177-185

AUTODOC IS A MAN-MACHINE DESIGNED TO PROVIDE AUTOMATED
DGCUMENTATION PLUS THIS SYSTEM PERMITS THE ADDED FEATUPES
OF DOCUMENT PRODUCTIUN, MAINTENANCE, AND BOOKEEPING.

SPEQRY RAND CORPORATION

UNIVAC 1113 COBOL UP-40N4B

UNTVAC CORPODRATION )

THIS MANUAL EXPLAINS THE CUBOL-LANGUAGE AS IT APPLIES TO THE
UNIVAC 1178 COMPUTER.

TUPAC, JoDo

LN APPUOACH TO SOFTWARE EVALUATION

NTI$-AD&51812

A PPOCEDURE FOR SOFTWARE EVALUATION IS INTRODUCED. MAJOR
ICEAS A2E WHEN AND HOW A MANAGER SHOULO EVALUATE., TwO
MAJOR AREAS CF SOFTWARE EVALUATION ARE FUNCTIONAL
CAPAPILITIES AND PERFURMANCE, ’

SAL ISBURY, A.B. ENSLCW JR. P.H,

DIAGNOSTIC PRUGRAMMING FCR DIGITAL COMPUTERS A BIBLIOGRAPHY

NTIS-ADB13831 ) :

TH1S BIBLIOGRAPHY CONSISTS OF 88 REFERENCES ON DIAGNOSTIC
PROGEAVMING FOR DIGITAL COMPUTERS. EACH ENTRY INCLUDES
AUTHOR(S) s TITLE,SOURCE AN ABSTRACT (NDRMALLY THE AUTHOP'S})
ANG USUALLY SOME CCMMENTS PERTAINING TO ITEMS OF SPECIAL
INTEREST OR ADDITIONAL INFORMATION YO HMELP THE RFADEP
DFCIDE 1F THE DOCUMFNT WOULD RE OF INTEREST TO HIM,

CIMPRESS, INC.

ONCUMENTATIUN SCFTWARE

CATAMATION 13, B{AUGUST 19671, 113-125

DJP1C (DCCUMENTATION OF PROGRAMS IN CORE) GENERATES MACHINE
PRUNUCED FLOWLHARTS, CROSS-REFERENCE LIST AND CHART INDEX
FGR OBJECT PROGRAMS,

KINGy PeJeH,

DECISION TABLES

COMPUTER Jo 10,8(AUG 1967),135-142,

THE ARTICLE DESCRIBES THE HASIC FEATURES OF DECISION TARLE
DEVELOPMENT, AND IT ILLUSTRATFS APPLICATIONS IN VARIOUS
FIELDS. SOME PROGRAMMING TECHNIQUES ARF PRESENTED. AN
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EXTENSIVE DECISION TARLE RIBLIOGRAPHY 1S ALSO PRESFENTED
WITH EXPLANATION OF THE RELATIVE MERITS OF EACH.

8¢-yY

CHAPIN, N.

PARSING OF DECISION TABLES

CiUMM, ACM 1C,8(AUG 1967),507-51C.

DEALS WITH REDUCTION OF DECISION TABLES BY SEVERAL
TCCHNIQUES. TECHNIQUES COMSIDERCD ARE BY PARSING WITH
REGARD TO VERTICAL AND HCRIZONTAL DATE STRUCTURES, JOB
IDENTITY, HARDWARE AND JUB PRIORITY, AND CONTEXT
RELATIONSHIPS. THE PARSING RELIES ON CONVENTIONS FCR
DECISION TABLE LINKAGE.

MARKS, Se.l. ARMERDING, GaW.

THE JOSS PRIMER

NT1S-A06537 34 .

AN INTRODUCTION TO THE JOSS TIMESHARING SYSTFM. [T IS AN
ON-LINE, TIME-SHARED COMPUTING SFRVICE DEVELNPED AT THF
RAND CORPURATION TO PROVIDE THE SOLUTINN OF ANUMERICAL
PROBLEMS.

HANNOM, ToJo A2ZARY, A.l. RRNINKS, A.l.

HUNTFR, J.R. STFINBERG, Le CHiJBR, GeP.

CEVELOPMENT OF A COMPUTER PROGRAM FNOR GFNERATING
TPOURLE-SHOUTING DECISION TREES

NT1S-AD664603

ESTABLISHFS ALGURITHM FOP GENERATING A DECISION
LOGIC-STRUCTURE OR TRFE DIAGRAYM FGRM wHICH PROCENURAL
TROURLE SHOOTING INSTRUCTIUNS COULD BE PREPARFD.

HIWNEN, W. E.

A PROIGKAM FOR THE CONSTRUCTION OF PERT FLOWCHAPTS

COMPUTER JOURNAL 1€, 11(NCV. 1967}, 278-231

APPLICATIUNS OF CPM AND PFRT OFTEN INVOLVE FLOWRCHARTS AND
NETWIRKS. PERT DIAGRA™S MUST BE FASY T7 RFAD Tn OF USEFUL.
IN THIS ARTICLE. EVENTS AND ACTIVITIES THAT FORw A
SULNE TWORK ARE GROUPED TUGETHER AND PROXIMITY OF ANY Tw)
NETWORKS REFLFCTS THEIP INTERDEPENDEMNCE.

RE INWALDy L.T.

CONVERSION OF LIMITEU-ENTRY DFCISION TABLES T.) OPTIMAL
CUMPUTER PROGRAMS Il: MINIMIM STORAGS REQUIRFVENT

Jo ACM 14,10(0UCT 1567)4742-756.

AN ALGORITHM 1S DEVELOPED WHICH WILL CUNVERT ANY LIMITED
ENTRY DECISIUN TABLE TO A COMPUTER PROGRAM WITH MINTMAL
STORAGE REQUIREMENT, IT IS INITIALLY DEVILAPED FMR
PROGRAMS WITH A TREE-LIKE FOOM AND THEN EXTENDEN. THIS
ALGORITHM CAN BF COMBINED WITH ONE FOR WINT“UM AVFRAGE
PROCESSING TIME, RESULTING IN A MINIMUM AVERAGE COST
PRUGRAM,

CaMP. SCl. DEPT, UNIVERSITY OF TLLINCIS

TLLIAC IV QUARTERLY PRUGRESS REPURT

NT[S~AD667280

A RCPURT NN THE PROGRFSS NF THE ILLIAC IV SYSTEM IS LISTED.
THIS INCLUDES THE GRAPHICAL NISPLAY SYSTEM,

JNNES, M.V,
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COMPUTERIZING A GOVERNMENT DATA SYSTEM: A MANAGEMENT
OVERVIEA OF THE STEPS RFOU!QFD AND THE TIME NCEDED.

NT1S-AD69278¢6

THIS PAPER DISCUSSES HHAT MUST BE DONE AND HOW LONG IT WILL
TAKE TO CONVERT A MANUAL DATA SYSTEM IN A GUVFRNMENT
AGENCY TD A COMPUTERIZED SYSTEM.

LUDhIGo HeRo

SIMULATION WITH DECISION TABLES

Je DATA MGMT. 6,1(JAN 1968),20-27.

THE APTICLE DEALS PRIMARILY WITH A SIMULATION PROCEDURE,
USINS THE DECISION TABLT STRUCTURE TO GOVERN THE REHAVIOR
OF THE QUEUING ACTION. A SIMPLIFIED ALGORITHM [S PPESENTED
TC SHOW SOMEWHAT HCW THE DECISION TABLE STRUCTURE WAS
USED.

NATIONAL MILITARY COMMAND SYSTEM SUPPNRT CENTER COMPUTER

1BM CNAPORATION

USER'S MANUAL NMCS INFCRMATICN PROCESSING SYSTEM (NIPS) (1AM
141C/77210)

NTIS-ANRICTLY

N4CS INFOARMATION PRUCESSING SYSTEM (1BM 1410/7010°) IS
DESCRIAED IN SIX DOCUMENTS (1)SYSTEM DESCRIPTION,
{2)GPERATOR®S MANUAL»(3)USER®S MANUAL,{4) ANALYTICAL MANUAL
(S)PROGRAM DESCRIPTION, AND {6)DATA BASE DOCUMENTATION

MEL*CHUK, 1.8,

MJTCYATION IN LINGUISTICS

MTIS-AD734215

THIS ARTICLE RELATES THE PROBLFMS OF AUTOMATION IN LINGUIS-
TICS. REVIEWS AND EXERTS OF TRANSLATIONS RY EXPERTS ARE
DISCUSSEN. :

CEFENSE DNCUMENTATIUN CENTER

AIBLIOGRAPHY ON INFORMATION SCIENCES. VOLUME I

DDC-ANB29701

THIS BIELIUGRAPHY IS A COMPILATION OF RCFCRENCES IN THF AREA
Or IMFDIMATION SCIENCE AND TECHNOLOGY., THL REFERENCES
AEPRESENT BESEARCH UN THE BASIC ACTIVITIES COMMON TO MOST
IHFORMATION~ORTENTED MISSIONS,

DEMUTH, N. CONTI, E.

STULY GF MACHINE-AIDED POST EDITING

0iC-ADR28584

THE PRIMARY OBJECTIVE OF THIS REPCRT WAS TD DETERMINE THE
FEASIBILITY OF MACHINE-AIDED POST EDITING AT FTD. FRRNA
DETECTIUN ANALYSIS WAS USED TO DEVELOPF AN EXPERIMENTAL
POST~EDITING SYSTENM (XPF),

NATIONAL COMPUTER ANALYSIS, INC.

CUROL FLOWCHARTING

UATAMATION 14, 3(MARCH 19A48), 135,

NATIONAL COMPUTER ANALYSIS, INC. PRINTS AND MATLS RACK
FLOWCHARTS ARE PRUDUCED FOR AND CORDL PROGRAM DECKS.

184 C{RPORATION
NAC S INFORMATION PROCESSING SYSTEM IRM 1410/7010 GENERAL
PURPOSE CUMPUNENTS MULTIFILE OUTPUT AND FILE GENERATION
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NT [ S-AD-834970

NMC S INFARMATION PROCESSING SYSTEM (IRM 161’17rl“i 18
NDESCRIKED IN SIX DOCUMENTS {1)SYSTEM DESCRIPTIUN,
{ 2)YUPERATOR®S MANUAL, [3)USER'S MANUAL,(4)AMALYTICAL MANUAL
{ S) PROGRAM DESCRIPTION, AND (6)DATA RASE DOCUMFNTATION

1AM CORPORATION

SYSTEM/ 360 ADMINISTRATIVE TERMINAL SYSTEM--0S

INM CORPNRATION

THIS SYSTEM CONSISTS OF CONTROL AND FUNCTIONAL PROGRAMS THAT
PERMIT MANY OIFFERENT TEXT-PROCESSING AND DATA-HANODLING
ACTIVITIES TO BE CARRIED (N SIMULTANFOUSLY THROUGH DIFFER-
ENT TERMINALS ATTACHED TO AN [BM SYSTEM/367.

CHAPIN, N,

PROGRAM DOCUMENTATION: THE VALUABLE BURDEN

SNF TWARE AGE, 2[MAY 1968),24-26

AUVANTAGES AND ORJECTIVES OF DOCUMENTATINN ARE OTSCUSSED.
TWELVE MAJOR UCCUMENTATION ELEMENTS ARE LISTED. )

NINKE, We M. ‘

THE GROWTH GF COMPUTER GRAPHICS AT RELL LA3CRATARIES,

BCLL LABURATORY FECURD 46, 6(JUNF,19681, 18C

COMPUTER GRAPHICS IS A USEFUL TECHNIQUE FUR CO“MINICATING
WITH CUMPUTERS. THIS TECHNIAUE IS HELPING MAN MAKE MCRE
EFFECTIVE USE OF THE MACHINE TO SNLVE A WICE VARIETY NF
PRUNLEMS WHILE PXOVIDING A PFCORD CF PROBLEM SNLUTIIN.

FERGUS, R.M.

AN INTRODUCTION TN DECISION TARLES

SYSTEMS AND PROCEDUSES J, 10,4 (JULY=-AUG 1963),24-27,

THLS ARTICLE DESCRIRES THE CHARACTERISTICS OF DECISION
TABLES, ALSO GIVING GUIDFLINES AND EXAMPLES OF TAPLE
CONSTRUCTION 4S INITIAL STEPS TOWARD THE USF OF TABLFS T7
PERFURM, CUMMUNICATZ AND LGTZUMENT DECISINN MAKTNG,

U*RRIEN, F. BECKWITH, P.C.

“A TECHNIQUE FOR COMPUTER FLOWCHARPT GENERATION.

CHOMPUTER JNURNAL 11, S{AUG. 1969}, 138-161,

Al APPROACH TO COMPUTFR FLOWCHART GENFRATION CALLFD ICFLUW,
PRUGRAM IS SIVMPLE AND FASY AID wHICH PYDUCE AN
UNAMNOTATED LINEAR FLPNWCHART, THF FLOWCHARTS ANMOTATION
HAS BEEN LEFT TO THE PROGIAMVER CONCERNED,

GRINDLEY, C.R.

THE USC OF DECISION TABLFS WITHIN SYSTEMATICS

COMPUTER J. 11,8(AUG 1968),129%-1133,

SYSTEMATICS IS A SET OF TECHNIQUES FOR DESIGNING AND
DEVILUPING INFORMATION SYSTEMS. A GENERALIZED DFSCRIPTION
0Of NDECISION TABLES 1S PIESFNTED. THE FORM OF RECISIOV
TARLE USED IN A SYSTEMATICS TFCHNIQUF IS DFSCRISEN ALONG
WITH ADVANTAGFS GAINED FEOM 1T,

FERGUSy RoM,

G100 DECISION TARLES AND THEJ@ USES

SYSTEMS AND PROCEDURES Jo 19,5(SEPT-0CT 19681 ,18~21,

SEVEN STEPS ARE GIVEN FOR JMPLEVENTATION OF NRFCISTIN TAALE
USE WITHIN AN ORGANIZATIOH. TADLFS CAN BE USED AT HAS;

1
o
[T
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LEVELS OF AN ORGANIZATION. TARLES CAN RE ANALYZED TO
PROMOTE COMPLETENESS AND ACCURACY AND TO DETFCT EXCESSIVE
RULLSy CONTRADICTIONS.

184 CORPORATION

INDEX PRECPARATION FOR PUBLICATIONS INDUSTRY

13M CORPORATION #36C0-29.4.0C4

THIS PROGRAM PRODUCES AN INNEX IN DDURLE-COLUMN FORMAT WHICH
1S SUITABLE FOR REPRODUCTION RY PHOTO CFFSET PRINTING. THE
PROGRAM WOULD BE OF VALUE TO ANY PUBLICATION DEPARTMENT
THAT HAS TO PREPARE INDEXFES AS A PART 0OF ITS PUBLICATIONS.

KINGy Podole

AMAIGUITY IN LIMITED FNTRV DECISION TABLES

CIMM, ACM 11,10(0CT 1668),680-684.

AUTHUR CLATMS RULES CONCERNING REUDUNDANCY, CONTRADICTION AND
CUMPLETENESS AS ESTABLISHED IN 1963 ARE UNSATISFACTORY.
AVRIGUITY IS CLAIMED TO BE AN IMPURTANT ASPECT IN CHFCKING
TABLES. PRUCEDURE FOR PRODUCING CHECKED OUT TABLES IS
PROPNSED. IMPORTANCE NF WELL-DESIGNED OIAGNOSTIC
FACILITIES 15 EMPHASIZEOD. .

DSFENSE DOCUMENTATION CENTER

CIMPUTER IN INFORMATION SCIENCES. VOLUME 111

DOC -ADB46300

THIS BIBLICGRAPHY COMPILES REFERENCFS DEALING SPECIFICALLY
WITH THE ROLE OF COMPUTERS IN INFORMATION SCTENCES.

VAL TAY, Q.Je

CONTROL SECTION CROSS-REFFRENCE AND LINK EDIT EDITOR

1BM CONTRIBUTED PROGRAM LIBRARY

THESE TWO ASSEMELER PROGRAMS MAY PRNVE USEFUL IN ANALYSIS

' AND DERUGGING WORK WITH RESPECT TO LARGE AND COMPLEX
PLANNED OVERLAY MODULES.

RISEN, M.H, LOBACK, L.R,

$/36% ASSEMBLER/COMPILER LISTINGS LIRRARY MAINTENANCE,
N0, 350D-00,0.015

138 CORPORATICNy HAWTHORNF, NY, 1968

T41S PROGRAM CREATES AND MAINTAINS A LIRRARY 0OF CURRENT DOS
ASSEMHLER AND/CR COMPILER (FNRTRAN, RPG, CORBJL, PL/I)
OUTPUT LISTINGS ON IBM 2311 CR 2314 CASD, USING A SPACE
COMPRESSION TECHNIQUE. IT RUNS ON ANY S/360 UNDER 0ONS,
SUPPURTING DAM (DIRFCT ACCESS METHOD), REQUIRING AT LEAST
16Kk OF STORAGE.

1aM CORPURATION

PLIBLFM LANGUAGE ANALYZER {PLAN) USERS' INTPODUCTION

I0M CDRPORATIUNGWHITE PLAINS ¢NaYe 1969

THE IBM POOSLEM LANGUAGE ANALYZER(PLAN) WAS DESIGNED TO LNW-
ER THE CUST OF DEFINING, IMPLEMENTING,AND USING PROGLEM-0OR-
1ENTED LANGUAGES. PLAN 1S A SET DF PRNGRAMS THAT NPFPATES
ON THREE LEVELS A SUPPRET LEVEL TN HELP THE PLAN PRUGRAMM-
ER PRODJCE NEW MUDULES T GIVF APPLICATION DESTGNERS STAN-
DARN COAMANDS FOR CATALOGING THE SEMANTICS OF A NEW POL TO
ACCEPT INPUT STATEMENTS,EXFCUTE AND PRODUCE RESULTS

18M CORPORATION
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SYSTEM/ 360 FLOWCHART USER'S MANUAL
OPERATOR'S MANUAL %>
18M CORPORATION,WHITE PLAINS,NeY.y1969
THE INM SYSTEM/36(0 FLOWCHART PROOUCES PROGRAM FLﬁdCHARTSD
UNDFR THE [BM DOS. THIS DOCUMENTATION AID 1S INTENDRD TO
TU MINTMIZE THE PLANNING AND FFFORT REQUIRFD TN PRODUCE
AND MAINTAIN PROGRAM NOCUMENTATION,

GRAY, ™, LONDON, KR,

DOCUMENTATION STANDARDS

BRANDIN/SYSTEMS PRESS, PRINCETON, 1969

THIS BUOK GIVES AN UPINIOMATED OVERVIEW NF WHAT
DOCUMENTATION STANDARDS SHOULD BF. IHCLUNED ARE SYSTEMS
OFVELOPMENT DOCUMENTATION AND PROGRAM DOCUMFNTATION FRCY A
NDATA PROCESSING VIEW-PCINT, NUMER(S FORMS AND EXAMPLES ARE
SHOWN. FLGWCHARTS, LECISION TABLF AND SYMBOL STANDARDS
(NATIONAL) ARE INCLUDED IN THE APPENDICES.

18M CORPORATION

A CONMVERSATIONAL CONTFXT-DIRFCTED EOITOR

I8M CAMHRIDCE SCIENTIFIC CENTFR, CAMBRIOGE, MA (1949}

THIS OKR-LINF ECITOR NPERATES UNCER THE CP-67/CNS AND
ON-LINE/OS SYSTEMS, IT ALLUWS COITING OF FILFS LARGER THAN
AVAILAREL CORE SIZE INLY BY BRINGING IN 4 ALOCK AT A TIME
FOR EDITING, WITH NO BACKWAOD HLCCK ACCESSION ALLCOWFD.

REAM, N.J.

Od=LINF YANAGFMENT SYSTEMS INFOPMATION

DATAMATION 1C,4(APRIL 1969),39

DICUSSES THE NEED FUR PROGRAMMING STANDAKDS AND A Fhovay
SYSTEM (OF DOCUMENTATION WHICH HELPS OFTEUMINE THE QFLATIVE
SUCCESS OF THE EFFORT IN CCMPLETING THESE STANDARDS,

CINTROL DATA CCRPURATION

CONTROL DATA 6470/65CL 76670 CUMPUTFR SYSTEMS CCANL REFERENCE
MANUAL PUBLICATIGN NUMBER 6nl16lach

CONTROL DATA COPCRATIUN

THIS MANUAL FXPLAIANS HOW TC USF VEQSICN 2.1.6 UF THF SC0pF
OPERAT LG SYSTEN TO EXECUTE PRIGRAMS WRITTEY IN VECSION
2.1 Of CDC 640076500 /6600 COUROL,.

CUNTROL DATA COFPORATIDN

CAINTRUL DATA 6400/6500/667C COMPUTER SYSTEMS CGVPASS
REFFPENCE MANUAL PUSLICATION AUMHER 60197907

CONTROL DATA CORPORATION

THIS MANUAL DISCUSSTS PRCGRAM STRUTTURE AND CIAANTIZATION,
CUMPASS LANGUAGE CUDING, NPERATION CODES, PSEUM
INSTRUCTIONS y MACRQS, MICROS, AND ASSEMDLFR INPUT/OUTPUT
UNDER THE COMPASS SYSTEM,

KINGy PodeH.

THE INTLRPRETATION OF LIMITED ENTRY DECISION TARLE FNavAY
AND RELATIONSHIPS AMONG CuAnITICMS

COMPUTER Jo 12,1 1INV 1969),320-326.

THIS ARTICLE EMPHASIZES THE INTEQRPRFTATION NF RASIC FORMAT,
RFLATIONSHIPS AMONG CONDITIONS ARE SHOWN, A SEPARATE
MATTER FROM BASIC FORMAT, FORMAL DEFINITIONS ARE PROPNSED.
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I3M CORPORATION

IRM SYSTEM/ 360 OPERATING SYSTEM LINKAGE EDITCR AND LOADER
PROGRAM NUMRERS 360S-ED-510 360S~ED=521 360S~LD-547

1AM CORPORATION

THE MANUAL DESCRINES THE LINKAGE ENDITOR AND LOADER WHICH ARE
TWO PROGRAMS THAT PREPARE THE OUTPUT OF THE LANGUAGE
TRANSLATORS FOR EXECUTION, '

CONTRUL DATA CORPORATION

CUMTRIL DATA 64C0/65CN76600 COMPUTER SYSTEMS FORTRAN
REFERENCE MANUAL PUBLICATION NUMBER- 60174909

CONTRU. DATA CORPORATIUN

THIS MANUAL EXPLAINS HOW TO USE FORTRAN VERSION 2.3 UNDER
VERSION 3 OF THE SCOPE OPERATING SYSTEM.

WAL SHy D.

A GUIDE FOR SOFTWARE DOCUMENTATION

NMCGRAW=HILL oNY 4NY,197C

CONTAINS 14 CAREFULLY PREPARED MOCELS CF DOCUMENTATION WHICH
MUST BE PREPARED FOR CCMPUTER SNFTWARE AND APPLICATIONS
PRONUCTS.

GRAY, M,

DICUMENTATION STANDARDS

PRANDUN/SYSTEMS PRESSINC. «NEW Y(ORK, NEW YORK, 1969.

BICK WAS WRITTEN TO PROVIDE DP MANAGERS, SUPERVISORS AND
ANGLYSIS A PRACTICAL GUIDE FOR DESIGN AND THPLEMENTATION
UF STANDARD COCUMENTATION SYSTEM. AUTHOR SURVEYS THE TYPES
OF DICUMENTATICON. THE CONTROL AND MAINTENANCE OF SAID
DOCUMENTATION, AND, IN APPENDIX FORM, HAS AN INDEXED
GLOSSARY CF FORMS USED, FLOWCHARTING STANDARDS, AND
DECISINN TABLE STANNDARDS

USAF

MILITARY STANDARDS

USAF,MIL-5TD,1970

THESE DOCUMENTS GIVE DETAILED DESCRIPTIONS OF WHAT THE
MILITAPY EXPECTS TU FIND WITH RESPECT TO ITS PRUGRAMS AND
CCMPUTER SYSTEMS. SPECTIAL EMPHASIS IS ON VARIOUS FORMS AT
ALL LEVELS, AUTHURIZATICN AND INTER-PELATION BETWFEN
PRUJECTS. SCME OF THE '#HY! OF DOCUMENTATION IS ALSO
INCLUDED.

GOMASy KahA.

OVERLAY TREE PRUOCESSOR

I3 CUNTRIBUTED PRUGRAM LIBRARY .

THIS PROGRAM WILL CREATE A GRAPHIC REPRESENTATION OF THE

. STRUCTURE OF AN OVERLAY PRNGRAM AND OPTIONALLY RECREATF- A
DECK OF SEQUENTIALLY NUMBERED CARDS, WHICH, THE LINKAGE
EDITOR WiLL RECREATE THE SAME PRECISE STRUCTURE,

BARNESy L. :

RUNCFF: A PPOGRAM FOR THE PREPARATION OF DOCUMENTS

NT | S=ADT0T4&C2

THIS !$ A USERS MANUAL FOR THE LANGUAGE RUNDFF, 1T 1S A
T IME-SHARING TEXT-EDITING DUCUMENT PREPARATION PROGRAM.

MILLS,y H.D.
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SYNTAX-DIRECTED DOCUMENTATION FCR PL360

COMM, ACM 13(APRIL 1970),216-222

PL3EC IS USED AS BASIS FUR ILLUSTRATING IDEA CALLED
*SYNTAX=-DIRECTED' COCUMENTATION, 1T USES SYNTACTIC TYPES
AND IDENTIFIERS TO TRIGGE? AUTOMATIC FOIMATION OF
QUESTIONS TO PROGRAVMAEP, WHISE ANSWERS WILL HECNME PACT
OF THE OONCUMENTATIUN. IT ALSC PROVINES AUTOMATIC STAOAGE
AND RETRIEVAL FACILITIES SO NTHFR PROGRAMMERS CAN ACCESS
THE RESULTING DOCUMENTATION,

MIJTHUKR TSHNAN, C.R,

ON THE COWNVERSION OF DECISION TABLES 7O COMPUTFR PROGRAMS

COMM, ACM 13,6LJUNE 197C),347-351,

AUTHORS DISCUSS EXECUTION TIME DIAGNOSTICS AS A MFANS OF
POINTING OUT AMBIGUITIFS IN DECISION TABLES. Twy
ALGORITHMS ARF PRESENTED FAR PROGRAMMING DFCISION TABLES,
THE ALGORITHMS HAVE THE MFRITS CF SIMPLICITY UF
TMPLEMENTATION AND DETECTICN OF AMBICUITIES AT FXECUTIONM
TIME, FEATURES OF A TRANSLATO® PFEPARED OY THF AUTHORS ARE
ALSO DISCUSSED.

IBM CORPORATIUN

I8M SYSTEM/ 360 OPERATING SYSTEM FuULL AMERICAN NATIGNAL
STANDARD CUBUL PROGRAMMERS GUINE NUMRERS 3675-C3-545

1AM CNRPORATION

THIS MANUAL EXPLAINS HOW TO USE 1I§/36C TO COVPILE LINK-EDIY
AND EXECUTE PFOGRAMS wPITTEN IN VERSION 2 OF I8M'S FULL
CcOoBM. COMPILER.

I8M CORPORATICN

IAM SYSTEM/ 360 UPFRATING SYSTEM FOVTRAN IV (G AND W)
PROGRAMMERS GUIDE PROGRAM NUMBERS 357 S-F0-517 36N S§-FN=521

IBM CURPORATION

THIS MANUAL EXPLAINS HNW TO USE 0S/360 TO COPILFE LINK-EDIT
AND CXFCUTE PRUGRAMS WRITTFN IN 18M FARITRAN 1V,

FOGG, L.W.

CLOY = CARD LISRARY ON TAPE .

INTFRNATIONAL TELECONTRCL CORPNRATION, WILMINGTNN, DE (1979)

THIS BROCHURE CESCRIARES THE [HPUT TN, CAPARILITIES CF, AND
QUTPUTS FROM THE TAPE-CRIENTEN OFF-LINE PROGFAY EDITRR
TCLNTY, OEVICE AND STGPAGE RFQUIREMAINTS, C5Ts AND SAVPLE
OUTPUT ACE ALSO GIVEN.

BLUMRFRG, SoFe

AN INTERIM PROGRESS REPORT OF COMPUTER OUTPUT MICROFILM
ACTIVITIES AND EXPERIENCES

NT1S-ADT7C8600

THE PRUCFSS, COMPUTER-QUTPUT=MICROFILMICOM), TS DISCUSSED
WITH RESPECT TO ITS APPLICATICN AT THE USFENSE
DOCUMENTATION CENTER, AOVANTAGES AND COST-ANALYSIS ARE
EMPHASTZED.

WICKER, R, NCPERLDY R, TEPLITZ, Ao

MICROFICHE STORAGE AND RETRJEVAL SYSTEMS STUDY:

NT1S=-ADT1J700

THE OBJECTIVE OF THE STUDY WAS TO DFTERMINE USER REQUIREMENY
AND DEVELOP DESIGN ORJECTIVES AND SPECIFICATIONS F0§=A

!
w

v



706831

7CC9C1

760902

700903

7CC904

7CC%05

ciel

T01102

PAGE 13

LCW=COST MICROFICHE STORAGE AND RETRIEVAL SYSTEM. DESIGN
OBJCCTIVES ANDU SPECIFICATIONS FOR TwO OPTIMUM STORAGE AND
RETRIEVAL DEVICES ARE PRESENTED.

VARTAREDIAN, A.Ge

THE DESIGN UF VISUAL OISPLAYS

RELL LABORATORIES REPORY 4B, B{SEPT 1970}, 226.

VISUAL DISPLAYS APPEAL TN THE FECONCMY OF CRT DISPLAYS FOR
MAN-MACHINE INTERPLAY, COMMUNICATION CAN BE INCREASED
THROUGH CAREFULLY CHOOSING THE CARACVERISTICS OF THE
DISPLAY SYMBOLS. .

DIAL, R.B,

OECISION TABLE TRANSLATICN

COMM, ACM 13,9(SEPT 1970),571-573,

THE AUTHOR PRESFNTS AN ALGORITHM FOR CONVERSION NF A LIMITED
ENTRY DECISION TABLE INTO A MACHINE PROCESSARLE
TEST-AND-BRANCH MATPIX. HE POINTS DUT THE RELATION OF THIS
ALGOF [ THM TO UTHEXS IN THE LITERATURE OF SIMILAR DESIGN

STANFORD UNIVERSITY COMPUTATION CENTER

WYL BUR

STANFARD UNIVFRSITY COMPUTATION CENTER, STANFORD, CA (19710}

THIS PACKAGE CCNSISTS MF AN MVYT MILTEN/WYLAUR OPERATOR'S
GUINE (MISNOMER--REALLY A USER REFERENCE MANUAL). WYLRUR
IS AN Ou-LINE EDITOR AND PEMOTE JOB FNTRY AND RETRIFVAL
SYSTEM USING SELECTRIC TYPEWRITER TEPMINALS IN EITHER AN
MET Or MYT ENVIRONMERT., WYLBUR'S PRNG2AM EDITING CAPABIL-
ITIES ARE TREATED AS A SURSET OF ITS FREE-FORM TFXT EDIT-
ING CAPABILITIES. THE COVER LETTER WAS PRODUCED BY WYLAUR

FELNYANMN,y CaGo

MAINTENANCE AND ENHANCEMENT OF THE AED SYSTCM
pOC-aN878211

(SEE ADETS5395 FOR DESCRIPTION)

AAERICAN NATIONAL STANDARDS INSTITUTE, INC.

A4FRICAN NATIONAL STANDARD FLOWCHART SYMROLS AND THEIR USAGE
IN INFORMATION PROCESSING

AMERTCAN HATIONAL STANDARNS INSTITUTE INC, X395-1970, NY,NY,
16719

TH1S OOCUMENT GIVES A DEFAILED DESCRIPTION OF FLOWCHART,
SY¥30L AND DECISIGN TABLE STANDARDS ACCEPTED RY ANSI.

GIETL, M.A.

AJTOFLOW ENHANCEMENTS OF DNCUMENTATION AND MAINTENANCE OF
SCIENTIFIC APPLICATIONS

AJTOMATED METHCODS OF COMPUTER PROGRAM DOCUMENTATION,

{NOV 1970)

THE AUTHDR PROPUSES AND DISCUSSES THE FOLLOWING THREE
ELEMENTS WHICH HE FEELS ARE ESSENTIAL TO PPOVIDING A
INTFGRATED DOCUMFNTATION SYSTEM: 1)LCGICAL ANALYSIS OR
GPAPHIC DISSECTION AF A PROGRAMIAUTUFLOW!,2)HISTOPY AND
CCNTKOL OF PRUGRAMIL IBRARIAN) 43 JUNDERSTANDING THF PROGRAM
(YEXY EOLIY PRGGRAMI,

MOUTON, M.t
DICUMENTATIONt MOTIVATION AND TRAINING OR AUTOMATION
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>

AUTOMATED METHCDS OF COMPUTER PROGRAM DOCUMENTATION, !
INOV 1970} <
THE AUTHOR DESCRIBES WHAT MANUALS NEFD TO BE DEVELMPEDN WHILE
DESIGNING A SYSTEM, B3Y WH{IM AND FOR WHOM THEY AFE DESIGNED
, AND EMPHASIZES THE NEED FOR DFVELOPING SYSTEM DOCUMENTS

BEFORE SYSTEM 1S FINISHED.

WILF, A.W. .

MAK ING AUTOMATED COMPUTER PRCGRAM DOCUMENTATION A FEATURE OF
TOTAL SYSTEM UESIGN

AUTOMATED METHONS OF COMPUTER PROGRAM DCCUMENTATION,

{NOV 197C)

THE AUTHOR NOTES THAT DOCUMFNTS ARE OFTEN THE AFTFRMATEH OF
SYSTEMS DESIGNS. HE DISCUSSES THF DESIGN OF & NEW SOFTWARE
SYSTEM BY AFSCF FOR THE AIR FNRCE, AND THE PROBLEVS OF
DOCUMENTATION. OF SPECTAL INTEREST IS THE DISCUSSINN OF.
THE DATA BASE DESCRIPTION CALLED *COMPOOL' FOR CUMMON POOL
OF INFORMATION.

NEELYs MoDo TYSONy JeKe

AUTOMATIC PRUOGRAM ANNOTATION (AUTCNOTE)

AUTOMATED ME THODS OF COMPUTER PRUGRAM COCUMENTATION,

(NOV 19701 -

THIS PAPER DESCRIBES A HYPUTHETICAL AUTCMATIC ONCUVENTATION
SYSTEM BASED CN SUPPLCMENTING RATHER THAN FREPLACING THE
PKUGRAMMER COMMENTS [N THE SOURCE DECK, IT IS VE&RY
DETAILED.

PARDFE, Se

BELLFLOW AUTOMATIC FLOWCHARTING SYSTEM

AUTCMATED METHCNS OF COMPUTFR PROGRAM COCUYENTATINN,

(NOV 1979)

THE RELLFLOW SYSTEM IS DISCUSSED WITH RESPECT TQ THF THIEF
MUDFS UF OPERATIUN, THMEY ARE CALLEC THF STU2CE VvI0E,
CUMMENT MUODE, AND MIXEC “NDE. THE BELLFLUO® SYSTO” ALLCRS
FOR USEFUL AND MEANINGFUL CCMMENTS TO DERIVE A AUTOVATIC
FLOWCHART . BELLFLOW IS A TARLE-CRIVEN SYSTF4,

HANNfY, R,

AN AUTUMATED SYSTEM FOR GFNFRATING PROGRAM NOCUMENTATION

AUTOMATED METHODS CF COMPUTER PRDGRAM NOCUMFRTATION,

(NOV 1970)

THF AUTHOR DEVELOPED A DCCUMFNTATION PROGRAM dITH FVOHASTS
PLACED ON TEXT CONTENT RATHFR THAN FLOWCHAPTING. THE
PRUGRAM GFNERATES THE ENTIRE DOCUMENT AND IT 1S X[YWCRD
ORIENTED.

GROSCHy H.R,

VIEWS ON COMPUTER PROGRAM DNCUVENTATION AND AUTOMATION

AUTOMATED METHCDS OF COMPUTER PROGRAM DOCUMENTATION,

{NOV 1970)

DR. GRNSCH EXPRESSES SNME BROAD OPINIORS AND PHILOASNPHY
AROUT THE PRUALEMS UF DOCUMENTATION AND DESCRIPTION. HE
CAUTINNS ABOUT THF SEMANTICS NN THE SUSJECT OF
NUCUMENTATION, SOME ESTIMATED COSTS CF COMPUTING 4D DATA
PRUCCSSING IN THE FEDERAL ESTABLISHMENT ARE ALSO GIVEN.

MCCLURE,y CoWe
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AUTOMATED ENGINEERING DESIGN AN APPROACH TO AUTOMATED
DOCUMENTATICN

AYTOMATED "METHCDS OF COMPUTER PROGRAM NOCUMENTATION,

{NUV 1977)

THE AUTOMATED ENGINEERING DESIGN SYSTEM IS A SYSTEM OF
COMPUTER PRUOGRAMS DESIGNED FOR USE IN SUILDING SNFTWARE
SYSTEMS. DOCUMENTATION (ANYTHING THAT HELPS A PERSON
UNDERSTAND A PRUGRAM) IS A NECESSARY PART OF SOFTWARE
DEVELOPMENT BECAUSE THE SOFTWARE WILL INVARIABLY UNDERGD
CHANGES OVER THE YFARS,

LANZANU, B.C.

PROGRAM AUTQMATFD DDCUMENTATION METHNOS

AUTCMATED METHCDS OF CNMPUTER PHOGRAM DOCUMENTATION,

(NOV 19701}

THIS PAPER PRESENTS A DESCRIPTION OF A PRUGRAM WHICH ASSISTS
IN AUTCHMATING THE DOCUMFNTATINN OF SUBROUTINES(ADS), AN
EXPOSE OF TWO FLOWCHARTING PROGRAMS{AUTOFLOUW, FLOWGEN).
SOME NOTES ON USEFUL PRUGRAM INTEKRNAL CRNSS~-REFERENCE
INFORPMATION, A TEXT-EDITING PROGRAM FOR A TIME-SHAPED
ENVIPONMENT, A SYSTEM TO AID PROGRAM DOCUMENTATION
UTILIZING A GRAPHICS DISPLAY CONSOLE.

THOMASy Vel

AUTO“ATED DUCUMENTATION OF AN ASSEMBLY PROGRAM

AUTCMATED METHODS 0OF COMPUTER PROGRAM DOCUMENTATIUN,
(NOV 1975)

TH1S PAPFR IS AN AUTUMATIC DOCUMENTATION PROPNSAL WHICH
EXTRACTS COUMMENTS FROM CUDE AND OUTPUTS IT IN AN ORDERLY
LIST SEPARATE FROM THE LISTING.

KALAr, M.C,

CISMIC: PROGRAM DOCUMENTATION FXPERIENCE

AJTCMATED METHCDS CF COMPUTER PROGRAM DOCUMENTATION,
{NCV 1970)

THE PAPER DESCRIBES THE MINIMUM DOCUMENTATION EFF0OT
PEQUIRED IN ORDER TO DISFMENATE PROGRAMS TO USERS IN A
USABLE FOPM.

RICHy R.P.

AJTCFATIC EDITING OF MANUALS

RATFFLY DISCUSSES EDITING SYSTEM (INFO 360) AND PROVINES AN
OVERQVIEW OF 1T. ALSO PROPOSES A MCTHOD OF DOCUMENTATIOM
CALLED *MONDRUCUMENTATION® WHICH IS A *SUPFR-LISTING' OF
A PRUGRAM, THIS METHND WOULD HAVE ALL RELFVANT DOCUMFNTA-
TINON NEEDED FOP DESCRIBING THE PROGRAM MAINTAINED WITH IT,
WHEN THE PRUGFAM 1S UPDATED OR CHANGED THE APPROPRIATE
DUCUMENTATION IS UPDATED OR CHANGED ALSO.

FEL SMAM, W, 0.
C)ST ADVANTAGES OF AN INTEGRATED NUCUMFNTATION APPROACH
AUTOMATED MFETHCDS OF COMPUTER PRIGRAM DOCUMENTATION
(NOV 1°970)

THE USE OF METAPROGRAMS §S ACVOCATED TO RENUCE PROGCRAMMING
TIME AND ASSUCIATED DOCHUMENTATION PREPARATION. GENFRIC
PROGRAMS SHOULD BE WRITTEFN WHICH CAN RE TAILNRED BY MEANS
0OF A METAPROGRAM WHICH PROCESSES THE PARAMETFRS T( PERFORM
A SPECIFIC FUNCTION, DOCUMENTATION COST CAN RE FURTHER RE=~
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DUCED THROUGH THE USE OF SMALL PREDOCUMENTED SUBPROGRAMS.

LUENRKF, W.R.
THE INTEGRATION NOF SYSTEM SPLCIFICATIUNS AND PROGRAM COSING.
A REPURYT ON FXPERIENCE OF THE MCDLARS Il PROYSCT,

AUTOMATED METHCDS OF CCMPUTER PROGRAM DOCUMENTATION
(NOV 1970)

DESCPIBES CSC EXPERIENCE IN MAINTAINING UP-TO-NPATF DUCUMFNTA
TION FUR ONE MOKULE OF & VERY LARGE SCALE PROJFCTLMECLAPS,
SEVERAL INNOVATIVE TUCHNIQUES HAVE BEEN EXPLPRED [N THF
CONTENT OF MEDLARS®' DATA MAVAGENMENT ENVIRCAMANT USING PL/I
AS AN AUTCMATIC COCUMENTER,. ®L/1'S DATA NESCRTIPTION
PROVIDES AUTNMATIC DOCUMENTATION USING *MASTER DPESCRIPTION
* OF DATA ELEMENTS,WITH MEANINGFUL NAMFS.

MENKUS, Be.

DFEF INING ADEQUATE SYSTENMS DO(UWFNTATION

J SYSTEMS MGMT 21,12(DEC 1971),16-21.

AUTHOR DEFINES SYSTEMS DOCUMCNTATION AND ENUMERATES FIVE
FUNCTIONS PERFURMED BY ADECUATE SYSTEMS DCCUMENTATION, ME
ALSO LISTS SEVERAL IMPCETANT GENTGAL CONSINERATIONS ARSUT
DOCUMINTATION, CATEGORIZES TW0O AFEAS, SYSTFUS NDFVELNOMENT
DGCUMENTATION, AND SYSTEMS OPERATICN DOCUMFNTAYION UNDER
THE GENERAL HFADING OF SYSTEMS COCUMFNTATION. ALSO
CONSIDERS STANDARUS.

BERKELEY, E.C.

RESEARCH IN COMPUTFR-ASSISTED ONCUMENTATION OF COMPUTER
PROGRAMS

NTIS-ADT19451

DISCUSSES THE PROURLEM OF DOCU“FNTAYION OF COAMPUTER PROGRAMS,
PRESENTS A FURTHELR MODEL OF A ¢ STMUYLATAR-ANALYZIFR®
CUMPUTER PRUGRAM, A COMPLFTE COMPUTEPR PRUGRAM FNP AN SA IS
ALSO PRESENTED. HE DISCUSSES CCMMENTS AND MMEMONIC SYMROLS
IN COMPUTER PROGRAMS,

14M CORPORATION

1AM SYSTEM/36C OPERATING SYSTFM ASSEWBLER F PROGRAMMESS
GUIDE PRUOGRAM NUMBER 362L-AS-237

134 CORPORATION

THIS MANUAL DISCUSSFS PRCHRAY ASSEMBLING, LINKAGE ENITING,
EXECUTING, INTERPRETING LISTINGS, ASSFMBLER PROSGRAMMING
CONSIDERATIONS, DIAGNOSTIC “ESSAGES, AND ORJECT JUTRUT
caons,

IRM CURPORATION

IRM SYSTEM/360 UPERATING SYSTEM PL/I(P) PROFQA““EQS GuUIDs
PRUGRAM NUMBER 36CS-NL-S11

WM CORPORATIUN

THI'S MANUAL EXPLAINS HOW T3 USE NS/36N TO COMPILF LINK-EDIT
AND EXECUTE PROGRAMS WREITTEN IN I34'S VFRSION NF PLIT,

SPFRRY RAND COSPORATION
UNIVAC 1107 SERIFS OPERATING SYSTEM
UNIVAC 118D SEMIES UPLRATING SYSTEM NUMBFP 64144 REV,.D
THIS MANUAL DISCUSSES THE BASE PORTION OF THE NPRPATING
SYSTEM (EXEC HR) AND THE ASSOCTATED SOFTWARF NEEDED TO
CONSTRUCT, EXECUTE, AND MAINTAIN USER PRUGRAMS, -
U

w
w
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SPERRY PAND CORPORATION
€D PROCESSUR - UNIVAC 11C0 SERIES COPERATING SYSTFM
PRIGRAMMER KEFERENCE

SPERRY RAND CORPORATION, (1971

THE 'ED! PROCESSOR 1S AN OFF=LINE TEXT EDITOR OPERATING

UNDE2 THE EXFC-8 EXECUTIVE SYSTEM ON UNIVAC'S 1100 SERIFS
COMPUTERS. FROM THE MANUAL®S EXPLANATION, 'FD' APPEARS
CAPARLE OF UPERATING EITHER IN OFF-LINE OR ON-LINF MODRE.

CONTROL DATA CCRPORATION

ENIY - KRUNDS TEXT EDITOR (EDIT) REFERENCE MANUAL

CINTROL DATA CORPORATION, MINNSAPOLIS, MINN (1971)

TH1S REFERENCE MANUAL NESCRIRES THE ON-LINE TEXT EDITOR,
YEDITY, PART OF THE KROMOS TIME~SHARING 3YSTEM, 'EDIT*
ALLOWS MERGING OF MULTIPLE FILES AND ELIMINATION OF ANY
EXCESS RLANKS. IT HANDLES FILFS OF UP TO 250,000 LINES,
EACH OF UP TO 150 CHARACTERS.

CONTROL DATA CCRPORATION

KRONOS TFXT EDITCR (EDIT)

CONTROL DATA CORPCRATIUN

TEXT FDITOR ALLOWS THE USER YO EDIT A DATA FILE. THE DATA
FILE REING EDITED IS KNOWN AS THE SEARCH FILE. DURING FODIT
ING, THE SEAKCH-POINTER IDENTIFIES THE LINE OF THF SFARCH
FILF THAT IS CURRENTLY ACCESSIBLE. THE SEARCH POINTER CAN
BE MOVEU FORWARD AND BACKWARD DURING EDITING TO SPECIFY A
NEW LINE,

SCHWAYDNER, K.

CINVERSION UF LIMITED-ENTRY DECISION TABLES TO COMPUTE
PRIGPAMS A PROPOSED MODIFICATION TO PNLLACKS ALGORITHM

COMM. ACM L4(FEB 1971),69-73

MIDIFICATIONS ARE PROPISED TO POLLACKS ALGORITHM, WHICH
MINIMIZE SUASEOUENT EXECUTICN TIME WHEN COMPILED INTO A
COMPUTER PROGRAM.

CHAPIN, N

PERSPECTIVE ON FLOWCHART PACKAGES

CUMPUTERS AND AUTOMATION 2Cy 3(MARCH 19711,16-19.

A CPYPAPATIVE STUDY OF VARIOUS AUTOMATIC FLOWCHARTING
PACKAGES WITH RESPFCT TO FACTORS SUCH AS SPFED, DESIGN,
AND COST,

GEORGF, Role

AUTCMATIC SFLECTIVE DOCUMENTATINN SERVICES

NT15-4N722425

DNC HAS REEN DEVELOPING AND TESTING SYSTEMS DASED ON THE
APPRNACH OF DETERMINING USERS SPECIFIC DOCUMENTATINN
REQUIREMENTS AND AUTOMATICALLY DISSEMINATING THE NEEDED
DUCUMENTATION TD THE USERS' LDCAL LIRRARIES AS SUON AS IT
BECIVMES AVAILABLE, THIS CONCEOT [S APPLIED TO THE
SFLECTIVE DISSEMINATION OF BNTH REPORT ANNAUNCFMENTS AND
FULL=-TEXT REPORTS,

WILLIAuS, A,

A SURVEY OF OATA STRUCTURES FCR COMPUTER GRAPHICS SYSTEMS
NT1S=-ADT25286

REASONS FOR USING DATA STRUCTURES ARE GIVEN, THE SEQUFNTIAL
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w
RANDNM, AND LIST ORGANIZATICNS ARE DISCUSSED., AND IT . g
SHNWN HOW THFY MAY BE USFD TN BUILO COMPLEX DATA
STRUCTURES. REPRESENTATIVE SAMPLES OF LANCUHAGFS
SPECIFICALLY CCSIGNED FOR CRFATING AND MANIPULATING DATA
STRUCTURES ARF DESCRIBED.

GUNDER4YAN, R F.

HARD LOOK AT SUFTWARE DOCUMENTATICN

Jo SYSTEMS MGMT 21,6(JUNE 19711,35-36.

AUTHOR PROPOSES A SET OF CRITERIA FOR EVALUATING PROGRAMMING
DUCUMENTATIUN IN URDER TO ESTABLISH A AASIS FOR OVERALL
I MPRUVEMFNT OF ODOCUMFNTATION.

BRACKETTY, J.H.

MAINTENAMCE AND ENHANCEMENT OF THE AED SYSTEM
DIC-AD3ARTLIGL

(SE+ ADR75395 FOR DESCRIPTION)

INTERACTIVE SCIENCES CURPCRATION

TECO - TEXT £DITOR AND CORRFCTOR = REFERFENCE MAMNUAL

INTEPACTIVE.- SCTENCES CNRPORATION, BRAINTOEE, vA (1971)

THIS PEFERCNCE MANUAL DESCRIAFS H3ITH BASIC AMD ADVANCED
TFCHNIQUFS IN USING TECO ON A DEC PDP-1r CCYPUTEF, THIS
ON-LINT PROGRAM EPITOR ALLCWS EDITING TO BF ONNE NOT CHLY
BY SINGLF CCMMANDS, BUT ALSC AY SMALL *PROGRAMS® FUR VOCE
COMPLEX ZOILTING,

ELLIS, Te0.

ARPA NETWURK SEPIES [ INTRODUCTICN TO THE ARPA NETWORK AT
PANUD AND TO THE RAND VIDEN GRAPHICS SYSTEM

NT1S-ANT33049

AN OVFPVIEW OF THE ADVANCED RESEARCH PROJECTS AGFNCY'S
EXPED IMENTAL COMPUTER NETWORK, AND A TECHNICAL DESCRIPTION
OF THF RAND VIDEO GRAPHIC SYSTEM THAT LINKS RAND CNMPUTING
RESUURCES INTC THE NETWORK.

WELLS, E.E.

A LIBRARY OF DATA COLLECTION AMD MANTPULATICN SURPAUTINFS

NTIS-ADT734330

PHOGRAAS Ti) ALLOW THE MINICGMPUTER TC PERFIRVM SOFHISTICATED
DATA COLLECTION, CONTROL,AND MANIPULATION FUNCTINNS I% A
LAROFATIRY FAVIRUNMENT ACF PRESENTED. THE E4PHASIS OF THE
L IBRARY IS UPON FLEXIBILITY OF USE AND EAST OF CHAINING
THE SUBRUUTINES TO MAKE LSFFUL PROGRAMS. IN ADDITION TO
FLOW CHARTS WHICH INDICATE THF ALGORITHY,ACTUAL PROGRAM
LISTINGS ARE PRUVIDED.

DEFENSE DOCUMENTATIUN CENTER

MICRUFICHE, MICPOFILM, AND RELATEC €QUIPMENT

NT [ $-ADT32350

THIS 1S A SIBLICGRAPHY OF MICROFICHE, MICROFILM AND RFLATED
ECUIPMENT. FNTRIES HAVF REEN SELECTED FROVM REFFIFUCES
PROCESSEO INTU THE AD DATA RANK FROM JAN, 1958 17 July
1571,

KREUTZER,y Pelds
DATA CNMPRESSION IN LARGE BUSINESS=ORIENTED FILES
NT15-ANT734364
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DATA COMPRESSION IS OF INTEREST IN DATA PROCESSING BECAUSE
IT OFFERS COST SAVINGS AND THE POTENTIAL FOR INCREASED
CAPACITY IN MASS STORAGE DEVICES,CHANNELS AND COMMUNICA-
TICMNS LINES, ALSD THESE TECHNIQUES ARE REVIFWED AS THEY.
APPLY TO BUSINESS DATA FILES AND AN IMPLEMENTATION OF CATA
CCYPRESSION AN A BUSINESS TYPE DRUM FILE UNDER SEVERE CON-
STRAINTS OF CORELEXECUTION TIME,AND COMPRESSION RFQUIREMT,

TATMAN, J.C.

ACHIEVING PRUPER PRUOGRAM DUCUMENTATION

Jo SYSTEMS MGMT 21,11{NOV 1971}, 40-41

A PROCEDURE 1S PRESENTED FOR HELPING TC PRODUCE PROPER
PRUGRAM DOCUMENTATION WITHIN AN ORGANIZATION. EMPHASIS 1S
PLACED ON ADCPTIUN OF STANDARDS. PROCENURE INCLUDES
MALAGEMENT APPRUVAL, DEVELOPMENT OF STANDARDS, ASSIGNMENT
OF RESPONSIBILITIES, AND IMPLEMENTATION.

SIGMA SUFTWARE COMPANY

CFMS = CARD FILE MAINTENANCE SYSTEM

SIGMA SUFTWARE CCMPANY, GUTHRIF, 0K, 1972

THIS BROCHURE DESCRIBES THE THREE COMPONENTS OF THIS OFF-
LINE PPOGRAM EDITOR - AN UPDATF PROGRAM, AN INDEX PEPORT’
GEMERATOR, AND A RETRIEVAL PROGRAM. CFMS IS A TAPE-~
0RICNTED EDITOR DF VERY LOW PRICE ANC RATHER LIMITED CAPA-
BILITIES.

USAF

NICUMENTATION STANDARDS

DEPARTMENT OF THE AIR FORCE, CNMMUNICATIONS COMPUTFR
PROGRAMMING CENTER, TINKER AFB, OKLA, 19 JAN 1972

THIS DICUYENT BRIEFLY DESCUIBES WHY DUCUMENTATION 1S NEFDED,
DISCUSSES SYSTEMS FLOWCHARTS AND VARIOUS ANS REQUIPEMFNTS
UM FLOWCHARTS. SAMPLE FLOWCHARTS AND A PRDGRAM ARSTRACT
APE INCLUDED. THE MAJORITY OF THE REST OF THIS DOCUMENT
NEALS SPECIFICALLY WITH AIR FORCE IDENTIFICATION CODES AND
IS UF LITTLE INTEREST. A PAGE OF DEFINTTICNS OF COMPUTER
TERMS IS INCLUDED.

GIDNARD SPACE FLIGHT CENTER

STANDARDS GUIDE FOR SPACE AND EARTH SCIENCES COMPUTER
SCFTWAPE

GUDVARD SPACE FLIGHT CENTER, GREENBELT,MARYLAND,JANUA2Y,1972

CTHIS DOCUHENT IS A SET OF GUIDELINES FCR DOCUMENTATION

RECO¥4ENDED (BUY NOT REQUIRED) FOR USE AT GSFC. EMPHASIS
1S 0N LANGUAGE STANDARDS AND APPLICATION OF GDOD
MANAGEMENT TECHNIQUES. 1T CONTAINS PROGRAMMING STANDARDS,
DCCUMENTATION STANDARDS, TESTING AND ACCEPTANCE TECHNIQUES
s CURRECTION AND UPDATE STANDARDS.

CHULLINANE CCRPCRATION

PLUS D/A, A DIRECT ACCESS SOFTWARE SECURITY AND CONTROL
SYSTEM

CULLINANE CCRPCRATION, BOSTON, MA, 1972

THIS BROCHURE CCSCRIBES THE INPUT TO, CUTPUT FROM, AND FEA-
TUFES OF THME UFF=LINF PRCGRAM COITOR, PRIIGRAM LIRRARY yYP=
OATE SYSTEM DIRFCT ACCESS (PLUS D/A), ITS PRIMARY SECURI-
TY MEASURE IS A CHANGEARLE, SCRAMBLED CHARACTER SET, THIS
PROGRAM ECITOR IS ALSO AVAILABLE IN A TAPE-ORIENTED VER=-

)

T20201
720501

120502

720593

T20601

T20602

120603

720604
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SION, KNOWN SIMPLY AS *PLUS®,

BUSINESS AUTOMATION

TALKING DOWN A PROGRAM )

BUSINFSS AUTOMATION 19,5{MAY 1972), 26-27.

TA1S ARTICLE DESCRIBES THE FXPERIENCE OF A SW PELL GROUP
WHICH DICTATES CORJIL CODE INSTEAD OF WRITING IT LONGHAND,
THE TECHNIQUE WAS FOUND TO INCREASE PROGYAMMER EFFICIENCY
AND REDUCE ERRORS.

PANSOPHIC SYSTEMS, INC. L]

PANVALET - THE DIRECT ACCESS LUBRARY SYSTEM

PANSOPHIC SYSTEMS, INC.s DAK ARADK, IL (1972}

THIS PACKAGE CUNTAINS AN 0OS USFR REFERENCE MANUAL, AN 0S
SYSTEM MANAGEMENT MANUAL , AND AN EXTFNSIVE SAMPLE NF THE
QUTPUT FRUM PANVALET. THIS UFF-LINE PROGHRAM FOITHR S1p-
PORTS UP TU 3 LEVELS OF SECURITY CONTRNL CODFS AMND ALLNAS
YEMPIRARY UPDATING AND THE CAPABILITY OF CPISS REFECENCING
LIBRARY DATA SETS

.

XERCX CNRPIRATION

XEROX TEXT LANGUAGE AND CPERATICNS REFERENCE “ANUAL

XERCX CORPORATTON

TEXT CONSISTS OF A CENTRAL XERCX COMPUTFR (MPDEL SIGMA 64,7,
OR 9) OPERATING UNDER UNIVERSAL TIME=-SHARING SYSTEM (UTS),
THE TEXT PRUGRAM, AND CME (R WIRF OFMRTE TYPFWPITER TERV-"
INALS COUNNECTED TN THE COMPUTER VIA TELFPHONE LINFS.

APPLIED DATA RESEARCH, INC.

LI BRART AN

APPLIFD DATA RESEARCH, INC., PRINCETON, NJ, 1972

THIS PACKAGE CONTAINS A CONCEPTS AND FACILITIES FOR ENP MAYN-
AGERS MANUAL, A USER REFEFENCE MANUAL, AN GS SYSTEM FffR-
ENCE MAMUAL, AND A DESCRIPTIGN OF THE SPACESAVFS NISK ¥3N-
AGEMENT FEATURE. LIDRARIAN 1S AN OFF=LINF PRPOGFAM FLITOR
WITH AN UPTICNAL CGCPoL SYNTAX CHECKER AND SOME ADAPTABILL-
TY TO A CUNVEXSATIONAL TETMINAL OPERATIONAL ENVISUNMENT.

MANAGEMENT SYSTEMS CCRPURATION

PRUGRAM/MANAGE , A PRCGRAM TO MAINTAIN SCURCE PROGRAM

MANAGEMENMT SYSTFM5 CCRPNORATICN, UDALLAS, TX

THIS BROCHUKE DESCPIRES THE [NPUT TO, CAPAHTLITIES NF, AND
QUTPUTS FRJM THE TAPE-NRIENTED JFF=LINE PROSRAY FRITOR
VPPOGRAM/MANAGE! . DEVICFE AND STORAGE REQUIREMFNTS ANMD
COST ARE ALSO GIVEN.

AUERBACH ASSOCIATES, INC.

DATA MANIPULATION

AUERBACH COAPUTER TECHNOLOGY RFPORTS, SOFTWARE RFPORTS, 51,
(1972), 6007.P5-,87, +91-.93, 1n7=-.108, 67IP.129-.171.

THIS SECTIUN DESCRIRES THE INPUT TO, PRICFSSING OF, AND NYT-
PUTS FRAM THE OFF-LINE PROGRAM EDITURS ‘L IPRARIANY,
CPLUS D/A®, *SPLIS=11%, AND *SIMPLE®' (WHICH SEE). IT GIVFS
NEVICE AND STORAGE REQUIREMENTS, SJURCE L ANSUAGF, (OST,
AND SPFCIAL FEATURES OF EACH UF THE AROVE PIOGRAM ECITORS.

VAN=-DAM, A, RICE, D.E.
ON-LINE TEXT EDITING: A SUPVEY

Ge-v
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ACM COMPUTING SURVEYS 3, 3(SEP 1971),93~114

THIS ARTICLE DISCUSSES THE ADVANTAGES OF ON-LINE EDITING OF .
BUTH COMPUTFR PROGRAMS AND FREE-FORM TEXT, THE OISTIN-
GUISHING CHARACTERISTICS OF Twn YYPES OF ON-LINE
EDITORS, AND THE CAPABILITIES OF SEVERAL WORKING SYSTFMS
OF BITH TYPES. A RATHER COMPREHENSIVE BIBLINGRAPHY
FCLLOWS THE A°TICLE.

COMPRESS, INC.
CiIMCHART
CIMPRESS
AJTOMATICALLY DOCUMENTS COBOL AND ASSEMHLEV SOURCE PROGRAMS,
IT CAN ALSO HBE USED WITH A SPECIAL DESIGN LANGUAGE TO HEL
P IN PRNGRAM DEVELOPMENT, COMCHAPT PRODUCES A DNETAILED
FLOWNCHART AND A NUMBER OF CROSS~REFERENCES. :

MANTECH COIPORATION

SUP EREF

MANTFCH CORPGRATION

SJPERFF AUTUMATICALLY PRODUCES A CROSS-PEFFRENCE LISTING OF
FCKTP AN SOURCE PRUGRAMS. NO FLOWCHARTS ARE GIVEN.

DATA FO2 MANAGFMENT DECISION

FJORTRAN VARTABLE NAME DCCUMENTER

DATA FOR MANAGEMENT DECISICON

PRODUCES A SOURCE LISTING AND ALPHABETICAL LISTY OF
REFEPENCED VARIABLE NAMES.

DMA SYSTEMS, INC.

FORFLO

1A SYSTEMS, INC.

FORFLU AUTOMATICALLY DOCUMENTS FORTRAN SOURCE PROGRAMS. 1T
PRUNUCES DETAILED FLUWCHART AND A RESEQUENCEN SUURCE LIST-
ING.

caLCcOvp

FLUWCEN/F

CALCOMp

FLIW EN/F AUTOMATICALLY PRODUCES A DETAILED FLOWCHART FROM A
FCRTIRAN SNURCE PRNOGRAM. 1T PRUDUCES THE FLOWCHART ON A
CALCOMP PLOTTER,

APPLICATIONS PROGRAMMING CO.

DYMACHART

APPLICATIONS PRUGRAMMING CO.

DYNACHART AUTUMATICALLY DOCUMENTS CnBOL SOURCE PRNGPAMS, 1T
PRUDUCES A DETAILED FLCWCHART AND A CROSS~REFERENCE LIST-
ING.

NATIONAL CUMPUTER ANALYSIS, INC.

U ICK-NRAW ‘

HATIONAL COMPUTER ANALYSTS

01 CK-DRAN AUTOMATICALLY NOCUMENTS COBOL, FORTRAN, AND ASSEM
BLY SOURCE PROGRAMS, IT PRODUCES A DETAILED FLOWCHART,
CROSS-REFERENCESs AND SOME SPECIAL LISTINGS.

APPLIED OATA RESEARCH
AUTOFLOW

720612

720613

720614

720615

720616

720617

720701

720702

PAGE 9522
t

APPLTIED DATA RESEARCH, INC. gg

AUTOMATICALLY UOCUMENTS COBOL,PL/1,ASSEMALY,AND FNRTQAN
SOURCE PROGRAMS, AUTOFLOW PROJUCCS FLOWCHARTS OF DIFFERENT
LEVELS OF DETAIL,CROSS-REFERENCES,AND MANY SPFLJAL
LISTINGS.,

BELOIT COMPUTER CENTER

AUTNCHART

RELOIT COMPUTFR CENTER

DUIC UMENTS CCBOL SQURCE PRUGRAYS. PRNDUCES A DETAILFO FLNW-
CHART AND A CRUSS-REFERENCE LISTING OF ALL LABELS USED IN
THE PRUGRAM,

AIRES CORP,

AUTODIAGRA AMER 11

AIRES CORP.

AUTOMATICALLY DOCUMENTS COBNL SOURCE PROGRAMS. PRODUCES A
DETAILED FLCWCHART, A DIAGACSTIC LISTING, AN ALTERED
STATEMEAY CRNSS-REFERENCE, A RECORD LAYOUT, AND A UNVATCHE
D LABEL TABLE.

DATA INSTRUMENTS CO.

AYTODNC

DATA [NSTRUMENTS CO.

AUTOMATIC OUCUMENTATION CF CORNL AND ASSEMALY SOURCF PROARAV
S. PRODUYCES A DETAILFD FLOWCHART AND CROSS-RFFFQF\(FS. 17
CAN ALSO COPTIONALLY PRCIUCE A LOGIC CHART,

SYSTANTTICS CNRP,
CZFLOW
SYSTONETICS CORP,
AUTCMATIC DOCUMENTATION OF FNRTAAN SCURCE PRNGRAMS. PRODUCES
A DFTAILFD FLOWCHART AND CROSS-REFERFNCES. EZFLNM ALSC
CAN RESEQUENCE SOURCE CODE LABFL NUMBFPS.

TEXT SYSTEMSsINC,

FRESS USER*S GUIDE

YEXT SYSTEMS,INC. .

+RESS FILF RETRIEVAL AND EDITING SYSTEM) IS A SOPHISYICATFD
AND COST EFFECTIVE TEXT PMANIPULATION SYSTEM, IT IS A VAST-
LY ENHANCED, MULTICONSCLE FPRONUCTIUN VERSINN NF THF PROTI-
TYPL HES (HYPLRTEXT EQITING SYSTFM), IT 1§ AN DNLINE
SYSTCM USING 18M 2741 € 226" TEPMINALS OR EDQUIVALENT,

ARPA NFTWORK INFURMATICON CENTEQ

NETWIRK INFORMATIGON CENTF? USEFR GUIDE

AUGMENTATION RESEARCH CENTER, STANFORD RESEARCH INSTITURE,.
MENLO PARK, CA, JULY, 1972

CONTENTS:1.SAMPLE MESSAGE SENDING SESSION, 2.MIC TNLS USE?
GUIDE . 3<NIC JOURNAL SYSTFM USFR GUILE. 4.LNCATOR, S.PHONE
SERVICE. 6.,FOLXLORE DESCRIATS HUAW TO USF THE FACILITIFS
OF THC ARPA NFTWORK INFGR¥ATICN CENTER,

INFORMATION CONTROL SYSTEMS,INC.

ASTROCOMP

INFORMATION CONTROL SYSTEMS, INC.

THIS SYSTEM PROVIDES TEXT FNITING CAPABILITIES ON MAGNETIC
TAPE. WIDE VARITY OF DPTIONS ARE ALSO AVAILAPLE. -
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PLUS .07A, A DIRECT ACCESS SOFTWARE
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PANVALET = THE DIRECT ACCESS LIBRARY
SYSTFM

ACHIEVING

ACHIEVING PROPER . YOGRAM DOCUMENTATION

ACTIVITIES

AN INTERIM PROGRESS REPCRT OF COMPUTER
CUTPYT MICPOF ILM ACTIVITIES AND
EXPERIENCES

ACEQUATE

NEFINING ADEQUATE SYSTEMS DOCUMENTATION

ACMINISTRATIVE

SYSTEM/300 ADMINISTRATIVE TERMINAL
SYSTEM--0S . -

ADVANTACES

AED

COST ACVANTAGES OF AN INTEGRATED
DOCUMENTATIUN APPROACH

MAINTENANCE AND ENHANCEMENY OF THE AED
SYSTEM

MAINTENANCE AND ENHANCEMENT OF THE AED
SYSTEM

ALGOL

PROGRAMMING DECISIUN TABLES IN FORTRAN,
cuscL 0% ALGOL

ALGORITHM

A FLOW ANALYSIS ALGORITHM

CCNVEQSIUN JF LIMITED-ENTRY DECISION
TABLES TU COMPUTE PROGRAMS A PROPOSED
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AMBIGUITY
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SYMBOLS AND THEIR USAGE IN INFORMATION
PRUCESSING

ANALYS IS
A FLOW ANALYSIS ALGORITHM

FLOWCHARTING: SHORTHAND, ANALYSIS AND
MODEL.

ANALYZER

PRORLEM LANGUAGE ANALYZER (PLAN) USFRS!?
INTRODUCTION

ANNUTATION
AUTOMATIC PROGSAM ANNOTATICN (AUTONDTE)

APPLICATIUNS

AUTGFLEOW ENHANCEMENTS OF DOCUMENTATION AND

MAINTENANCE OF SCIENTIFIC APPLICATIONS

ARPA

ARPA NETWNRK SERIES I<INTRODUCTICAN TO THE
AFPA NETWNRK AT FAND AND TU THE RANP VIDEOD

GRAPHICS SYSTEM

ASSEMBLER

$/360 ASSEMBLER/COMPILER LISTINGS iIBRARY

MAINTENANCE,s NUO. 3670-00.0.C15

1BM SYSTEM/IAN UPERATING SYSTEM ASSENMBLER

F PROGRAMMERS GUIDE PROGRAM KUMAER
360L~AS5-037

ASSEMBLY

AUTOMATED DOCUMENTATION OF AN ASSENMRLY
PROGRAM

ASSISTANCE

AUTUCOC: COMPUTER~BASED ASSISTANCE FOR
DOCUMENT PRODUCTION
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ASTROCCYMP
ASTROCOMP
AUTOCHART
AUTOCHART NEW METHOD CUTS MANUFACTURING.
AUTCCHARY
AYTUODLAGRAMMER
AUTODTAGR AMMER |1
AUTODOC

AUTOCNN : COAPUTER-BASED ASSISTANCE FOR
DNCUMENT PRUODLCTION

AYTODOC
AUTIFLOW

AUTCFLOW ENHANCEMENTS OF DOCUMENTATION AND
MATHTESANCE OF SCIENTIFIC APPLICATIONS

AUTCFLCA
AUTOUATEC
AYTOYATED WEATHER NETWORK

AUTCHATED PLOTTING OF FLOWCHARTS ON A
SMALL CNMPUTER

MAKIYNG AUTUAATED COMPUTER PROGRAM
CACUMENTATION A FEATURE CF TOTAL SYSTEM
DESIGN

AW AUTGMATED SYSTEM FOR GENERATING PROGRAM
DNCUMENTATION

AUTCMATED EYGINEERING DESIGN AN APPROACH
TN AUTOHMATED COCUMENTATION .

PROGRAM AUTUMATED DOCUMENTATION METHCDS

AUTCMATED DOCUMENTATIGN OF AN ASSEMBLY
PRNGU AM

AUTJUMATIC

AUTCMATIC PREPARATION OF FLOWCHART
LISTING,

AUTCMATIC DATA PROCESSING SUPPORT FOR FLAG
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AUTOMATIC
CONTINUATION

PLOT

AUTOMATIC PROGRAM ANNNTATION (AUTONOTE)

AELLFLOW AUTOMATIC FLCWCHARTING SYSTEM

AUTCMATIC EDITING OF MANUALS

AUTOMATIC SELFCTIVE DCCUMENTATION SEQVICES
AUTOMATION

AUTOMATION IN LINGUISTICS

DOCUMENTATINN: MOTIVATION AND TRAINING OR
AUTOMATIUN

VIEWS ON COMPUTER PROGRAM DOCUMENTATION
AND AUTUMATION

AUTONOTF
AUTOMATIC PROGRAM ANNCTATION (AUTONNTF)
HELL

THE GROWTH JF COMPUTER GRAPHICS AT RELL
LABORATORIES.

BELLFLOW
BELLFLCW AUTOMATIC FLCWCHARTING SYSTEM
BERRER

NECISICN TABLES FOR BERRFR MANAGEMENT
SYSTEMS

BIBLIOGRAPHY

DIAGNNSTIC PROGRAMMING FOR DIGITAL
COMPUTERS A BIBLIOGRAPHY

BIBLICGRAPHY ON INFURMATION SCIENCES.
VOLUME 1

BURDEN
PROGRAM DGCUMENTATION: THE VALUABLE BURDEN
BUSINESS-NRIENTED

DATA COMPREFSS ION IN LARGE
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BUSINESS=-NRIENTED
CONTINUATION

SUSINESS-ORIENTED FILES
CAPD

CLCT = CARD L IBRARY ON TAPE

CFMS - CAPD FILE MAINTENANCE SYSTEM
CENTER '

NETWCRK INFORMATICN CENTEP USER GUIDE
CERTIE ICATION

UN THE FEASIRILITY OF FORMAL CERTIFICATION
CEMS

CFMS - CARD FILE MAINTENANCE SYSTEM
CHARTS

TABLES, FLOW CHARTS, AND PROGRAM LOGIC
cLov o

CLOT - CARD L1BRARY ON TAPE
Co80L

PROGXAYMING DECISION TABLES IN FORTRAN,
CUBCL G5 ALGOL ST

UNTVAC 110R CCAOL UP-4048
COBCL FLOWCHARTING

CANTO IL DATA 6400/65N0/6600 COMPUTER

SYSTCMS COBIL REFERENCE MANUAL PUBLICATION:

NUMBER 60191220

IDM SYSTEM/36C OPERATING SYSTEM FULL

AMERTC AN NATIONAL STANDARD COBOL

PROGRAMMERS GUIDE NUMBERS 360S-CB-545
CCLLECTION

A LIRRARY {)F DATA COLLECTION AND
MANTPULATION SUBROUTINES

COMCHART

COMCHART
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COMPASS

CONTROL DATA 6600/6500/6600 COMPUTER
SYSTEMS COMPASS REFERENCE MANUAL
PUBLICATION NUMBER 6C190900

CUMP ILER

S/36N ASSEMBLER/COMPILER LISTINGS LfDRARY
MAINTENANCE, NO. 360D=00.0.015

COMPUTE

CONVERSION OF LIMITEN-ENTRY DECISION
TABLFS TO COMPUTE PROGRAMS A PROPOSED
MUDIFICATION TO POLLACKS ALGORITHM

COMPUTER

AU[DHA%ED PLOTTING OF FLOWCHARTS ON A
SMALL COMPUTER

USE OF DECISICN TABLES IN COMPUTER
PROGRAMMING

CONTROL DATA 60CD SERIES COMPUTER SYSTEMS
REFERENCE MANUAL NUMBER 6L10707C

CCNVERSION OF LIMITED ENTRY DECISICN
TABLES TO COMPUTER PROGRAMS

CCONVERSION OF LIMITED-ENTRY DECISION
TAULES TO OPTIMAL COMPUTER PROGRAMS 13
MINIMUM AVERAGE PROCESSING TIME

CONVERSION 9F DECISIUN TABLE§ T CCMPUTER
PROGRAMS BY RULE MASK TECHNIQUES

DEVELOPMENT OF A CO4PUTER PROGRAM FNR
GENERATENG TROUBLE-SHOOTING DECISICN TREES

CCNVERSION DF LIMITED-ENTRY DECISICN
TABLES TO OPTIMAL CNMPUTER PROGPAMS 113
MINIMUM STORAGE REQUIREMEINT

THE GROWTH OF COMPUTER GRAPHICS AT BELL
LABCRATORIES.

A TECHNTQUE FCR COMPUTER FLUWCHART
GENFRATION.

COMPUTER IN INFORMATION SCIENCES. VOLUME
tt

CCNTROL DATA 64C0/7650C/660C COMPUTER
SYSTEMS CUBJL RCFERENCE MANUAL PURLICATION

PAGE

691¢01

6811C1

T1C2C1

650101
65C1C2
652771

651171

660401
6611€1

€789C1

‘671102

68N6"}

LLIsLLa

481002

667V



COMPUTER
CONTINUATION

NUMAER 6C19120C0

CONTA0OL DAVA 6600/650@/6600 COMPYTER
SYSTEMS COMPASS REFERENCE MANUAL
PURL ICATION NUMBER 67190900

CONTOUL DATA 4400/650C/6600 COMPUTER
SYSTEMS FOSRTRAYM REFERENCE MANUAL
PUSLICATIUN NUMBER 60174900
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VIEWS NM COMPUTER PROGRAM DOCUMENTATION
AND AUTOMATION

RESEAPCH IN CCMPUTER-ASSISTED
COCUMENTATIOM OF COMPUTER PROGRAMS
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ON THE CONVERSION OF DECISION TABLES TO
CGCMPUTER PROGRAMS

CCNVFRSION OF LIMITED-ENTRY DECISION

TABL ES TO COMPUTE PRUGRAMS A PROPOSED
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KFFEPENCE MANUAL

coS1InG
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cusviIC
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EDIT SDITOR

DECISICN
USING DECISION STRUCTURE TABLES

USE OF DECISICN TABLES IN COMPUTER
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NATA, DOCUMENTATION, AND DECISION TABLES

PROG2AMMING DECISICN TABLES IN FORTRAN,
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DECISION TABLES FOR BERRER MANAGEMENT
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COMVERSINN JF LIMITED-ENTRY DECISION
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MINIMUM AVEQACE PROCESSING TIME
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OECISICN
CONT INUAT ION
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ABSTRACT

This report is intended to acquaint the reader with features
supplied by proprietary automatic documentation software packages
currently on the market. A number of systems are listed with their
corresponding purchasg and rental costs, description of outbuts, source
languages processed, system environment, and in some cases sample out-

puts of the system.
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INTRODUCTION

Every data processing manager and programmer is familiar with the
problem posed by the requirements for accurate program documentation.
The preparation of this documentation has traditionally beeh time consuming
and, consequently, it has often been set aside in order to allow the
programmer to work on higher priority projects.

The major goal inherent in any good documentétion procedure is
to construcf a system for communicating a document's content to a
human being. A well documented computer program enabTes user personnel
to understand the program's onectives, its relationship to other
programs in the overall installation, and its position in the system
workflow.

To relieve the programmer of much of the responsibility of program
documentation many proprietary automatic documentation system have
developed over the past few years. Many of these are generalized
documentatibn packages which can accept source code as input and
generate routines for computer analysis of the program requirihg
documentation as well as routines for producing reports on graphical
representation that describe the program.

To achieve a permanent record of the details of an existing
program, the following program feature require documenting:

1) Functional relation

2) Cross-reference

3) Furhish suitable cross-referencing facilities so that references

to and from a given data element can be adequate]y presented.



Each cross-reference can be indicated on the flowchart at the
place where the related element is mentioned, or a separate
listing can be printed. A separate list has the advantage of
furnishing all cross-references in a convenient format.

4) Allow flexibility in the level of detail. A chart can be
developed on a symbol-per-statement basis, or it can be presented
as an overa]i picture of the program's functions.

5) Convert comments in the source statements as well as other
explanatory remarks into annotative flowchart statements.

6) In the absence of exp]anafory remarks, generate the necessary
annotations.

7) Generate symbols that conform to accepted conventions or
adhere to documented standards such as the ANSI standards.

Some of the proprietary automatic documentation packages listed in
this report contain all of the above features and more, while some simply
give simple cross-references. The purchase and rental costs of these
documentation packages are a function of the number of output features
they list. Purchase price range from $175 for a simple cross-referencing
documentation package, FXREF, to $7,000 for the AUTOFLOW system which
contains possibly the greatest number of output features. .

The information for this report was obtained from the various
software companies which produce proprietary automatic documentation
software packages and from the Auerbach Computer Technology Reports.
Letters requesting information on particular software packages were sent
out to thirty five software companies. Of these original thirty five

requests, about fifty percent of the companies responded.



A second letter was sent out to those companies who did not
respond tolthe first letter. Less than fifty percent of these companies
responded to the second letter.

Some of the information which could not be obtained from'the software

companies which produced these automatic documentation packages was

supplemented by the Auerbach Computer Technology Reports.

'
*
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COMPARISON CHARTS
Introduction

The following charts present many characteristics of existihg
documentation packages. These charts are intended as a guidance
for comparing available documentation packages. Quick comparisons
may be made through the use of the charts, and further information on-
a particular documentation package can then be found in the Package Reports
section of this report. _
> The charts are divided into th major sections:

System Requirements

Characteristics



ACKAGE AUTOCHART AUTODIAGRAMMER 11 AUTODOC
Beloit Computer Center [JAires Corp. Data Instruments Co.
FEATURE
any capabie of
System 18M 360/25 1BM 360/30 . UNIYAG 93003 COBOL support
2} Main Storage 32K 52K 28-64K
lﬁ’ - s >
Y] Auxilary Storace d . . 4:cr (90117 e paya  0iSC Magnetic tape or disc
é; card readér/ Disc, Cardreader, line printer,card regder
i} Input/Output punch, printer Printer disc. tape
.§ Cper: ting System ] DOS,0S-MVT pos, 0S gggpgggable of COBOL
- ancuzc2 | (not available) Assembly Language COBOL and I8M assembiy

Program Documentation

detailed flowchart,

cross-reference listing
of labels

Program Documentation;
detajl flowchart,or high
level.

cross-reference lists,
logic charts,

label cross-reference,
unmatched label tables,
record and report layout
source listing

Documentation Aid;
cover page,
source list,
error list, B ¢
report and record lay--

outy
cross-reference list,
detail flowchart,
brief logic chart

Logic Flow
Presenteticon

Detail flowchart at
same level as source codd

Jcode level;

Detarl flowchart at sourc

variable 'syrbols contain
source codes,

flow is vertical and
page formatting is
available.

high-level logic chart
ill.par.relationships

n narrative gescripiion
from_source . comments,

detail flowchart with
ANSI or IBM symbols

same level of detail as
source code,

depicts page, connector
no. of referenced stat?

ments and referencing
stafements.

Cross Referances

shows location of each
label in the flowchart,
location of each label
that branches to that
statement

Paragraph cross-reference

locic chart gepict
s%atements thet a?fect
only logic flow

ur

in high-level logic
chart ;

Label cross-reference
table,

Altered Statements
Unmatched unreferenced
labels

Tﬁst1ng ot data items,
roce Tre names,ext.
ames,literals,figuratiy
constants,system flames
alphanumerig¢ ordering,
gives label type,defin-
ing and referencing
source code nunber
also on detail flowchart

CHARALIZRISIILS

inte

ian-lMachine

rface

Input-card reader
Output-printer

Input-card reader
Output- printer

Input-cards,disc,tape;
can input up to 99
programs in batched mada

systeni rarv

Cost

Purchase - $950.00
Rental - (none)

from caY?breader or fros
Output-orinter ]

Purchase - $3,200
Rental - (none)

Purchase - $4,800
(3-yr lease)
Rental - (none) -

Two phase system; flow-

charter, cross-referenc-
ing

' COBOL
Source Programs {COBOL COBOL
Processer FORTRAN} optimal IBM assembly
BAL
Commants about 50 installations

about 20-30 installations
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COMCHART

ACKAGE RUTOFLOW (1964) DYNACHART _
Applied Data Research  }Compress Applications Programming
FEATURE e Co.
» EBET 360,1400;RCA Spectra}loM 360/370; RCA Spectra | any with COBOL Compiler
System 70;H200 70 .
Support for 0S,D0S,TOS, .
2] Main Storage ook 65K bytes 30K character
Ly F "
Ll Auxilary Storace |System residence device 14 sequential files 1 disc or 4 tapes
gé card reader,tape,disc, jcard reader,tape,disc, 1/0 - card reader,
w} Input/Output line printer line printer printer disc,tape
= ing System §05,00S,T0S(IBM 360), 0S,70S,TDOS any with cobol compiler
E Operating System TDOS(REA)
o Soures Languace ‘Baéic Assenhly Language {COBOL and Assembly ! COBOL . : —
caqa Tv: Documentation aid; Documentation aid;produ- j Documentation aid whic
Package Type generates a flowchart ces a flowchart,deck produces;flowchart,
' used for debugging listing,a cross-refer- | diagnostics,cross-
summarizing an existing| €nce_index of element referances -

CHARNCTERISTICS

system
constructing a preimple;
mentation flowchart

names;also a desi?n .
tanguage for developing
programs :

Logic Flow
Presestation

In form of text and flow-
charts ;

flowchart at same level
as source code,
distinct units for pro-
cessing ‘blocks,
.page,source card,symbol
{box) nos.

on and off-page connect-
ors

Standard symbols used in
flowchart;built in cross
references ;detailed
analysis of each state-
ment

Flowcharts at same

| level of detail as
source code;separate
page per subroutine;
paragraph not split
between logical pages

Crecss Peferencss

Table of contents and
references 1ncex pre-
ceeds flowchart and con-
tains cross-referencing
information

Listing of COBOL data
names”in alphanumeric
order with _page,flow-
chart box #,and source
sequence #.

alphabetic index of all
_elements

outline of procedures,
listing all incoming
and outgoing references

Labels alpnabetically
listed as are defining
source code sequence
number and all state-
ments referencing label

Input - card reader
Qutput - printer

Input - card reader, tape
disc
OQutput - line printer

-

Input - card,tape,disc
Output - printer

Lan-laening
Interface.
Cost

Purchase - $3,000-7,0C0

Purchase - (none)

Purchase - $4,400

Rental - per installatiorfRental - $2,425 (1 yr); (st yr)
basis $4,225 (10 yrs) "] Rental - $700/yr after
-1st yr -
COBOL COBOL, Assemble, COBOL
Sgﬁgzgsgéggrams PL/I Design Language
Assembly
FORTRAN

Comm;nts

About 1400 installations

PDver 50 installations

About 45 installations
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PACKAGE EZFLOW FACTS FLOWGEN/F
. Systonetics Corp. Bonner & Moore Asso.,Inc]Calcomp
FEATURE . ,
IBM 360,CDC 6000 Series |Sigma 7 Not Available
System

110K bytes. (IBM), 32K

ISYS:cm REyu1rREMENI D

CHA:«nULIERT>11CS

Main Storage sords 1 CDL) Not Available Jot Available
Auxilary Storace hone Not Available Not Available.
card reader,tape, or Card reader,tape,printericard reader, CalCom
Input/Output disc, line printer fape pe.p plotter P
Operating System { 0S(1BM),SCOPE(CDC) Not Available lNot Available
Scurce Lencusce | FORTRAN 1V Not Available Not Available
Packagz Typ2 Documentation Aid that {Documentation aid; Program Documentation
?Qﬁgagii cross referencing Detailed Flowchart

input/output source
deck

a cross-reference list
statement reference
table

Logic Flow
Prosentation

flowchart at same level
as source code; up and
down single-col flow;

None

Detail Flowchart

Circss Referances

Listing of statement
labels and references
to show old and rese-
quenced source code

Six reports are given;
common report,local
report,format statement
statement label report,

label numbers and recap, global report

source list line number
oy s Input-card reader,tape, [Input-card reader,tape |[Input-card reader,drum,
“aﬁo“ic“lne or disc Output-printer,tape disc, or tape
Intervace Output-printer Output-Ca] Comp Plotter
Cost Purchase - $1,750

Rental -(none)

Purchase-Not Available
Rental - Not Available

Not available

Scurce Programs |FORTRAN FORTRAN FORTRAN
Processer
Coumants under 10 installations [not Available Not Available




BN

ACKAGE FORFLO FORTRAN VARIABLE NAME QUICK=DRAW
DNA Systems, Inc. DOCUMENTER - National Computer Analysts
FEATURE , Data for Management
Qecision - ,
Designed for user's Any with COBOL compiler
System IBM 1130/1800 Cont quration
1130(8K core); 1800 Capable of supporting 32K bytes(D0S, TOS) 65K
2 Main Storage (10K variable core) FORTRAN compiler bytes(0S
oy : - ) System res1dence device
W1 puxilary Storace |1 disc 1 disc . A :
5 ; i Card reader,line printer | card reader,tape,disc,
O Input/Output d]SF’fard reader, line P line printer
& aeinfar. :
§ Operating Syston h§¥;tor, TSX version, SBSSLf}S system not any with COBOL compiler
N .
&| Sourca Lanruar- EARTOAY and Qiﬁi?g}?ges_iFORTRAN COBOL, Assembler
Packag2 Type Documentation package; {Documentation tool;source Documentation aid
gives flowcharts and list_and alphabetical ??urcﬁ P{Ogr?mi into |
‘resequenced source list of referenced re?ggegres elates cross
listing variable names - d1agnost1c checkl1st
: modifies instruction
list ‘available for de-
bugging
' Flowchart at same level S bar e fogame Tevel
Logic Flow owchart at same leve
Fresencation | 33 source code, saurce (707 toes 2yl tent fow
, statements within blocks information
eachte}ement of chart
entifi
? ck QU 5Rﬂ1 3551gn=d

R151.:CS

c}lAlillu l.-'

source car§ sequence,
statement nos.or tag
double-page format

(nqne) 4

Sequence number of all

each variable name

statements that referencp

Referencing described by
flowchart coordinates &
F source code no.
Cross-reference tables
include data-defined

Xiphaget1c listing of

tag names proceduyral
stgtementspand a?y sub-

L4

$600(disc)

$500( source)

Rental - $1,400-3,100

roytin
a an ?r?cedure nameg
! t-card reader brocedural ogic
' i e Input-cards or disc nput-
an-! na . . : : -
?:gaﬁggz; : [Output-printer or disc pPutput-line printer . Inpuziggrd reader, tape,
’ ~ Putput-printer
Cost Purchase - $480(cards); [urchase-$350(object); burchase - none

(1yr); $1,900-
6,300 (3yrs)

arranges source state-
ment label nos. by
fives.about 63 install.

Source Progrars JFORTRAN JORTRAN COBOL
Processer  FORTRAN
Assembly
COﬁmnnts RCgequence listing bout 6 installations QUICK-DRAW is being

used at over 400
installations




‘EATURE
L

SUPEREF
Mantech Corporation

FORDOC
J. Toellner & Asso.

System

CDC 6000 serjeg

not Available

151>31em KeQUIREMENTDS

Maihlstorage

Not Available

Not Available

Auxilary Storaae

Not Available

Mot Available

Input/Output

Card reader,printer

Card reader/punch,printeJ

Opcrating System

Not Available

Not Available

Scurce Langu--2

Not Available

Not Available

Package Typc

Documentation Aid
Cross-reference listing

Program restructuring &

documentation ™’
Cross-reference listing
and restructured source
deck.

Logic Flow
Fresentation

(none)

(none)

CrrinuChed>1CS

Crcss Reforences

Produces a comprehensive
symbolic name
Cross-reference dictiona

Variable name cross-
reference.
Y

ian-hachine Not Available Input - cardreader
Interface Output - printer, card

' puqch
Cost Not Available Not Available - Purchase

Not Available - Retail

Source Progiams JFORTRAN FORTRAN
Processer
Commants Mot Available Not Available
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PACKAGE REPORTS

Introduction

This section contains information on documentation aids packages
currently available to the data processing market. Sample outputs
are given for a number of the packages.

Each report has two major sections:

" GENERAL - In this section features such as package purpose,
system requirements, prj;ing, and source languages
processed are inen.

PACKAGE OUTPUT - This section lists the various outputs
that the particular package gives. A description

of each output is also given.



AUTOCHART

Beloit Computer Center, Iné. -
GENERAL

AUTOCHART accepts COBOL source programs as input and produces a
detailed flowchart and a cross-reference listing of all labels used
in the program. These two phases can be run in one jobstream or they
carbe executed as separate programs.

The minimum configuration for using AUTOCHART is an IBM System
360 Model 25 on up with a 32K centfa] processor, one disk storage file
(2311 or 2314), one card reader/punch, and a line printer. A magnetic
tape drive isAoptional if you wish to execute the two phases in one
jobstream. The system operates either under DOS or 0S-MVT.

AUTOCHART is a low cost system with 1imited capabilities. The
purchase price for AUTOCHART is $950.00 complete.

PACKAGE OUTPUT

Flowchart - A detailed flowchart is given.

Cross-Reference - This listing shows the location of |
each Tabel in the flowchart as well as the
location of each label that branches to that

statement.

(No output examples are available)
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AUTODIAGRAMMER 11
AIRES CORPORATION

GENERAL

AUTODIAGRAMMER II is used as a documentation aid and as a debug
tool for COBOL source programs. Standard outputs are a detailed flow-
chart, a diagnostic listing, an altered statement cross-reference table,
a record layout, a source listing, and an unmatched label table.

The package can be implemented on any IBM System/360 configuration
capable of operating under DOS (Mode] 30 and up) with 64K bytes or 0S
(Model 40 and up) with 128K bytes. DOS requires a 2111 or 2314 disc;
0S requires any direct access device. Additional requirements are one
card reader and one printer. AUTODIAGRAMMER II is written in 360
assembly language.

Purchase price of the package is $3,200.

PACKAGE OUTPUT

The detailed flowchart is given in which each statement is displayed

with a separate logic block. User can select one or two logical pages
per physical page, margin size, and six or eight 1ine-per-inéh printing
density. A1l synbols are of variable size. Processing comments associated
with each source code are included within its corresponding flowchart
symbol. Narrative source code comments are printed in-line and are not
enclosed within symbols.

The diagnostic table lists all error the diagnostic error codes,

the statements in error, the location of each statement in the detailed
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flowchart and the error code associated with each mi§take.

The altered Statement Cross Reference listing displays the paragraph

names and flowchart locations of the statements being altered, the
location of each altering statement, and the name and flowchart

location of each destination.

The high level logic chart displays the relationships between
paragraphs in the program.

The input/output chart shows each file name, unit assigned, record

name, and input or output relationship to the program.

The label cross-reference table disp]ayé-each label by name, location,

and sequence number and gives the flowchart location of each reference

to the label by statements in the program.

The record layout graphically displays each record defined in the
program with its field and sub-field name, length, and type specifications.

The sample report page displays a sample printed page that would

result from the Report Definition Section of the user's program.

The source listing shows all the soufce statements and remarks as they

appear in the source deck.

The unmatched label table displays each label which is defined

but never referenced, and each label which is referenced but never defined.
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Figure 4. Diagnostic Table and Error Codes
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N High Level Logic Chart,
The High Level Logic Chart illustrates the rela-

tionships between the paragraphs in a COBOL program. By -

sortraying the linkage of process blocks, this chart assists
the programmer in visualizing control transfer patterns and
veviewing them for accuracy.

Each paragraph in the source program is shown
with its name and flowchart location in a processing block..

The processing blocks are listed in the order of appearance
in the source program. They are connected by vertical lines
whenever the preceding paragraph is not an EXIT or GO
TO paragraph. To the left of each block are listed any
paragraphs which transfer control into the block. To the
right of each block are listed any paragraphs to which the
block may transfer control. Figure S. illustrates the format

VY e

of the High Level Logic Chart.
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Figure 5. The High Level Logic Chart for the

race



-Continuation‘ of Figure 5.
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Figure 7 shows the Label Cross-Reference Table
rroduced by AUTODIAGRAMMER 11 using the source
{ sgram in Appendnx “A”,

IV
Ue/0%/7 09 . scvssoscas® ARILS CLAP.® Ou SARPLE © MIUCIAGRAMAER I]l ®.cceccncce PAGE 001
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Figure 7. Label Cross-Reference Table
The use of the Label Cross-Reference Table in kind of step by step analysis is applicable to labels which

hecking transfer instructions is shown in Figure 7a. This are referenced in the source program.
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g Sample Report Page.

When a program has been written using the
COBOL Report Writer Feature, the programmer may re-
quest that AUTODIAGRAMMER 11 produce a sample
printed page of the report. This output would show the

report exactly as it is established in the
Section of the User’s Program.

A sample report is given below.
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04/21170 TABLE OF DIAGNDSTICS AUTOFLOW CHAST SET - SamPLE PAGE | I
. LocaTiON . DIAGNUSTIC

CaRD ID ' PAGEZONX.
012500 2.01 LMPAOPER USE OF RISERVED wORD - STARY
0194600 3.18 UNDEFINED - SERRORY EXTFRNAL PEFERENCE
027231} $.23 IMPROPFR USE OF YESEIVED WORD ~ NOTE
emn . 5.23 NO ENTRANCE TO THIS STATEMENT
027232 5.23 UNDEFINED PRUOCEDUTE CEFERENCE - ERRON-]
Q27233 . 6.01 ALTERTD LINE NGT GO 10 ~ ENN-OF=-308
027123 6,01 UNDSFINED PROCEDURE REFERENCE =~ ERROR=2
027233 6.0} NO ENTRANCE- YO THIS STATEMENT

02723 - 6,02 INVALID SYNTAX - 2
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AUTODOC
DATA INSTRUMENTS COMPANY

GENERAL

AUTODOC accepts COBOL source code and, when implemented on an
IBM 360, will also accept assembly language source code. AUTODOC
generages a cover page, a source program listing, and an error list.

At the user's option it can also generate a document for describing
report (COBOL only) and record layouts, for listing Data and Procedure
cross references, and for creating both a detailed flowchart and a logic
chart. AUTODOC can process programs individually, or it can process up
to 99 source programs in the batch mode.

AUTODOC can operate on the following systems: Honeywell 200
central processor with 28K characters of core, IBM System 360 (model 25
and up) configured with a 48K problem program partition and capable of
operating in a DOS or 0S environment, CDC Series 3304 or 3504 central
processor with 32K words of core, and NCR century 100 or 200 with 32K
core, and a Burroughs B 5500 with 64 K core. AUTODOC is written in
COBOL. )

Cost for AUTODOC is $4,800 for a 3-year license agreement for the
first ﬁustomer installation. Each additional installation of the same
language costs $2,500. Separate AUTODOC packages for processing COBOL
and assembly Tanguage can be purchased and the package for processing

the second language costs $1,800.
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PACKAGE OUTPUT

The gg!gr_gggg_gives the name and author of the program. It also
give§ information describing the program's hardware environment,
security status, and origination date. The remarks section can give a
complete narrative description of the program.

The source program list lists the statements procéssed along with their

sequence number. Thus number can be used as a reference number late
by autodoc.
The error list gives certain syntax errors found. It lists the

statement in error and the sequence number of this statement.

The report layout (COBOL only) is provided for all reports defined
in the Report Section.

The data reference list (COBOL only) lists all data items used in

the program along with information pertaining to each of them.

The procedure reference 1ist (COBOL only) lists alphabetically all

procedure names used in the program along with its associated source
sequence number. Also given are the page connector number of the flow-
chart connector symbol generated by the procedure name and the

source sequence numbers of statements which reference it.

The special reference 1ist (COBOL only) lists all source sequence.numbefs

referencing an external name, a literal, figurative‘constants, and system

names .

The label reference list (assembly only) gives an alphabetical listing
of all labels defined within the CSECT or DSECT bring processed.
Their associated sequence number is also given. Additional entries

include the page and connector symbol generated by the label, and the
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source sequence numbers of all statements that reference that label name.

The detail flowchart provides a two-dimensional representation of

the Togic flow. It constructs a symbol for each source statement and its
related text. The user can select ANSI Standard or IBM flowchart symbols.
Each flowchart logical page is divided vertically into four position
segments, with flow direction from top to bottom. The flowchart can be
printed as one or two physical pages per logical page. Both offpage and
onpage connectors are generated.

The logic chart (COBOL only) charts only statements which affect
the logical flow of the program, a§ well as statements of the notes and

input/output type.



0000
0800

(X2 2 X X ]

(LA 1 1]
0068

o8deS

00899

(XYY YY)

se 000
0008

[ XX X 2 X ]

[ ]
0900

oF

VDOCUNENTATION

SAUTOMC SARPLE®

PRUPRIETARY SYSTEPFS DIV,

CYC COMPUTER CURPCRATION,

AUThOR

CYIC - PSO.

IASTALLATION

™is lslg Ple RIETARY PRULAAP, THE USE OF wHICH

SECURLITY

»
EANED BY CONTRACTURL  ACREENENT

1969.

DATE

WRITTEN
REMARNKS

AUTODOC {i :

WENWOAINO I

-~ o g o o o o

—-_NALN oD

B-31

SYSTENMDS piIvisiION

PRUPNKR I ETARY



B-32

PROGRAT (L IST e

* SO0URCE

*AUTO00C SANPLE®

SOURCE STATERENTY

REF NBR3CPYS

- 0 1 A s il W s M A A G o PrYI

[P st " @
el ard ) b d e e b sl e e s b o o e ) e el e e et b b o + et ol e it 0 s b i
P'PPPPFPPPFPPPPPPPPPPPPPP?PPPPPPPPPPPFPP -Pﬂ'?ﬂ?.?ﬂﬂﬂﬂﬂﬂ?’?ﬂﬂﬂﬂ
eI LI X I XYY F A Y FIIY YT F XYY EXTLIT RSO - vEy Ty Xy Yy FTITYLLILFT XS
AAAAAAAAAAAAM\AAAAAAAAAAAAAAMAAAAAAAAAAA dgdgqadaqda qadgttadgdque
! w
d
* L d -
L E {3 - -
: 38 w3 g 3
(%] - Lo
Q. - SW 1m0 "
X >0 alling «
" = wrawnd © ]
A (Y VNoOLNL 4
w .- » et ) " m
- S oy b g 0 ~ —e
[ d = 4 MNaasw -
> W e [t T a ag e e
" v oL - L= m [ IJY]
b " ZanNE ”U”’
» E & 2 e Wwd < 0 ae e
[ 1 W*Eu - ot t el 1 - Nlo-
< X - na  ud o -1X}
- =il D [ e} LY 0 ¢ wate
w wo WD) = Araa - L
- oy O -Puiar =L ] - csees
= Vax T »0 = W - o
& M‘ - xx nawa . [ lnd-2 3
o L O WY CepeemX (-3 -—t o
« Mll' T VLR W Do - W [ I3X3
[Y <ot = D 2O DWW © "
=1 O uRFlT »0ca " § W
- 0o [TV P WhE o Qvik o Q - [T e
M WY OE=Vuwa <€ wox O & v A X5
rdl= Lidmbhx OF X26w O » «a a5e-
- K& = G WD e AW (2] wg . i
[q q=ig oW xodd O ¢ - - ) stem
QM -TaX AEOE Wy FOJLD O o« =l oo
- Wow-0 WwOXOAQPUE~ XA « o [=) war aa L.
wh =0k 20D e O w oW W w = =)
. & D CwOx<axow 2 X bt § A
G e A> &y PXNWRALANCT ZL O W M - eo a4
00 Om<x C -1 - [ TON o ‘e e . et 23
Tdun o« Rtndd DX x - »o M —~ OmXE ¢ o0 ww )
OV & AOVE acmamamams VWEAD o s L4 (-3 [-Y-1 OPO® Ney
- W™ED NACNOP-D0 A D ¢ZTm ¢ WV T -y [TY TThe= am
sca-oAN —a. VDS -l T o L W e ewm 50 80t SDDWMLL W
I.WT 0 KU w_I2gO0n= O ANE  RHHK R KRRt Xy DD xx
>ODVONUGOD OWw o = T W < KAWSDD
=mCarOm>0x0 ZEDNAND e = OV W Wik WA S B e e g ww
Or-Iuw~ Loa Q me W ooy ) QO4AV g gax &g xa&k I o> m
2 ves - > nal - Tx=0e 5555 33 5535M_woa—o 5
mu - k- - Es ne (= 4 o O e O =TI ¢ [t
* sTNNee L4 OnZ AL o VOOVULLOU VW sVUL»T S w “©wu
(S} Yo one [1=3=T239% 4=} 4 Ml LD Mdv bty 4 g P Sy 4t g Kyt b hcbuind
=t Tl D0 ~OZma E.UPPPPNPPWPPPP Qi 112D wa.a
€Oy Z LT O.C b= Nowrm Oxe - GBTVYYYIﬂ &
O e e WE KO MUt § & s COEF.AB.AGCDBBSWNNC. - gD
lk Q=> o M.RCWNEVCTOEOAV - - H —A | )&
BE edxr W D | OCQ e aU=a ] 1§ 16amO»»T
iR W OAGE.CEDSAEAEAWZZZIBZZAZ!!Z VAN L uNN
—xOgqixd & A=t A TAIEO -1~1-1 4-1-} 4-1-7.1-] =B EXNCELIO00
ZOT=WD « Pl 2= (Y] ®
wokv-y I >Ww ad
UL W w za o Kl -y - - e e o P g
A q=OV & WAUVI-L Ol (-] o - b o o ]

oooooooooo 000000000000000000008005
OW23WSWT690[2”%567390!23%5676 O NME N O~ RO O
0000000000[]11111111222&22222 AT o A A O

0000000000000 000000Q000000C000O0CO0DQOOAC0O

ooowooooooogo 0000000
O=NMENOF QPO NANMENCOPO~
CECCOEC e €L L NANANNNTINN Q9O
0000Q00QQ000000000A00
000000WOO00C0OOCO0000UO
CO00000T00OO0000C0VR0R0

0 U5 g 95O 40 00 gu €5 $0 05 00 44 S5 05 ¢4 T T S6 T $0 90 S 0u P4 B 00 T 4y S5 P 2 S0 4 40 P ng %P 4 B0 00 as B0 oy S0 40 gy T 0 BN S0 S5 G0 D G Tu 0% gp 0 ag B0 4y 0 O o B4 ge gp

SNAL OO DPONNLN IR BT O ANMA LN ON BT QM N O BG O NN EN OB P O~NM PN O™ DO OmsriM € Ol

NN ORI Ay N o

MMM ECCEE e €N NNNNNNNEOE OV VOQ




PPOGRAM  *AUTUDOC SAMPLE®

SCERROR LISTee" L PAGE I

REF MBR: T T ERROR DESCRIPTION

84: SYNTAX ERROR..«SISPLAY

. - 8 - - S i - - -

e rr e e ese e e ..o n .- -——— ceeres

LI SOURCE TMAGE

- - > - - - > = - - - -

: *0H HAPPY DAYS UPON CONSOLE,

. e e e e e o B e o O B O e U A 0 e > e o e




; v\.w,_.uw»

1

PAGE

YOIUT e

La

s« RECOULPRD.

*AUTUDUC SAMPLE®

PROGRAM

- - o " - =Y Y D A

SREF MAR

———— ———— - - - - - . - g e G

 MAST-1N

RECOKD SILE @

MUDE

FILE NAMF

1w
I~
i w
"
1

W
[
|-
a
I
]

]

[]

(]
w
L4
1o
e
12
1@

- -

L X

80

e oo be-

LIRS

.—-—--—---------------—-—--——-------—---------------—--—-------..------_

-—---e ----.--P

--—---—-----—------o---—------------'—

TNCCURSTIUSTESYNT 2SGN

CHYIFLT: LV $ALNK.

.
:

$ PIINTSIFRD

LOG : PHYS

St1It

.
.
.
.

FORM

: TYPF

REF NBR

---__--_------_-J_------v-‘----.-.-----
H
H

$ LNC SuPP:

SIIE

1]
[] [}
] 1
e
1 X
<
-
g 1
=
~
et
- -
c.
ho
-
- 4
o
[™
i
“v-
L]

0 000 0u 8% 00 s ¥0 4u 07 B

ae 40 B9 40 85 8¢ 8% 90 4o 00 00
o8 ©5 95 ou 40 80 8 04 06 20 4y

e 80 8¢ 00 5e 24 gy 6 S0 40 00

e 80 00 00 65 94 o4 44 ag 90 o0
.

6 g0 05 00 90 50 0q *% 59 % 40

50 00 50 40 99 as 00 08 44 *° 00

00 00 80 5o OF 40 9% 4o g0 00 0

45 ©% 4o a8 09 g ¥ ¢4 B0 e Be

s 95 gg 44 4o 00 0¢ 00 01 v B¢

- - O O

- an

® ¢ ge 08 90 98 50 8% an 30 o

- e O
-t ot

6 50 00 99 20 4% 0 04 40 % po

P
p
A/N DISP-
A/N DLSP

A/N DIS
A/N DIS

oo 80 00 00 00

acn
ELEM
: FLEM
ELFM
ELEM

0 00 ng ¢ 20 * 20 80 50 b 0

$ N
4#

42
43

-
L 4

N.
[ I I I
o
=]

9 40 0 ou O4 ga 00 88 40 ** 00

- N M ™
-

— - — - - - -

o0 oo 50 o0 40 80 35 § 60 03 g0 B0 00 €0 40 04 04 0% 00

ws 56 gu o0 45 ga 2 § 9 09 54 96 30 €3 00 ¢0 4 20 06

we S5 gn 09 g0 80 80 | 5% 4o 93 05 5s #9 e 00 45 00 4o

on oo 80 46 00 00 a5 § 95 0o 9% 4s 60 00 65 €8 00 00 o0

0 o0 90 02 o 20 go | 65 90 00 00 00 20 90 00 00 00 ¢

' ]
N [}
' 1]
3 [}
. "
+

1 1]
' ]
) (]
[] [)
[} [)
) 1)
[} [}
] ]
(] ]
] '
[} N
} 8 oo 5060 50 8% sa | % g0 ¢ 30 40 95 00 89 00 00 00
] 1 .
] ]
t )
1 )
) 1]
t 1
+ 1
’ ]
] ]
: :
[}

1 ]
' ]
] []
' 1
] 1

9 00 90 ¢u e 00 00 ---.-.3333-032

] [}
(] ]
1 ]
[] [}
.........o.-..-...-.!.....:.3.-2!
] []
[} [}
1 ]
] .
......-..-..-...S..S-.S-.:-.-.-S
1 [}
' [}
[} [)
) L]
[} ]
] ] 4
§ 00 50 00 30 00 89 €0 § 99 09 ©0 00 85 40 06 0 20 0 0s
(] - )
1 - - - o = -
1 [}
1 1
[ ]
[] []
..o-o--o-too.o.ooooton-ooootnoooooc
[] []
1 - om ) C e eug et el
[] ..
) ]
[} [}
1 ]
--a!-noov-.--nvoooon-oooco-uolocl
[] !
[} a a a6 a a o
] w n 1 LA B NN
i - o § - WS s e
“ a o c s.0a
1
1 Z Z zZ >z 2
] -~ ) ™ ™ N N
” < a | <4< €« € <«
] ]
§ ss s gserance o § .-.oooo-ooo-o..o-o o )
] ] '
1 2 T 2 X T X
P o W oW .o W W W oWy
QD o= Q& e o)
P W W) & w W W
] - [} ) [}
) essa se @ oe 00 3t | se 0 @ ...-‘o..oooc.-a:.
1 ) [}
t O a8 O N
[ R SN 4 L 0NN N )
) ]
] ' []
] 1
] |
§ St case g s tr 00 08 o0 ou 98 58 00 S8 e ta no ve |
[]
'
[}
’
(]
‘

t
] .
¢ ]
[
]
. . 1]
. : \
. ] H
. [ed [}
= A W o
U [ [}
- - '
Vi € W a«a oW a |
< . < “
a x .
s g0 0 a0 ¢ 40 oy v‘-l‘n.-.c...on-..-‘.—
- ey L ek Ny m
: ]
t

- - - - - - R L L L T T

N e



2
IBLNK

PAGE
Lv

1SUPPy

NINTSI2FPO CHI:FLI:

Log

s

PHYS :nccups:JUSVxSVMCtSGN: 4

8 STZE 3 SIIE

LI 3

LAYODUT e

FORM

TYPEF 3

¢+ R ECID

IRFF NBR:

b4

RECORD/DATA NAME

' AUTUDIC SAMPLE®

o ———— - > > > W A D e e T D D D S A W S W U D WD Y O UGS W

8YTE

7 WORKEING-STORAGE

 PROGRAM

B-35

1
1]
6 80 00 00 50 0 00 00 ¥R 00 4 00 40 10 20 os | 08 08 0 20 0 06 T 00 28 30 g0 00 #0408 B0 00 40
b -

46 oo 6% pa % 3¢ o0 40 00 88 95 | 9% 00 90 09 a0 § 00 98 go 00 00 00 35 0 40 00 00 00 44 84 00 50 40

o0 00 90 0o 0n

00 54 08 ne 00 3o 0v 80 oo ¥ 00 4 g 66 58 04 60 3¢ ¢ G5 §5 00 S0 00 03 00 00 oo

a6 84 20 80 99 oq 0 82 00 O o0 00 00 ga ¥* on 1= 00 00 g4 96 00 00 90 00 ¢4 50 00

e o0 90 98 00
*
06 €9 48 80 B2 | 50 60 26 ge 5 60 5s 05 go OF 00 95 80 g0 80 20 o0 -
* ¢ 0
- -

Py o R R LR TR ] 00 9 o5 2s 95 pe 4 59 00 9% 95 5% as ve 83 84 ¢

9500 00 96 00 90 00 06 00 20 20 | 00 20 S0 9o o 80 0% 00 20 #0 00 U6 40 04 90 00 0% 25 00 00 6 oo

6% 85 eo @8 84 0% 00 50 00 8y #3 § 86 80 0% s 90 | 80 €9 05 55 00 0w TV 06 9 40 00 90 00 0 S0 40 &0

1
]
[}
'
.
]
]
(B
]
-
]
]
[}
.
]
[]
]
]
L]
[}
1]
t
§ 00 9% 00 3o 8¢ 9o 24 ga 80 Bv oo
) . .
[}
[}
)
)
[)
-
]
¥
[}
.
[}
t
1]
)
)
'
[}
[}
[}
'

o S e L L Lo e T Ry PR L Tl ikt d

- 1 e P e = S D B B B R EE LSRR RN PRSP E PR C PR PECUBERNEEG A EEee Swne e

B9 0u 00 00 90 PP 00 09 30 90 g0 § 40 09 00 o 00 €900 o0 9% oo €0 00 00 9 54 00 00 09 9% 40 00 00
[ .
] o n N
[)
H .
i
§ 0000 00 00 00 oo #0 85 04 50 55 | 0a 0 4o 0 00 99 00 g0 08 00 90 20 89 90 8O 05 50 40 30 00 0 W0
H -
[} I - - ot = O O &
) - et e
60 00 4o *0 e 40 2% pe "% a0 oy e 95 3o 0% 08 40 9¢ vs 50 00 05 5 26 00 0 00 5% 40 84 20 00 8
e w4 - - = O O e
. -t ot ot
48 00 50 00 44 99 og 0 20 20 40 | 00 00 4e 08 00 50 9% g4 05 55 08 59 Se #5 00 00 §Y o 90 gq S0 00
e a a o a a o & a a o a
Vo on v VA N B nown
- b wm W — - e e G e e
e o c o o c 2oc 200
zZ zZ > Z > 2 Tz W z
N NN ~ ~ W W w2 ~
g < < < < « €@ €« 9 & ZT <
06 00 ¥0 gp 02 00 o0 *Y he 00 00 ¢ ap 09 o B0 0 00 0o 9 50 O B0 08 8¢ gp S8 0p 00 08 90 0% 00
X a2 X z ¥y 2 X X X x
Q W W oW W c w O w W W W oW w8
[ T et o - O o ol o ad e oa D
€ W oW W W a W & ow W W W W
99 56 00 40 %0 5o 4 89 00 00 00 90 04 g0 ®0 g9 08 g¢ 04 g 30 48 50 #0490 U0 09 $0 ¢p 20 90 20
w o~ o o - N M oe n 0~ 0O
~ [ S L

90 00 20 99 a0 | 56 40 00 g 00 g 00 65 40 60 40 60 S0 oy 00 40 *0

THIS-15S-THE-LONGEST=NAME

w
x

L.

-4

. P [

W L

o w (%) [

w - (&) Lod vV <
w o« < @€ W w a
[- 2 (=] -4 a O oJ
1 x C 1 e =
a L] - et M T X & I
I 9 c X J w W T T I 9 a 6 X
w = 1 >
- - x =)

v3 0% se 0 4o 4y 40 48 0o 00 00 90 %% 00 oy 20 g5 YO 0u 06 08 54 ¢ 03 00 00 0u o0

- 9 = O
T el e

1

- 1 - - -

- N M ey T ©
- - N

- - > - - —— " > > A - Y . NN, E E-. - -GS CrE s e Tanns e

]
t
)
]
]
]
'
‘
[}
1
(]
]
]
]
]
]
[}
]
)
s
3
[}
1
[}
3
]
]
1
]
1
(]
]
t
1
]
1.
) 0008 10 00 se co 89 00 20 an 00
]
1
[}
¢
]
]
m
1
]
t
]
]
t
‘
]
i
i
1
¢
1
]
1
1
1
]
[
]
'
]
[}
1
[}
1
]
)
]
1
]

- - - -



ot-L

PROGRAR *AUTODOC SAMPLE® S DATA REFERENLCE LISTO . PAGE
NAME 8 KEF NBR 3 VYPE 3 REFERENCES
] [ [
l. UNDEFI'!D: : 212

A : 47 : 02 : NO REF

A : 50 : 02 : ND REF

A n. 66 :' 02 : 127 155 1%6 162 199 200
) AN-PRICE l' 76 : 02 : "

8 * : 48 ll 02 : NO REF

8 'l s1 : 02 : ND REF

[ : [ 24 l' 02 : 127 153 156 162 19

[ 8' 42 : 02 : N) REF . .

c : 52 : 02 : 133 158 162 20t 202

coey : 41 : ol : NO REF

CRD~RDR . 8' 29 : SPL } .NO REF

[ s' 43 : 02 : NO REF

/] : s3 .t 02 : 133 133

DUMMY=DATA-NARE : 80 H 01 ! NO REF

E H 44 H 02 5 128

F :. s : 02 : 129 130

H-STORAGE : T2 : 01 .l NO REF ‘

Hl : .. 73 : 02 : 159 199 200 203 213

(34 1. T4 l, 02 : us 199 201 - 202 20% 1 L 3

o H 75 : 02 H 135 162 201 202 204 2™

" : 1} ‘: 02 : 133 162 203 204

L : 69 : 02 : 162 . 206

NAST=IN . [ 36 8 FD & NO REF .

HAST=IN X ' 46 u: o1 s 33 40 103 112 11e 1"s 121
MAST-0UTY 3 . 49 : 0l : 40 103 ) 110 111 112 11y ile 118 121 18
MASTER~-IN : umsno_&o: : 10% . 107 109 110 187 1988 159 186
RASTVER-OUT : _umerluio: : 108 108 157 .Hl

(] :' 55 : (1] : N0 REF

PRICE : 77 : 02 : NO REF

PRICES ! 79 : 02 n' NO REF

QrVv-1 : 63 x' " : MO REF

QrY=-2 H 64 H " : ND REF

RCDS~IN : sl : 7 : ND REF .




SAUTODOC SAMPLE®

PROGRAN ®* PROCEDURE REFERENCE LIST o
NAME 8 REF NBR 3 CHY LOCs REFERENCES
1 ] ! 3 -
ABLE ! (1} ' ;—on: ND REF
ABLE~-O 1 86 ' z-o:: ND REF
ABLE-L t 89 ! z-oz': o132 13 137 138 139 IIOI
ABLE-2 ! 9 ! z—o;: 90 138 150 :
ABLE~3 ! ”% : z-oo: 92 150
ABLE~-4 ! 97 ! z-os:‘v ‘ 90 (1]
ABLE-S . ! 98 ! z-os: 93
ABLE-& ! 118 ' 2-061 9s
BAKER ! 148 s 4-011 _NO REF
SAKER-O ! 146 ! 4-011 MO REF
BAKER-~1 1 149 H y-oz: ND REF
BAKER-2 1 182 : o033 150
BAKER-3 ' 154 : -o~: 151
BAKER-4 ! 164 1 $-013 162
CHARLEY : mn t e—on: NO REF
CHARLEY-0 ! 172 ! 6-011 ¥) REF
CHARLEY=] : 1718 H 6-021 163 1Y% 194
CHARLEY=2 : 178 1 6-031 166
CHARLEY-3 H -180 1 s-os: 167
CHARLEY~4 H 182 s o-os: NO REF
006G : 195 s 1-on: NO REF
D0OC-0 : 196 ! 1-01:' NC REF
0061 : 198 : 1-02; ND REF
EASY ! 208 ' o-on: MD REF
EASY~D H 206 ! a-ox: NO REF
EASY-1 ! ’ 209 I a—oz: NO REF
EASY-) : 219 H 8-031 ) 2EF
RIRACLES H u_uosnneo: $ [}
STARTY : 82 ! 1-01: NO REF
3 3
“bec'lut : 94 H z-u: 215
CHARLEY=2 : 1re 4 031 176 188
IN CHARLEY ' '
' 180 ! 6-043 17 1re
3 )

IREadier

L&-E



PROGRAN  *AUTODDC SAMPLE® e S PECIAL REFERENCE LIST e PAGE 1
- EXTERNAL NAMES [ ! < REFERENCES
.
CFOR PHILIP MORR]S® 'l E 100
LITERALS, FIG CONSs SYSTEM NAMES 3 ' REFEPENCES
: '
0079 ! i 166
.13 ' t 128
] 3
3 l' : 163
.17 3 3 161
3
-] s 3 160
3 4
-3 ! ! 161
" YYPE m 0 : : 136
., 0 3 3 104
] ]
‘e 'l : 130
SCODE @ ¢ ! H 156
CMERRY CHRISTMAS® : : 104
TTHIS 1S TO TEST FOR THE FLOAT 1 : F3%4
oy s ] 129
]
'y [ ) 129
1 ]
o) ! 1 158
QUOTE : : 130
SPACES ! ' 120 ~
TALLY : l' 144
ZERO 1 : 138 168 202
ZEROS : : 128
0 ! : n2 )
1 : 3 117 120 136 13¢ 19 15¢ 150 201 203 EITY
10 t : 141 167
10.52 : ! 160
100 ] ' 123
1 H

L Ty P R L L R R LR L ey L L T R e L L YT P e

ge-g



2

Pt ---oo-e-

SECTICN

e s scccown----

IAKER
) ] ses
¢ »
JAKER-O ¢} ®
¢ »
8
v 149
NCTE BAxKER SECTION
CONTAINS »ULTIPLE
GPERAND STATEMENFS
AND ARITHPMETIC
EXPRESSICNS.
: [ ]
JAKER-1 ¢ 2 0=
[ Kl
(AN ]

. v 152
o000 0 2080000050000
SALTER. ABLE=-2 Ti »
¢ PROCEELC TO ABLE-), ¢
* BAXER-2 T0 PRICEFN ~ *
: O BAKER-) .‘
6P 0250200000000 00S

{ 2-03) o+ { 2-04)
{ 6=031 . { 6-04)
PR

“" ®i00000s0

*
.
e
. [ ] [ ]
BAKER-2 ¢ 3 ¢
L L ]
(X X ]
v 155
Cs80000000 0008000000
¢GO TO YUU-KNCH- M
& WH [ 4
Y R I Iy Iy Irs
v
60900
[ [ ]
s-a0e
[ ]
[ ]
[ RN ]
¢ - ®
BAKEK -3 ¢ 4L @
R [ ] *
s$es

v ts7
CE002000080 00000088000
*MOVE *1° TO A, B, ¢
¢ C,y ) *
‘..0..,.‘."‘..‘.‘...

N .
H

: R 158
CPL05050000406800800008

DISPLAY *COOE = * A
s v JYPE = * B *

PEOSEESSEICOSOIBTOIESI OIS

v 159
I I L T Y e e R I X I Y Y
DPEN 1-0 HASTER-IN,
* QUTPUT MASTER-OUT o
NO REWIND
So400ES0RSSOEELSELE
.

‘—a‘.--o-o...-

e 4 160
PP80005800000808¢085088
CLOSE MASTER=-IN
& UNIT, MASTER-OUT &
- WITH LOCK X
P400 0000088000008

R 2 161
CEEISSOOSSOOOISECGESSIESOSY
JREAD MASTER-IN .

SOOGS0 CEIECOIISIESSESOEIS -

VY|
e,

" . - YES

®esesssveavrenssscssscsccsae

* END
., Y
NO s,

® P %,ihevcnn

¥

esseso sy

@ © s 0 000

*

s

z
*ON S
[ 3 < & J
sV e
ol e
[ iginX

S Glv i
ss00etess e .

¥ 164

., YES

v 161
I IS NI RSN YRENTRREY ]
SMOVE | Y0 HI .
GO SEPEOILIIOBRESPOESOESLES

v 161
CSPPPPOOSRESINETESSSSE
®430 | T0 § .

®ceeoccssonccscnscssssncse

.-6-.

g
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ADGRAN  *AUTOCCC SAMPLF®

SECTicw

ABLe

® .
ASLE-1 e 2
e e

92

ossesesae
SALTEPD ABLE-2 T .
: PRQCEEC TO AnLF-+ .-

* v
ASLE-2 * 3¢
L] L]

ASLE-D 40

3
.
.
.
3
s

. ML)

} t 2-°%)

3 t 2=0sd

.
L .
0000000080000 0RRSS
.

v N
000 e90se00c0ORIR RS
.

oCALL
® 1ENR Pu[LIP wiOE" o
. Yoy R

ARLF=h

et | O N CMART e

<o s 0

1na
ote

ssecsnacan

AY
Ay (HEISIMASS o

sos00asssssee
.
-

v n?
0000000008000 00000000S
NOEN INPUT MASIFR -

. N -

ecacavsesesssarnee

N ATy
o NUT Wit 50 druiNne

socgnecscersonsssns

-..o-o.--o.!ooooool
READ MASTHE - IN
L]

evsesssses

L
® RECHIAN INTIE MANT .
m

11°
oS RGE TSRO COPOIRQROISES
SARD wh-fNT 1 T WS o
e (NT- -
sessssncResvescesvoe

v
-co--..-.-c-o'-oolnoo

AN (NGB 40N HING .
* MAST. TN F1. MA@
. Out . .

s

e0gsondsee L]
TEACT -1 e -
o Fae Rl-(AT . ® C %.000sscce
FYIXIE RN RS AL E 20 24 - .
. .
v n7 v
(XXX AT YN LY L) L] (3144
URTRALT 1 FRAM wS§ eCQNPUTE § = WS=-CN
NT D LIVING S .
vesses seesesses

v 124
. -®, v
. . ., YES
¢ .ou} EoUAL TOe..
e Cavuwl SBON,ING . . 3
® MALT-{N F&O% MAST-0 ., -®
* Oyt . ., 4
v FEIXXIIT SN YV IT LYY ) B NOQ o,
. .

ceseecssesese
sCOMPUTE § ROUI
.« Ao
.. esesss0cs IS eSS
. .
v 129
90cessscseessscassiae

v 126
"eseeutessdesssodeer

eyttt vy wS-CNT=D> @ . SEXAMINE E TALLYING *
s Ay 1 oLQvING S . * ALL LERCS .
o iy Fi . e REPLACING RY .
2608080000800 0000000 e SPaA .
SS00000880VES IS L1
.

127

coscesere

L] koL NGe®
LFADING ¢2* By *Y'e

v
sesss0case st rate Al
OV lwitik 1S INTD wi-e

128
2000000000000 8800008000

SRR JAcceers o
: 98000008800 essese
:
e

FIGURE 11

sesessssssssesecccccacne

oooo..!-m
0 ASL

v
(11)
e ®
* 38

.
oo



SECTICN

. CHARLEY .

1 CHARLEY=0

| e m- am— -

NOTE CH
SECTIC
QUALLF
DATA A
PROCEL

CHARLEY-1
vesessee
SALTER (
¢ CHARLE
& 10 CH»A
: CHARLE
P800 0850

t 1-03

o

1-04)

J &,

vV 18
.O.“."O.“‘.‘O“.}‘
G0 TO CHARLEY=]3 NF »¢
¢® CHARLEY *
SEEIXS LSO R S0 C¢BESOR S

-

*

v
s

-
*»

.48

*
-

L2 X4

sEs
L ] L
* 4 8
* L
ose

CHARLEY-)

Y 193
(2 X322 SR AT R IR ETYY ]

*GO TO CHARLEY=-4 OF
¢ CHARLEY ’ ¢
(A2 R LR I P T I  LT
. i ..

v
e

.
¢ 5
. .
s

-

"ngnhﬂlfv?Q

i eee
* e
e5 6
P
L 1 1]

;..........!......123.. 'ﬁ
.AgEEPY A OF TEMP~

LI R ITY Y RYY YT YT Y

. v 8
‘t.tt.‘.t‘oto‘tt..lteit
READ MASTER-IN INTO‘

& MAST-DUY -~
ssvsssessassenstnse

v ' 188
e e, YES :
. . END ‘l.ll....................... . .
NO T oele T R 188
e S0 0C00BOSRECERSSERSE

¢GO 10 CHARLEY-2 OF #
& CHARLEY i

v 1910
$8008000803000800000008

L ]
. ) (I I ISR R NYRENTIERY L]
WRITE MAST-UUT 0F o “ AR
¢ MASTER-QUT AFTER Be : . .
OF YTEMP-REC - . v
8060000000 CSOIEBESD [ X X )
X . . E . ™
. . « e
. . .
. [ XX ]
L]
v 191
... ¥y
.o .. YES
W0C OF MASTS o,
ot MWlanive ‘e
" 0 OO BOODSALGORSROSIOIBENPOGS
&,  ANDAC IN .o .
JMAST-IN NOT.® -2
AL PHABET IC L - G
Gy L& ) . ——
o
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AUTOFLOK
APPLIED DATA RESEARCH

GENERAL

AUTOFLOW translates source language programs,.written in COBOL,
FORTRAN, PL/1, assembly language or numerous autocode languages, into
flowchart documents in various levels of detail. This includes statement
analysis, page allocation, line drawing, and rearrangement of source in-
puf as necessary. |

The package runs on IBM 360 Series (under 0S, DOS, TOS), IBM 1400
Series, IBM 7090 Series, RCA Spectra 70 Series (under TDOS), Honeywell
200 Series; requires one tape or disc and printer, microfilm, or plotter.
AUTOFLOW is a single, multiphase program written in BAL.

A permanént license costs $3,000 to $7,000 depending on the language
features required.

An unlimited monthly usage license is priced at a flat monthly rate

depending on the language features required.
PACKAGE QUTPUT

The AUTOFLOW chart set is produced which includes:
Title Sheet - This listing contains the program name, daté,
and other pertinent information.

Input Listing - This printout contains a comp]ete 80/80

listing of the input program.

Procedural Statement Label Index - This listing specifies
| appropriate section and paragraph names,
labels, or statement numbers in alphabetic order
and provides a quick reférence between the source

program and the flowchart.
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Table of Contents and References - This cross-reference table

provides indexing information for locating transfers
of control, both within the flowchart and the
source program, whether the references are

explicit or implicit.

Table of Diagnostics - This listing contains a record of logical-

flow errors, incomplete paths, missing references,
and other programming errors.

Flowchart - Each flowchart covers two cqnsecutive printer
sheets and éan contain up to four columns of flow
paths. The symbols on each page are numbered

consecutively.

SPECIAL LISTINGS FOR COBOL:

COBOL Diagnostic Analysis - Analysis of the COBOL program is

performed identifying logical flow errors,
as well as syntax errors.

Procedure Division Analysis - Provides a summary of the various

vital activities which take place in the Procedure
Division.

Data Division Analysis - (Data Cross Reference) shows the

flowchart locations and source sequence numbers
for each data name reference in the program.

Data Record Map - Presents a‘descriptive layout of all group and

elementary items in the records within all sections

of the Data Division.
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Data Division Index - Contains all data and mnemonic name

items sequenced alphanumerically, as well
as pertinent information for each item.

High Level Flowchart - The COMPRESS facility of Autoflow system

enables a user to control the level of flowchart

detail.

SPECIAL LISTINGS FOR ASSEMBLY:

EQU Statements - A chronological collection of special symbols

to represent all EQU statements used in the
source program.

Constants and Storage Areas Listings - A listing of all constants

and storage areas.

Modified Tag Summary - A listing of all modified tag references,

as well as their location.

Literal Summary - A listing of all literals used in the source

program as well aé the sequence number in which
each literal appears.

Macro Usage Summary - A Tisting of all macros used in the program,

of where they were invoked, and of where the

applicable definition is located.

SPECITAL LISTINGS FOR PL/I:

On-Unit Action Blocks - Statements which comprises interrupt

condition specifications are flowcharted as
separate units.

Called Procedures Cross Reference - This chart provides a

summary display of all CALLED entry points in the

source input.
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Signalled On-Unit Action Blocks - This chart graphically

represents all signalled interrupt conditions and
their points of reference.

Label Assignment Cross Reference - This is a chart to illustrate

P20

the effect of label variables used in GO T0
statements on the logical flow of a program.

Duplicate Declaration Map - Multiple declaration of an

identifier are listed.

Condition Prefix Map - This illustrates the phy;ica] placement of

condition prefixes within the nested procedures
and BEGIN blocks in the source input.

Declaration Statements - This listing disp]ays‘non-procedura1

declaration statements in the order of their

appearance in the source input.

GET/PUT, FORMAT Statements -These type statements are printed

in this listing.

Note: Each language has the CHART option which enables the user to control
the level of detail in the flowchart.

Comment: Autoflow seems to be the most complete and successfd1 proprietary
automative documentation package on the market today.. It by far has
the.most instal]ations.of any of the documentation packages, and

has more features than any other package.
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sESTLonaNS Y, PARI MY

COBOL MODULE
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Qar217%0 INPUY LISTIP A AUTDHLON CHART SET - SAWPLE STANDARD CuBnL
Cakp e sese CONTENTS oo
S w1300 9 1CT%F 1S X{2},
5% o11e 0. 14 CCT-wby PICTUSE 4§ X(129.
5k 011e035 vl ta PETuYL O[S xtléhe
47 011506 0 18 1CTaE 15 Ko
N 0114ud 03 1a (Ot PICTURE 19 Xo
59 Ol17u0 07 15 -y PICTURE 1§ x(29).
~0 011800 02 _Tuan
ol 011900 0y 1¢ ICTUNE IS 9.
62 01zy0e 03 I1C 1CTURE 15 9.
L3 012200 02 Tawf ICTURE 1S S9U5IV99,
b 0123100
[ 012490 PRACFOUPE DIVISION,
1 0l¢5%00 START,
(34 012590 OOFN INPUT MASTER-IN,
AR 012700 OpER INPUT TCANS-IN, .
6o 012220 oty NUTPUT WASTER-OUT, -
10 ¢l2su0 finf it GFT-MASTEP=RCUTINE THROUGH GET-MASTER-EXIT,
n N-NEXT-T3ANS,
12 FEAL TRANS=IN
73 End 6B TO TRANS-EOF,
Te wave T-MEY T TRAN=STRT-kEY,
1= 1P TeaN-SUFT-KEY 1S WKOT LESS THAN PREV-TRANSIN
1s Gir YO MOVE-KEY, ELSE N
17 CISPLAY *TRANSACTINN-FILE CUT-0F-SEQ" UPON CUNSOLE,
18 S10P RUN.
15 S=ENF o
a0 CLUS: TRANS=IN WITH LOCK.
a1 1 OF-Se 15 NOT EQUAL TO SPACFS
a2 [ 7 END-CF~JCR,
43 IVE FYY 10 EOF-SW,
;: GH-VALUE TO TRAN=SNRT=KEY,
9t aN-$SNYT-KEY VO PREV-TRANSIN,
a7 ASEA,
89 0 NuTacEa-SW 1S EQUAL TO SPACES
96 014806 . 62 YO COMPARE-INPUTS,
a 90 014960 tF CURP-MASTUUT IS £OUAL TO TRAN~SEQ-KEY
re :12 g '2,'.?88 GU TN VEST-TRANS-CONE. :
Qo3 8 520N NOTE ®®TRANSACTION TS HIGH ¥0 QUTPUT MASTER RECORD.
9% 5300
qs 014600 PERFURM PUT-MASTER THROUGH PUT-MASTER-EXIT UNTIL OUTACCT |
96 015590 S NDT LESS THah TRACCT.
97 018690
98 01570C COMPARE~INPUTS,
@9 01580¢ IF TRANCSEQ-KEY 15 LESS THAN CURR-MASTIN 63 _TO TRANS-LOW,
30 015900 CLSF PERFORM PUT-ASTER THROUGH PUT-MASTEK-EXTT.
C1 016300 TE ISh 15 EJusL 1D CMK 6D TO TEST-TRAN3-CNDE.
02 016190 GO 1D TEST-JUTAREA,
S03 016200 TRANS-LOW,
204 016300
205 016400 NOTC ¢eTRANSACTION 15 LDW TO INPUT MASTER RECORD.
206 016500
o 016600 TTAANETYAN 15 ot Fousl TC cua
©2Jh &T00 N A
99 014R00 ALTER ENN-(CF-ACCT-EXIT 10D PROCEED TO TEST-TUANS~-CODE
¢ 016200 o 13 ENn-(r-ncc1~ﬂoutINE.
1 011000 ELSE iF TAC 1S NCT EQUAL 1D (MC
2 017100 GO 10 TEST-THANS-CODF ELSE
3 911200 AUTER END-0F-CONE~EXTT TO PRNCEEN TO TLST-YRANS-COOE,
« 017300 END-NE-CINE~RUUTINE,
5 0] 7600 1€ ANTARTA=SW IS NNT FOUAL T SPACES, WRITE MASTER=-OUT,
I 0171500 wOVE SeaCES TU OQUTARE A=Swy YASTOUT-NAME=ANDRESS,
217 011~90 1 TCE 1% €NUAL T | *OVE "ERRGK DELETE RECNRDS 11
21F 017100 FRONG-TYOE AND ALTER [ND-CF-CINE-EXIT TO PROCEED VO ERROR-PRO
2i¢e 017800~ [
220 017290 TND-OF ~CODE-EXIT.
221 Q142050 GO T0.
227 014100
221 OlR70Q TEST-TRANS-CNOE,
226 0149100 1F NUTARCA-SW IS EQUAL TO SPACES
25 016209 wayr MASTECCIN TO MASTEP-NUT
s crasec MOVE CR9-9ASTIN-KEY TO CURR-MASTOUT-KEY
7 018600 PEIETIM GET-MASTEI~RMUTINE THROUGH GET-PASTER-EXIT. :
a . 01R7T00 GO TP NELETE-TPANS: AOD-TRANS, CHANGE-NAME, CHANGE-ANDRESS OF
a 018800~ PENTING ON TCl.
[ 01RSNQ
; g g?gg NOTF  #8TRANSACTION CODE IN ERROR.
2 C19200 TRANSACTINN-CODE-ERROR, 3
e 019300 w3ve STRANSACTINN CQUE €IR0%' TO ERROR-TYPE,
E . WAVE MIGH-VALUE TO YRANS-CODOE.
[ 019400 £REOC-PROC
7 019500 ENTFR LT
23p 017400 CaLl *ER SING TRANS~SNART-KEY, ERRORP-TYPE.
< 019700 INTER
240 019200 . 61 10 RE T-TRANS o
41 019600 CHANGE~-ADDRE
4z 020999 IF CUTAS 1S _£QUAL TN SPACES GO TD CHANGF-ERRNR,
%3 020100 1F TC2 F 2760 TP CHANGE-21P,
244 020300 j€ %c2 i THAN & 60 T0 CHANGE-TAy ELSE .
5 020400 1F NOT € 0 € GO 15 TRANSACT [GN-CODE-ERROR,
4k 020500 1F FQUAL GO YO CHANGE-CITY,
&7 020 »aveE TES 0 GUTSTATE,
an 020700 CHANGE-CITY,
0 020820 vvE TRCI ouTCITY,
S0 070960 Gl) 1) CHANGE-TA.
S1 021000 CHANGE~74,
52 021100 “IVE TR outte,
53 . Q21300 wovE TR 70 OUTADDRESS.
&6 021400 6N 1D | T-TRANS .
5% 021500 CHANGE=-ZTP.
66 021500 vAVE 1R ourzie,
87 021700 69 10 R T-TRANS,
53 021300 PUT-MASTER,
5¢ 021400 WaTe nUT, MOVE SPACES TO OUTAREA-SW.
60 022000 15 TAK S THAN CMAK
261 072100 [N ) TES-EX1T,
A2 022200 ELSP TEP=iN TO MASTLR-OUT, MOVE CURP-MASTIN
3 022300 10 Cux Y, MOVE 'FY 10 OUTAREA-Sw.
64 “OVE h £ 1D CURR-¥ASTIUT-KEY,
[ 3] 022«00 1 [F 0T EQUAL YO #M' GO 10 GET-MASTCR-ROUTINE,
ah 02250 PUT-MASTEQ
287 023009 Exil,
288 023200 GET-VASTER INE,
266 923400 NOTE, -uglia READ ROUTINE.
270 023400 GEV-+asign INE-T.
21 0234500 AFAT W =Ny
2n2 023500 av 7 T0 MASTER-EDF,
21 021700 MOVE IN-XEY 1O CUPR-MASTIN,
7% -vALUE 1D Euau-num-cnnt.,
218 Q23400 - WASTEN 1S LESS THAN PLV-MASTIN DISPLAY *MASTER FILE
1A 023000~ SEQ' UPCN CPNSOLE, $TNP RUN.
i 024000 MAVE CURR-VASTIN TD PREV-MASTIN.
212 024100 GET-¥ASTFa-EXIT,
213 026290 Fxiv.
230 326300 GET-¥ARIEH-F
251 024 N 12 PUT-MASTER-EXIT,
a2 026507 VASTEI-ETF,
4] 024610 MAVE Mt TO EQF-SW, MOVE HIGH=-VALUE T0 CURR-MASTIN.
b [ vAVE 2 TO INTCle GU TO GET-MASTER-EXIT.
(%3 024R00 [ND-TD=ETJ2,
a6 024939 LYER END=DF-ACCT-EXIT TO PROCFED TN IND=-TN-ENI2-EXIT.
287 025000 ENC-U'E-ACLT-QOUTINE.
249 625100 15 Ciifapca=-Sw 15 40T FQUAL T) SPACES, WRITE MASTE®-QUT
24 025290 boVE SPAZES 10 DUTAREA=SWe MASTONT-KEY, MASTOUT-NANE-ADDRESS,
9n 025300 CUSR~-¥aSTAUT,
at 025600 IF JCL 1S NOT FQUAL TO 2 MOVE YNAN MEZTCHING TRANSACTION®
a5 25500 10 EPEN4-TYPE AND ALTER EN’)-OF-ACCT-E!P 10 PROCEED TO
93 N25600 FRRNR-P]NC, ELSE MOVE SPACES TD €RRUR-TYPE,
9i 025700 END-OF-ACCT-EXTTS
95 025300 60 16,
AL 075900 FND-T0-FNJ2-EXIT,
97 0260 1.
94 024100
90 026200 ADD-TRANS,
00 025300 MOVE TRANSIN TO MASTOUT, .
al 025400 BF T2 1S FAUAL 12 AND QUTCNDE 1S FQUAL TN 2, MAVE ') TO
02 02¢ 500 9HTCUNE , WHITE YASTER-QUT, “OVE 2 TO CUTCODE.
03 02£400 G 10 REAG-NEXT=-TRANS.
k1S u26799 .
95 026800 CHANGF =NAYE,
06 026500 12 rUTA9EA-SW 1S EQUAL TO SPACE GN TO CHANGE-ERROR,
Y07 027000 wAye TRNAME 1O OUTNAME, .
309 MOVE HIGH=-VALUE TO PREV-MASTOUT-KEY,
309 027100 GO 79 READ-NEXT-T1RANS,
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Pl.BX

S.1Y
3.20
3,24
b.0¢
%.20
Y.28
327
2.23
.22
.10
S5.0%
3,09

PROCEPURAL STATEMENT LABEL INDEX

NANE

ADD-1PANS

CHANGT ~ADD®ESS
CHANGE -CITY
CHANGE -F 2RO
CHANGE -NAnE
CHMANGE-22
CHANGE-L1P
COMPARE- INPUTS
NELF 1L -TRANS
END-DF ~ACCT-EXIT
FND-0F ~4CL T-ROUTINE
[NO-0OF ~CODE-EXTY

Foetl

3.0)
2.20
5.02
S5.12
.27
2.28
.17
aut?
%5.01
4,08
4,09
4.1%

AUTNFLNG CHART SFT ~ SAMPLE

NAME

END=0F ~COOE-RNUT INE
END-NF -J08
END=TN-E0 2
ENC-TU-FDJI2-EXIY
toJi

€0J2

SRROR-PRNC
GET-MASTER-EXIY
GETV-MASTER-EX]

GE T~MASTER-ROUT INE
GET-MASTER-AOUTINE-]
MASTER-EOF

PG AN

2,14
$.23
4.01
.07
Z.05
2.0!1
2.1%
3,11
2.3
2.1}
2.30
.16

StaneRn CN8NML PAGE
fa.

MOVE-KEY

NOTE

PUT-MASTER
PUT-MASTER-EXLY
REAG-NERT TRANS

sTaay

TEST-NUTAREA
YEST-TRANS-LOOE
TRAANS-LOW

TRANS-EOF

TRANS-LOW

TRANSACT 1ON~CODE-E RROR




tAoLE OF CONTENTS AND ®EFERENCFS
PAGE /60 haME :

crraiiiw

CARD 1n
CORCL woOuLE STANDARD CoOmOL

CHART T(Y(F - Remauks

CHART TivLE - PROCEDURE OIVISION

012500 2.01  Srtaav
013000 2,05 QEAD-NEXT-TRANS
013800 2.11  TRANS-EDF
014400 2.16 MOVE-xEY
Or4400 2,15 TEST-NUTAREA
015400 2.18 :
027700 2.20 END-OF-JoB
015700 2.2 coMPaREZ INPUTS
015700 2.23 .
028100 2.21 Eos
028100 2,27
028300 2.28 €042
016200 2.30 TRANS-LOW
016600 2.31  TRAANS-(OW
01en00 2.32 o0lsa00
017000 3.01 R
017200 3.02 017200
017300 3.03  END-CF-CODE-ROUTINE
01700 3.06
017700 3.08 017700
017900 3.09 END-OF-CODE-EXIT
0171990 1.09
018030 3.10 0180000
018200 3.11  TEST-TRANS~CODE
018700 3.1e
019200 315 TRANSACTION-CODE-£RRDQ
019400 3. 17 ERPOR-PRNC
019500 3.20 CHANGE-ADDRESS
020700 3.26 CHANGE-CITY
021500 3.27  CHANGE-7 [P
021000 3.28 CHANGE-ZA
021100 .01 PUT-wASTER
022%00 4,07 PUT-MASTER-EX|T
023200 4,08 GEY-MASTER-ROYTINE
023400 4,09 GEY—HAS'ER-GDU!INEOI
024500 4,15 MASTER-EOF

’ 024000 4. 16
024100 4017 GET-MASTER-EX|T
024300 5,01 GET-MASTER-EX)
024800 $.02 END-TO-ENJ2
024300 $.02 024900
025000 %.03  END-OF-ACCT-ROUTINE
025400 5,04
025500 $.08 02%s00
02%600 5.09
025700 $.10 END-NF-ACCT-EX]Y
025700 s.10
02%%00 5.11 0254000
025900 512 END-TO-F2J2-ExIT
028200 5.1% ADD-TRANS
026600 s.19
026A00 $.20 CHANGE-NAME
027210 5.27 DELETE-TRANS
027231 5.23 NOTE
027233 6.01 0272%3

027300 6.04 CHANGE-ERRDS .

AUTOFLOW CHAQT SET - SAMPLE
RCFFRENCES  (SNURCE SEQUENCE NO. AND PAGE/BOX)

3318

013200
013400
ote6100
015500
014000
014700
015400
02%”000
027800

015800

024700
01&700
017900

017400
ol18000
017200
017600
614000
835788
0143300
020400
018000
0187T00
020500
020100
020300
015400
832488

012900

023600
023800
012900
024200
0248200
025700
018900
025100
625800
624400
o16800
025600
025800
023200
018700
026400
013700
olsr00

027800
020000

RN
2.06
2.08
2.26
2.19
2412
2.15
2.18
2.22

.21

2,23

s.10
2.31
3.09

3.0
3.09
3.02
3.06
3.10

ole
.10

3.11

3.23
3.09
3. 14
3.24
3.21
3,22
2.19
[ H

2.04

4.10
4.12
2.04
4.17
2.27
S.10
2.32
5.03
S.10
$.06
2.32
.08
S.11
2,27
3,14
S.1e
.14
3.le

2.20
3.20

31138

027233

011700

016000

025800

020900
027900
027900

018600

019600

024900

025700
026000
026400

025900

PAGE | 1

B-49

;.5; 021400 3.28 026600 $.19
: ? .
6,01

3.08

2.2% 017000 3.01 017900 3.09
5.10 027500 6.06

3.26

2.22 C15900 2.24

2.22 015900 2426 022000 4,03
3.13 022400 4,006 022600 4,07
.13 024700 4.18%

S.02 02%%00 5.08

S.10

%.12

S, 1%

.20
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04727770 AUTOFLOW CHART SET - Sampie  STANMDARD 00U

CHARTY TITLE - AEMARKS .

REMARKS. AN AUTOFLNW CHART PRONUCED FROM COROL SOURCE INPUT
LMAY CONTAIN UP TO FIVE PATTS. THE LISTING OF THE SOURCE
INOUY, THE TARLE OF CONTENTS AND CROSS REFERENCE LISTING,
THE TARLE OF DIAGNISTICS, A 'REVARKS® PORTIIN AND THE FLOW
CHART PROPMUCED FROM THE PINCEDURE DIVISTION NF THE SOUNCE
PROGRAM,

THE LISTING OF THME SOUNCE INPUT 1S OPTIONAL, SELECTED 8Y
THE USER IN WIS PAPANE’TEI CARD, THE INPUT LIST OPTION
HAS NNT BEEN INVOKED FCR THE AUTOFLOW CHASTING OF THWIS
PROGRAM,

THE TABLE OF CONTENTS INDICATES THE CHART LNCATION OF
EACH SECTION OR PARAGRAPH WITHIN THE PROGRAM AS WELL &S
ALL REFERENCES TN THE SECTION OR PARAGRAPH PRNDUCFD FRQON
THE GO TO, PERFORM, ALTER, AND PROCESS vERAS. IT ALSH
INDICATES THE SOURCE CARD NUMSER (IN THE NAME FIELD) OF
ALTER STATEMENTS ALONG WITH THE CHARTY LOCATION OF TME
STATEMENT BEING ALTERED. CRCSS REFERENCES PROCUCED 8Y
LOCAL DECISIONS. THOSE DECISIONS WHOSE PATHS COME
TOGETHER AT *NEXT SENTENCE®, ARE INDICATED WITM A BLANY
NANE FIELD.

WHEN PRESENT, THE "REVATIKS® STATFMENT IN THE
TOENTIFICATION DIVISION WILL APPEAR AS INTRODUC TORY
MARRATIVE, IN THE TEXT FNAMAT OF AN AUTOFLGW FLOW CHART,
1F NO YREMARKS® STATEMENY 1S ’!ESEN". THIS NARRATIVE
CHART £S NOT PRESENT, THE MATERIAL CURRENTLY BEING
PREINTED IS AN EXAMPLE OF THE CREMARKS® STATEMENT NARRATIVE
CHART: .

EACH PROCEOURE DIVISION *SECTION® PROOUCES A CHARY, wHOSE
CHART TITLE IS THE SECTION NAME, THIS CHARY TITLE APPEAR]
IN THE HEADING OF EACH FLOW CHART PAGE PRODUCED FOY TMIS
SECTION'S PROCEDURES, AS EACK SECTION BECOMES A CHART,
THE FLOW CHARTS FOR ANY SECTION MAY BE LDCATED FRAN THE
TABLE OF CONTENTS,

MHEN & PROGRAM IMPLIES A BRANCH FROYM ONE SECTION TN THE
NEXT, A BRANCH SYMBOL IS GENERATED IN TME FLOW CHART,

THIS PROGRAM IS INTENDED ONLY AS'A SAMPLE NF A PROGRAN
WHICH MIGHT BE RUN UNDE® AUTOFLOW, 1T PROSABLY IS NOT
SUBJECT TO CLNSE SCAUTINY FOR LOGICAL PROGRAM CAPABILITIES.
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CHARY FITLE « PRNCEDUPE DIVISINN

/012300 7

L ]
START PARaGRaPN

L
012600 |

- °l
’

rheen wour »’
/! CHTTIN
|,

012700 02

-4 E, .
’

I(’! Fl‘ P 4
1 s (vt s
———em e aa——

012800 .03

, R, 4.

P ITTI A
l; /

012900 0s
4 fRFYRN LY
. AFY=mASTER=
0 outiN
L] HINIGH

cn-n;i:a-
]
os.no-->l
=NEXY=TP
ulur. 5 ans
013100 03
’
’
’
RANS-IN 4
013200 % 06
. .
.- L ]
L J
e tND NF FILE WJES.
] *
L] *
L] [ ]
L[]
NO
013300 o1
0!
"t-liv 10
Tean-$ORT-REY
013600 ¢ - os
. T
OVNT*KEV IS' YES
o NOT LE
FREV-
oflll‘lsl'“
* -
*
n0

B e e

013700 10

o MALY .

cscocsema

e % Wum

PUSUE 'Y

TRANS-EOF PARAGAAPH

.
013%00 | ¥ _ll
/ .
ISLOSE ’
’ uu&ln with 7
/ LOCK ’I

AUTOFLOV CHART SET = SANPLE

014000 .
. 027700 20
® EDF-SW IS & VES ALTERED GO T
® NOT EQUAL TO  @~-codg AR,
* SPACES g - conmcsa
[} L] ALTER 10
L 8Y__“Procefo 10 |
NO ' 027233
.

014200 13 027800, l . 2

mevE . - . .

*Y* TO EOF -S4 ogunlu-sn .

o * S _NOTY ;sgn Secesa
HIGH-VALUE 1O ® TQ SPACES o
TRAN=SORT=KEY - . .

3 L] L]
L]
..--------.---;l YF$
MOVE-KEY PARAGRAPH
014500 14
027900 22
nOvE .
TRAN-SORT-KFY YO [
POFV=TRANSIN . € RE .
. | put-masten M
0 R0U 0
02.28-=> 1] rutomitien- | 7
TEST-NUTAREA .
PAPAGRAPH
l - | SO
014700 13 eon
L] L]
eoyTarEa-s v o JYES .
. I$ Eounk -
® SPACE
Rld
. .
L
lﬂ
1 | S [P
014900 16 02,1
. . COMPARE-INPUTS
* CYIR=- o PARAGHAPH
sMASTIUT (S &  YES
§ouaL 10 - .
® YRAN-SEQ- * A
o KEY ® 0135800 ¢ 23
. - L]
coss . e TRAN- ®
NO 3. OSEQ-KEY IS & YF
T -cuﬁi‘.l‘s‘ﬂ‘u. S
resv-TRind .
. L] L]
[ ]
015200 NOTE 17 %0
s s 0 a0 * 0 L[]
®  TRANSACTION l’ .
¢ Mion 1o vytey .
o WASTER RECPAD, @
L ] LR BN L2 ) L ]
019900 24
[ DA § [ Topetguuiebut v, PRS-
oluoo 11} ENAY
. pute unsvu .
Ta $e ves 'ur-:ggf:' ]
. vnv iié HAN Smemees
ey e ...---------.-_-.- 1
L]
o o
*
w0 16000 ' R 23
L] L
. YES
 Iseis, roun. [23
018400 1 . I
Sermcecarmnonccnnvast .
« E0Rm . ~O .}
. vm-unls! . o3
) WGH eos
i vuv-nsru- TesT-TRANS
26
---------“----Q eee -
. - o 2:18.

02.120-=>¢

STANDARD COBOL

"

END-OF-JOB PARAGRAPH

TESTY=0UTAREA

;-....._...oz.uo—)c
. E0J]1 PARAGRAPH

8200

L} ERENRN
g € N?-rs’rgu !
EOJZ-EIIT

raGe 02

€0J2 ’l!AGlA’N

028400

14
/CL OSE . ’
¢ JUASTER=OUT WiTH/
,I Lack 7

[ O Y

TRANS-LOW PARAGRAPH

016400
.

annen
*e~gXe
L Ll &l

l
.
T
R|
l’illﬂ"tﬁl PARAGRAPN

0!6700 l

_')“gn: o-.oo

*
YES ‘e

03,10>w=>
olsnoo
nll'sl 1
W END-OF-ACCT~
Boeedlio, 11
M TEST=-THANS~

" [4:]}13

. s.008
. :
voe

END-0F-ACCT-ROUTINE

e Y Pt

“B-51
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CHAST TITLE - PAOCEOURE NIVISINN

I Ol 'IOCO l

02.31==~>
o1
]

3
oTAC 1S ' * vES
9 C. Semcencocnmaccana()2,160==20

)
’

[} FGIAL T C
[ L]
[ ] ‘
.
~O
03,09-=~>
017200 02
P ®
(] .
H ALTER 3
H  END-DF~CNDE=~ .
p P:’t‘ ‘( 10 g
n TEST-TRANS-
" n

Frn -O‘-SOO =R0UT INE
PARACR

017400 ¢ 03

017400 04

AUTOFLOW CHAPTY SET ~ SAMPLE

£31-TRANS-CODE
ARNAGRAPH

.
on!oo 1 . n

.ngl s- *

$204c%To
¢ snctk
. -

N
NASY P=IN N
STER-0VT

V|
CURR-MASTIN-KEY
CURR-MASTOUT-KEY

018600 ' 1

DO »
(1]
G,
-
1
!‘n
o
C rQ
D2an
n
-
)
.

’ 14

A
FuriTE ’
’I MASTER-OYT ,I

—enecsscscn m-—.

017300 0:
-'.'.'.:..--....------
SPACFS TN
St
NORESS

"---.---...--,I

GlTe00 ¢ os
LI } N

N & .
L bt 2 ] Icl ;3 {Wl‘.. .
L] .

.
.
YES

Ol 7600 or

m
'L'"nl nnnr
ECnaps
rum-vvnf

08-0°-~->| o»

crensccacenmmmcn———
N

" A
“
L]
N
"

TEe ]
:-:w-fgo-- .

Q
EEF T 9
D I-Pl‘!

Lt } Y PTNIY

s;Q:;:O') ~Cxtr
>

Y17

|°--.>|
10

Oll

MERT N
. .

. ase

. ),
018700 1s

-ss
"0 IO D;’ENGING

gsu;vu i.:;
Eumrs-n- - 20

03. 090-->I
FREOR-PRANC PARAGRAPH

!
A
.

DI‘MOO

cemccmecccn e a—e e

".'&0! S [NG :
t:ANs-sgiLxev "
€NNA-TYr

RFAC-NERT-TvANS

*

YES o *
se=c<ce NOT EOUAL T o
. L4 . .

L]

becmcnncnanee)

‘ um;S",
03, 14--=>0
CHANGE ~ANDRE S§
PARACAASH

.
0!0000 !. 20
. ulu-u- vl’s
.1'2‘;“ fo, o
»
e o
N0

L ]
.
CHANGE =

020100 £
¢ o

L
YES

STANDARD COBOL

PAGE o)

. * .
® TC2 FQUALS 2 o
. .

[
NG

020300 * 22
- .

020400 23
[ ] .
.

[
N

020%00 ¢ 2¢
. e
. .
YES o .
===® EQUAL TO &4 ¢
. .
. .
. LI

020620 ] 23

NO TRSTATF TO
DUTSYATE

CHANGE-CITY PaRAGRAPY

020900 28

l "f‘llv 73 GUYCIVV

Sececcacnanacnsd

CHANGE-24

>e
CHANGE=ZIP PARAGRAPH

.
021600 | E 34
[ S-S SO, 4

19 10 oyt

. .
o 2,08,
.

Xy

READ-NTXT-TRANS

Secnaccnca() 2P tmade

CHANGE =24 PARAGRAPH

[]
onloo [}

;:ll’ 0 ;zie
v-u Dergs 19
9&')01253

L TPy )

. 2,080
. :

READ-NEXT-TRANS
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04/21/70 PRNCEMWE DIVISION Sywuamy - AUTOFLOW CHART SET - SAMPLE  STANDARD COBOL Pace

ALTESED PARAGYAPKHS

Pa2AGRAPH 0025700 %.]0 ENN-OF-a2CT-EXIT . A 4
ALTENED Ay 0015#00 ?.l) 1N NAANS-L!)S ext *3'“0&!0 TN Q01%200 3.1 t‘g E”A'.E -CODE
0024900  §.07 IN END-TA-EQJ? ) g90zsv00  ‘3.1¢ EN3- Juptuyz-exiy
. 0025500  $.0B IN END-0F-aCTT-ROUTINE 0019400 3.1 £3R0%
PARAGRAPH 0017900 3.09 ENN- o=-c'10t -~ExlT ’ NITTIALLY ) UNSPECIF
ALTERED Ay 0017200  3.02 IN T28aNS-| Ju 0 PROCESD TO 0018200 3.1} vss!-ruus-cnos
0017700 3.08 IN END-OF-CODE-ROUTINE 0019400 3,17 ERROR~PROC
PaRAGRAPH 0027100  2.20 ENN-0F~JOR . INTTIALLY . UNSPECTFITD
ALTERED av 0027233 6.0l IN NOTE 10" sRatk D vo tﬁﬂulS;
PENFGAMED PROCEUNES
FRO-TN-£342 .
PESFORMED AT 0028200 2.27 1IN EDJ) . PERFORN ;:{51 8852388 ;.0 .FND "
. ol _ -T0-£0J2-EX1Y
GFT=MASTER-ROUTINE
PERFNR™LD AT 0012900 2.04 IN STar? PERFORM g'gsv gg;zfgg :.g? CE-NASTER-EXIT
. . - -
© 0018600 313 IN TEST-TRANS-CODE . ma' 88%2%83 :-f% GET-MASTEA-EXT
. . -
PUT-wLSTER ‘ .
PEAFORNED AT  001%600  2.19 IN TFST-QUTAREA PEAFONM (NTAY 921800 4.0}
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- 0013900  2.24 IN COMPARE-INPUTS §Iav go21800 $:04
. NAU 0022500 4.0 PUT~MASTER-EXIT
wrTeRo 222 1N Ero-or-son RTS8 wrsroeer
. - -
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0023300 4.09 IN- GET uttl-munut -1 NEAD MASTER-IN _ . ]
"ASTER-NUT ) - ) -
oolzaoo 2.0% IN STaeY OPEN_DUTEYT MASTER-OUT
0017600 304 IN END-NE-CODE-ROUT INE NRITE WASTER-QUT
9021900 4.01 IN PUT-uasTER wolTE MASTER-QUT
goziio0  5.us |3 END-uF-accT-mouTINE wRITE uag1ER-ouT .
0026500 5017 IN ACD-TRANS WRITE MASTER-
0028400 2.28 N EQJ2 CLOSE MASTER-DUT WITH LOCK
TRANS 1N )
0012700 .02 IV $TM OPEN INPUT TRANS-IN
00{3!00 s.os !N"FIO-M‘I'-Y“NS READ TRANS- s- .
0013900 2.11 IN TRANS-EOF . CLOSE IQANS-IN ¥ITH LOCK
STOP Symmasy .
8013190 2.10 In Rrap_wea1-TaANT 100 RUN :
oos 900 16 In et -nstn-nouvms-l T0P- RUN
0028500 2.29 IN EDJ2 - STOP RUN
NISPLAY Summany
0013600 2,69 IN READ-NEXT=TeaN DISPLAY STRANSACT]ON-F QUT-QF~SEQ* P!
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CARD NO

S B 9w @ PPN

- e
- N - O

14

INPUT LISTING AUTOPLOW CHART SET - SANPLE
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[ 117 o CONTENTS

PROCEDURE DIVISION,
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A THE WATCHING OF BOYS € GIRLS FOR HIGH SCHOOL DANCE,.
svanr,’ '
noTE
I READ FIRST BOY AND FINST GIAL.
T GIRL-COUNTER IS A COUNTER USED TO CONTROL THE LOGP ING
THRU THE GIRLS INPUT FILE. ’
PRI MAAY,
wore
DY (SECONDARY) PRINARY MATCM EQUAL?.
I JPUNCH PUNCH DATE-NAME CARD,
READ-4-00V,
nOTE .
T WEAD ANOTHER BOY.
DY (PRINARY) ENF7,
1 CLOSE aLL FILES.
% €0 OF Jos.
SECONDARY,
NOTE
P ADD 1 1O GIRL-COUNTER.
ON (PREPARE) ENTIRE GIRLS FILE SEANCHED?.
READ-GIRLL.
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! NEAD ANOTMER GIRL.
DN (EOF-GIRLS} EOF?.
8  (PRIMANY) GO TI PRIMARY MATCHING PROCEDUNRE.
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' noTe
T PREPARE FOR SECONDARY'MATCHING PROCFOURE.
P CLEAR GIRL~COUNTER.
READ-GItL2.
.OY!. .
1 READ ANOTHER GitL.
DN (EDE-GIALS) E7F?.
DN {PUNCH) SECONDARY MATCH EQUAL?.
® 40D 1 TO GIRL-COUNTER.
OY  (READ-GIRL2) ENTIQE GIALS FILE SEARCHED?.
1 PNINT NI-WATCH NESSAGE *SNRNY FELLAY,
B (READ-A-B8OV),
EOF-GIRLS,
nOTE
1 CLOSE GIMLS TAPE FlLE.
1 OPENM GIRLS TaPE FILE,
D IPRIN,SEC-READ-GIRL2) WHICH NATCHING PROCEDURE?,
8 (NEAD=-GItL 1) paimary,
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20
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CS/CArIC
PG.AxX

l.186
lels
1.2%
1.28
1.21
1.2%
5.05
2,13
2.1%

PROCFOUAAL STBTFYENT LAPEL [INLEX

NAME

ACERRTH
ACO
ARCCS
ADCIO
ADD1S
ACD3O
ALANK
DEL
DELOS

PLLRX

2,14
20213
2,20
2,22
417
L. 04
1.0¢
1.07
2.09

NAME

OELIC
CELLS
DEL2O
CELIO
EOJ
1I8CCS
1INCOY
1INC1O
118C20

AUTOFL T CHART SET - SaMPLE

J.01
2,08
2.11
1.18
.09
413
$.01
1.01

NAME

TINC2C
FINCSO
1sgec
INERKQOR
IN1701)
IN1TO02
INVDEC
ENVING

PG.BX

.01
1. 08
1.09
%Cl
3,05
3.06
3.10
5. 04

ASSEMBLY PRCGRAN

NAME

1VOlEP
Ivolpue
LIRL]
NAYCHG
AANOS
LY L]
NAMIO
SPACE

PG.0X

3.1
3. 22
3.2%
3.17
5.03
3.3
3.30
$.02

WRITE

WRITEOL
“R1TEO2
WRITELD
wRITELL
WRITE20
WRITED)
WRITE4

PAGE 3‘6]



3_62 CaRrp lD. PAGE/B0x

ASSEMBLY MODULE

cemmL

ASSEMALY PROGRAM

B

CHART TITLF - *VERIFY INVENTCRY SYSTEM UPCATES®

{0000AS)
{0C0090)
- 10000954
(0000981
1v010730
1v010760
1v010950
Ivoi1c9r0
1tvo11770
tvoi11aso
fvolle3o
ivolislo
tvol1820
(000112}
(000104)
4000109}
1c00119%)
1000108}
vol1020
Ivo11060
tvciio80
Ivol1180
vol1130
ivoil190
tvolievo
1v012020
1v012030
wvo1z130
1vol1230

1vol1380
Ivollsac

ivoiiTio
wvol1s20
1vor1550
ivoilr20
1vol2sco
40002683)
1000289}
1000294}

CHARY TITLE

{toco11 Ty
{coo218)
tvol1220
1000237}
10002381

CHARY TITLE ~ CONSTANTS ANC STORAGE AREAS

1.01
1,04
1.C6
1.07
1.08
1.09
1.16
t.19
1.19
1.21
1. 25
1.28
1. 29
2.01
2.06
2.C9
2.11
2.12
2.13
2.1%
2. 16
2. 20
2,22
2.23
3.0t
3.€5
3.06
3.10
3.13

3.17
3.22

3.25
.28
3.30
1.3
“.01
4.9
413
a7

- EQu

S.01
5.02
5.03
S4 04
5.0%

ASSEVBLY MODULE

INVINC
1INCOS
1iNCo?
1INC10
1volpP48
MAIN
ACERROR
INERRCR
acc
accls
ADD3C
ACC10
AD00S
TINC3O
TINCSO
1INC20
1INCeO

OEL
DELOS
DEL1O
DEL20
DEL3O
DELLS
NARC HG
NAMOS
NANM1D
NAM30
WRITE

#RITELOQ
MRITEQL

WRITEOQ2

WRITE3}
WR'ITE20
IVOLEP
Intvo01
INITO2
EQy

STATEMENTS

INVDEC
WRITEAS
WRITELL
SPaCE
BL ANK

V010890
1000008)

ivol0980
1v010860
fvorl1r2e
1v010860
(300154)

Ivoilreo

1000Cs9)
(000114}
(0cCco%8)
toocloy
(000105}
1v010920

tvoL1030

Ivoll100

1vo10890

ivol2000

— - ——

330
ivol1520

1vol1680
{vo11500
1000200)

1000279)
10C0284}

1v010920
1vol1440
fvoll460

ASSEFBLY SUBRCUTINE

1. 14
1.01

i.18
1.13
3.33
1.13
1.29

1.20

2.¢3
2.02
2.03
2.04
2.07
1.18

2.13

2.18
lele

4.06
4.10

1.1%
3.20
3.21

mviUrLLe LRARE

CHARY TITLE ~ *CONVERT ALPHA FORFAT NUMBER TO CECIPAL®

10000021
€000010)
1000016)
00001 6)
{foooo018¢
{0C0020)
(000021}
1000032}

7.01
T.C%
T.08
T.C8
7.10
.11
T.12
Tel8

OECCVT
CHKOO
CHKQ2

CHKO1
CHKOY
CHKOA
EXIT

1vol1840
1000022}

1000012}
1000010}
1000014}
1000019}
(000030

1.22-X
T.13

7.06
7.08
7.07
1.10
T.16

REFERENCES
toocl1 ™) 5.0}
{ooc21 7 3025
1000111) 2.10
(000131} 2.21
(0001481} 1.26
{000169) 3.11
fvo11350 3.15%
1v011550 3.30
Ivo11090

2417=X

e = yamrict

USOURCE SEQUINCE NQ. AND PAGE/BOX)

1vol11740

1000116)

1v¥012040

3.35

2.11

3.07-x

{000289)

(coo107)

4el4

2.08

i1v011200

PAGE

2.23

1



ce/7Ccnsrg TauLF NF DEAGNNSTICS
LCCAYTum QTAGNCSTIC
CARD 13 PAGF/ADX
1000057 1.07 UNCEFINED = "REG, VALUE®
1000218)- $.02 UNDEFIALD =~ *wRITE26¢

AUTUFLUN CHART SET = SANPLE

PAGE
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-3_64 c9scasr0 AUTOFLON CHART SET - SAMPLE  ASSENOLY PROGAAM Gt o)
CHART TITLE = SVERIFY INVENTORY SYSTEN UPDATES®
/'TVSIF]E-/
nore o8
[ EEEERXREREEN s
LN BN 3N ) 980
01,168-2>
haIN 09
7 134 I
PETTIRR (1Y
’ N /
{1vor0770)
- Raiiirtedetrdegeteandnind 4
CLEAR cuvvrr RECORD
1v010790) 1
nye
oUTPCODE<sPACES
RES  OUTNCODE
RES  OUTCCODE
RES__ OLTCCODE .
lVOloseO), 1
>
nve
CUTNANME ,SPACES PROCESSING FOR ADD
14
CUTVOL =Pt 0" (lvotlreull e
I 0urucoos {
L D ] -
t1vor08e0i% 13
. (1vo117801% _ 20
. EDUAL . .
pm—————t & i e o . L ]
*14CO5E Cr Q0w LC e EQuAL
o IPNAME,SPACES o >
. . . NECTIN 28
. . ——— —————
L] »
ELSE . 1 CIEPR 1
UNEQL l
40003 29
’
(1vo1¢890) . D ——y ;
1eeogis : ADD1S 1 Jient nessov.nI/(
£oUAL o LOW L ’
01.14%==38Cmrmrmmvnncacccena|ciils - 15,=vibECCVT) ———————
*1ACOBE,Ce 200 e e e |
PROCESSING FCR . L !
INCREASE /OECREASE cese (1vorisaos 22
. eLse L0037, $omimsmmm—eooooold
i “eses’ 1 (CECCVT) W
1000086) » 01 NAPEHE N "
.. 0] asiitvo, w
b . 1 VOLDEC) [
EQUAL & —— - e e o e
teaeecs leAnE.SPACE‘ . tivol09201% 15
L . » *
s . EQuaL » * LOw (1v0o11850) 23
. pot cL .~ e e
UNEQL SLACODE,Cra*e . .
R . . . . EQUAL
[ ] L] * -
eess cess s 15,0F000 »
e ELSE o 5 . .
1600084} 02 e 13 c o ‘.t
R BEL” invEEd uneaL o"'3°,
t CiFpR s o 13,
I ACERRDR 16 ukitl
toooans 1 V;
e / 11vo11920) 24 .
I' ’ Sinsneabiiloize // [T S—
LPRT mESSULL g ] . ey | S5 4.0 U
’
e cmc———— ADD30 25
| tivonossorf 17 T ———
TINCOS 04 ’ ’ / ’ )
B = / / JLPRT ESSO0B,1 / .
1 LA l4ctINCIC 1 TLPRT ~Essonl’l ’ /
L troogsz) 0s Y
R e 03,33--=>
toBAL 1.ee12 | INERRCR 18 1000148) & 26
Povoenrenccnmrccccnasl P EsCeas - - - [ 3
o / ot * o cous
L]
TINCO? 6 JLPRT  SPACES,? / . £ soym
#omcoaecana . /) } s 150eFrer o
| lS--leferT) ] LA, . .
Somme bdubainhbeded b td cess
I ukeaL .30,
11NC10 o1 ces “eers
| R R wiité
' 1A . ' o 1409,
vnln;c.-o-o' . .
LIRS meemeceenest evs MAIN 11v011880) 21
]

. .
. :

oes REG. vALUE
BR 1S

! ’
IIU’RI NESSO#:I,I
[4

—mrcccrrcmmmanan

aee
. .
M T %
* eee WRITE




€o/7¢ars10

AUTOFLOW CHART SET =~ SaMPLE

CHART TITLE - *VEWIFY INVENTC2Y SYSTFEM UPCATESS

/
L enY
/

/
N!SSO&.III_

10001011 [
L] .
[ L]
. * EQUAL
. [ peimtar-SiPy
. 'IACOD% C'J"
. .
UNECL
(000103) [

! (UYVUL;VELCEC

——

tomcemeaeel02,02
. 1INCs

! NASNTOT.IF'I'

1000105) » o7
[ ]

*

.
. OVFLU

.
* BO *+10
. .

see
HE TN
* eas WRITE -
® 3

>e
llNCZO [}

/ /
/LPRT "MESS14,l /
4 /

oos
.

. 2,060
fincso

$P
l OUTVOL'VOLOEC 1
[ Te—

e —— 4

L et T WY

112

———
*  HALY L4

ABEND 4000,Dunp

ASSEPBLY PROGRAM

B-65

Pace 02

1 oEC 7

Ol.li-'>.

nucessmc FOR DELETE
PRODUCT CODE

((voxlo:gll l’

£QL ®
..... --. ununi fncei .
L]
L]
€QuAL
11v011040) 14
] ClEPR 1
DELOS , 13
’ ’I
JLPRT RESS02,) #
7 ’
¢’ ’
[
— |
__DEL10 1¢
! 15.=vibeccvn
|voxxooo)l 134
7 (CECCVT)
[ 133,18y
8 . i 0Ly
llvoxxloonl 18
] ®
. L ]
, EQuay » e
o 15,0fe00 o
. »
[ ] L ]
[
UNEQL
iwotuzo] 1}
1 ClEPR 1
0EL20 l 20
[ -SLI. .
7 ’

’ ’

JLPRT NMESSDS,1 /
I’ II
————— e

.

(000!3!: . 21
* L ]
EQUAL © .
Lt *
. l!.-i'v .
L] L ]
» [ 2
L4
UNEQL

DEL 30 22
2 ...
’ : ’
’ ’
ZLPRT  MESSO4,1 /
/ /!

—omi
ouTocood |

{_sev

oo
HE WS
° eee URITE



3B-66

osscesrc MACRO USAGE_SUFMARY AUTOFLON CHART SET - SAMPLE ' ASSEMBLY PROGRAM
care 1D *acRn INVOCATIONS (SOURCE SEQUENCE ND.)
ILIBNARY)  aBEND 1000108} 1000282) 1000287) taagze2)
. ILIREARY)  caty ivai1o%0 1vo11840 1¥012040
(L1ARARY)  CRECK 1vo10735
fLinmarn - creer 1veiee 13 19301830 23] iMitie] fvottoso
(LIBRAKY)  CLGSE 16002951 1€00296) 10002979
(L1BRARY)  DCB . 1voi12500 1vo12520 1v012540
ti18eARY)  GEr 1v01C760
tvotcsao 1FERR V011880 1v011720
(LIARARY)  {paY (€00089) 1000110) 1000113) 1¥010180 i1vo10180 V01068
1t S 1311/ 11 TR 11 R 111
1v012080 1v012130
(LIBRARY)  DPEN 1vo12680
CLIBRARY) pUT IvVolcesc’
1v010490 RES 1vo10770 1vo10800 tvoloe10 1v010820
(LIBRARY)  RETURN 10002991
tL1eRaRY)  save 1v012¢00
1v010540 13 V08 c690 1vo11190 1vol1700 1vori790 1v011990
(LIBRARYE  wRITE 1v010730
ILIBRARY)  wT0 0002611 100028¢1 0002913
09/cas70 LLLERAL gunmgex AUTOFLOW CHART SET - SAMPLE  ASSEMBLY PROGRAN PAGE )
LITERAL REFERENCES (SOURCE SEQUENCE NC.)
=A(ERROR) 1000288)
=ATINPUT) (000263) .
=A01PCODEC141.1PCCOEY) . V011370
UV ) ' V012680 -
=A10UTPUT) (000278)
=4(SAVEAREL) V010440 1vO12630
afige - 1000165)  Ivo11100  [vol18s0
afrar §000C98)  (000131)  (000148)  (000169)
apegr (000096)  Ivol0850
=pr1e 1000104)
=VIDECCYT) 10000951 1vor1080 IvollB30 Ivorzose
coscasro YCDIFIED TAG Suwwary AUTOFLOM CHART SET ~ SAMPLE  ASSENBLY PROGAAN race
Tac CPERAND REFERENCES (SOURCE SEQUENCE NO.)
INAREA  INAREA®80 tvo12220
IPCCOE  1PCOCEe 1v011370
1PCaCES3 V011370
1PCODE 4 ) V011440 IVO11460
1PCODE +5 V011480  Ivo11800
1PCO0E s V011520 Ivol1540
1PCODE o7 1000205)  ¢o0020m) .
fUTaRFa QUTAREA+100 ) Ivol2310
PUBUF PRAUF+] 1v01€210  1voio220
PRRUF41(EFUDGECRECORD ) 1v01€270
PRAUF¢1(LLENGTH) 1v010240

PRAUF ¢ 2L FUDGEL PRBUF=2) 1vo10220




- B-67

08710770

AUTOFLOW CHART SET -~ SAMPLE

ASSEMBLY WITM CHARY CODES

INPUT LISTING

wisTy

CHART/ASSERBLY -

ssse

CONTENTS

CARD NO

©0o 00000000000 00000000000
@ NOM DC OANNMEN O D0 Ot NIME N OM DT O ttuMm ¢ N O~ DG
00000000 NN AR A N OINRI  A # 0

0000000000000 0RO000000C0000000OO000000

> z > x >
o« W av Law z we. atuow
o
prl
v
b - -t
-y - <
g (L) x X
-4 - L L]
- [~ 3] (%] (=3
[ = w w
[-Y peTTs [=) =]
-
- W L {a] o o
- U -4 - -
-« 2 ¥ o
T « - N o w o
- o - W > 2 a
(% B e 1 IO - w
w w Oz Vo b [~ §
o w D = - ) >
- - >O - L1 3 ]
Orw o« -a (L) [ 2
-z > ity —t) o« Oed O
(S zZ Ou Ca w ad o
[ R - > >
wiw D - 4O -t z - H
acC <4 QqZ ] o wwn
T - +& >a < (¥ V=
2 w
Zz =1
B [~]
- -« o -t
- > w .3
X z oL >
[ - (%) - .
o - u =2
e - - T o -
- " (8 > "
L w -t () - -y
X 2 ~— > ~N - - -
a - [} o ~ O (] o
- [ d O e > Q - [¥) o
1 -—> » = & eom O0Z 4 a « o
- OZ O O O 0 WOt o N [ Q
[ -3 e UL U PamD OOQI > s - r=3
« -y W e ® e CNe »eoxX<CW — O ~ L=3
W O ANEEaDddX X X e eI xeD) o e o
> PP U D> et SN oMU » P LV an=Cng - [~}
z wWrwd ¢+ ZomOmO®ON L= bt 6Z> we =3P o
o FONOINmMU MY My o0 st WS ) o= ot OO0
[§] ottis # of o e Towlw INww Tew ¢ oD ¢ e N DI XN  die
- ".D\..Zl-.ﬂbOCDCOC]N0C0635012010.t.l LUoam
F-4
w o o« > orw w
- W 2 wC 20 o
- e (% — s T e O SZO o [ a0
- VAV DT A JWIIAZ WD >axX >oaNdwavuae ®
- UNDVILT JIVRVNUNJE X 0.X JOVNa JAE NAD I nOD0nY
P4
x
w o
- < p=TE ]
> (=3 L L —a
o o Qo 0 OO0 « - «aa>»
[ x X ¥ xx O -
> w X I I II x ZZD
Vs (¥ [TRRTINE TR 3 W s

l.z.’b!37’9053‘567390123‘5D§7 DP O esNMI O DO

N M




10710 ) AUTOFLOW CHART SET - SAMPLE

\RT TIVL?:%TLE *CCNVERT ALPHA FORMAY NUMBRER Y0 DECIMAL?

/ DECCVY /
*
ROUTINE ENTRANCE
POINT
&
CHKOO | o1
'Y -
VALIDITY CHECK
ALL DIGITS AND
LEADING ZERD FILL
FI1ELOD
[ 2 *
l 02
-
L ] «
*ALL DIGITS * YES
* VALID DECIMAL #---= >
* . CHKO3 1 NOTE 0%
* L ] * % * 2 * % & 88
s @ * DAYA HAS NOW REEN
* * VALIDITY CHECKED e
NO * & * % S8 & ¢ kSR
06
e cmcrcc v e e —we-- ]
CONVERT VALUE YO
_ _CHKO2 03 1 DEC I MAL l
-1 SET RC = 8 ! |
l . o1
04 J____SET RC = 0 1
*« EXIT @ I
RETURN * 08
(14512)4RC=(15) LI I
YES ¢ »
¢=e—ccs IS VALUE ZERO *
* ®
L ] [ ]
. *
*
NO
09
. o
] SET RC = 4 1
TR l 10
* EXIT

- ——

RSTURN
114,12)RC=(15)

ASSEMBLY WITH CHART CNNES

-PAGE 0



09/17/ 70 INPUT LISTING AUTOFLAW CHART SET = SAMPLE ASSEMBLY PROGRAM
ASSEMALY MODULE (LIST1,NANSQ)
CARD NO o ne CONTENTS sose
s .
. )
. °
. : °
a0 . " 44
a1 WPITE  MVC  OUTNAME,]PNAME 45
.2 wVC  OUTCADE; [PCODE e
«3 * PANGE TEST PRODUCT CODE % 7
LX) ® CHAR 1 - 4 - N &
45 * CHER 2 ~ &  NUMERIC 2
LYY & CHAR L - &
47 * CHAR & « 7 NUMER]C
.8 . s ALPHA
49 . 2
) . oAg
) : <
L] e [
2 CLT  IPCODE,X'C1
4 8C  &.WRITEOL RRODUCT TYPE SUBFIELD bl
5 . A-11 <
I CL1 IPCADE, X!C9!
b AP 2.wR11E01 4
8 E 3151 ALIBEODE 1,14 1PCODES) 3
9 wRITELIO (L1 oh‘ XiFO )
60 8L wrITéol 64
} LT i3 xiFer PRODUCT NUMBER SUBFIELD ov s
3 g1 weithoy NUMERTC? < 6
5 AXLE 3,4,WRITE]O 67
b4 cLl 15CADEe4,Cio0
s BL  .WRITE4G 0690
s CLL  1PCONEra.Co8? DIVISION & SUBFIELD ov
3 . B weitell 0-817 < 4
) [AN] IPCDESS, X'FO?
9 AL WRITEOL Y3 ;
¢ CUI  IPCNDE+5,X'FQe A
5 ANM 48 S
B weivEY3 H
3 CLT  [°CNNE+h, XIFO® 7
o 3 WRITEOL a
s CLL  IPCADEs6,X'FQT 9
£ WRITF3Y 8W  WRTEQ] PLANT & SUBFIELD NUMERIC? DY o
7 Tv 1PCONE+ T, X9CO® - 1
8 BND  WaITEQ] RESEARCH DIVISION ov 2
9 €Lt IPCODE+T,X*FO¢ H
9 . BL  WRITEGL SUBFIELD ALPMABETIC? 4 a8
2 . .
3 * *CE
Re . 088
5 WRITE20 TFFRR INCRROR 0R90
Fe WRITE DECR,SF,OUTPUT,OUTAREA,100 839
1 CHECK DECS 91
® 8 MATN
9 WRITEOL TFERR WRITEOQ2 093
90 LORT  INAREAPR,1,120 094
& wireor fhhr SRR
*
9% ] MATN 9%
9% WRITE4S EOU  WRITE2S
95 WRITEL] FOU _ WRITEOL
9% EJECT
QY *
SAE
. .
) .



09/17/70

CHART TITLE «~ *VERIFY [NVENTORY SYSTEM UPDATES®

3B-70

AUTOFLOW CHART SET = SAMPLE ASSEMBLY PROGRAM

/  MRITE /

“vC
OUTNANME, IPNANE

MyC
OUTCODE, IPCODE

[ ]
* »
* PRODUCT ¢ NO
® TYPE SUBFIELD $o—vmmmrma
e A1 e
L *
* .
L
lvss
WRITELO 17
L d L]
ePRNDUCTS
® NUMAER s ND
®  SUBFIELD  ®-ecwms
* NUMERIC?
L L ]
[ ] L ]
*
Yes
(000066 18,
L *
TYISIpN § o
L
o SORFTRIBMO"." oY
1 572 »
L L]
. . L ]
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00000035
000N003%
00900038
0900003%
0000003%
N0000NAS
00000043
00000043

AITNFLO4 CHART SFY -

PPNCEDURE MERGE

|1
ONF
SRY
CNY
NUY
AFC
osy
Ty
s1t
nNE
SR1
CNTY
UM
AFC
nst
=T
118
L VL]
sy

PROCEDURE PUTHALN

END PROCENURF
PRACEDURE PUT INS

END PROCEDURS

oF
L
aF
of
or
0F
OF
L1
nE
OF
nf
ne
of
F
ne
Nk
ne
of
ne

LI L]
MAIN
MAIN
"ATN
vAlN
UAIN
RA TN
LI L)
ms
NS
INS
INS
NS
s
NS
Ins
CHG
CHG
(4019

END PRDCEOURE

SAuBLE

PLIL PPAGRAN

PAGE



o5/ /10

AUTNFL AW CHART SET = SAMPLE  BL/[ PYNCoaM : PAGE

CHARY TIVLF - DECLARATINN STATFUFNTS

00000004
00000006
00000008
00000010
00000012
0€00001%
20000018
0000002)
00000028
00000033
00000013
n00000Ye
00000043
00000049
00000049
000000%4
00000057
00000174

NECLARE
pFCLART
DECLARE
PECLARE
DFfLARE
DECLARE
DECLANE
ECLARE

recLans

DECLARE

DECLARE
DECLARE
OECLARE

MATNETLE FILE INPUT RUFEEDEN ENVIPONMENT (MEDTUM (SYSO03,231L1) & (7a9)

INSFILF FILE TNOUT BUFFFRED SCQUFNT JAL SNVIBINMENT (MECTU™ (SYS003,2311) F (11204

CHAFILE Fll"lN°uV RUFFEOFEN SEQUINT IAL FENVONNWINT {MEDIUw (SYSNN3,2311t £ (1120)

MARFILE FILE NUTPUT RUFFEIEN SFQUENTILL ENVIRONYENT {WEDTUM 1$YS021,2400) € 115808800

PQINTER FILL MITOUT DAINT STUEAM [hvIRANMENT (MENTYM (SYSLST,140%) € t13CH)

(LDFAUG,SKIP) RIT {(A),9FONUY FIXEN PFCIWAL (2,00} CXTERNAL

TFPAINT ALY (R}, EQEGONT JONNIM MAPNYM, AL Witw  FNQUNHW, REAUNT Y, ANIME FIXEN NEC IMAL 2.00

1 MAIN,2 S)7 FINED DECI®AL (3,00,2 ONF FIXFD OSCIVAL (1,00,2 SPY FIKED RIvARY (9,00,
2 CNT FAXEH NECIVAL (2,00,2 NUN FIRED NECTIVAL 12,0042 AFC CHAR (20,2 NST,3 DSTL Cwae (),
¥ DSTA (HAR (91,2 TRY (Ha® {)n)

1 INS¢2 SIT FIXFC DFCIMAL (2,001,272 ONF FIKFO PECIVAL (140042 SYT E{XEN BINARY in,
O) INETIAL (*CONNY000°83,2 CNT FIXEN OFTCIVAL {2,0F,2 NJ¥ FIXEN NECTwAL 12:0047 AFC CHAR (2},
2 DRY CHAP {IN),2 TXT CMAP (10}

1 (HG,2 ST7 FIXEC DFCIMAL (2,002 NUN FINED NECTIMAL (2,0),2 TYO FIXFD RINARY (L1
OF INITIAL CCIRR1LDLL"ADL2 FILL CHAD (51,2 OST,Y DLA CHAR (21,3 DUMMY dhll.ll)

MP GRYF CHAR (50)

(LARMATNGLABINS,LARCHGY LAREL

LAGPMATN LASEL INITTAL (PuAlNX])

o0 .

B-8
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0s/721/70

AUTOFLOW CHART SET - SANPLE PL/I PROGRAN PAGE

CHART TITLE - GFT/PUT, FORMAT STATEMENTS

00000009 LIST
00000010 TOTAL
00000178
00000180
00000225
00000227
00000249
00000251

FORMAT (COLUMN {T8)sA¢X (B)oP SZ21%,X (5)4P SYYY', X
FORMAT (SKIP (2),COLUMN (233 ,A,COLUMN (41},P COLUMN (61}

«GFT/PUY

«GET/PUYVT
«GET/PUT
«GEY/PUY
«GET/PUT
«GET/PUT

0ol
002
003
004
005
006

PUT
PUY
ouT
PUT
PUT
PUT

FILE (PRINTFR) EDIT (*MAIN, TXT29 ,MAIN,TXT) (COLUMN (101,4 (9),X (S),A (10))
FILE (PRINTER} SKIP (2) T

FILE (PRINTER) EDIT (VINS,TXT =*,INS. TXT) (CPLUMN (100 ,a (914X (S),A (10))
FILE (PRINTER) SKIP (2}

FILE (PRINTER) EDIT (*INS.TXT =',INS.TXT) CCOLUNMN (10048 (91,X (5),A (10))
FILE (PRINTER SKIP (?)



Qs/21/770
CHANT/PLL HODULE

CARD NO

EVR B A

10
1
12
13
14
18
16
1
18
19
20

]
22
23

25
26
27
28
- 29
30
31
3?2
3
3
35
36
”

INPUT LISTING

1Lise2)

eose CONTENTS

AUTOFLOW CHART SET -

SAMPLE

THE_MATCHING _OF POYS_AND_GIRLS_FOR_A_MIGK_SCHINL_DANCED PROCEDUREY

START: X
760 READ FUIRST 80V anD EIRST GINt

787  GIRL-COUNTER 1S A COUNTER USED TO CONTROL THE LOOPING

THRU THE GIRLS INPUT FILE
PREMARYE , .
/9DY (SECONDARY) PRIMARY MATCH EQUALT
£91  LPUNCH PUNCH DATE~NARE CARD
READ_A_8NY:
791 READ ANOTHER 8aY
79GY  (PRIMARY) EOF?
481 CLOSE ALL FILES
/%M END OF JoB.
SECONDARY:
/8P ADD 1 TO GIRL-COUNTER
/DN (PREPARE) ENTIRE GIRLS FILE SEARCHED?
NEAD_GIRLL:
/%1 READ ANOTHER GIRL
7eDN  {EOF_GISLS) ECF?
7¢R  {PRIMARY) GO TO PRIMARY MATCHING PRNCEOURE
PREPARF:
767 PREPARE FOR SECONDARY WATCHING PROCEDURE
7%%  CLEAR GIRL-COUNTER
READ_GINL2t
/%1 READ ANDTHER GIRL
790N (EOF_GIRLS) EOF?
J6DN  (PUNCH)  SECONDARY MATCH EQUALY
/%% ADD 1 TO GIRL-COUNTER
7#0Y  (READ_GIRL2) ENTIRE GIRLS FILE SEARCHEO?
781 PRINT NO-MATCH MESSAGE *SORRY FELLA®
/%8 (READ_A_BOY)
EOF_GIRLS:
/%1 CLOSF GIRLS TAPE FILE
/%1 OPEN GIRLS TAPE FILE
70D (PRIM,SEC-READ_GIRL2) WHICH RATCHING PROCEDURE?
/%8 (REAN_GIRLY) PRIMARY

END TNE_"AVCHING_UF_ROVS;AND_blFLS_FOR_A_NVGN_SCNOOL_OANCEl

- <B-83

SAMPLE CHART PL/T FACILITIFS

o’
./

./
o

Y]
o
Y]
.

o/
./

'Y} .
o
7

./
o

./
.7
Y]

-y

»/
./
./

.
./
.
Y



Qs/21/%0 TABLE OF COMIENEL .AND QFEFRINCES AUTOFLNW CHARY SPYT - SANPLE PAGE
3 8&!0 10 PAGE /80K Name REFEAENCIS (SOURCE SEQUFNCF NN, AND PAGE/ANXY
-

CHANT/ZPLL PODULE SAMPLE CHANT PL/ZT FACILITIES

CHARY TITLE « PADCEQURE THE_MATCHING_OF_ANYS_AND_GINLS_FOR_A_NIGH_SCHNOL_DANCE

00000002 1.01  STARY

00000006 1,02 PRIMARY 0000v011 1.05 00000920 1.11
SU05L00A 1.03 PUNCH 00000027 1.1%
003000009 1.0 READ_A_BOY 00000031 .18
00000014 1.08 SFCONDARY 00000006 1.02
00000017 1.10 REAN_GIPLE 00000036 1.21
00000024 1.13 READ_GIL2 00000029 . 1.17 00000038 1.21

00000032 1.19 ENF_GIRLS 00000019 1.11 00000026 lels



0872717170

AUTHFLOW CHART SET = SAMPLE *AMPLF CHAQY PLZ] FArD) TTIFY L4

CHATY TITLE « PINCENUTF THE_MATCHING_OF _ANYS_AND_GIRLS 5P _A_HIGH_SCHOOL_NANCE

/ -4
JOFAR FIRST 8Ny /
,IAND rrase GIRL,I

emcececcccrcanctaa)e

PREPAPE FNR S ECHNNARY
MATCHING PROICEDINE

Gl -CNUNTFR

®emmceaigemcacncaacat

GIW ~COUNTEN 1S &
COUNTFR USEN TO 01,170c>{Crmccancnceca
CONTRNL THE LQJPING REAN_G19L?
mng THE GIRLS INPQUY oy Lls P4
FILE ,I

>|< 7 READ ANNTHER /7

4 GIRYL 14

PRIMARY o 02 4

L3 L4
o PRIMARY MATCH o
UALT? ®

s FO
L d
- .
.
AvEs
ol.l‘i--—>‘
PUNCH i 03
’
7 I
JPUNCH DATE-NAME/
7 Carp /
’/ ’
01, l!\--->
lElD BOV - 06
4
’ ’
7 READ ANDTMER /
’ 8QY 4
14
00000011 = 0%
.
. .
© NO ® .
Gt ENF? .
. .
L4 -
. s
-
IVSS
00000012 I 06
’ ’
/ 7
FCLOSE ALL FILES/
4 ’
/
00000013 I 24
*  HALT .

S‘CUNDU" l 0: 000000?: L4 . 14
I no 1 | . .
Gl‘L-C')UNTEl YES o .
. . ENF? .
. .
L] .
. »
00000014 09 .
- * ND
. .
* ENTIRE ¢ VES
* GIRLS FILE  $mmcee
® SEARCHED? »
. .
s e .
. 00000027 = 15
ND

/ /
/ READ ANOTHER /
4 GIeL ’

00000019 11
. .
. .

. o YES
* €OF? e
. . 00000029 ¢ 17
* L] L]
L] * . L
. *  ENTIQE . NO
ND * GIRLS FILE Ladbelnd,
® SEARCHED? o
. -
L] »
* .
YES
P ST §
[ IR L] npﬂuv MATCHING
0C E0URE
00000030 %]

/
INT NO-MATCW 7
/HESEIGE 'S"llll'll
’

eee
. .
T 1.04;

eee READ_A_BOY

'-'---—._-Egé 5*:;; 19

I 4
/ LOSE GIRLS I
,I APF FILE

000000 3 20

’ ST PR 94
/
/OPEN_GIRLS TAPF/
’/ FILE 4

000000!2 . 21

-
L
. uul?u . SEC
. MATCHING Aottt
SPANCEDURE? ©
. L
. L
L]
orin

HEW A
ses READ_GIRLL
PRIuARY

AGF  O1

“B-85

END PR(W FOYRE
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COMPRESS
GENERAL

COMCHART accepts source programs written in assembly language and
COBOL. The package can also take a designer's specifications and produce
flowcharts, using a special Design Language that involves a coding
technique similar to that of most assembly languages. A listing of the
source deck plus a cross-reference listing of all element and procedure
names are also generated, but can be suppressed at the user's option.

The package runs on a IBM 360 (0S) with a minimum of 65K bytes
of main core storage and 4 sequential files on any devices, IBM 360
(DOS) with a minimum of 65K bytes of core storage and 4 sequential work
files (a 2311, a 2314, or 4 tapes), RCA Spectra 70 (TDOS) with a min-
imum of 65K bytes of main storage and 4 tapes or 1 disc.

The package consists of 3 flowcharter subsystems. The source language

is a combination of assembly language and Cobol.
PACKAGE OUTPUT

Flowcharts - Detailer flowchart where each line of source
code is represented by a symbol. Each flowchart
bears a page number, a user-furnished identification

of the program, and the name of the user's organizatior

Element Index - (COBOL only) an alphabetical cross-reference
index of e]emenf names is given. Each index contains.
each name in the program, its type (e.g. data level,
paragraph name, file name), and the name of the

procedure which references it.



- Bg7

- Procedure Skeleton - This lists each procedure name in the procedure

division, together with all procedures referenced
by and refering to that procedure.

Source Deck Listing,- An 80/80 1ist of the soruce deck is printed.

Diagnostics - This report follows the deck 1isting for a-
Design Language program, and given a narrative
description of errors in the Design Language

definition.
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SAMPY|E

1 SAMPLE STARY
2 RO ) EQU
3 R)Y EQU
4 R2 EQU
5 R3 EQU
6 R4 EQU
7 RS EQU
8 R6 gQu
9 R7 EQuU
10 R8 gQuU
11 R9 EQu
12 R10 EQU
13 R11 EQU
14 R12 EQU
15 R13 EQU
16 R14 EQU
17 R15 EQU
18 *

19 *

20 %

21 »
22 ¢
23 *
24

25 FIRSY STM
26 BALR
27 USING
28 LA
29 LA
30 CNOP
31 MVC
32 ST
33 BAL
34 41
35 FGD EQu
36 EJECT
37 =

38 =

39 *

40 DPEN
41 FA GET
42 L

43 LA
44 (4

45 ANL
46 ST
47 MVC
48 . 8

49 =

50 »

51 »

TO DEMONSTRATE COMCHART FOR ASSEMBLY

REGISTER USAGE
R.0s122513,14515--A5 DEFINED BY IBM,
R,10,11--0PEN ADDRESSING,
R.12--SELECTIVE ADDRESSING,
Re374,5)657+829~--SPAN-DF-ATTENTION,

R14,R12,12(R13)

R10,0 SET UP OPEN REGS,
*,R10,R]11

R3,4095

R11,1¢(R10,R3)

226

8(4,R13),mA(%+14)

R13,%+12

R13,FGO SET UP SAVE AREA,
18F

*

READ IN THE SELECTOR TABLE,

FILEB

FILEB,RECB - :
R3,TABTOP PICK UP ADR, poF PREVIOUS ENTRY
R3,7(R3) ADD FOR IHIS ADR,

R3, TABEND TABLE EXHAUSTED ?

FB8

R3,TABTOP IF NOT, STORE CURRENT ENTRY ADR.
0(T7,R3),RECB MOVE IN THE ENTRY,

FA

TOO MANY SELECTORS,

CHART/ A

00010
00015
00020
00025
00030
00035
00040
00045
00050
00055
00060
00065
00070
00075
00080
00085
00090
00105
oollo
00115
oolao
00125
0ol30
00135
00140
00143
00145
00150
00155
00160
00165
- 00368
00170
00175
00180
oo185
00205
00210
00215
00230
00235
00245
00250
00255
00260
oo270

oo280n
00285
00290
00295



sAnpd g TO DEMONSTRATE CONCMART FOR AssenaLy ’ tHART ’ .
ot

PASE aa CONPANY naAng

Sessses
oeose
(1)

.

!

1
001 (1)
Ll Ll DL T Ty
/ SAMPLE

1
! .
Seea0d2e=={1})
L] . L
[ ] ]
L] L
¢ Sraav [ L4
[ ] [ ]
L] .
. .
Sovaccacuay
,"
t
003 (19)
RECISTER USAGE
1 .

1
0046 (20)
Re2,122s130 145154
~&S DEFINED BY
i L1
]

1
003 (21y
R.10,11-«0PEN
ADDRESSING,
1

1
’ 006  (22)
R.12--SELECTIVE
ADDRESSING,
1

1
007 © 23y
R:35405,8,7,8,%9«
SPAN-OF -
ATTENTION,
4

1
oos (25)
erccarencae
/ Flast ¢

LT T T

1
‘-------009---(25,.
18Ty R14,R12,1
t l2(m1 H

L T Py

!

]
¢e=-010---(26)
. [ ]

L]
. BALR »
* R10,0 ...S€T UP o
© OPEN REGS, o
L [ ]
. .
LI TR Ty

1

!
secccanallle=a(28)e
1Y) R3,4095% |
lemmecencmcaacanan]
1 LA Ril, §
1 1(nlo,03) !
| St S
T we 8ter |
I Als),ea(ee14)
l.--q------------_l
15T R13,ee]121
temctecccncaccaonay

1

!
¢eo0l2~ea(33)
. .

L ] .
L] saL .
® RII,FGCO ., .SET @
. VP SAVE .
. AREA, .
PG A8 BOx 015
Sevecenvany

t
013 (%)
AN I
1

’ t
Y13 0 1 (111 ]
#G A NOX O]6



7B-

+*

]
t
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
t
1
1
1
1
1
4
1
1
1
1
)
1
1
!
1
1
1
1
1
1
1
!
1
I
1
1
1
1
1
1
1
1
.

SAnP L

PaSE Ad
90 0600 COME FADON O9e0
PG AA :Ol 013

]
014 (30)
READ IN _THR
SELECTOR Tapik,

1
este COME PRON Sess
#¢ 4a 38R i3

|

!
teva015ee={40)
[ [

[ ] [
[ ] L ]
s OPEN Fligh o
L ] L]
t ] [ ]
L] [ ]
dpvivavesad
!

]

016 (a1)
[ FA /
1

1
mecceatt®s COME FAQOM Sese
PG AB BOX 021
1

1
¢oea01Te-=(81)
[ L]

t ] [ ]
[ ] L ]
e GEY PILES, »
. 1) .
. .

domennascnd

1
temmcacsOlln-~(42)¢
1 R3, 1
ITABTOP ...PICK UP]
1 ADR, OF
1 PREVINUS ENTRY, }
|emcmporccencansnn
[{%) R3,T(xIL
I eocADD FOR THIS |
1 aDR, 1
jecccacnmnancancua]
| B R3, 1
1 VABEND ,..TABLE |
1 EXMAUSTED ? 1
RSP R RS L2t ]

1
1
019, (&%)
L] .

«* .,
l. ..
3 8NL 2]
.. .» BQGRY
., .
., ..
.
! LESS .

temcrana020--=(48)0
1 sv w3, 1
1TABTOP ...IF NOT,!
1 STORE CURRENT
1 ENTRY ADR, 1
o= -eameoconnconan]
w2 0(7sR3),1
I RECH ,..MOVE IN |
1 TuE ENTRY, 1
[recesamemocecna]
[ } Fa 1

P L LT L DIy

1
cesccastls (D TOD  Sewe
PG AR BOX 017

bomsomcnnaan

70 DEMONSTRATE COMCMART FOR
—
o2 (5o
100 MANY
SELECTORS,
1
1
023 )
’ [ ] ’
evececcvane
1

+*

P Y L L L

& et Bt | A Ot B e Ot et b G Gl Py Gt Gt O ¥ Ot Ome

P e L LR T

L L2

1
co=cengss® CONE FROM osess
PG AS 30X 019
1

1
deaa2e~==(52)
. .

L] (L") ¢ L]
. nsG [ ]
® LoWRITE MESSAGC
s £ TO OPERAT o

. . .

L J

temancunaad

1
]
023 (33)

/ FC /

1
tammaeec02b=e={5])e
1 GEY PILED, |
1 RECH ...8YPASS |
1 REMAINING |
1 SELECTORS.

temennrcascanannay

1
ceacacetss COME FROM ®one
PG AB ROX 029
1

1
toee02T==~(33)
. .
. .

. .
L] Gg? [}
. »
. .

. (]
¢onccsnvacd
1
1
decevecaldfec=(54)e
1 8 FC 1
Ty
1
]

cenacatts® GO YO ®ese

PG AB BOX 027

ASSEMOLY

——

CHART /A
e A

030  (98)
CONTRDL 1S
TRANSFERARD WERE
FOR £OF ON
FILES.

t

I
03 (38

/ (3] /
1
]
3 T Iy YT
* L ]
[ ] L ]

. .
* cLost FILES o
. .

L] L]
L] ]
tvaccnacnnd
1

033 (s0)
€OPY SELECTIVELY,
1
]

03¢ (82)
¢ SECOND /
t
t
sauea0IB-en(62)
L [ ]
L} [ ]
L ] [ ]
» OPEN FILEA, o
. FILEC .
[ ] L ]
L L]
LT L Y Y
1
1
036 (&3)
¢ EACH

bovcecacnnc=agess CONE PROM eses

1
1
1
1

see® COME PROM S98smccccanca

PG A BOX 040
1

!
041y (TO)
4 .,

., 0
1 UNEQ
1
soe=0420-~17})
. .

. Y L
s PILEC,RECC .
e .eolf SO, WRITE o
. ovuTIyT, L]
. .
. .

bmecccvancnd

!
tonove-nfiIee=(T2)0
1 8 BACH |

¢encmomcasnonetrcey

]
000 60 Y0
PG AD 8OX OB

&
EACH oocccane
S, % EQUAL

1
]
1
1
1
1
]
!
1
1
1
1
1
1
1
1
1
1
1
1
1
!
1
1
1
.

t
1
1
1
1
!
1
1
]
1
I
1
1
1
1
1
1
1
1
1
1
1
.

PG AB 80X 04}
PG AB BDX 064
1

1
eee=01T=c=(83)
. .

. .
. .
* GET FILEA, ¢
. RECA .
. .
[ ] L ]
tmpcacnuend
1
1
L Sdublaiaded “038-==(6a)e
1 mvC CYEaAR, 1
] AYEAR ., FORNATY
1 THE QuUTPUT l
i RFECNRD NOW ]
R ettt |
1 1
JCMNNTH( 6 )2 AMONTH

. 1
1 1 ...70 SIMPLIFY |
1 IDAYL-COMPARESIN, 1
I Jo-vomone- emeene o)
1 [ mve CNAME, 1
1 1 ANAMF 1
1 lrccreerecncacnaaay
1 | N R1%, 1
! 1 =atQUAL) ... usF I
1 1 QUALTFIER i
] ] SUBROUTINL . 1
1 bocerrurarmemenanat
t !

] 1

1 eeai9-acrpt)
1 . .

1 . L]

1 . .
1 s RALR Atee @
I . [} L
1 . .

1 . .

H [T LT TPy

1 1

t t

1 Crcccnca04-~=(89)e
! 1 ¢<p Qsw, 1
i 1 aP'0? .. oSEE IF |
1 1 RECORD wAS 1
1 ! SELECTED, 1
1 trcernccacncenacaal
] 1

1 H
GormcnaccactsnS ¢0 0 sses

CONPANY NaNE
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SAMPLE TO DEMONSTRATE COMCHART FOR cOBOL ’ CHART /¢

1 000000 IDENTIFICATION DIVISION, ‘ SAMPLE

2 000100 PROGRAM=-ID, 'SAMPLE', SAMPLE

3 000250 ENVIRONMENT DIVISION, © SAMPLE

4 000300 INPUT-QUTPUT SECTINN, SAMPLE

5 000350 FILE-CONTROL. SAMPLE

6 000450 SELECY FILE-A ASSIGN 'FILEA' UTILITY, SAMPLE

7 000500 .SELECT FILE-B ASSIGN 'FILEB' UTILITY, SAMPLE

g8 000550 SELECT FILE-C ASSIGN 'FILEC' UTILITY, ‘ SAMPLE

9 000700 DATYA DIVISION. ’ SAMPLE
10 000750 FILE SECTION, SAMPLE
11 010950 FD FILE-A BLDCK 5 RECORDS RECURDING F LABEL RECORDS OMITTED SAMPLE
12 010100 DATA RECORD REC-A. SAMPLE
13 010200 0l REC-A, SAMPLE
14 010250 02 CDDE-TEST PICTURE X, SAMPLE
15 010300 02 MAME-FIELD PICTURE A(20), SAMPLE
16 010350 02 DATE~FIELD. SAMPLE
17 010400 . 03 MONTH-FIELD PICTURE 99, SAMPLE
18 010450 03 DAY=-FIELD PICTURE 99. SAMPLE
19 010500 03 YEAR-FJELD - PICTURE 99, SAMPLE
20 020050 FD FILE-B BLOCK 1 RECORDS RECORDING F LABEL RECORDS OMITTED SAMPLE
21 020100 NATA RECORD REC-B. SAMPLE
22 020200 n) REC-B PICTURE X(7). SAMPLE
23 030050 FD FILF-C BLDCK 5 RECURDS RECDRDING F LABEL RECORDS OMITTED SAMPLE
24 030100 DATA RECORD REC~Co SAMPLE
25 030200 01 REC-C. . . SAMPLE
26 030250 02 DATE-TEST, SAMPLE
27 030300 03 YEAR-FIELD PJCTURE 99, . SAMPLE
23 03013150 03 MONTH-FIELD PICTURE 99, SAMPLE
29 030400 03 DAY-FIELD PICTURE 99, SAMPLE
"30 030450 02 NAME-FIELD PICTURE X(20), . SAMPLE
31 050050 WORKING-STORAGE SECTIDN, SAMPLE
32 050100 7Y QUALIFY=-SWITCH PICTURE S9 COMPUTATIONAL-3, SAMPLE
33 050150 77 TABLE~LIMIT PICTURE S$9(5) COMPUTATIONAL VALUE 0, SAMPLE
34 050200 77 TABLE-USED PICTURE $9(5) COMPUTATIONAL, SAMPLE
35 050250 77 TABLE=-X PICTURE 59(5) COMPUTATIONAL, : SAMPLE
36 050350 01 THE-TABLE. , : SAMPLE
37 050400 02 TABLE-ENTRY DCCURS 100, SAMPLE
38 050450 03 TABLE-CODE PICTURE X, SAMPLE
39 050500 03 TABLE-DATE PICTURE 9(6), SAMPLE
40 100000 PROCEDURE DIVISIOUN, SAMPLE
41 100100 RE-MARKS SECTIDN, ) SAMPLE
42 100105 R=M, , SAMPLE
43 100110 NOTE . SAMPLF
44 100115 THIS PROGRAM USES A DECK DF SELECTOR CARDS IN THE PARTIALSAMPLE
45 100120 COPYING OF AN INPUT TO AN QUTPUT REEL DF TAPE, SAMPLE
46 100125 THE PROCESSING PROCEEDS RY CHECKING EACH INPUT RECORD SAMPLE
47 1001230 AGAINST EACH SELECTOR CARD, AND WRITING THE QUALIFYING SAMPLE
48 100135 RECORDS~--REFIRMATTED-~TU THE OUTPUT FILE, SAMPLE
49 101050 THE-FIRST SECTION. SAMPLF
59 101150 INITIaLlZE, SAMPLY
51 101200 NPEN INPUT FILE~-B. SAMPLE
52 101250 MOVE O TO TABLE-USED. ' SAMPLC
53 101350 READ-IN, ) SAMPLE
S4 101400 READ FILE-B AT END GD TO FINISH QF THE~FIRST, SAMPLE

55 101450 STOP-READ, SAMPLS



SAnD L
7B-92 raze aa

[TILII1 1221}
08906090
V806800
(11 1]]
e
[ ]

1

1
001 (&)
(SLL1T LTI T YT P
RE-MARKS SECTION
(LITTT PET P P P Y
1

1
002  (42)
LLLTTITITL ST T T I
=M
(LTI T2 PIT Y
1

1
003  (43)
NOTE
1

1
. 004 (44)
THIS PROGRAM USES
A DECK OF
SELECTOR
CARDS IN THE
PARTIAL COPYING
OF AN INPUT
TO AN ODUTPUT REEL
OF TAPE
!

1
005 (40)
T4E PROCESSING
PAQCEEDS BY
CRECKING EACM
INPUT RECORD
AGAINST EACH
SELECTOR CARD»
AND WRITING THE
QUALIFYING
RECORDS-=
REFORMATTED--TD
T4E DUTPUT FILE
1

1
006 49)
(LTI TP YT PY P 1Y
THE-FIRST SECTION
(LI TERTIIT PP PR P
1

1
ooy (50}
LD LI LTI oY LT T
INJTIALLZE
2500080000000 000
1

1
+omeoems008---(51)e
L d [ ]

® OPEN INPUT .
* FILE-B .
. L]

dorcvmconay

1 .
torreonalfea=(52)0
IMOVE ¢ TO TaptéE- [
H USED !

btevresmccncnnnarnad

1
$490 COME FRON $#88ccmmccoconce | YES o,

PG Aa BOX 017
PG Aa 80X 031
1

!
o010 (33)
LT PYTYT T 22 I
READ-IN
LIS L PP TP P T TS

1
D ] S LY POPS
. .
« READ FILE-8 =
. L ]

L] L J

totccannnuy

1
1
2012, (34)
[ ] L]

. .
o .
.. .
. AT END
., .o FALSE
., ..
., ..
o, .0
} TRUE

LRSI I R LR S TS Y
I 63 10 FINISH OF |
1 THE-FIRSTY 1
$emconmccncmccnrond

!
sess c0 12 L 1)
PG AN BOX 032

TO DEMONSTRATE COMCMARY FOR CodOL
“—h—-

¢eccccagses COME FROM sese
PG AA BDX 012

0318
1
1

!
s6es COME FROM $see
PG AA BOX 028
1

1
ole (3s)
LI I TYT D
STOP-READ
SESR8I80020000008
1

1
017,
(14 .,
" .,
«®  HAS THIS o,

990 08 0t Gm0 But G0 Bee et $mt St Bt Smt Gt ew Bt 4t =t Gt Gy St Ot

Swececccas STATEMENT BEEN o

1

00 But Gp D Bt (ot Gt et s 0t Gt 2= Bt P f e G s et Gt St

tecemmcencmasrn

@ 50 s i et 0 0t =0 ey Bt O 0 Gt s 0 S

ALTERED
1 ., ? o
.. o*
LIS
1 NO

1
R Y TOR P TS
I GO TO USE-RECH |

Srmcctmnccanccmonay

1

t
sene G0 10
PG AA BOX Q20

PG aA 80X 022
1

1
socmmeea028=a=(62)¢
1 OTHERwISE 1
teammomrercemaeanng

1

1
scavccec029emntbdle
1 MOVE REC-B TO 1|
1 VABLE-ENTRY |
1 (TABLE-USED) |
tmarmommcecsaceccay

1
eese COME FROM sose

@ 50 vus mt Gt Bt e . et Bt Bt et Gt i T e Bt e g Bt a2

cCnant/¢
s . cotu LS

becccocann, =088t CONE FROM osee

1
1
]
1
1
1
!
1
1
t
1
1
1
1
1
t
!
!
1
!
]
1
!
1
1
1
1
1
1
1
1
{
1
1
1
t
1
1
1
1
.

ess® COME FRON 008¢cecrcaca.

DT P ey

1
1
1
1
1
1
1
t
1
1
!
1
!
]
!
1
1
!
1
1
1
1
1
!
4

PG AA 30X 019
t

1
020 (37)
Sesvsesessssecens
USE-RECH
senssesscersincese
4

1
$mecrenc02]ee=(S8)e
1 ADD | TO TaAfLE- |

1 USED 1
Sramccacn—tcncncaand
1
1

»022, (39)
N4 .
. .,

o IF TABLE- o,
USED GREATER o
FALSE ®, TABLE-LINIT ,»
., ..
., o®
., .8
; TRUE

bmaceee=(23-e={B80)¢
IDISPLAY *T00 MANYS
14 SELECTION 1
I STATEMENTS,® 1
1 UPON CONSDLE 1
R T

t
[SEREIIRY T ETENTY T
. .
. oISPLAY .

. L g
* [ ]
trromwemnmm¢
1
1
et 025-=~(8]1)¢
I ALTER STOP=READ I
I 7D PROCEED Tn |
1 READ=IN 1
bmccracracncnnnncad
1
1
tece(2b-=-lh1)
® L

. *

L] ]

[} T ALTER .

. .

] .
PG 4a 8DX O1¢
teccnancras

¥G_AA BDX 027
!

1
¢vaveaee0I0eo (8410
1 GO 70 READ-IN 1

Srerecaccnccnetnany

!
GD TD  essa

1
sese GO YO sves
PG AA BDX 030

CORPANY NANME



S AMP | E
TYPE STMT
.02 14

02 16
02 26
03 18
03 29
PARA 96
PARA 73
SECT 95
FD 11
FO 20
FD 23
PARA 65
PARA 83,
PARA 50
PARA 70
03 17
03 28
02 15
02 30
PARA 87
PARA 89
SECY 86
17 32
PARA 42
SECY 41
PARA 53
o1 13
ol 22
ol 25
PARA 55
03 38
03 39
02 37
77 33
77 34
77 35
SECT 49

SECT 69

TO DEMONSTRATE COMCHART FOR COBOL

ELEMENT

NAME

CODE~TEST
DATE~-FIELD
DATE=-TEST
DAY-FIELD
DAY=-FIELD
E-Q
EACH=INPUT
EACH=Q
FILE=-A

FILE~B

FILE~C

FINISH
FINISH
INITIALIZE
INITIALIZE
MONTH-FIELD
MONTH=-FIELD
NAME~FIELD
NAME=-FIELD
Q-A

Q-8
QUALJFIER
QUALJFY=-SWITCH

ReM
RE-MARKS
READ=IN
REC-A

REC-8

REC-C
STOP-READ
TABRLE-CODE
TABLE-DATE
TABLE-ENTRY
TABLE-LIMIT
TABLE~USED

TABLE=-X

THE=-FIRST
THE-SECOND

I NDEKX

“B-93

CHARTY /¢

REFERENCES IN DECK SEQUENCE

96

96

73
89
70
73
83
30
53
65
70
83
53
73

€-Q
E-Q

(SEE DUPLICATE NAME BELOW)

EACH=-INPUY -

Q-8
INITIALIZE
EACH-INPUY
FINISH
INITIAL]ZE
READ-IN
FINISH
INITIALIZE
FINISH
READ-IN
EACH-INPUY

(SEE DUPLICATE NAME BELOW)

(SEE DUPLICATE NAME BELOW)

Q-8
EACH-INPUY
EACH-INPUT
Q-A
Q-8
€-Q

USE-RECB
EACH-INPUY
USE-RECB
EACH-INPUT
USE-RECB
E-Q
E-Q
USE-RECS
USE-RECB
INITIALIZE
USE-RECB
Q-8B
-A
~B
Q

Q
Q
E
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SAMPLE

\

PROCEDURE

PROCEDURES N DECK SEQUENCE

41 RE=-MARKS
42 R-M
49 THE-FIRST

50 INITIALILE

53 READ-IN

53 STOP-READ

57  USE-RECB

65 FINISH
69 THE-SECOND

70 - INITTIALILE
73 EACH-INPUT

83 FINISH
86 QUALIFIER
87 Q-a
89 Q-8

95 EACH-Q

96 E-0Q

TO DEMONSTRATE COMCHART FOR C0BOL

SKELETON

REFERENCES
FROM 57
o 63
FROM 57
T (3
FROM 55
T0 53
o [1]
FROM 53
FROM 73
10 73
10 83
10 86
FROM 73
FROM 73
FROM 89
10 89
10 95
FROM 89

IN DECK SEQUENCE

USE-RECB
FINISH
USE-RECB
USE-RECB
STOP-READ
READ-IN
STOP-READ
READ-IN

EACH=INPUT
EACH-INPUT
FINISH
QUALIFIER
EACH-INPUYT
EACH-INPUY

Q-8
Q-8
EACH=-Q
Q-R

CHBART /¢
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S AMPLE  TO DEMONSTRATE COMCHART EQR LDGIC=DESIGN CHART /L

1 SAMPLE N 'THIS PROGRAM USES A SET OF SELECTOR CARDS'YV 00005
2 . 'TO CHOOSE SPECIFIED RECNRDS FROM A REEL' V 000l0
3 'OF MAGNETIC TAPE AND COPY THEM TO A! V 00015
4 'SECOND TAPE, REPORMATTING YHEM FOR A SDRT'V 00020
5 YIN THE PROCESS,! 00025
6 N 'EDIT.FILE PURPOSE ' VvV 00030
7 . “VEDIT, A.eoo INPUT TAPE - V 00035
a ‘EDXT. BUOOISELECTDRS ' V 00060
9 YEDIT, Cuvs s OUTPUT TAPE! 00045
10 THE=FIRST S YREAD THE SELECTORS INTO A TYABLE.!' 00105
11 D THE-SECOND NO YES 'WERE THERE TOD MANY FOR CpRE 7! 00110
12 0 'DISPLAY '+TQ0 MANY ,..'' Tp OPERATDR,! 00115
13 S , : '8Y-PASS THE REMAINING SELECTORS.' . 00120
14 THE<SECOND I . 'ODPEN THE INPUT AND NUTPUT TAPES,.! 00210
15 BACH=INPUT 1} 'YREAD AN INPUT RECORD,' 00220
16 0 FINISH END MORE 'END-OF-FILE 2! 0c22%
17 S QUALIFIER YUSE SUBROUTINE TO SET QUALIFY-SWITCH,! 00230
18 D EACH-INPUT NO YES 'DDES THE RECORD QUALIFY?! 00235
19 P '"FORMAT THE OQUTPUT RECORD,! 00245
20 D 'WRITE THE OUTPUT RECORD,' 00250
21 G EACH-INPUT . 00255
22 FINISH g 'CLOSE ALL FILES,® 00265
23 G SUPERVISDR 'RETURN TO SUPERVISDR,! 00270
24 E : 00300
25 QUALIFIER N 'THIS SUBROUTINE DETERMINES WHETHER THE!' V00305
26 Y*CURRENT RECORD 1S SPECIFIEpD BY THE! vV 00310
27 '"SELECTION DECK,! - 0n3ls
28 4 'SET SUBSCRIPT = 0, 'SET SwITCH QOFF', 00320
29 REF,Q-A P "SET SUBSCRIPT ¢ 1.t 00325
30 D Q=X YES MORE 'IS TABLE EXHAUSTED 2! 00330
£ S EACK-Q 'USE SUBROUTINE TO MAKE ACTyal TESTS. 00335
32 D Q=X YES NO 'OID RECNRD QUALIFY WITH CURREMT SELECTOR?! 00340
33 G REF,Q-A 'CONTINUE, ! N034%
34 Q-X N ']1F THE RECORD QUALJFIED BY ANY SELECTOR,' V 00355
38 YTHE SWITCH HAS BEEN SET DN,' 'ATHERWISE IV 10360
36 T IS STILL OFF,! 00365
37 G EXIY YEXIT.! . 00370
38 EACH=Q N . 'TO CHANGE SELECTION RULES, JUST CHANGE! V 00400
19 'THIS ROUTINE.! 00405
40 P : '"1F THE CODE OF THE CURRENT RECORD! V 00413
41 YMATCHES THE CODE OF THE CURRENT! V 00420
42 YSELECTOR ENTRY,! V 00425
43 '*AND THE DATE ON THE RECORD IS ON OR AFTER'V 00430
“4 . 'THE DATE IN THE ENTRY,! V 00435
45 ‘OR IF THE CODE IN THE RECORD IS BLANK, V 00440
46 'TURN THE QUALIFY-SWITCH ON,' 00445
47 G EXIT : 006465

DIAGNOSTIC MESSAGE COUNT 0
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sAnrP

PASE AA

K .
em-=cmae WERE THERE TOO0

1 ND
1

1
1
1
!
t
1
1
1
i
1
1
t
1
t
I
1
1
1
!
1
t
1
!
L d

09000000008

1
001 (1)
S0s00000080000008
sampLE
20050050000 000008

(1)
THIS PROGRAM USES
A SEY OF SELECTOR
CARDS
10 CHOOSE
SPECIFIED RECORDS
. FROM A REEL
JF MAGNETIC TAPE
AND COPY THEM TO

A
SECOND TAPE,
REFORMATTING THEM
FOR A SORT
IN THE PROCESS.
1

1
003 (8)
FILE PURPOSE
Aooy o INPUT TAPE
8...¢SELECTORS
CeessOUTPUT TAPE
1
1
00¢ (10)
L FI TR AL TR T
THE=FIRST
LIAI T T LS PE LT 1]
!

1
¢<==005---(10)
. .
. [ ]
. READ THE -
® SELECTORS INTOD o
. 4 TAOLE. L]
»

.
. .
dorecannany
1
1
008, (11
s .,
o® ..

¢, MANY FOR *
¢, CORE ? o
., .

s, o0

1 YES

1
¢erccen0OTo==(12)0
& DISPLav 'TO0 @

® MANY L.t TD »
* NPERATOR, o
. .

D e

i
1
+==-008---(13)
. .

. .
¢ By=PASS THE o
. REMAINING [
& SELECTORS. *
» .
. »
L s 3

1

~mmcmcotts COME FROM eese

PG Ar ADX 006
!

!
009 (14)
LTI LTI LT 2T Y 2

8905000800800 4

1]
smecaasc0lBmen(lb)e
s DPEN THE INPUT »

o AND GUTPUT .
s TaPgs, L]
. .
Perconmnany

1

1
e85 COME FROM osee

TO DEMONSTRATE COMCHMART FOR LDOIC-DESIGN

tommacacasss® CONE FROM Sods

0t Gt S Bn Gy 40 B St Ot et Gt Tt s 0md e T Smn Gt Smb Gt Smb Sy S By mp Pt Gmt B Gl g e $mt T Gt Gt Gt G G S Gl B Bed $) S0 G B S S GG Gul G G St Gt B8 Bw

PG AA BOX 011
1

1
#mcmmees012e--115)e

. ]
® READ AN INPUT »
*  RECORD., ¢
. .

trmnmccvant

1
1
«013, (26}

CHART /L

L .,
¢ END=QOF=FILE 7 ewccccw-rcmccccacc-~atsss CONE FROM ssse

" .,
. .,
., +® ENO
., .
., ..
®, .9
} MORE

tee=Qlé-==11T)
. .

] USE »

*  SUBROUTINE .
¢ TO SET QUALIFY- »
. SWITCH. .

. L]
PG AB BOX 023

tecoocccasd

1
1
<015, (18)

o0 .,
® .,

g .,
¢=c=cees DOES THE RECORD »

I NO

- e G et et Bt Gy Pt Bt 0t o s O St Bt s S

*, QUALIFY? o’
., .
., o
., .0

1 YES

1
¢eemmeeBlb=--(19)0
[FORMAT THE OUTPUT]
1 RECORD, 1
desmcsncnancaracany

3
teommrealiT-==(20)¢
. .

s  WRITE THE o
e OUTPUT .
® RECORD, o

[ TR 3

1

1
sse0 GO TO esee

PG AA &0X 018
PG Aa 80X 018
1

1
o1 t1s)
0000004000080 0000
EACH=INPUT
000 00s0000s0000s
1

!
8% 0 TY  0eee-ecncccceaa~

1
!
)
1
}
1
I
1
1
i
.

PG s BODX 01}

PG AA 80X 013
t

1
o192y
2500005080008 0008
FINISH
LITATIT IS IT T I Y Y 2
1

1
tmceneca020e=a{22)0
L) .

*  CLNSE ALL  w
*  FILES, L
[ ] L
m———- ————

]
bommcmnn 02h«==(23)1e
1 RETURN ™0 !
1 SUPEAVISOR, 1

L T P

1
*see 60 TN ssee

COMPANY NANE
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DYNACHART

Application Programming Company
GENERAL

DYNACHAﬁT accepts COBOL programs as input and produces a flowchart
and diagnostic messages as well as optional individual listings of the
source program, and cross references within the source program's Data
Division only on both the Data and Procedure Divisions.

DYNACHART can be implemented on any computer system capable of
supporting a COBOL compiler and configured with at least 30K characters
of core, one disc or four tape unifs, one card reader, and one line
printer. DYNACHART is written in a minimum subset of COBOL.

It leases for $4,400 the first year. _Maintenancevuse charge for

subsequent years is $700 annually.

Package Output

Source Program Listing - Each line consists of an 80-80 image

of the source card preceded by a generated line
number.

Flowchart - Detailed flowchart in same logical order as the
program source code. Many features under user's
control.

Label Cross Reference - Labels are alphabetically 1isted as

are defining source code sequence number and all
statements referéncing label.
Note: DYNACHART is one of the most expensive documentation packages.
Its output features are not so unique as to justify the cost of

the package.
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EZFLOW

Systonetics Corporation

GENERAL

EZFLOW accepts FORTRAN source programs, reformats and renumbers
statements, derives a cross-reference 1ist between statement labels and

references of original and new program versions, produces a statement

number reference table that shows use and location of numbers on .

restored flowcharts, and produces a new source deck listing. The package
uses a default option control card when none of the option control cards
are needed.

The package runs on IBM 360/30 and up (0S), with 110K bytes of core
storage; CDC 6000 Series (SCOPE), with 32K bytes of core storage.
Peripherals include a card reader and line printer, and optionally a
disc or tape. The source language of this package is FORTRAN IV.

EZFLOW is available in two versions off-the-shelf: for the CDC
6000 series and for the IBM 360 or 370 sefies. The price is $3,500 for

a three-year use license as a one-time charge.

PACKAGE OUTPUT

Flowchart - This is a logic flowchart of the restored
deck. This is a single column chart of rectangular
blocks and diamond-shaped boxes, one source code

statement is equal to one block on the chart.



8§

Input and Output Source Deck - The package punches and prints

a copy of the output sourcé deck and prints a
listing of the input deck.

Cross-Reference List - This listing of statement labels and

references shows the old and resequenced source
code label numbers and the source 1list line
number.

Statement Reference Table - This table summarizes the program

flow by giving the use and location of numbers

that are in parentheses in the flowchart.

Note: EZFLOW has automatic conversion to and from the BCD and

EBCDIC character sets.

2-99
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$ -8 ~¢ EIFLOW & ~-9¢~09 PROCESSING RQUTINE - ~ MAIN
SUBROUTINE SAMPLE { A 4 B +CC +Cys o, ¢, 0 }

(emwmmesnesc22 s S S TEssaT U - 3 IAR IR NSRS IZSEACINNIESITCANASASSIRRS
[4 THIS 1S AN EXAMPLE TO DEMONSTRAYE SOME OF THE FEATURES

[ OF EZFLOM

Cs®sEasEaxscccREr S SN NSEaE33IREITIXIIIS NSRRI AEIRACICNICSTNCRENSNED
[ NOTE THAT STATEMENTS OF THE SAME TYPE ARE ALL GROUPED TOGETHER

DIMENSION A (10 Je 20 S)y X X Y Z (1000 ) HWXyYlt 3 )
DIMENSION Q(50) LLABE L (10)y ENDD O( 2 O )

DOUBLE PRECISION 81201}
COMPLEX = 16 C 20 )

Ll el el cloded el atiatind
CENTCWVLIWNFEFOOONOWVES WN -

REAL ¢ 8Q
DATALABEL/ ¢ THIS IS A SAMPLE OF A DAVA STATEMENT ’ /
EQUIVALENCE ( A s0) (C,s D)
[4 THIS IS AN EXAMPLE OF A MULTIPLE RETURN ROUTINE
95 CALL SU32 ( A8 o E2 ) €20, INDEX)
CaLL susl { AsBy OGHLABEL »* LABEL 2 'y £2)
4 EXAMPLE OF A COMPUTED GO TQ STATEMENT
6070 (514631204020 84495,84), INDEX

C EXAMPLE OF DO LOOP PROCESSING
20 Si 00 152 I = M . NOFOO
21 A 1) = It 1)
22 WXYZ( )= 1 )
23 152 ENDDO ( Id¥=( [e 1)eAl [}
24 C EXAMPLE OF ARITHMETIC IF STATEMENT
25 684 T F ( ENDDO ( 10)-123456¢SINU FLOAT( INDEX)))1000,2000,4000
26 € EXAMPLE OF READ STATEMENT
21 20 READ( 5, 5000,END=2,ERR>1000) A
28 5000 FORMAT { 10E8.2) .
29 4 W RITE 16 , 8061 ) A .
30 8041 FOR MAT ( °*1 INPUT DATA A *// ( 10EB8.2))
3 2 RETURN 1
32 ¢/ THIS COMMENT CARD WILL START A NEW PAGE (SLASH IN COLUMN 2)
33 C EXAMPLE OF A DO LOOP TERMINATING IN A LOGICAL IF STATEMENT
34 63 0077 K = 1 « 50
3s A { X =K * K*A [ K
36 17 IF (MOD (Ko10) .EQ « O ) READI5,5000, END =2,ERR= 4000) CoD
ar GaT o] 8
38 € EXAMPLE OF ANOTHER TYPE OF MULTIPLE RETURN STATEMENT
39 4000 CALL SUR3tA, B),RETURNSI(2, 20)
40 GOT050
41 2000 CONTINUE
€2 8 DO 74 = Mo N
43 7 A (J)= J
44 1000 R ETURN 2
45 SO WRITE ( 6¢78 ) A "
46 18 FORMAT { *A=*ElB.5)
&7 RETURN
48 EN 0
$ - 8%~ % EZLFLOMNW *~-92-2 PROCESSING ROUTINE -~ = SAMPLE

NEW-0LPD STATEMENT NUMBER CROSS REFERENCE

NEW ato LINE oLo _ NEW LINE
10 95 15 2 70 © 3
20 51 20 “ 60 29
30 152 23 7 130 43
«0 84 25 8 120 42
50 20 21 20 50 27
60 4 29 50 150 s
70 2 3l 51 20 20
80 63 3 _ 63 80 3
90 77 36 77 90 36

100 4000 39 18 180 “6
110 2000 o1 84 40 25

120 8 42 95 10 15
130 1 43 . 152 30 23
140 1000 - 44 1000 140 “

150 50 45 2000 110 41
160 5000 28 4000 100 39
170 8041 30 . 5000 160 20

180 78 L1 8041 170 30



¢ ~% =% EZFLOW *~-8¢ -2 PROCESSING ROUTINE = = SAMPLE

SUBRDUTINE SAMPLE (A,8,CCoCe%,%,D) SAMP
(EagtawccczrcEz3ansIx=338933IAR I3RS SITARNISITSTISITIZIANATLSAssasanesnasGAMP
[ THIS 1S AN EXAMPLE TO DEMONSTRATE SOME OF THE FEATURES SAMP.
C OF EZFLOW SAMP
(aasm==zcsa3-332S25T2233C5FcSS23cIIASEITSCCISINCITEESTRITSICTazexagcsEnnannSAMP
[ NOTE THAT STATEMENTS OF THE SAME TYPE ARE ALL GROUPED TOGETHER SAMP
DIMENSION A(1001,2(5)XXYZLLO00) +WXYZ(]) SAMP
DIMENSION QU50),LABEL{10)+ENDOOL20) SAMP
DOUBLE PRECISION R(20) SAMP
COMPLEX®LS C(20) SAMP
REAL*8 Q SAMP

OATA LABEL/® THIS IS A SAMPLE OF A DATA STATEMENT o/ SAMP
EQUIVALENCE (A+8),(C,D) ) SAMP

[ THIS IS AN EXAMPLE OF A MULTIPLE RCETURN ROUTINE SAMP
‘10 CALL SuB2 (A,B,670,E50¢INDEX) . SAMP
CALL SUBL (A,B,6HLABEL ' LABEL 2 *,670) SAMP

[« EXAMPLE OF A COMPUTED GO TO STATEMENT SAMP
GO TO (20080+70+60+470,40,10,40)s INDEX SAMP

[ EXAMPLE OF DO LOOP PROCESSING SAMP
20 D0 30 I=M,NOFDO SAMP
ALTI=Z{]) SAMP
WXYZ(I)=1 SAMP

30 ENDDO(T)={I+1)®ALT) SANP
c EXAMPLE OF ARITHMETIC IF STATEMENT SAmMP
40 IF (ENDDO(10)-123456*SIN(FLOAT(INDEX))) 140,110,100 SAMP
C EXAMPLE OF READ STATEMENT - SAMP
50 READ (5+160,ENDO=TO,ERR=160) A SAMP
60 WRITE- (6,170} A SAMP
70 RETURN 1 SAMP
c/s THIS COMMENT CARD WILL START A NEW PAGE (SLASH IN COLUMN 2) SAMP
c EXAMPLE OF A DO LOOP TERMINATING IN A LOGICAL IF STATEMENT SAMP
80 00 90 K=1,50 SAMP
AlK)=K*XK*A(K) SAMP

90 IF {MOD(K¢10).EQ.0) READ (5+160,END=T70,ERR=100) C+D SAMP
GO 70 120 SAMP

C EXAMPLE OF ANOTHER TYPE OF MULTIPLE RETURN STATEMENT SAMP
100 CALL SUB3 (AsB)+RETURNS(T70,50) ’ SAMP
GO T0 150 SAMP

110 CONTINUE SAMP
120 00 130 J=M,N SAMP
130 AlJ)=J SAMP
140 RETURN 2 SAMP
150 WRITE (6,180) A SAMP
RETUARN SAMP

c SAMP
160 FORMAT (10£8.2) SAMP
170 FORMAT (*1] INPUT DATA A %//(10€8.2)) SAMP
180 FORMAT (*A='El8.5) SAMP
END SAKP

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220

230 -

240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
460
450
460
470
480
490

<B8-101



B-182 ¢ -+ EZFLON o ~v- PROCESSING ROUTINE - - SAMPLE

- ——¢

SUBRUUTINE SAMPLE (AsR,CCyCo®,*,0D) ]
pmm——— -— .

> -

‘ 1

THIS 1S AN EXAMPLE TO DEMONSTRATE SOME OF THE FEATURES
1
1

i
. |

NOTE THAY STATEMENTS OF THE SAME TYPE ARE ALL GROUPED TOGETHER
|

OF EZFLOW

+ + +*
] DIMENSION A(10),Z(5),XXYZ(1000),WXYZ(3) |
| DIMENSION Q(50),LABEL(10),ENDDO(20) ]
+* et —e c——— .
* * *
| OOUBLE PRECISION 8(20) |
t—— .
. * ——
] CCMPLEX*16 C20) 1
. v .
! REAL*8 O 1
* L 4 ——-
+ ===t M
I DATA LABEL/® THIS 1S A SAMPLE OF A DATA STATEMENT * o/ |
. ————t ¢
} EQUIVALENCE (A,81,(C,D) !
* +* *
|
THIS 1S AN EXAMPLE OF A MULTIPLE RETURN ROUTINE
1
* b ] *
10 w===ua ~=>] CALL 5UB2 (A+B+£70,£50, INDEX) 1t
; * - * *
1 1 F SUBROUTINE RETURNS L
| RETURN =1 2 |
160T0 70 »50 [
+ + +*
L 4 L g *
| CALL SUBL (A,B,6MHLABEL ," LABEL 2 *,£70) 1t2)
+* + *
. t——- .
| 1 F SUBROUTINE RETURNS 1t2)
! RETURN =1 1
160 T0 70 L}
1
EXAMPLE OF A COMPUTED GO TQ STATEMENT
|
| 1F COMPUTED GO TO ON INDEX 143)
! INDEX = | v 3 e S 6 o7 o8 |
16070 20 80 470 460 470 440  L10  ,40 }
+ *
EXAMPLE OF DO LODP PROCESSING
csccssns ceessccssence
20=====>, D0 .l4&} .

towmalre=e, 30 @00ccscscsccccccaccvesncascvesccccsscs |ZMNOFDO .

®sccscee sscencstencesne

————

1
|
!
!

¢ *
I ath=2(n )
1 wWxyZ{ljal |
> 30 > ENDODO(I)=(le¢l)ea(l) !
]
EXAMPLE OF ARITHMETIC IF STATEMENT
40 > > > > > P e e o |
ts) . e,
b ——————— | 1 F 8 mrrcacecoea -
| tENDDO{(10)~123456*SIN{FLOAT(INDEX))) |
| Rt eSSt -8 ¢ § cemreae -]
] LR )
| 1 }
MINUSI LEROI PLUST
b pm—y bttt to—pm——
160 10} 160 10l 160 ol
1 140 | 1 110 | 1 100 }

G ———— - . tmmmmay
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EXAMPLE OF READ STATEMENT

. y ¢

30 ~=c—mma=d] READ (S.160.END=70,ERRuL40) A 1e)
2 * *
l
- (13) o & s,
L - ® 1 ¢ ¢ . TRUE
ENO OF FILE o==wewe
., [} . ® ]
s .0 ]
FALSE | 116}
- P en poa mm—- P
l 1 6o 1O 70 !
] L L Y
!
(6} - ® L

. IF % . TRUE
Y 170 ERROR Miateanindd 4
. 1 « @ !
B [ ]
FALSE 1ts)
L e el 4
‘1 GD TO 140 |

Prmccncncnmn—ed

* \4

60 ~~ccm—e=>] WRITE (64170) A

&
¢

+ +

70 =—<e=e==>] RETURN 1

L aadl K A IK J

.

$=¢-% EZFLON ¢~-9 -0 PROCESSING ROUTINE = = SAMPLE
] K
/ THLS COMMENT CARD WILL START A NEW PAGE (SLASH IN COLUMN 2)
{

!
EXAMPLE OF A DO LOOP TERMINATING IN A LOGICAL IF STATEMENT
o t

AR XX N Y X ) ........... .
80-*-). 00 «(8) .
romenl————y 90 *voscsncvrsssnssvecssvrsascserscnvens K1 ,50 .
sseesces evecetocece

AlK)=KsK*A(K)

L XX 3
* -

i
9 « & *
- & I F & =—¢ TRUE

| (HOD(K,10).E6Q.0) |
s 4 o« & ==¢

[ ]
-

.
FALSE

-
-
- »

1t
.

<>-.“

READ (5,160.,END270,ERR=100) C,.0

&> -4

-
9 -« ¢

l
l
!
|
LI Y ZEES SR T S ST SOy S 24

T SRS YN

L L. Ty

1 60 70 120 )10)

LT TS P STy

*

Y
v
v
v

4

> 90

]

]

!

{

|

H R

1 . ® 1F

i END OF FILE
1 ..

| ‘. 8

) FALSE

] . }

! 1

! !

| |

! 19) e o,
| . ® 1F

| « 140 ERROR
1 .,

| * L ]

) FALSE

]

]

|

* ., TRUE

e mmend

}
}
9

L L L Sy

!} 60 T0 10 |

Pemmarcmccnacay

« TRUE
emwmany
}
|
1(9)

Pormmscctemcnany

| GO0 TOo 100 |

tromeccncccnaay
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EXAMPLE OF ANOTHER TYPE OF MULTIPLE RETURN STATEMENT

e —mm - ——————— oo == S ST .
100 =~=====>] CALL SUB} [AR) yRETURNSILTO, »50) Je11)
P * *
r'e —so==oes Y
, 1 1 F SUBROUTINE REtURNS 1411
; { RETURN =1 '2 |
y o170 T0 +50 |
o e s o o - -
1 60 7O 150 1(12)
o------_—--—--.
110 emeee==>] CONTINUE 1
rm——— . *
cescsvsce eaesesPeoes
120---=> 00 <13 .
tmmmal=e=m, 130 ..........................-.--........ J=MyN o
] escscacce seectocen
} + -+ *
pmwmmmm=) 130 ——————] AtJY=J 1
Y - » - L 3
* * *
140 =======>1 RETURN 2 ]
——— - + .
150 —mwema=>] WRITE (64180) A 1t14)
1 RETURN ) 1
* * -
160 =======>] FORMAT (10E8.2) {
170 =======>| FORMAT (°*1 INPUT DATA A s//(10E8.2)) )
160 ceeea==>] FORMAT ('A='E18.5) 1
L 4 + *
1 ENDO 1
* *
e -%-% ELFLOW #8~0¢-~2*¢ PROCESSING ROUTINE - - SAMPLE
STATEMENT e-s-9% BLOCK(S) 5.5 FERENCING * -9~ .

NUMBER TYPE NUMBER TVPE NUMBER TYPE NUMBER TYPE NUMBER TYPE

10 - 3 GO

20 - 3 60

30 - 4 DO

s - 3 60 . 360

s0 - 1 CALL  » 11 CALL

60 - 3 GO

7 - LCALL » 2CALL o 36O e 360 « 6170
9 IF 170 , 11 CALL

80 - 3 60

0 - 8 00

100 - 5 IF . 9 IF 1/0

ne - 5 IF

120 - 10 GO

130 - 13 00

140 - 5 1F s 6170

150 - - 12 60

160 - 6 1/0 e 9 1IF U0

110 - 1 1/0

180 - lﬁ.lIO
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FACTS

Bonner and Monre Associates, Incorporated

GENERAL

FACTS accepfs FORTRAN source programs as inppt, analyzes programs
and subroutines, and produces cross-referenced information according
to the option selection by the programmer.

The package runs on the Sigma 7 computer.

PACKAGE OQUTPUT

Source Listing - Source statements of the program are

automatically listed.

Program Reports - Six program reports are generated: |
(1)' Common Report
(2) Local Report
(3) Format Statement
(4) Statement Label Report
(5) Recap
(6) Global Report
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comon are *Dous . % bers in which  wap1e name is defined (as * name is referenced, (as in

printed *# ble #the blank com= sin l1eft hand side of * right hand side of arithmetic

alphabeti= * pre- *mon variable *afithmetic statement), . * statement). |

cally. * ¢i- #%name appears in % : *

" * sion *a declarative % o *

Each variablec*lnte- sxmanner; (dimen= % *

type is indi- * ger #slon, equiva- ok *

cated by one *Loéi' #lence state- % %

of the follow-* cz1 *ments, etc.) by % %

ing one- *Real *four digit * %
o Character . . %sequence nhum- % * Q
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FLOWGEN/F
CalComp

GENERAL

FLOWGEN/F accepts FORTRAN source cards and produces ink-on-page
flowcharts. It generates plot commands to drive a CalComp Plotter.

It gives no other listings about the program than the flowchart.

PACKAGE OUTPUT

Flowchart - This is a detailed flowchart that is given on
a ink-on-paper CalComp Plotter. Comments are

enclosed in boxes.



TLOWGEN |F SAMPLE o 3113
PROGRAM

! *  THIS IS A SAMPLE PROGRAM TO DISPLAY _
> *  FEATURES OF THE CALCOMP - FORTRAN - FLOWCHART GENERATOR
Yk ok ok
DIMENSION DATA (1024)
> EXECUTABLE STATEMENTS ARE SEPARATED FROM COMMENTS
> * UNNUMBERED NON-BRANCHING STATEMENTS ARE STACKED UP TO

Dox 8 IN A BOX AS FOLLOWS
AN = 0.1
RF = AN * 0.01745
XC = COS (RF)

Y = AY +XC
AN = AN + AD
X = X+0.0625
XB =1.0
AY = 3.0
ANZ = 0.0
* LOGICAL -IF- STATEMENTS ARE AS FOLLOWS
1 IF (A.NE.B) RETURN
GO TO 5 ’
! THE PREVIOUS STATEMENT REPRESENTS A -GO TO- STATEMENT
' CALLS TO SUBROUTINES ARE AS FOLLOWS - CONTINUATION CARD SHOWN ALSO
CALL SUB (Pl,P2,P3
1l p4,P5,P6)
' A -DO LOOP- IS SHOWN IN THE FOLLOWING MANNER
5 DO 6 I=1,3

X = X+1.0
IF (X-2.0)6,6,7
6 CONTINUE

: AN ARITHMETIC -IF- WAS SHOWN IN THE ABOVE -DO LOOP-

: COMPUTED AND ASSIGNED ~GO TO - ARE REFLECTED AS FOLLOWS
7 Go 10 (10,5,1),K

! NUMBERED ,STATEMENTS ARE PLACED IN SEPARATE BOXES

10 K=1

: UNNUMBERED STATEMENTS ..RE STACKED IN THE SAME BOX
K=1
A =1.0
READ 12, J

12 FORMAT (1Al)
' THIS IS AN OFF-PAGE DO-LOOP EXAMPLE
DO 13 I =0, 1
X = X+1.0
13 CONTINUE
> RETURN AND STOP AND END ARE AS FOLLOWS
RETURN
STOP
AFTER THE FOLLOWING END STATEMENT IS DRAWN AN -UNFULFILLED
REFERENCE~ STATEMENT IS LISTED ON THE PRINTER. ANY
STATEMENT NUMBERS OR THE WORD NONE WILL THEN BE LISTED.

END

Va2 va s

A

\
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FORFLOW
DNA System, Inc.

GENERAL

FORFLOW accepts FORTRAN source decks as input. It is a twb-program
system which consists of two distinct programs: FLOWA produces a flowchart
of the source program and SEQ generates a source listing containing re-
sequenced FORTRAN statement numbers in ascending order by fives, and changes
all branch and formatted input/output statement numbers to agree with the
new statement numbers.

The package can operate on an IBM 1130 computer under control of the
monitor system or on an IBM 1800 under TSX version 3 or MIX. Minimum
machine requirements for the 1130 include 8K bytes of core, 1 card reader,
1 line printer, and 1 disc. For 1800 a minimum of 10K bytes of variable
core is required. The package itseif is written in FORTRAN and includes
some assembler subroutines.

The packagé costs $480.00 for the card system ahd $600.00 for disc

system.

PACKAGE OUTPUT
Flowchart - at some level of detail as the source program. All flow-

chart blocks are rectangular.

Resequenced 1isting - this can be a printed listing of the resequenced

source deck, or it can be of punched cards.
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FORTRAN VARIABLE NAME DOCUMENTER

Data for Management Decision
GENERAL

The FORTRAN Variable Name Documenter accepts FORTRAN source code as
input. The package generates a sequenced listing of a FORTRAN program,

a numerical list of the statement numbers used in that program, and an
alphabetical 1ist of variable names in the program.

The package is designed for any user's configuration that is capable
of supporting a FORTRAN compiler. Auxiliary storage is provided by one
disc. The package consists of two programs and a sort. Source language
is FORTRAN.

Purchase price is $350 for the object deck or $500 for the source

deck.
PACKAGE OUTPUT

Source Listing - a Tisting of the FORTRAN source code.

Statement Number Listing - a numeric listing of the program

statement numbers.

Variable Name Listing - an alphabetic listing of program variable

names.
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UICK-DRAW

National Computer Analysts, Incorpqrated

GENERAL

QUICK-DRAW translates source programs written in Assembler,
AUTOCODER, COBOL, PL/I, and FORTRAN into flowcharts and related cross-
references. It also provides a diagnostic check 1jst and modified
instruction list to aid with debugging.

The system runs on IBM 360; Burroughs 25/35/55; HIS 200, 400, 600,
800; ICL 1900;‘RCA Spectra 70 or 3301; and Univac 9400/1100. System
supervision may be 05, T0S, DS, MCP, DAPS, MODZ, TDOS, or EXEC 8.
Minimum core storage is 32K bytes for DOS and TOS and 65K bytes for 0S.

Leases are $1,900 to $6,300 depending on version (3-year 1eése)

and $1,400 to $2,100 a year depending on version.
PACKAGE OUTPUT

Listings for Assembly:

Flowchart - This is a detailed flowchart of the program. It
contains all the ASSEMBLY statements in logical
groups placed in boxes whose shape 'is determined
by the type of statement.

Cross-Reference by Term - This listing contains entries for

all terms used within the program.
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Cross -Reference to Equator - This Tisting repeats the definition

and references to equated tags in same format as

in the cross-reference by term.

Source Program Listing - Shows the contents of each card read.

Supplementary Listing - This list consists of the following:

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

(9)
(10)

Listings for FORTRAN:

Diagnostic Check List

Unrecognized Op-Codes

Assembler Directing Op-Codes

Input-Qutput Type of-Codes

Perform Type Instruction

Path Terminations

Privileged Instructions

Program Linkage Op-Code-Entered here are

ENTRY, EXTRN, etc.

User Macros and Macro Calls

Program Segmentation Op-Codes

Source Program Listing - Shows contents of each card.

Flowchart - This is a two-dimentional flowchart. Flowcharts

may be in a double-page format.

Statement Label Cross-Reference - This listing contains all

statement numbers belonging to procedural

statements or referenced by procedural statements.
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Data Name Cross Reference - This contains a11 data field

names, subroutine names, and labels used in the program
and lists, by card number, references made to
those names.

Diagnostic Check List - This provides a number of diagnostic

printouts for those statements with error.

Listing for COBOL:

Source Statement Listing - Shown five digit card number used
for card identification, plus the card contents.
Flowchart - A detailed flowchart of the program is given.

Cross-Reference by Term - This listing contains entries for

data-names, procedure-names, literals, figurative
constants. Each entry contains the term and all

references to that term.

Diagnostic Flow Summary - This is a graphic-summany of the
structure of the program in fiowchart form. It
contains all paragraph and section names together
with the range of card numbers comprising each
paragraph, their locations on the flowchart and notes
and diagnostic pertaining to each paragraph.

Note: A1l versions of the flowcharts are at the same lTevel of detail as
the source code. The COBOL flowchart on1y, gives the optfon of

compressing the level of deta11~to achieve a higher level flowchart.
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QUICK-DRAW is designed to select a convenient branch point
whenever possible to end a page.
QUICK-DRAW is second only to AUTOFLOW in its number of in-

stallations.
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SAMPLE CROSS REFERENCE BY TERM

02/08/72 CROSS REFERENCE By TEmm OF SEF FIRST TVITLE,SYART OR CRECT FOR STANDARD PacE 1)
V0S840 0000 0 SopeEtabe .
AT R Y PRI Y Y LT R P A Y Y1 Y Y )Y 090;590!
- . .
oLbta Dc  10CL11S ® 2489 ® 0378 )} MVC 0380 | Mve  673) 1 MVe o?’s i MVC  oB18 ) n;{ ril x nvg
. . " [ " L] ” ol
: HELLH uvg i ; 88 : Hve 8348 A AE  fOR A AVE  §H98 B WY
s * 2360 2 MV 2318 2 mve 0016 3 DYFSD
} . ® 0379 } MV f"; l nye
41024 H : ;g :; 59 Hve 2190 1 WVe  03TY 2 WVC 1364 2 mvC 2102 2 w¥VC
.}! . : gg o 0389 1 MVI 0390 2 Mve .
-
.{, : : :s :¥ o:o: ‘ :vg ol;z ; :;g 1333 1 NVC - 2380 | wVC 1913 2 mVC
-
+106 . . eg nyi 80{0 “ve Hl; ®ve .
25 H ¢ '7: u 1989 | NVE 2187 1 RVE  03Ve 2 MVC 1303 2 WVC 2179 2 WVC
) . . [} My 7 "y [ 3{ 1] ve [} nye 1] “ve 6 ] WyC
: PoOTHMTEE mmime meame pur)pe gmanc e
H H 2 :7 H 0717 2 MVC 0976 2 MVC 0983 2 MVC 1313 2 wvC 2005 3 WVC
2 P DDA oo ’
o512 ? s ;rl: i 1590 1 MVC 2180 1 NVe 0379 2 WVC 1902 2 wVC  2i80 2 mVC
.::: . : M gg “ o082l 1 Mve
STt H H ;; :5 1991 1 MVE 2109 | NVE 0376 2 MVC 1503 2 WVC 2101 2 mvC
] . e 038, | mv 2378 | Mve 1997 i (44 ;2 7 i 1209 2 nvC 06D 2 uUNPK
. ® 0708 & UNPK 0963 2 UNPK 2108 8"" 213 gpn
.9 . s 2171 ] C* 922 ?CP 0282 2 0319 2 osle 2 P 1255 2 ¢
. . é;v c» 81 f 4]
949 . . (1] MV 82 14
952 : : 321 1Y
LOYnNFY ® 2178 ® 0342 1 B 0620 1 8 1693 1 2097 1 8 7108 181
oto¥n . . ;s:: 5 EA 22¢ 1 W ozl; 1 lu 0321 * 1 1] f 32 l [1] il" ‘ :l.
B L .
one T2 2 LN ® 2581 » 0864 2 A 9 A 1601 2 & 406 2 4 1607 2 a 1610 2 &
H :|:n§n R!;ll us‘zs lhoil
ONFH or W'i? : 2e78 : 0892 2 AN ]
" (] ap 9 » ] 2 9 » .
oo feelmerd mNIE o RiS gmiN i mud
. iNiie NI WAsp pRIL O INTs e !3‘3 8
: sy DAl s i IE NI NeR it
. ® 1845 2 CP ugs ; ce 1863 g » 609 » 109 144 830
Pt B mE HE IR
. ¢ 2149 3 264 7 Cp 7;“ 20 H ’ [ 144 0
DootEm I INTIW THIGNv Sheiiw Baim Hie i
. . 1877 5 nvg llgi 2 Ve 1333 5 Ve !oaf i uvs. }lol ! 17 “u , nvi
4 S 1835 2wy 1436 2 “vI o]0l 2 §* 0108 2 SP
ONFTDIT S 116m 2 1157 1 BE
oMLYC 2 2264 2 2170 1 BE 2256 1 g
oNLYCR S 2038 ¢ 2014 1 BF 2036 2 LA
ONLYINTY S 2340 % 22% ) BE 2340 1 8¢
DNLY®AS 2 2268 % 2188 ) AL 2340 1 AE
0008 s ol19e H 01% 1 M
o or g, 325 358} 4
oRag 4 088 & 0707 1 MM 0v06 1 SNL
OATN S 187 :' 119 1 A€
oTHgRAC 21000 2 1351 2 8C : ' .
OUTHERT : 2388 S 2002 | BE ’ : ]
®.om- 8 NO24 & DTFSH 0042 & OTFSH
fou PATY s 2680 » : )
cu o 2680 ® :
PATYN . * 026 nyl 03pe 2 0633 Ve 94 ] (4 L IR AL
) $ooinsiav nmtiove tERime W Int o Il BRIRE
. (%1891 2 WY 1978 2 1900 2 NVE 2087 2 M 311 ¢ av . . .
or x S 2662 ¢ 2060 1 LV
. S 1938 2 1923 1 ML s
Dr CrunavFaR, " : 2951 : 1938 2 W¥C 4
S 1892 2 1578 1 ANE
® 1871 & UNREFERENCED >

XX I Y R A X Y R T Y R R R R R R R A R N R R R RN YRR IR RSN S RS AN RS RS AR RIS ST X X
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CROSS REFERENCE TO EQUATES

This listing repeats the definition and references to equated tags in the same format as in the CROSS REFERENCE
BY TERM, ’

6/72 CROSS REFERENCE TO EQUATES fif SEF FIRST TITLE,START DR CSECT FOR STANDARD

LR L L R e s A T L e add L T A R L L e R S s et S L E R T

TERAL DR Ta(, AND INCREMENT ® LINE » REFERENCING LINE OPERAND NUMBER AND DP-CODE

T LR I I S e e s g T e L T R Py PR e e Pt A T
=

[
AMVIT e W T 00 E 2639 E 1771 1 BE
A Q' FSF +8 ® 2650 *
LsH Eer ERCHYEE . ¢ 500 1 AU 086 1 Alc SR L WNE I AVE 93
EQU 14 E 0043 s 0116 1 BR. 0114 1 LM  006% 1 §TM
5 EOU 15 i * 0044 * 0065 2 LR
EQU 2 #0031 #0102 1 BAL 0109 1 BAL 0112 1 BAL 0144 1 BR
EQU 3 * 0032 ¢ UNREFERENCED
EQU ¢ ® 0033 * 0108 1 BASE O111 L LA 0094 1 LK 0107 2 BASE O
EOU S %0034 % 009 1 BASE 0146 1 BASE 009¢ 2 LM
EQU 6 ® 0035 * UNREFERENCED
EQY 7 ¢ 0036 $ UNREFERENCED
EQU 8 $ 0037 % 0065 1 LR 0083 2 USING
9 . .

UNREFERENEED

) 0038
#tt‘ttt*#Ee!*vt#‘t**#*tt#t*tv‘#*#*t*i##‘**#*u** *#####“‘*‘t##**#*t*t**#tt“*f“‘t‘t*t'##“‘t

{PECIAL CROSS REFERENCE

his listing repeats entries from the CROSS REFERENCE BY TERM if they are one of the following:

' Non-Branch References to Instruction Tags. This will call attention to modified instructions, such as

switches and also serve as a check for the "UNENTERED STATEMENT" diagnostic, where in fact, the statement
was entered by means of a load address and a branch register.

' Branches to Data.

Anything unusual that we feel should be highlighted, such as ENTRY and EXTRN references.

6/72 SPECIAL CRDSS REFERENCES FOR QUICK-DRAW SAMPLE PROGRAM A=12 FOR ASSEMBLY

b st A L L R e R e e L e T L L R bt ARt bttt L LT
TERAL OR TAG AND INCREMENT ® LINE &« REFERENCING LINE DPERAND.NUMBER AND DP-CODE
b b e e L R R L e e A e A L e e D ey P 2 AT AT DL

* *
* *
RSTIME $ 0072 »
+1 : : 0073 1 MVl
LOw : 0146 : 0138 3 PRTOV
TER ' * 0153 * 0136 1 CNTRL 0138 1 PRTpV 0142 1 PUT
In 22 . * 0074 R 0
& EQU 14 : 0043 : oille 1 BR
EQU 2 : 0031 : 0144 1 BR
LOWSW * 0098 * .
+1 * * 0087 1 MV] 0090 1 MVI
tttt-ttttttut:ut.ttﬂtv.n‘uttatgttatttmw.t#;.:*tttuttattt‘ttntttttttvt#t#tnttt##‘#*ttttt"t#tt

o e e —- v s e < o
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PROGRAM SEGMENTATION OP-CODES

CSECT and START are in this section.

SAMPLE SUPPLEMENTARY LISTING

SUPPLEMENTARY LISTINGS FOR QUICK~DRAW SAMPLE PROGRAM a-12 FOR ASSEMBLY
T #00146 UNENTERED STATEMENT
DIAGNGSTIC CHECK LIs 200163 UNENTERED STATEMENT
- : 000 TRY B1B09S
PROGRAM LINKAGE gP CoDES 00061  ENT 218928 ccs 8y cosoL.

ASSEMBLER DIRECTING OP-CODES  *00003 SPACE

*00023 EJECT
»00045 SPACE

38880 SHEEL
¥00060 SPACE

2 _
00063 USING *¢RB\ s ADDRESSABILITY

88148 SR

*00152 SPACE

:88t°4 EJECT
il B
o *00169 LTORG
INPUT_OUTPUT TYPE OP-CODES ~  %50136 CNTRL PRINTER, P,
, ADVANCE oNE LINE IMMEDIATELY,
#0138 pRTOV pR] ROYZ, Gl Ow
1BST FGR 0V§RFL W
«00162 PUT PRINTER (DL 4
ADDREss gF CoBoL~LINE IN GPR
*00153  DTFPR BEVADDR=SYSLST, - ’
: 5§i¢rea ON SYSTEM LOGICAL
10AREAL=ALINE], [DAREA2=AL INE2,
NORETEIEB IN CoR 40
Lttt ves,
L
00162 Punoogﬂkﬁé'ﬁggERgLSU xnov
v * - VLM HT M
PERFORM TYPE INSTRUCTIONS 200102 BAL R2,PRINT '
- o i50ARINT aS SET UP BY cOBOL-
*00109  BAL 226P§§?Tr.cnppeo 0BOL LINE
‘ ¢ INE,
+00112 8aL RD,PRINY -
. o 114 UNDERLINE .

————— aam = e e e -
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Reference Format Listing (Source Program Listing)

The entire source program is listed as QUICK-DRAW reads it for

processing.

The complete contents of each card is printed} including the card

sequence number found in columns 73-80.

In addition, a four-digit

statement sequence number, assigned by QUICK-DRAW, is printed to

the left of the card image.

This sequence number will appear on

the flowchart above the top left corner of the corresponding symbol.

The heading of each page is labeled "Reference Format Listing." The
QUICK-DRAW Release Number is printed following the last source state-

ment.

33
1}

501

502

3%

12

)
NTH (L

wmré 'INDEX8,20) (NTH (M),NT 1 (M), M= 1,8)
WRITE (3,50 & HIGH

|FN0§& T (11H 14,19H NODES SET TO ZERO.)
READ (7' INDEX7 5)NODI,NODJ, ITIME, COST
FORMAT (315.F6.0

IF(NODI - 9999?71 b
INDEX8= (NOD! - 1)/8+

READ}B lNDEXB ZO)I(NTII(M) NTH(M)M=1,8)

M=8- INDEX8‘8 NODI)

WRIT%&B INDEXB 20) (NTH(M),NTJI(M),M=1,8)
INDEX k 1)/8+1

READ(8'1 DEX8 20) (NTLI(N),NTJS(N),N= 1,8)
|NDEX8- DEX8 -

N= rjINDEX8‘8 NODJ)

WRIT&E 8|NDEX8 20) (IUTU(N) ,NTJJ(N),N=1,8)
TCOST-TC

MOST 1MOST+IT|ME

IF(NODI 1B1G)9,9,8

IBIG=NODI

IF‘NODJ -181G)6,5,10

GO T0 6
KLAST K

IFI?SBTMAf( IH& 36HFLAGS ALL SET FOR NODE NUMBER CHECK.)
LAST 0 '

- IBIG

moexa( -1)/8+

READ(8 INDEXS, 20)(NTIISM) NTJIM), M= 1,8)
M-8~ ((INDEX8 - 1)+g~K
}NTII(M))IZ 13,12
FINTJI(M)14,15, 14

'u
Co
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Statement Label Cross Reference Listing

The first column of this listing contains all statement-numbers belonging
to_procedural_statements_or_referenced by procedural statements. These
statement numbers are listed in numeric order. In addition, Column 1
contains the names of any subroutines referenced by the program.

The second column lists the page and_symbol box numbers where eac ate-
ment number or subroutine appears on the flowchart. These location refer-
ences are in the form "pp.bb", where pp is the flowchart page number and

bb is the symbol box number on that page. If a statement number is un-
defined, Column 2 contains the entry "UNDEF". 1If a referenced subroutine
is not included in the source program, Column 2 contains the entry "EXTRN",
Format statement labels will have the entry "FORMAT" in this column.

The third colupn lists.all references to the statement number or_subroutine
name. These references are also in the form "pp.bb". If a statement
number is not referenced, it is so indicated.

Each subprogram included in the source deck has its own cross-reference
listing, beginning on a separate page. If any statement number appears
more than once in the main program or in the same subprogram, it is flagged
as MULTIPLY-DEFINED.

STAYEmi NT L ABEL ¢ RosS REFT RENCE

. 20+ 001 0 06.24
. 53+ 0L 0L

. 5 * 00 * 0L

. ¢+ 0.4+ 020 _
. 0 * 0403 033 04.322
. B ¢ 0Bt 0

. 6+ 0502 * 0501

. 6 @ 0527 * 052%

. B ¢ 0605 * 045 05.34 05.36 06.03
. 6 * 0616 * NOTREFERENCED
. noro®Bc 6w

. 0 * 02 * 050
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3.4 Data Name Cross Reference Listing

This table contains all data field names, subroutine names, and labels
used in the program and lists the card numbers in which references are
made to those names or labels,

This listing is not available from the FORTRAN compiler and offers a
distinct advantage to programmers for debugging, maintenance and doc-
umentation purposes. Very often a quick glance through this listing
is sufficient to detect keypunching errors or incorrect references.

NCA P ORTRAN QUICK DRAW SAMPLE

i#t##*‘*“*#{###***t*#*#***#t'#*t*tt**‘t*‘#*ttt#“l#t*‘t*t‘i***#*#tttt***'*

*

CROSS REFERENCE BY CARD NUMBER

lt‘##t“**t*****#**##*###*##*#**‘#tt#t*tt##'ttlt**##*;#*l*#'**t##*#t#t**ltl

AR AR 2R BE IR 2K IR TR I R S O e ) LAR AR BK BE BE BE IR IR R )

0076..
0017 .

.0010

0137 0150 0159 ~ 0168 0174 0200

0108 0117 0119 0121 0130 - 0132 0198 0205 - 0213
0231 0233 0241 0242

0076 0077

0133 0169 0201  -0205 0226 0231

0135 0170 0203 0205 0220 0228 0231

0133 0172 0204 0205 0222 0223 0225 0231
0134 0170 0202 0205 0220 0221 0227 ° 0231
0077

0058 0085 0127 0132

0056 0087 0121 0129 0132 0152

0057 0083 0121 0122 0128 0132 0151

0092

0003 0019 0046 0049 0052 008y - 0085 0101 0161
0194 0201 ) '

0059 0090 0123 0128 0126 0132 0153
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SAMPLE FLOWCHART
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Y Rl e -
! R T I M I l U
) I o6 . . END Seanconcecadd
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! £-01,33 €-03.08 N €-04.26
4,07 &,
0090 06,07 003309 es.21 | iy
1 HAVE 1 T2 3UB 1 os.22
X.02.12 ‘
MEGH-LO0P =406 *
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HICH=VALUES

NUNERSC

YN = = o = =
SPACE

SPACES

L1ErQ

EROS - - - - -

ol
o2

8CCEPTLDaTE-300
ACCEPTeNU“LTAPES-300
ACN = « o o o =

AMT-aDVePav-CTR
AMT_NDAGPAY-C TR
ANT-PARSPAY-CTR
ANTUNMATPAYC TR -
(]

BADNUMeTAPES-300
SATCH-CTAS
SATCH-DETAIL-] - -
BATCH-uEsD-)
PATCM-MELD2
SAT(H-nEAD~)
BAT(H-SUR - . o -

PATCH-TIT2aDP=600

0000 000aEL 0000000000000 003000000000000000000000E00rItIttttttr titteterisetineetrtecnionseoctstiotancetcstsssnctscsnesons

A AR R A A A A A L L R T Y Y Y Y TR Y N Y Y Ry R Y Y YR Y Y YT Y XYY TN G Ol gy

SAMPLE CROSS REFERENCE BY TERM

LITERAL
LITERAL
FIG-CON
FIG-CON
FIC-CON
F16-CON
FiG-CON

F1G-CON
F16-CON

LITERAL
LITERAL
LITERAL
LiTeRaL

LITERAL

CITERAL
LITERAL

LITERAL
VITERAL
LiTenaL
LITERAL

LITERAL
UNDEF INED
0381-001.29
0379-001.40
UNDEFINED

o108
0101
0103
0093
UNDEF INED
0394-002.04
031e
0309
0293
028¢
0297
oitl

0681-003.93

OIQI..0....ll.............!.Ql..0.'..'.......0...!.'....IIlll......'..........................

§125-881:93 1 8322:881.93 ¥ 8328:881:92
0330-001:20 § 0331-001121

0449-302,36 5 0592-003.39 § 0393-603.39
0624-002.29 R 0641-002.33 S 0988-00%,)7
0432-002,29 5 0398-003.41 § 0399-003.61

NOT REFERENCED

T 035)-001,22

€ 0323-001.81

NOT REFERENCER

$ 0702-004,38

§ 0872-000.23

S 0873-000.29

S 0674-006.23

2 §iicaatig 4 SU-enhd 4 Bagqo08Elg
T 0e99-004.02 ' Ce80-004.03 1 0301-006,12
P 0463-202.40 P 0479-003,0)

A A g

i

T

1

T

{

T 0342-004.61

T 0843-006.643

S 0303-001.43 § 0368-009.12

T 0367-001.31 -

M C68-006.22

$ 0353-001.24

§ 8393:880:42 § 8848:883:4] S o¢70-003.01
T 0021-002.24 T 0668-002.62 § 0050-008.17
RtE LI R R R RR R i
S 0621-006.08 T 0662-006.12 T 067200828 -
T 0336-001.03 T 0345-001.08 T 0944-001.13
T 0337-001.05 T 0361-001,10 T 0343-601.19
§ iis §§3.*$ L ey
] R g
Rt ARG AR TR
¥ 8883288282 7 §a88-888:81 T 8281-885:48
T 0482-003.03 )

§ 8583:882:38 7 8343:888:81 T os73-00e.2s
S 0068-002.63 T 0692-006.36 T 0896=006,36
T 0630-006.06 T 0600-006.29

T 0375-001.33 § 0373-001.38

’ 8*8?:88::!‘ T 0686-006.32 T 0098-0006,30
$ 0376-001.37

T 0353-001.22°

€ 0393-002.03

E 0402-002.11

{

T

1 ]

| 3

L]

0585-008.39

8sil=gad:l

0349-001.18
0350-001.20

R

0691-008.38

0701-000.3¢

0698.006.3¢

83:2:381 78

0816-009.48
0812-008.48
0014-00%,48

-t -t a—cvumn

\

T

T

!
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083¢.000.00

Bela-g8a:t

0095.200.%

0701-%06.3¢

0700-906.3¢

RS

.............".................'...............................................’..."....‘m
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E 0372

E 0480 E O«bo

A 0378 E 0414

€ 0371 A 0378

€ 0372 A 0420

X 0620 E 0429

ey

SAMPLE DIAGNOSTIC FLOW SUMMARY

0361 0369 6 01,29
0393 =-=--- e "?ZEEEB?'SZ?E'SBBT"’f""':
$-memmmmccolisesegecomoonoos cenbcetecmac- ¢ 0388
? 01,33
or oereg I B b R s e
* - -
* (AECéP;-NU?aTA§E§GBOoz ' . E 0636 & 0683 E 0;85 E OE
:----5315---9292-i--5 ...... o620 _ s ____LEBI%2 FRLEQIRIEC
0378 RESERVED WNRD MARGIN A
o 1
0388 0393 v 01,67
0367 -==--- 2T "'zmxcia'am';s;r“'"“:
#momommssooossomieoosesnosococooo- $ecwa-adf UNDF E 06453 E 0361
0390 NQ LITERAL CLOSING QUOTE
8392 UND; ANED niF RENCE .
392 NESTE ONpITIONAL
1
0394 0602 v 02,04
0383 -ooo e BADONUN-TAPFS-3061 %
$emeccmceaeca- i cmcee- Koomano € 0453 € 0636 E 0379
0396 nUN-ANSI CHARACT%R seQ., .
§334 NERTER EBNRITIANAL -
0287 0603 0408 6 02,12
0884 & T T UGET-NEXT-DISK-REC-3100 . P 0509 ~ 0519 657 P 05
...... EE--&E---E:i-_-EE--i-_------ IR 11 S T4 3 W S I
0409 419 6 7
0370 """’-"9"'9'l""'EB'EY"'g ...... 95:1:
[} - LL=
] TER 3 O 4 *
.-___5&_5-__9_33_;_-_§ ----- 9-3"-----------» 0378 - 0620 E 0409
- §:¥2 gag;ngNTLgNgLTElABL!
13 NESTED EOND?TIDNAL
0620 PARAGRAPH ENDS BADLY
1
04
0409 =eme-- .--ES--EﬁEZ ...... !----_--- ..... 93:3:
* (CHECK=-ZERN~320) *
* (EXIT)Y L
t----------------; ----------- ————- Seooen ~>E 0428 E 0653 X 04k
0627 EXIT AFTER GO
1
0621 wmommeyg PRI et
* .
N ChECK: ;--5 ------------ R LT TR E 0637 £ 06433
[
0492 ~cee-- 9-39--9322 ...... ! ceccmcmane --93:33
0401 (TOTAL=0UT) s
% NULL PARAG&APH :
-
0437 NO VERB IN PARAGRAPH
1
437 4 -
037] ceme-- > JD437_ 04e8 .. Y - 02,32
. (CHECK-EQUAL «322) s
e commee Seeeae=DE 0646 P 0620 E 045)
s o6 ! |
0438 —cmce- 9’22"9233"2'5"'?'E"‘BI'"‘93322
* 1 REA 32 s
bS04t dd oSS D 6 0653

1
1

NO W
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SUPEREF

Mantech Corporation
GENERAL

SUPEREF_aécepts FORTRAN coded source programs and'produces a
comprehensive symbolic name cross reference dictjonary.'

-SUPEREF is operational on any CDC 6000 series compyter whose
software capability has been updated to include thevRandom access

(mass'storage) File Routines OPENMS, STINDX, READMS, and WRITMS.
PACKAGE OUTPUT

Variable Name Dictionary - This listing includes the variable

name being used, the routine that it is located in,

and various other information.

Note: A note of interest is that Mantech Corporation was awarded two
contracts from the U. S. Naval Ordinance Laboratory in Silver
Spring, Maryland to have two large-scale FORTRAN simulation programs

processed by SUPEREF.
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PROGRAM INTEST? (INPUT,0UTPUT¢SAVFM,
1 TAPES3INPUT ¢ YAPEARQUTPUT ¢ TAPF TRSAVEM)
COMMON NOLNKeNOLNT+LNALGJLNALT +NPAGEGINPAGEY?
COMMON /AHCD/ A(S)sR(5¢2)eC(10)9D{1002+2)¢FeGL10s4)
DIMENSTOM E(10k)
EQUIVALENCE (F(l)eatl))
DIMENSION ITHTHL(T42)910MTBL(603)+LOADR(I¢3) VaLUE(D)
DATA ITRTALes INMIRL
1/ KA IHU o LHCo 1HD o I HF s 1HG oMY ) ) ) ) ) s
2 0s 5S¢ 15¢ 250 654 hb, 106,
3505410910¢190100 002900290049 00090020060 7
DATA ISwW s0/
NOLN6=0
NOLNT7=0
LNAL6=60
" LNALT=60
NPAGE6=0-
NPAGET=0
CALL LINts (&0)
CALL LINET (60)
-3 READ (5+100) nAME
100 FORMAT (Ap)
IF (NAME.EQ.AHENDINP) GO TO 30
DO 10 I=146 :
IF (NAME (EQ.ITRTRL(Is1)) GO TO 1S
10 CONTINUE
WRITE (6+4200) NAMF :
200 FORMAT (1HO+Ake26H IS NOT IN TRANSFER TABLE o/
11H0447HINTEST2 PROGRAM PROCESSING 1S BEING TERMINATED, )
CALL LINEg(2)
sTOP
15 INCRM=2ITRTHL(142) ’ .
20 READ (5+300) (LOADR(Jv1) 9y LOADR(J92) 9LOADR(Je3) g VALUE (J) s U1 13)
300 FORMAY (3(3I4,F10,3))
DO 25 K=1,3
IF (LOADR (K1) ,EG.9999) GO TO &
IF {LOADF (K1) ,E0,0) GO TH 20
IF ((LOADR(Ke¢1),LELIDMTBL(Ie1))4AND,

1 (LOANR(Ke2) ,LE,IDMTBL(142)) sAND,
2 {LOADR (Ko3) ,LF,INMTBL (143)) ) GO TO 23

WRITE (69360) LOADR (K1) LOADRIK+2) sLOADR(Ks3) ¢ VALUE (K) ¢NAME o
1 IOMTRL (T4 1) o IDMTBL(T142) s IOMTHL(1,3)

360 FORMAT (1H +RHeINDEX (ylaglHyslbelHos1439H),y vALUE F10,3,
120H FOR ARRAY/VARIABLE o+a601H(1las1MN1sl801Heel4s1H) )
CALL LINLg (1)

ISw=]
G0 Y0 25
23 JI1=IOMLOC (TOMTRLUT+1) 9 TOMTBL(T#2) o IDMTBL (I43)
1 LOADR (K1) 2LOADRIK+2) sLOADR(K33)) ¢ INCRM

E(I1)=VALYE (K) .
WRITE (7+350) MAME ¢ LOADR (K9 1) ¢ LOADR(K92) s LOADR(K¢3) s VALUE (k)
350 FORMAT (1H YTX oAb HXoIH {9 Tbs Moo T4 0lHosIas)H) 93X F10,3)
CALL LINET (1)
25 CONTINUE :
GO0 TO 20
30 IF (ISWeNEL,0) G0 TO 35
WRITE (64305)
CALL LINES (1)
305 FORMAT (1H0+39KNO DIAGNOSTICS FOR THIS RUN OF JTEST2, )
35 T WRITE (64500) ITRTRL{1)sA
CALL LINER (2)
WRITE (6¢500) ITRTRL(2)9R.
CALL LINFAR(3)
WRITE (645003 §YRTRL(3)er
CALL LINES® (3)
WRITE (64500) ITRTRL(4)eD
CALL LINE® (9)
WRITE (6+500) TTRYRL(S)oF
CALL LINES (2)
WRITE (64500) TTRTRLI6) G
CALL LINts (9)
S00 FORMAT (1H s4864/4(S5(F1Ne3))
ENOFILE 7
CALL EXIT
END

\

INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe
INe

280
290
300
1o
320
330
k1Y)
k1Y)
360
370
aso
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
5S40
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
130
740
750
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L J

*

[ J

® ROUTINE
®  NAME

L 2

L 2

* INITL

* INITL

® INTEST2
e INTEST2
® INTEST2
*

& INITL

* INTEST2
[ J

® INITL

* INITL

* INTEST2
® INTEST2
L J

° INITL

® INITL

e IrTEST2
® INTEST?2
»

* INITL

* INITL

@ INTEST2
* INTEST2
L

® INTESTR
* InTEST2
® INTEST2

* INTEST2

. U
*TINITL
- ® INITL

® INTEST2
® INTEST2
L

* INITL
* INITL

® INTEST2
® INTEST2
[ 2

® INMLOC

® IoMLoC

e InMLOC

® . 10MLOC

e INTEST2

* INTEST2
.

® INTEST?

seene
IYYY:
3s

(2 X2 2]
a*ased

(2 XX 1]

doane

AL A I T I Y T Y Y Y Y Y Y Y Y Y Y YY)

WRITE (64500) ITRTBL

tesee

secee
"WwRITE (6+4500) ITRTBL(S)F

Seane

10
20
23

ILLUSTRATIVE
FORTRAN STATEMENT

COMMON /7 aABCO 7/

OATA A /Se),0/

COMMCN 7 ABCO 7

EQUIVALENCE (E(1)eA(1))
{

)
1)eA

COMMON / ABCO /7 .
COMMCN / ABCD 7/

COMMON / ABCD 7/

DATA B /1002,0/

COMMON / ABCD / .
WRITE (6+500) ITRTBL(2)+8

COMMCN 7 ABCD v
DATA C /10%3,0/
COMMON / aHBCD 7/
WRITE (6+4500) ITRTBL(3)sC

COMMON / aBCL 7/

DATA D /40°4,0/

COMMQON / ABCO v/

WRITE (64500) ITRTBL(4)+¢D

DIMENSION E(106)
EQUIVALENCE (E(1)9A(1))
E(II)=VALUE(K)

CALL EXIT

COMMQON / ABCO 7/

DATA F /5.0/
COMMON / ABCD 7/

COMMON / ABCD 7/

‘DATA G /40%6,0/

1

COMMON / aBCO 7/
WRITE (6+500) ITRTBL(6)+6G

FUNCTION JOMLOC (IleJJsKKeIqaJeK)
IOMLCC=I¢II®(JU=])olI®JJY® (K=))
INMLOC=1e110(J=])

- 10MLOC=1

II=ICMLOC (IDMTBL(Is1) s TOMTBL (I1+2) 9 TOMTBL (L03) e

LOADR{Ks1) yLOADR(Ks2) »LOADR{Ke3)) o -INCRM

DIMENSION ITHTBL(7oZ)cIDMTR|lb.!s.lOannla.ﬁl.VALuElJ\

THIS IS A =S UP ERE F= LISTING OF
PROBLEM

®00scsesstrasecsscsas PAGE

ADe

ADe -

INe
INe
INe

RDe
INe

RDe
ANe
INe
INe

ANe
Ale
INe
INe

RNe
Ane
INe
INe

INe
INe
INe

INe

~Bhe
RANe
INe
INe

80+

RDe
INe
INe
IDe
Ine
INe
INe
INe
INe

20ec000
30eo0ee
40c000e

! 60..'..

600s00se

20co0es

40cceee

20c0cee

40co0eo
“o.....

620ce0es

zo.....
S0eeese
40¢0c0e
640.0000

20.....

60.....
40csove

660¢0s0e

S0sveee
60cecce

S500sesee
T40co0ese

2000000
TO0soosne

40ccces
68040000

20sv00e
B80sosee
40c000e

T700ceere

10scees
40c00ee
60¢00ee
80ecseee
4R0se0ee
490ceeee

k 41 PSP

VARIABLE
NaAME

10ML0C
jomLoC
104L0C
10MLOC
10%L0C
10MLOC

TNMTAL

05 0 000 000 000000508 ¢0 0000060600 0¢000 0500000000804 060060008000OC

]6;

cg/ -4
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- FORDOC

J; Toellner and Associates
GENERAL

FORDOC accepts Fortran source program as input and produces a
restructured source déck along with a variable name cross-reference.
The system is composed of six modules that can be run separately or

as an entire series.

PACKAGE OUTPUT

Restructured source deck - the 6rigina1 source deck is "cleaned

up" by FORDOC giving an easier to read source deck;

Cross-Reference - this listing is a variable name cross-reference

listing references made to a given variable name.
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SUMMARY
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SUMMARY

The need for adequately documented computer programs is an essential
element common to all data processing centers. This need for documentation
can be efficiently accomplished through the use of automatic documentation
software packages. The use of these packages saves both time and money
as well as establishing a standardized documentation presentation for each
program written.

This report has shown most of the better proprietary automatic docu-
mentation systems along with their output features. RPG documentors have
been excluded intentionally. )

It is evident that there is much'room for improvement in this area of
program documentation. The door is open for an automatic documentation
system-which does a better job of presenting a program structure. Better
automatically produced flowcharts and descriptions of data structures are
two areas in which work needs to be done to develop new modes of presen-
tation.

There also is a total lack of any aids to produce global or system-
wide documentation in the software packages reviewed here.

Perhaps through the combinations of certain features found in auto-
matic documentation packages existing today, and by utilizing new ideas to

supplement these features, an ideal system could be developed.
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ABSTRACT

The various options available to the user through compilers (PL/I,
FORTRAN, and COBOL), assemblers and linkage editors/loaders are listed.
Conclusions are then drawn as to which of these options would be useful

in the development of an automatic documentation system.
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INTRODUCTION

The purposé of this paper is to describe the interaction between

a user program‘and the operating system of a computer. The motivation
for this study (also the main objective of the study) was 1.) to de-
termine those options available to the user without modification of the
operating system which Qould be of significant importance to the devel-
opment of an automatic program documentation system and 2.) to determine .
what difficulties migﬁt be encountered at the operating system level in
developing an automatic documentation system to be used on many different
manufacturers' computers. As the basis for the discussion of this topic,
the following three operating systems will be considéred:

1. IBM's 05/360

2. UNIVAC's EXEC 8

3. CDC's SCOPE 3

To explain the medium by which this.interaction takes place, and

also the extent to which it cén take place, the compiler and Tinkage
editor/loader options available to the user thrbugh the control language
for these éystems will be discussed. As it would be impossible in the
allotted time to examine all existing higher Tevel languages and their
compiler options (just as it would also be impossible to study all
oberating systems in existence),'thg following threé 1anguagé§ havé been.
chosen for study as being representative of all higher level languages:
PL/I, FORTRAN, and COBOL. Also, the assembler languages of the above

mentioned three.machines and their'options will bé considered.
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COMPILER/ASSEMBLER OPTIONS

A. Options

The first step in the study was to compile a 1ist of all the compiler/
assembler options available to the user by the operating systems for the
four ]anguagés under consideration. These options were then studied in
Tight of their possible usefulness as part of an automatic system of
program dicumentation. A list of these options is indicated on the next
several piges. It will contain an explanation of the option, and is broken
down by manufacturer and ianguage.

It is urged that the reader study this 1ist of options before proceding

to the next section of the paper (See 1ist on following pages).

B. Results and Remarks

Because one of the criteria of the study was to determine those items
which could be obtained without modification to the operating system, let
us consider those options which are common to FORTRAN, COBOL, and Assembler
languages under all operating systems (PL/I is not offered on the UNIVAC
1108 or CDC 6600 machines.)

1. A source listing may be obtained.

2. A cross-reference table may be obtained.

3. The user may specify from where to read the input file.

4. The user may specify where to write the object module.

Thus, it can be seen that although a myriad of options are offered by the
three computer manufacturers, only four options are common to all of them.
These options, however, the author feels would be of significant value to

the development of an automatic documentation system.



TABLE I.

ASSEMBLER OPTIONS

coc 6600

OPTION I1BM 360 UNIVAC 1108
L=fn; place a full Tist+ T
Specify that an assembler language fing on the file named LIST (NO)

listing is to be produced

fOUTPUT is assumed for

fn; if L=0, put a brief
listing on the file
named OUTPUT; if absent

fn

Specify from what file the input is

to be read.

I = fn; the input is
on the file named fn;
if absent INPUT is
assumed for fn

Done thrdugh JCL

is coded on the control
statement.

The file name to be read

L.

 Specify the file the object module

is to be written upon.

B=fn; a binary file

is written on the file

named fn; if absent,

LGO is assumed for fn;

if B=0 is coded, the

binary file is sup-
ressed.

LOAD, pace on the
drive specified by the
SYSGO DD statement

The file name the ob-
ject module is to be
placed on is specified
on the control state-'
ment

Specify where to search to flnd

the systems text.

"Isystems text is on

if absent, or S, the

SYSTEXT(SCOPE Central

Processor Macros)

S=rname; the systems
text is on the over-
lay named rname.

S=SCPTEXT; the systems
text if from the
library overlay named
SCPTEXT which contain
the system symbol
definitions

S=SMTEXT; systems text

for SORT/MERGE - macros

plus SCPTEX macros

Done through JCL -

6-J
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check for possible coding violations
of program reenterability

] OPTION cDC 6600 1BM 360 UNIVAC 1108
S=PPTEXT; systems text
for PP macros (SCOPE
Peripheral Processor
Macros)
Specify that a deck is to be DECK(NO) p
produced of the object module
Specify that the object module is TEgT%NO); th? ObJﬁCt
to be tested. module contains the
special source symbol
table required by the
test translator
(TESTRAN) routine and
the TSO command
processor
‘Specify‘thata‘cross~reference tablej L XREF (NO) L
is to be produced.
Specify that the assembler RENT (NO)

Specify the number of lines to be
printed between headings in the
listing. '

LINECNT=xx; where xx i{
the number of 1lines
desired.

Specify that boundary alignment
errors are to be printed

ALGN (NO)

9-)



OPTION

€DC

6600 _

1BM 360

UNIVAC 1108

Specify what capability the
assembler has. :

0S-complete 0S assem-

" bler F capability

DOS-DOS assembler D
and F capability

ESpec1fy an optional file upon which
to write d1agnost1c messages

TERM(NO) ; write the
diagnostic messages
on the SYSTERM data
set

Specify numbers are to be written
in the beginning of each line for
which diagnostic information is
given

NUM(NO); the.line
number field (cols 73-
80) or TSO through

the EDIT command
supply these numbers;
this option is only
valid with TERM above

iSpecify that statement numbers

are to be supplied for statements
for which diagnostic information is
given

STMT(NO); these numberd
will be written on the
SYSTERM data set; this
option is only valid
with 'TERM' above

Spec1fy that the run.1§ to be
continued even though errors have
been detected

Done through JCL

A; this option need
not be specified as

it is always in effect
unless overridden by
the X option

Specify that the run is to take the
error exit if errors are detected

Done through JCL

X; overrides the A
option above

=)



OPTION | cbC 6600 IBM 360 UNIVAC 1108 -]
Indicate the relocatable is output F '
code is quarter-word sensitive.
Specify compressed card input in G
columns 1 through 80 :
Specify that input cards have H; these numbers are
sequence numbers in columns 73-80 ignored unless the K
option (below) is
specified
Specify compressed card input in J
. columns 1-72 and sequence numbers
ﬁin column 73-80.
E
fSpecify a sequence check is to be K; used in conjunction
performed when reading the input with the H or J option
Icards (columns 73-80) above
Specify the assembler's internal M; expanded by an
symbol table and procedure additional 10240 words
sample table areas are to be when used with the R
expanded option these areas are
expanded by only 5120
' words :
Specify all listings are to be NOLIST N; or omit all listing

suppressed

parameters

Specify a machine language listing
is to be produced

0; done in octal .




to be used

OPTION CDC 6600 IBM 360 UNIVAC 1108
Specify the source language - P
output should be in Fieldata code
Specify the ASC11 character set is Done through JCL Q

Specify that the amount of core
storage is to be lessened for the
internal tables

R; 5120 words are
dropped from the
assemblers: internal
symbol and procedure

Vsamp]e table

Specify that the relocable output
code is third-word sensitive

T (is overridden by

the F option)

Specify an update is to be made of
an existing source language input
ielement to the next higher element
cycle

U; the 'eltnames'
parameter on the
control statement must
be coded; the updated
version has the same
name as before but

the cycle number is
increased by one

-ISpecify the correction lines
are to be listed at the head of .
the printer listing ’

W

Specify the name and version of
{the source element

Done through JCL

N1/V1; where N1 is
the element name and
V1 in the version
number

6-3



OPTION

1 CDC

IBM

360

UNIVACG 1108

Specify the name and version of an
updated source language module,
i¢, where to place the updated
module

Done through JCL

N2/V2; where N2 is

the element name and
V2 is the version num-
ber

Specify the name and version of
the updated object module, ie,
where to store it

Done through JCL

N3/V3; where N3 is the
element name and V3
is the version number

Specify that corrections are to be C
noted on the listing

Specify alternate Assembler is to J
be used

Specify a set of system symbol M
definitions are to be provided to

the assembler before the assembler

source code

Specify comments are to be inserted K
in the source or object module

Specify no listing is desired N
Specify the output punched is in Q
multiple word octal format

Specify an updated output source S
language element is to be punched

on cards

Specify the correction deck is to W

be listed prior to the assembler
listing

oL-3



OPTION

CDC

LB

360

LNTVAC

1108

Suppress formation of information
normally given to the diagnostic

routine

£600.

Z
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listing is to be produced

TABLE II. FORTRAN OPTIONS
OPTION cbC 6600 IBM 360 UNIVAC 1108

Specify that a machine language 0; in octal

listing of the compiled program is

to be produced

Specify that a source listing of thd L SOURCE(NO) , I; single spaced list-

program to be compiled is to be EDIT(NO); produces ing

produced ' structured listing L; detailed listing
M; double spaced

listing

N; produce no listing

Cross Reference Table-Showing R XREF(NO) L

there the variables were defined

and where they were referenced

List A1l diagnostics indicating X

all non-ASA usage

Specify an assembler-language LIST(NO) L

Tells on Which file to write the
output

1=fn; 1 is the type of
listing desired (one
of the above four);

fn is the file name
which is to be written
upon

Done through JCL

Done through control
statement

Indicate from what file the source
program is to be read

I=fn; fn tells which
file is to be read fron

Done through JCL

Done through the Con-.
trol Statement

2L=3



OPTION

CDC 6600

IBM 360

UNIVAC 1108

Indicate where to write the machine
language file of the compiled
program

B=fn; a binary relocat-
able file is to be
written on the file-
name fn :

E-the object code is
prepared for EDITSYM-
this facilitates hand
optimization of the
compiled code

LOAD; write the object
module on the data set
specified by the
SYSLIN DD statement

Done through the
control statement

Provide and error trace back and
calling sequence

T

ID; also, internal
statement numbers are
generated for state-
ments  that call a
subroutine or contain
an exteranl function
references (four extra
bytes are needed for
linkage)

Done by ‘SNOOPY'

permits the programmer to name his
main program routine

NAME = xxxxxx; where
XXXXXX is a six
character name conform-
ing to FORTRAN rules
of variable names

Indicate the maximum number of
Tines to be written on a page of
the source listing

LINCCNT=XX; where xx
is the number of lines
desired

Indicate an object module is to be DECK(NO) P
punched
Include a table of named variables, MAP(NO)

their type and location,and a table
of labels

€L-2




OPTION

CDC

6600

1BM 360

UNIVAC

1108

Indicate which character set the
compiler should accept

BCD or EBCDIC

Indicate to what degree the compileg
is to optimize the coding produced

'OPT=2; the compiler

OPT=0; no optimization

OPT=1; each source
module is treated
as a single
program loop each
loop is optimized
with regard to
register allocatior
and branching

treats each source
module as a
collection of
program loops and
optimize each loop
with regard to

. register allocatioyp,

branching,common
expression,
elimination, and
replacement of
redundant comp-
utations

Indicate the amount of main
storage available to the compiler

Size=nnnnk; where
nnnn is between 115
and 9999

Specify that a listing indicating
the loop structure and the logical

continuity of the program is to be
produced

EDIT; A SYSPRINT DD
statement must be
included, and OPT=2

must also be specified

vL-2



OPTION

chC

6600

1BM 360

UNIVAC . 1108

Specify whether or not the output
from the compiler is to be accepted
if an error has been detected

Done through JCL

A; accept it
X; abort the run

to be listed prior to the compila-
tion Tisting

Specify inline double precision D

coding is to be generated ’

Specify the labeled common is to G

be attached to only those segments

which use it

Specify the alternate FORTRAN J

compiler is to be used :
_{Specify an updated source S

qmodu]e is to be punched

Specify the time of each phase and not a user option; T

the total compilation time is to specified when the

be printed operating system is

' generated
Specify that the correctibn deck is W

Specify patch cards are to be used
to alter the compiler operation.

Y; is suggested that
only systems
programmers use this
option

Specify that the formation of
information normally given to the

diagnostic-routine is to be sup-
pressed : _

z
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OPTION

CDC

6600

1BM 360

UNIVAC 1108

Specify what source element is to
fbe updated

Done through JCL

N1/Vi; when N1 is the
source element name and
V2 is the version num-
ber

Specify an updated source element
is to be stored

Done through JCL

N2/V2; where N2

is the source element
name and V2 is the
version number

Specify where to store a relocatable
1object module

Done through JCL

N3/V3; where N3 is
the source element
name and V3 is the
version number

91-3



TABLE III. COBOL OPTIONS

the library are to be listed

OPTION cbC 6600 1BM 360 UNIVAC 1108
Indicate that the source module is }L SOURCE(NO) I; single spaced
to be listed : listing
: L; includes items
specified by C,D
‘ and 0 options
kist all diagnostics indicating X
on-ASA usage
Indicate that items copies from {C

Indicate that a cross reference
- ftable is to be produced

R; lists cross
reference pointers to
source lines

XREF; 1ists data names
and procedure names

R; lists data names
and. file names

—

Indicate -that the object module is
to be listed :

0; listed in octal

PMAP; listed in
hexidecimal also lists
register assignments,
global tables, and
literal pools

0; listed in octal

Indicate where to write the file
containing the last output

1=fn; where 1 is L or
any combination of L
with X,C,R,0,M (see
above) and fn is the
file name on which
the output is to be
written

Done through JCL

£1-2



OPTION

CDC 6600

IBM 360

LNIVAC

Indicate from what file the source
program is to be read

I=fn; where fn is the
filename to be
read

Done through JCL

Done through the
control statement

1108

Indicate on what file to write the
object module

B=fn; write the
relocatable binary

file named fn;

B=0 suppresses the

writing of this file

LOAD; place the object
module on mass storage
or a tape volume

Done through Control
Statement

Indicate on what file the COBOL
library is located

S=fn; fn is the file
on which the COBOL
library is located;
needed only if fn is
not COLIB

Done through JCL

Suppress all DATA DIVISION binary
output except from the WORKING

# STORAGE SECTION and CONSTANT

{ SECTION for a subcompiled program
which would duplicate output from
a separately combined main program-
this enables them to be properly
loaded together

SuB

Separate the overlay segments
from the main programs so that
separately compiled programs can
be loaded properly

0B=fn; the overlay
segments are written
on the file named fn

Specify the amount of main storage
available for compilation

SIZE=yyyyyyy; is
measured in bytes

Specify the amount of storage
allocated for buffers

BUF=yyyyyy. measured
in bytes; if BUF and
SIZE are both specifie

L= Sl
-
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IBM 360 -

UNIVAC 1108

source module statements

OPTION cDC 6600
the amount of storage
in BUF is included in
SIZE
Spec1fy that a condensed 11st1ng CLIST(NO): the procedute
is to be produced portion of the listing
will contain generated}
card numbers, verb
references and the
location of the first
generated instruction
for each verb
List a glossary of symbols used DMAP(NO)
rin the program ,
{Specify an object module deck is DECK(NO) p
to be produced S; a deck of an up-
: dated file is
produced
Provide a‘séquence check of the SEQ(NO)

Indicate the number of lines to be

printed on each page of the source-

listing

- desired

LINECNT=xx; where xx
is the number of 11nes

Indicate the severity of error
messages to be printed

FLAGN; 1ist all
warning and diagnostic
messages

FLAGE; list all but
the warning messages

6=



OPTION

cDbC

6600

1BM 360

UNIVAC

1108

Indicate the object code listing,
object module and link edit decks
are to be suppressed if an E level
error message is generated by the
compiler

SUPMAP(NO)

Indicate the type of spacing
desired on the source listing

SPACE1; single space
SPACE2; double space
SPACE3; triple space

Indicate what kind of movement of
computational fields is desired

TRUNC; if the number
of digits in the sendin
field is greater than
the number of digits in
the receiving field, thH
arithmetic item is
truncated to the numbet
of digits specified

in the PICTURE clause
of the receiving field
NOTRUNC ;the movement
of the item depends on
the size of the
receiving field
(fullword, halfword)

g

e

Indicate which character should
be accepted to delineate literals
and to be used in the generation
of figurative constants

QUOTE; (") is the
acceptable character
APOST; (') is the
acceptable character

Specify the output from the
tcompiler is to be accepted
even if errors are detected

Done through JCL
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names with the same first five
characters is to be produced

OPTION cDC 6600 IBM 360 UNIVAC 1108

Specify that the checking of B
punched card sequence numbers

(co]umnsl 6) is to be ignored
ISpecify the matched names of C
CORRESPONDING data names are to be -
listed

Specify an alphabetic list of all D
data names and file names is to be

printed

Specify a detailed list of E
diagnostics .is to be printed

Specify the alternate COBOL comp11er | J
1is to be called

Specify that a list of items K
requested through the COPY and ‘

INCLUDE verbs is to be produced

Specify a list of procedure - M

Specify that the source Tisting
is to contain only those items
requested by options

 N; if absent E,

K are assumed

I, and

Specify the updated module is tor
be punched on cards
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OPTION

CDC

6600

1BM 360

UNIVAC 1108

Specify that the label will consist
of the first five characters
preceded by one element - specified
unique character

I

Specify that the contents of
columns 72-80 are to be ignored

Specify that the compiler has
encountered a subprogram rather
than a main program

V; the generation
of a starting address
is suppressed

information normally given to the
diagnostic routine is to be
suppressed

Specify that the correction deck W
1is to be listed before the

compilation listing

iSpecify the run is to be aborted if Done through JCL X
an error is found

Specify that the formation of Z

Specify the name and version
of the source element

Done through JCL

N1/V1; where N1 is the
name of the source
element and V1 is the
version number

Specify the name and version of an
updated source language module, ie.
where to store it

Done through JCL

N2/V2; where N2 is
the name of the
module and V2 is the
version number

22-)



OPTION

cDC

6600

IBM 360

UNIVAC... ...1]108....

Specify the name and version of the
updated object module, ie, where
to store it

Done through- JCL

N3/V3 where N3 is

the object module namef

and V3 is the version
number

i
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TABLE IV PL/I OPTIONS

OPTION

CDC

6600

1BM . 360

1108

available for compilation

Specify the amount of main storage

SIZE=yyyyyy; indicates
yyyyyy bytes of storagé
are available
SIZE=yyyK; indicates
yyyK bytes of storage
are available
SIZE=999999; instructs
the compiler to obtain
as much main storage
as it can

S urvac

|Specify the type of compiler
optimization desired

0PT=0; keep object
program storage
requirements to a
minimum at the expense}
of execution time ‘
0PT=1; causes object
program execution

time to be reduced at
the expense of storage
0PT=2;includes OPT=1,
but also requests the
compiler to optimize

”

the machine instructions

generated for certain

DO-loops and expressions

in subscript lines

Request the compiler to produce
additional instructions that

will allow statement numbers from
the source program to be included
in diagnostic messages produced
during execution of the compiled
program

STMT (NO)

-
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OPTION CDC 6600 1BM 360 UNIVAC 1108

Permit the programmer to name the OBJINM=xxxxxxxx; must

load module that will be created by begin with an

the linkage editor alphabetic character

Permit the operating system to . OBJIN; if execution

properly handle interrupts on the takes place on the

IBM models 91 and 195 IBM 91 or 195 computerg
OBJOUT; if execution
does not take place on
the IBM 91 or 195
computers

Cause the compiler to construct EXTDIC; of the

larger dictionaries dictionary block size
is 1K bytes a
dictionary 1.5 times
that of normal size
is used; the dictionary
used is 3.5 times
normal size if the
block size was greater
than 1K bytes

Specify the condition for terminatign SYNCHKE; if errors of

after syntax checking if errors
are detected

severity "ERROR" or
above are found _
SYNCHKS; if errors of
severity 'SEVERE' or
above are found
SYNCHKT; if errors of
severity 'TERMINATION'
are found

Specify that the preprocessor
is to be used

MACRO(NO)

6e-J
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preprocessor is wanted in the form
of a card deck

OPTION CDC 6600 IBM 360 UNIVAC
Specify the compiler is to COMP(NO)
immediately compile the source
module produced by the preprocessor
Specify the output from the MACDCK(NO)

Specify whether the source state-
ments are written in the 48 or
60 character set

;

CHAR60; written in the
60 character set
CHAR48; written in the
48 character set (the
compiler will accept
both if CHAR4S8 is
coded, however)

Specify whether the EBCDIC or
BCD character sets is to be
laccepted

EBCDIC; BCD

Specify the extent of the part

of each input record that contains
PL/I source statements. It can
also specify the position of the
ANS carriage control character
desired to control the format of
the listing produced

- statements nnn is the ]

SORMGIN=(mmm,nnn[,ccc])
where:

mmm is the first byte
of the field that
contains the source

last byte of the
source statement field
ccc is the byte
containing the carriagg
control character and
mmm < nnn <100 and

CCC < mmm or cccC >

nnn

e T
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OPTION .

CDC

6600

1BM 360

UNIVAG

11Q08.

Specify where to place the object
module produced

LOAD; place the object
module on the SYSLIN
data set

produced of the object module

Specify that a card deck is to be

DECK; columns 73-76
contain a code to
identify the object
module and columns
77-80 contain a 4 digit
serial number

Specify the number of lines to be
printed on a page of the source
listing

LINECNT=XX; where xx
is the number of
Tines desired

source statements input to the
preprocessor is to be produced

{Specify that the compiler options OPLIST(NO)
are to be listed at the start of

compilation

Specify that a.listing of the 1 SOURCE2(NO)

Specify that a listing of the
source statements processed by
the compiler is to be produced

SOURCE(NO) ; - the
statements are either
the original source
statement or the
output from the
preprocessor -

Specify that for each statement
of a DO-group, the block and
nesting level should be indicated
on the source listing

NEST(NO)

L2-)



OPTION

Che

£600

1BM 360.

1108,

>

Specify that a table of source
program identifiers and their
attributes should be produced

.

ATR(NO); also an
aggregate length table,
giving the length in
bytes of all major
structured an non-
structured arrays will
be produced

Specify that a cross-reference
table is to be produced

XREF(NO); if ATR(above)
and XREF are both
specified, the table is
combined

Specify that the source listing
should contain the ESD

. JEXTREF(NO)

Specify that a list of the
machine instructions generated
by the compiler is to be produced

LIST(NO); the list is
similar to SYSTEM/360
assembler language
instructions

Specify the minimum level of
severity that requires a
diagnostic message to be printed

FLAGW; Tist all
diagnostic messages
FLAGE; 1ist all but
warning messages
FLAGS; Tist only
'severe' and 'term-
ination' messages

Specify that a formatted listing
of the compiler modules, compiler
storage, and compiler control
blocks is to be produced if an
unrecoverable error is encountered

DUMP

8¢-3
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The author would now Tike to list those options provided by any/all

of the systems which he feels would be of use to the development of an

automatic documentation system.

1.

10.

11.
12.
13.
14.
15.
16.
17.

18.
19.

W O N O o0 & w N

A source listing

An object listing

A cross-reference table |

Specify the input source/object file

Specify the output source/object fiie ‘

Permit the programmer to name his main program module

A table of named variéb]es including_their type and location
A tab]é of label names

An indication of what character set is to be accepted (BCD, EBCDIC,
ASCII, FIELDATA, etc.)

A listing indicating the loop structure and tﬁe logical continuity
of the program

Specify if an é]ternate version of a compiler is to be used
An indication of the time of compilation, execution, etc.

An updated source/object was produced

An indication of all non-ASA standard usage

An indication of those modules which were subcompi]ed{

An indication of the maiﬁ storage and buffer size

An indication of.which segments are overlays, which segments
they can overlay, and the fpathf of the overlay

Specify what kind of computational field movemenf was used
Indicate whether the quote (f) or the apostrophe (') is to be

accepted
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20. Indicate what 1eye1/capabi]ity of cqmpi]er/assemb]er is needed

21. Specify that internal table space have been increased/decreased

22. Specify if the preprocessor was used and a listing of the
generated code

23. Indicate what portion of the card contained the source statements

LINKAGE EDITOR/LOADER OPTIONS

A. Options
The second step of the study was to compile a list of the linkage editor/

loader options available to the user. (The author regrets that at this

time insufficient information could be obtained for the CDC 6600 and UNIVAC
1108 loaders.) These options were then studied in light of their possible

usefulness as part of an automatic system of program documentation. A Tist

of the IBM linkage editor/loader options follows.

Linkage Editor Options

1. Downward Compatible - makes the load module processable by either the

lével'E or level F linkage editor - it lets the Jevel E reprocess load
modules produced by the level F linkage editor (some differences
between the levels E and F linkage editors are: the size of main storage
used, the number of entries permitted in the ESD or the RLD, the number
of segments allowed, the haiimum blocking factor allowed).

2. Hieararchy Format - the programmer can specify his program to be loaded

into either processor storage (hieararchy 0) or IBM 2361 core
storage (hieararchy 1) - the program can be block or scatter loaded in

either area.
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Not Editabie - a module with this attribute has no ESD and

can't be reprocessed by the linkage editor. Because no ESD 1is
produced, less space is needed. It is used primari]y‘by the control
program. |

Only Loadable - modules with this attribute can only be bfought

into core using the LOAD macro - this is done because some subsets
of the control program use a smaller control table when a Toad
module is invoked with the LOAD macro, thereby requiring a smaller
storage area. It must be entered by a CALL or branch instruction -
this attribute is used mainly by the conEro]_program and it is
suggested that the programmer nbt use this option because it can
impair the usability of a module.

Overlay Attribute - is structured according to OVERLAY control

statements - overlay modules can only be blocked-loaded, are not
fefreshab]e, are not reenterable, are not serially reusable, and
cannot bé assigned a storage hierarchy.

Reusability - this means that the same copy of a 1oad module can be
used by more than one task, either concurrently or one at a time.

a. re-enterable - can be executed by more than one task at a time -

this module can't be modified by itself or any other coding during
execution. | '

b. serially reusable - .can be executed by only one task at a time -

this type of module must initialize itself or restore any
instructions modified during'previous execution.
Refreshable - can be replaced by a new copy during execution by a
recovery rearrangement routine without changing either the sequence

or results of processing.
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9.

10.

11.

12.

13.

14.

Scatter Format - does not need to be loaded in a contiguous block of

storage - the programmer specifies the dynamic loading of cqntrol
sections into noncontiguous or scattered ‘areas within his assigned
main storage. The control program can determine a scatter format

but for Bést results the programmer should specify his own control
sections which are to be scatter loaded.

Test - a module is to be tested and has the symbol tables needed by the
test translator (TESTRAN) or the TSO TEST command processor.

Exclusive Call - the link editor marks the output module as executable

when valid exclusive references have bgen made between segments
(However, a warning message is also issued) - the OVERLAY option
must also be specified.

LET - when specified, the linkage editor marks a module as executable
even though it has found a severity 2 error condition - (example:
unresolved external references, valid or invalid exclusive calls
kequested by an overlay program, an error on a link-edit control
statement, a library modu]e‘can't be found, or there is no more space
in the directory of the output module library).

No Automatic Library Call - the linkage editor does not call library

members to resolve external references, and the output module is
still marked as executable (pfovided no other errors exisf)

SIZE - Specifies the amount of storage to be used by the level F
linkage editor - this option also can be used to specify how much
storage is to be used as the load module/text buffer(used to house
input/output data).

DCBS - lets the user specify the block size for the SYSLMOD data set



15.

6.
17.

18.
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in the DCB of a DD statement. SYSLMOD is a DD statement which
describes an output module library. It is a partitioned data set

on a DASD and has a member name.

_LIST - lists the control statements processed by the linkage editor

on the diagnostic output data set.
Module Map - produces a module map on the diagnostic output data set.

Cross-reference table - produces a cross-reference table on the diagnostic

output data set. _
Alternate Output or SYSTERM Option - produces.the linkage editor error/

warning messages on the SYSTERM data set: -

Loader Options

1.

pm-lsww

RES - an automatic search of the link pack area'queue is to be made.

CALL - an automatic search of the SYSLIB data set will be made.

EP = name - specifies the external name assigned to the entry point

NAME = name - specifies the name to be used to identify the loaded

PRINT - write informational and diagnostic messages on the SYSLOUT data set.

MAP - same as 16 above.
LET - same as 11 above.
SIZE - same as 13 above.
of the loaded program.
7.
program to the system.
8l
B. Results and Remarks

A1l of the above mentioned options would provide useful information

to the user. Thus, the author feels that fhey shouid all be ‘included in

an automatic documentation system.
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CONCLUSION

In conclusion, we can see that even though the three general
operating systems (IBM, CDC, Univac) reviewed in this report offered
a myriad of options, only a few of them are common. However, this does
not seem to be a hindrance because the individual compilers, assemblers
and linkage-editors/loaders build tables and produce outputs which
provide much valuable information for automatic documentation.

At the present time, .the operating systems have not been studied
to a sufficient depth to determiné if any additional information for
documentation can be derived from other operating system components.

It is hoped that further investigation will also reveal if modificatioﬁ

to the operating systems will be necessary to obtain this data.
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ABSTRACT

A technique for documenting programs by means.of an audio
-keéording is proposed.

An experiment designed to test.the effectivenéss of the
technique was conducted. The results of this experiment 1ndicéte
that in some circumstances programmers can use audio documentation
as effectively as more conventional forms of documentation.

In general, audio documentation is far easier and cheaper

“to prepare.
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INTRODUCTION

Even though the importance and value of proper documentation
have been extensively discussed, most computer programs are not adequately
documented. Since the value of documentation is virtually unquestioned
and its utilization is so inconsistent, then perhaps an alternative to
the conventional documentation package needs to be developed. The
purpose of this paper is to present an alternative and to evaluate its
effectiveness.

| The technique proposed makes use of audio tapes for storing the

majority of the documentation for a specific progrdm. An‘experiment
was designed to test the utility of this for program maintenance

as compared to more conventional forms of documentation.
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A STANDARD FOR AUDIO DOCUMENTATION

The audio documentation packagé developed for this experiment
- contains the following four items:

(1) Cover Sheet

(2) Audio Tape

(3) File Information Sheet (if required)

(4) Program Listing.

The covef sheet (fig. 1, p. 3) is a table of contents to the audio
tape. The first section provides genera1»information usch as program
name, programmer, source language, date, tape speed and type of
tape. The second section provides the table of conténts for the tape.
One of the major disadvantages of the audfo technique is the.difficu1ty
in finding the desired information. The table of contents is designed
to alleviate this problem. For the major chponents of the program,
the table of contents provides: 1line number of the program listing,
paragraph or routine name, and a footage meter reading indicating where
on the tape the detailed comménts for the particuiar éection may be
found. If the programmer desires to listen to a particular portion of
the tape, he can then use either the fast forward or fast rewind to
position the tape to the d¢s1red location.

As can be seen from the table of contents, the tape is composed
of two main sections or parts. The first should always contain the
following sections:-(l) Identification, (2) Overview and 1/0, (3) General .

Flow, and (4) Symbols and Variables. The second major section contains
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the detailed descriptions of small segments of the program.

The Identification section always begins by stéting the program
name. This requirement is imposed for two reasons: (1) To insure the
tape has not been mislabeled, and (2) To allow meter synchronization.

The Overview and I/0 section includes such items as source
language, system or application, entry and exit points, external refer-
ences, tables, description of input and output, special register
usage, etc.

The General Flow section could be considered a verbal flowchart
depicting the gross logic of the program. This section describes the
major segments of the program and provides the general purpose or
function of each major program paragraph or subroutine and indicates
the order in which segments are performed or called.

The Symbols and Variables section is self explanatory. Sequentially
following the program listing each symbol or variable is named, its
line number given and its purpose or usage described.

The most important advantage of audio documentation is provided
by the remainder of the tape wherein a detailed description is provided
for each paragraph or subsection of the program. The advantage is that
much more detail can be presented on the tape than would normally be

provided by any-of the more conventional forms of documentation.
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Program Name
Programmer
Addréss

Tape Speed

1-7/8 3-3/4 7-1/2

DOCUMENTATION UNIT

Revision - Date

. _ Yr Mo
012345
Phone
N AU
Total Length Tape Format
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Day

MIN 37 ReeL 5" ReeL CASSETTE

| Table of Contents

Meter

Reading

1. Program Identification
Program Overview and Input/Output
Segmentation and General Flow

Glossary

Gl W N

Description of Program Segment Logic
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Figure T - Audio Documentation Cover Sheet



AN EXPERIMENT

As previously stated, the purpose of this experiment was to test
the utility of this form of documentation program maintenance compared
to those of the more conventional forms of documentation. One of the
first decisions that had to be made was to detgrmine which programming
language should be used for the experiment. Since»the purpose of the
experiment was to evaluate two different types of program documentation,
most of the higher level languages were elminated because, to a certain
extent, they are all self-documenting. Assembly language was therefore
chosen.

The next decision was to Timit the programs to between 250 to 350
lines of code. This was made for several reasons, the most important
being that a more difficult program would have placed an unreasonable
burden on the volunteer test subjects. |

Another decision was to determine how well the two programs
should be "commented." Any well-developed set of standards for a
program documentation package would require that the program listing
be well commented, especially if it were written in assembly language.
However, a decision was made to include no comments within the source
code. This decision was made for two major reasons. The first was
that the experiment Was being designed to evaluate program maintenance
time of audio documentation against the more conventional forms of
documentation (mainly flowcharts), and any comments contained in the

source listing itself could bijas the results. The second reason was
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more of a qualitative one. If the two programs were to be partially

"commented," then the questions arose as to which parts should be

"commented" and the level of detail.

A summary of how the experiment was conducted is presented below.

(1)

(2)

(3)

(4)

(5)

(6)

Two programs were selected. The programs were $/360
assembler programs about 300 statements in length.

For each program an audio documentation package was
prepared and a more conveﬁtiona] documentation package
consisting of a textual description, flow charts, etc., .
was also prepared.

12 Programmers were selected and random]y divfded into two
groups, 1 and 2. |
Programming group 1 was given the audio documentation
package for program A, and the cdnventiona] documentétion
package for'program B, Group 2 was given the conventional
package for programlA, and the audio documentation package
for program'B. |

Each programmer was asked to work independently and, using
only the documentation provided, make a specified change to
each program. The programming time réquired to make the

change using audio documentation and the time required to

‘make the change using conventional documentation were then

determined.
An Aspin-Welch t-test analysis was then performed to

determine if there were significant differerices between the



times. |

The experiment's original scope was quite narrow in that it was
Timited to comparing only the average time required to make changes
to a program using audio documentation and the averégé time required
to make the same changes using standard dpcumentation.

No attempt was made to compare the total amount of time required
to'prepare the respective types of documentation, although the audio
documentation is easier to prepare and takes much less time to produce.
No attempt was made to perform any type of qualitative evalaation of

whether the documentation did meet the established guidelines.
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ANALYSIS

When the programmers had completed their changes and the totals
calculated as shown on the following page, it was readily apparent
that the results were either contradictory of inconclusive. For
program "A", the average time of the programmers who had used
conventional documentatibn was less, but for program "B", the
average time of the programmers who had used audio documentation
was the shorter. When the two programs were compared, “B" had the
Tower average time, and when totals were run by tapes of documentation,
the audio packages had the lower average time. |
Thus, it was decided to make four tests. The first two tested
the average time of audio documentation versus conventional documentation
for the two programs separately. For these; a two-tail test at the
0.05 level of significance, was conductedf The third test compared
the two programs themselves, i.e. the average time réquired to change
program "A" vs. the average time to Change program "B". This was again
a two-fai] test; however, it was at the 0.1 level of significance.
A larger than usual risk of making a Type I error could be accepted -
for this test in order to reduce the’rfsk of’making a Type II error.
This risk needed to be reduced because test four should not have
been éondutted unless the hypothesis of test three was accepted.-
Test four compared the overall average time to make.thé éhaﬁges to

both programs using audio documentétion vs. the overall average time



Times Required to Make Changes

Program fAf Program "B"
Programmer Audio Conventional Audio Conventional
1 59 72
2 43 34
3 35 20
4 39 55
5 67 | 34
6 42 40
7 39 38
8 43 37
9 54 68
10 42 29
11 35 36
12 33 22
TOTALS: 295 236 197 288
531 | 485

Total "Audio" Time: 295 + 197 = 492
Total "Conventional" Time:. 236 + 288 = 524

Table 1. Times (in minutes) required to make changes to two programs

12 programmers using different types of documentation



using conventional documentation. Obviously, the validity of this
test could be subjected to severe criticism if test three indicated

a significant amount of difference betwéen'thé two programs. The
fourth test was two-tail test at the 0.05 level of significance. None

of the tests turned out to be statistica11y significant.
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OBSERVATIONS & CONCLUSIONS

There are probably several reasons why none of the tests were .

statistically significant. Some of these are as follows:

1) The programs were too short.

2) The required changes were too minor.

3) An insufficient number of samples was taken. -

4) Variances among individual programmers' abilities are so
large that only very large differences between sample
means will be statistically significant. .

5) There are too many variables to isolate whether or not the
differences can actually be attributed to the type of documen-
tation used.

6) There actually is no real significance between the sample
populations.

The author believed that (1) and (2) above may have played very

important roles in this experiment. These lTimitations were accepted

so as not to impose a hardship upon the volunteers who were making the
changes. However, these 15mitations may have precluded the observations
of any significant differences in the experiment.

Number (3) above does not appear to be near as critical as (4).

The standard deviation among the programmers was so large, that had the
difference between the means remained constant, the sample size could

have been increased to 120 and still not have been statistically signi-

ficant.



fhe large number of variables, number‘(S) above;}is a prob]ém
that is extremely difficult to resolve in an experiment of this nature.
 The ideal situation would be to have only one program that is being
changed, by two groups of programmers. One group using audio
documentation, the other using conventional. Howevér, this preéents
- the problem of the difference in abilities of the two groups of program-
mers. Thus, the question could arise as to whethér.or not the dif-
ference should be attributed to the type of documentation used or to
programmer abilities. To resolve this question, one can use two
programs, and thus both groups get to use both types of documentation.A‘
~ This immediately leads to the comparison of the difficulty of the
two programs. A1l of which brfngs back the original premise that
there may pqssib1y be too mény variables invoT?ed to obtain a test
that is statistica11y significant. The authors do not believe
this is the case, but it is being presented as an alternative
possibility. |

The last possibility (#6 above) is that there 1s no s1gn1f1cant
difference between program maintenance using audio documentation
and program ma1ntenance using conventional documentation.. Looking
back at the data, and after evaluating the four tests, this has to

be considered a very strong possiblity.
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SUGGESTIONS FOR FURTHER RESEARCH

Although the results of this experiment failed to prove that
one type of documentation is better than the other for program
maintenance purposes, the authors are convinced that additional research
should be conducted into the use of audio techniques. The experiment
demonstrated that much more detail can be easily provided by audio
documentation than by conventional documentation; however, the experi-
ment as conducted was somewhat 1imited and may have partially nullified
this advantage.

To test fully the effectiveness of the two techniques, longer
programs should be used and more complicated changes attempted. The
changes should affect more than one section of the progkams being
tested, and thus, a better evaluation of the differences of the techniques
should be provided.

Indications are that audio documentation is easier and faster
to prepare; however, a detailed cost analysis study (which was beyond
the scope of this project) would be required to prove or disprove this
point.

Several of the programmers admitted that they had no real idea
as to what to expect from the audio documentétion, and that they
could probably utilize it better if they were to use it again. In
future experiments, programmers should be provided better training in

the use of audio documentation prior to the actual experiment itself.
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SUMMARY

The experimént conducted in this paper demonstrated that for
assembly language programs of approx1mate1y 30Q Tines of code, program
maintenance time is approx1mate1y the same when us1ng e1ther audio
documentat1on techn1ques or conventional documentation techniques,
thus, audio techniques should be considered as an alternative to the
- conventional forms of program documentation. Further research should
be conducted td determine the effectivenésﬁ'of the technique for
longer programs requiring more complicated changes.

The most important advantage of audio documentation is the volume
and degree of detail it can provide abouféthe program. There is
absolutely no rea]istfc way that conventional 'documentation can compete
in this area. This should prove to be especially advantageous whén the
maintenance programmer has not written the original code.

‘A second advantage of audio ddcumentatfon may be thét it is easier
to prepare. Drawing a neat, detailed flowchart using a template is
a time consuming job. Drafting and processing the textual material
| to support a conventional documentation péckagélis even more time

consuming.
The detail provided by audio documentation becomes even more
~important whenever a program listing is poorly commented. Programmers
are often‘hesitant<tolfu11y comment a program before it is completely
debugged becéuse of the numerous changes that often have to be made.

If comments have already been included, then a double change is uSua]ly



necessitated. They usually have good intentions of fully Commenting
the program after it is cdmpletg]y debugged, but for one reason or
another, they seldom do. The use of audio documentation greatly
alleviates this problem in that the comments are meré]y placed on the
tape.

Perhaps a fourth advantage of the audio documentation technique
is that it virtuaT]y forces an organized approach to program maintenance,
whereas a programmer using conventional documentation may or may not
have an organized plan of attack.

Two of the disadvantages of audio decumentation are inherent to
any sequentially accessed file: (1) It is more difficult to change,
and (2) Advance/rewind time to the desired position on the tape may be
significant.

Thus, audio documentation is presented as an alternative to the
conventional documentation process. Whether or not it should be
implemented at any particular data processing center depénds upon many
facfors. These include the characteristics of the projects being

documented, the technical environment, and management's commitment to the

concept. .
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ABSTRACT

This paper is a summary of current methods.availablé for the
editing of text on a computer. A brief discussion of the advantages
of using computer-aided text editing for documentation of computer
software systems is followed by short reports on present systems,
aﬁd a conclusion. The princiba] topic of each report is a

contrast of features characteristic of each system.
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INTRODUCTION

“With the advent of inexpensive terminals that communicate
directly with a general-purpose computer, there has been a noticeable
movement in the computing industry towards utilizing the resources of
the computer in many new, non-numerical applications. For example,
on-line creation and modification of programs and their doéumentation
have become Qide]y accepted as productive énd cost-effective uses of
the computer. 1In fact, it has been realized that the facilities pro-
vided by a time-sharing system's central editing program and its
command language aré among the most important determinants of the
system's convenience, power, and consequent utility. Along the same
lines, special-purpose computer-assisted text editing packages have
become accepted in inddstry and government for the preparation or
printing of technical manuals, proposals, and other documents in.which
many updates are necessary and revision time is at a premium.“]'

It, thérefore, seems evident that some form of text editing package
would be extremely beneficial in the preparation of documentation fof
| computer programs. The ability to produce informative manuals (user
guides, operators manuals, maintenance pfocédures, etc.), descriptionS
of the methods employed, formal proposa1§, at minimal cost and effort,’
with an increase in efficiency, is no longer a nicety, but has now

become a necessity.

! Van Dam, Andries and David E. Rice, "On-Line Text Editing: A Survey".
ACM Computing Surveys, Vol. 3, pp. 93-114.
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Discussion

Typically or traditionally, the method of composing some form of
text has been merely a typing/proofreading/retyping task - and it is
still the same today - but in a slightly modified and extremely more
efficient form. Today the editing responsibilities of providing a
clean-looking, errorless manuscript have been placed on the computer.
This computer text editor still requires much of the same information
as the old-fashioned human editor; the text itself, the form or format
that it is to be in, plus the knowledge of what is correct and what
is not. So in short, the computer text editor is a software package
which takes text as input, stores it, modifies it according to the
authbrs' wishes (accomplished by edit codes), and outputs it whenever
and however the author specifies.
| The sum product of this is the elimination of the communication
between author and publisher. The author (programmer or system designer)
is now capabie of producing and publishing his own works with a tremendous
reduction of time and effort. This would enable the author of a
computer program to fully document or explain his brogram with
much less effort and frustration than before. Furthermore, if his
program were altered in any way, additions or deletions of documentation
would only bg required in the appropriate places, the additions proof-
read, and the entire document reprinted on high-speed 1ine printers or
the like. This capability of using high-speed 1line printers also
provides an efficient means of produéing many hard-copies of the authors'

work for distribution.
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Structure of a Text Editor

The typical structure of_a text editor is briefly outlined in
Figure 1. Several different forms can be used to input the text
(keypunghéd, typewritten code, etc.). This input is generally decoded
and fed into the computer text editor.' If work is needed on the text,
it can now beAaccomp]ished or it can be accomplished at a previous or.
prior time, depending on the type of text editor. Then the desired

output is specified and printed or stored for later work or printing.
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NAME OF SYSTEM APL TEXT EDITOR
PRICE ‘NOT APPLICABLE
ON-LINE/OFF-LINE ON-LINE

MACHINE USED ON IBM/360, CDC 6600
LANGUAGE WRITTEN IN NOT AVAILABLE

INPUT FORM(S) TELETYPED

INPUT DEVICE(S) IBM 2741 COMMUNICATIONS TERMINAL
OUTPUT FORM(S) TELETYPEWRITTEN

OUTPUT DEVICE(S) IBM 2741 COMMUNICATIONS TERMINAL
DISCUSSION:

The APL/TEXT EDITOR is used primarily for form letters or short
reports. A limiting factor in the size of the data base is determined
by the amount of space allocated to the APL workspare.

A1l input and output is through the IBM 2741 Communications Terminal.
This means thét the input rate is determined by the speed of the typist;
while the output is at the rate of 140 wdrds per minute.

The system is capable of producing well formatted text (one column
only) that can be right justified if specified. Typical usage has shown
that less than five pages of text is the maximum amount easily handled.
The ability to change typing elements provides for f]eXibi]ity in fonts
and styles of type. This would be valuable for short scientific papers.
Text can also be added at any point of the text, thus enabling its usage
for form letters.

The edit commands and rules for this system are relatively simple

and easy to learn. Experience has shown that only an hour or two is



required to learn how to use the system efficiently. (See chart for

list of capabilities.)

COMMENTS::

The best use of this system w§u1d be to provide small reports on
the status of computer programs or brief overall characteristics (general
documentation) for a global view.

It is one of the better small text editing systems.



NAME OF SYSTEM MAGNETIC TAPE SELECTRIC TYPEWRITER (MT/ST)
PRICE NOT AVAILABLE

ON-LINE/OFF-LINE OFF-LINE

MACHINE USED ON SMALL CONTROL/MEMORY UNIT

LANGUAGE WRITTEN IN NOT APPLICABLE

INPUT FORM(S) TELETYPEWRITTEN, (TAPE)
INPUT DEVICE(S) IBM 2741 Communications Terminal
OUTPUT FORM(S) TELETYPEWRITTEN

OUTPUTADEVICE(S) IBM 2741 Communication Terminal

DISCUSSION:

The MT/ST provides neat-looking (but unjustified) form letters and
manuscripts. It is primarily used for documents of high-use and low-
change rate.

The only editing allowed in MT/ST is to substitute equal length
character strings; to effect a substitution of a larger for a smaller
string, the entire manuscript with the correction must be copied onto
a second tape. The correct place for an edit is located by printing out
the contents of the tape until the area of the edit is approached; the
operator must then manually stop the processor and retype the line.

Printing is done on the typewriter at the rate of 150 words per

minute, and various fonts and type sizes may be used by chénging the

type ball.

COMMENTS:

The cost and storage of tapes plus the intricacies of revision
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(but done by the original typist) are two points which must be considered.
For technical ddcuments which are'sing1e éo1umn format, use of the

MT/ST makes correcting easy; once the document is completed, the tapes

can be erased and reused. The MT/ST would be valuable if it is used

primarily as a production tool and not as a storage device.
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NAME OF SYSTEM ASTROCOMP
PRICE NOT AVAILABLE

ON-LINE/OFF-LINE OFF-LINE

MACHINE USED ON DEC PDB8L 8K MINICOMPUTER

LANGUAGE WRITTEN IN NOT AVAILABLE

INPUT FORM(S) TELETYPEWRITTEN, (TAPE)

INPUT DEVICE(S) TELETYPEWRITER

OUTPUT FORM(S) TELETYPEWRITTEN, PHOTO-COMPOSITION

OUTPUT‘DEVICE(S) TELETYPEWRITER, PHOTO-COMPOSITER
DISCUSSION:

The ASTROCOMP system is similar to MT/ST in its intended use (small
amounts of text, form letters, etc.). This system does-have an added
advantage of having up to four typewriters connected to a single control
unit (DEC PDP-8).

The basic editing command ts SUBSTITUTE. As in the APL and MT/ST

'systems, the "o1d" (text to be replaced) is typed in to locate it (thus

uniquely identifying the text) and the "new" text is then added - replacing
the old text.

This system is slightly more powerful than either APL or MT/ST and
is a bit more reasonable than MT/ST in its editing features.

It is capable of producing output in photo-composition form, which

is a feature neither APL nor MT/ST have.
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NAME OF SYSTEM CALL/360: DATA TEXT
PRICE | NOT AVAILABLE

ON-LINE/OFF~LINE ON-LINE

MACHINE USED ON IBM 360
LANGUAGE WRITTEN IN NOT AVAILABLE
INPUT FORM(S) TELETYPEWRITTEN
INPUT DEVICE(S) IBM 2741

OUTPUT FORM(S) TELETYPEWRITTEN

OUTPUT DEVICE(S) ~ 1BM 2741
DISCUSSION:

DATATEXT is a terminal-oriented, on-line system for data entry,
change, and retrieval. It is comprised of an IBM 2741 Communicatiohs
Terminal in the user's qffice, phone 1inking connections, and an IBM 360.

The system is comparable to the TEXT 360 system as far as most
formatting capabilities are concerned, but the DATATVEXT system fs'limited
to the typewritér terminal for output. (This means 140 words/minute vs.
1ine-printer speed for TEXT 360.) |

- However, there is an advantage to having typewrfter terminals fdr.
output; thét being the ability to have the document (or sections of)
printed out whenever there is a terminal. This saves-time because

distribution of the document is not neéessaky,‘
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NAME OF SYSTEM EDIT
PRICE NOT AVAILABLE
ON-LINE/OFF-LINE ON=LINE

- MACHINE USED ON CDC 6000

LANGUAGE WRITTEN IN NOT AVAILABLE

INPUT FORM(S) TYPEWRITTEN, CRT KEYED
INPUT DEVICE(S) TYPEWRITTEN, CRT
OUTPUT FORM(S) TYPEWRITTEN, CRT DISPLAY

OUTPUT DEVICE(S) TYPEWRITTEN, CRT
DISCUSSION:

The Text Editor (EDIT) subsystem executer data file manipulations
specified by the time-sharing terminal user. These manipulations are
performed on a new file or a data file which has been saved in the
KRONOS permanent file system.

EDIT allows the user to edit a data file. The data file being
edited is known as the search %i]e. During editing, the search-pointer
jdentifies the 1ine of the search file that is currently accessible. The
search-pointer can be moved forward and backward during editing to
specify a new line. The search-pointer is always positioned at the

beginning of a line.
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NAME OF SYSTEM ED PROCESSOR
PRICE ' NOT AVAILABLE

ON-LINE/OFF-LINE  ON-LINE

MACHINE USED ON UNIVAC 1100

LANGUAGE WRITTEN IN NOT AVAILABLE

INPUT FORM(S) TELETYPEWRITTEN

INPUT DEVICE(S) TELETYPEWRITTER

OUTPUT FORM(S) TELETYPEWRITTEN, PRINTED, CARDS

OUTPUT DEVICE(S) TTY, PRINTER, CARD-PUNCH
DISCUSSION: '

The ED processor proceeds sequentially through the text. It is
therefore more efficient to perform editing operation in a more or
less sequential mannér starting at the beginning of the text.
- There are certain pfocesses'within the editor which if indiscriminateiy'
interrupted céntcause the processor to fail. To protect égainst this,
the processor is_designed to break at éertain points when it is safe to
do so.
Comments: .
| Not much information on this text editor was available at the present
time. Howéver, it appears to be below average as far as flexibility and |

ease of learning is cdncerned when compared with other text editor systems.’
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NAME OF SYSTEM ADMINISTRATIVE TERMINAL SYSTEM (ATS)
PRICE ~ NOT AVAILABLE |
ON-LINE/OFF-LINE  ON-LINE

MACHINE USED ON 1BM/ 360

LANGUAGE WRITTEN IN IBM 360 ASSEMBLY

INPUT FORM(S) TYPED, PUNCHED
INPUT DEVICE(S) TYPEWRITER KEYBOARD, CARD READER, MAGNETIC TAPE
OUTPUT FORM(S) TYPED, PUNCHED

OUTPUT.DEVICE(S). IBM 2741, CARD PUNCH, LINE-PRINTER

DISCUSSION:

This system consists of control and functional programs that permit
many different'text-processing and data-hand1ing activities to be carried
on simultaneously through different typewriter terminals attached to an
IBM System/360. Written to operate under 0S/360, the Administrative
Terminal System runs in a multi=programming environment. It will run
concurrently with and independently of other tasks in other partitions/
regions.

COMMENTS:

The ATS system is one of the most versatile text processing system that
is available. It is powerful and flexible. The output can be in any
conventional form and written out at any time.

This system provideé the best approach to solving documentation procedures

and requirements in regards to cost, ease, and efficiency, as of present.
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NAME OF SYSTEM  TEXT/360
PRICE 3 - FREE FROM IBM
ON-LINE/OFF-LINE  OFF-LINE

MACHINE USED ON 1BM/ 360

LANGUAGE WRITTEN IN PL/I IBM 360 ASSEMBLY
INPUT FORM(S) CARDS

INPUT DEVICE(S) CARD READER

OUTPUT FORM(S) CARDS, PRINTED

OUTPUT DEVICE(S)  CARD PUNCH, LINE-PRINTER
DISCUSSION :

The TEXT/360 system is strictly an off-line text editor. A1l text
is initially redd into the computer via keypunched cards.l Edit codes
are embedded in this text prior to the input.

Once the cards have been read in, the text is stored on magnetic
tape. Any updating or editing_after this is also done by‘cards; usiﬁg
slightly different codes.

This‘fs rather cumbersome andltjmé-consuming for the initial setup,
but thé power of this system comes from the'qn]imited amount of text that -
can be read in, tﬁe relative eéﬁe of updating, and the elaborate printed
output forméts for the text. | |

, The only feature not readily available on this system is the ability
to change'fdnts and typé sty]g due to the pkob]ems involved in changing .

- print chains.

"COMMENTS:

This is a we]]—e;tab]ished and widely used system. Its principle



value comes from the wide range of features available. Also, the only expense

to a computer installation would be the running of the software package
itself. It requires no special equipment and on-line connection expense.

It is also very easy to learn and use.

The system provides excellent text editing capabilities for typical

text production needs.
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NAME OF SYSTEM HYPERTEXT EDITING SYSTEM (HES)

PRICE " FREE FROM IBM
ON-LINE/OFF-LINE ON-LINE

MACHINE USED ON IBM S/360 WITH IBM 2250 CRT
* LANGUAGE WRITTEN IN IBM 360 ASSEMBLY
INPUT FORM(S) KEYED INPUT
INPUT DEVICE(S) IBM 2250 (CRT), LIGHT PEN
OUTPUT FORM(S) CRT DISPLAY, TYPEWRITTEN o
OUTPUT DEVICE(S) = IBM 2741 Commumications Terminal, Line Printer
DISCUSSION:

The Hypertéxt Editing System is a flexible, CRT-based system
a11owing full editing-and formatting capabilities. It is oriented
towardé "typeset" output (using a computek line printer) as well as
f]ex{ble inpu# énd on-line editing. A lightpen- and a set of "function
keys", under program cqntro1, afe used to indicate to the system the
nature of the edit to be performed. The portion (s) to text to whiﬁh
the function applies are then indicated by pointing at the text with
the_]ightpeh. No .command codes for the functioné need be remembered,
and no extra typing is required to indicate a context string;

E&iting,commands are INSERT, DELETE, SUBSTITUTE, REARRANGE,

and copy. |
o Many formatting optionS are available so that text may be formatted .
-both for on-line display and'hérd-copy_printouts. Usually the TEXT/360
: program is USéd for final hard—cqpy printing. | |

HES has a uniQue. however, complicated data structure. A practical
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example of .a HYPERTEXT system might be an on-line encyclopedia or a
set of programming and systems reference manuals, with each cross-

reference lightpen sensitive.

COMMENTS:

Even though many nice features are available through this system -
easy editing by lightpen and random accessing to any point within the
text, providing effic{ent time-saving updates, it is more costly due
to the expensive CﬁT with lightpen facilities and large amounts of

computer time required to operate the system.
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NAME OF SYSTEM " FILE RETRIEVAL AND EDITING SYSTEM (FRESS)
PRICE $35,000 or $500/month

- ON-LINE/OFF-LINE ~ ON-LINE

MACHINE USED ON IBM/360
LANGUAGE WRITTEN IN NOT AVAILABLE
INPUT FORM(S) TELETYPEWRITTEN, KEYED
INPUT DEVICE(S) IBM 2741 COMMUNICATIONS TERMIMAL
_ IBM 2260 CRT
OUTPUT FORM(S) TYPEWRITTEN, PHOTO-COMPOSITION
cquur'nnycg(s)' IBM 2741 COMMUNICATIONS TERMINAL
: - LINE PRINTER

DISCUSSION: - PHOTO-COMPOSER

?RESS is a.sophisticated.and'cost effective text manipulation system,
cmnnercially available, and capable of supporting a spéctrum of terminals'
~in such a way‘that all functions are available even on the Towest power
términa]s.

FRESS s the production version of the predecessor prototype HES.

Beyond normal editing and formatting cpmmandé of mdst text editors,
FRESS includes compietely arbitrary size string edits, pattern_scanning,
keyword retrieval, photo-composition output, interfile linking and editing,
.and protection of files and blocks of text by passwords.

© COMMENTS: |

Eventhough the price is somewhat steep, the capabilities and usage of

this system far exceed any other system reviewed to date.

The commands are simple, but extremely powerful, and easily learned.
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FRESS was designed more in the light of being dynamic than other

systems, therefore indicating that the system can be "tailor-made" for

the customer.
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NAME OF SYSTEM REDIT/RUNOFF
" PRICE - NOT AVAILABLE

ON-LINE/OFF-LINE ON-LINE

MACHINE USED ON T55/360
LANGUAGE WRITTEN IN NOT AVAILABLE
INPUT FORM(S) TELETYPEWRITTEN
INPUT DEVICE(S) TELETYPEWRITTEN
QUTPUT FORM(S) TELETYPEWRITTEN, PRINTED

'OUTPUT'DEVICE(S) TELETYPEWRITTEN, LINE-PRINTER
DISCUSSION:

A terminal is connected'to TSS/360 by telephone lines of text are
typed on the terminal, transmitted to TSS/360 and permanently stored.

The text is entered without concern for staying within certain margins
or running}of the bottom of the page. Special format control words are
included in the document text which informs the-document;printer as
to margins, size of paper, spacing, paragraphs, etc.

Delete character and line symbols allow typing errors to be corrected
as they are made. Typing errors which have been stored are easily corrected
with the text editor. In addition a document can be revised by adding, |
deliting or re—arranging'sections of text.

" The document can be printed at the terminal at various stages of

- revision.

COMMENTS :

As far as time-sharing editing systems are concerned, this is one of

the better thus far reviewed. It provides powerful commands and is

relatively easy to learn.



E-24

NAME OF SYSTEM TEXT

PRICE | Not Available
ON-LINE/OFF-LINE = ON-LINE
MACHINE USED ON Sigma 6/7/9

LANGUAGE WRITTEN IN Not Available

INPUT FORM(S) Teletypwritten

INPUT DEVICE(S) Teletypwritten

OUTPUT FORM(S) Teletypwritten

OUTPUT DEVICE(S) Teletypwritter, Printer
DISCUSSION:

TEXT s Xerox's text editing system. It is an on-line system that
is quite similar to ATS and other line text editors.

The only problem that is immediately evident is the fact that it is
designed. to operate on the Sigma computers, which may hinder using TEXT
as a documentation aid for producing automatic program documentation
for an programs on any machine.
Comments:

Disregarding other factors and considering only text editing
capabilities, TEXT is a very powerful and capable text editing system. The
commands are simple and it is easy to learn how to use. Definitely it

should be high on the 1ist of available text editing systems.



NAME OF SYSTEM
PRICE
ON-LINE/OFF-LINE
MACHINE USED ON
LANGUAGE WRITTEN IN
INPUT FORM(S)

INPUT DEVICE(S)
OUTPUT FORM(S)
OUTPUT DEVICE(S)
DISCUSSION: 1

E-25

NLS; TNLS (TYPEWRITER NLS); DNLS.(DISPLAY NLS)
NOT CURRENTLY AVAILABLE OUTSIDE THE ARPA NETWORK

~ ON-LINE

DEC PDP 10

UNAVAILABLE

TELETYPE, CRT

ANY TERMINAL ACCEPTABLE TO ARPA NETWORK
TELETYPE, CRT, PRINTER

ANY DEVICE'ACCEPTABLE TO ARPA NETWORK

The NLS text manipulation and editing‘system were developed by

the Augmentation Research Center of Stanford Research Institute. NLS

is used as part of ARPA Network Information Center (NIC). NIC performs

~information retrieval functions.

When working with NLS through a terminal one is at all times con-

structing, studying, or modifying a file. . NLS files have a hierarchical,

tree, or outline structure.

NLS has commands which manipulate data on a file level and on the

text level. On the file level data is loaded, updated, verified, output

and locked or unlocked all through terminal commands. On the text level

it is possible to access data in the hierarchy directly by giving a tree

address, or relatively according to the current portion being viewed.

Commands allow the user to proceed to the next item at the'same IeVel,
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forward or back, to go up levels or down levels. Text is stored and
viewed in upper and lower case founts.

Data is easily updated, move , copied or deleted. It can be
viewed on any level with easy transition befween levels. Output to
any device can be controlled from the terminal.

The NLS'system can be used with any terminal accepted by the ARPA
Network or with the Special terminal developed by the Augumentation
Research Center which uses a 5-key.keyboard and a "mouse" to control
the cursor in addition to the normal terminal keyboard.

COMMENTS: |

This is perhaps the most powerful and versatile text editor reviewed.

It's use is at present limited to members of the ARPA Network and

personnel at SRI.
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Conclusion

Computer aided editing of text has become an established
cost-effective use of computers. There exists as wide a range of
text editors as there are varieties of text. For small amounts of text,
such as memoranda, form letters, brief descriptions, or update reports,
systems'1ike the MT/ST, APL text editor, or ASTROCOMP are effective
‘and money-saving. However, for large amounts of text that require
more storage, more intricate formats, etc., to produce program des-
criptibns, user manuals, etc., systems 1iké the ATS, TEXT/360, NLS,
FRESS would produce the best resp]ts.

Any of the systems mentioned previously can be extreme]y valuable
~ to anyone who uses them, provided that their requirements are in
accordance to the system's capabilities and limitations. It is sometimes
advisable to employ a combination of these systéms to accomplish any |
desired task. |

The principle advantage is not a direct result of these capabi]ifies.
It is the indirect effect it Has on the documentor.f For example, the
typical computer programmer enjoys the programming jtself, but lacks
the desire to sit down and tedious]y.write good documentation for it.
The inability to use the éomputer to help with this task frustrates
and annoys him. But with a computer text editor, he is able to type in
ény'information or explanation he likes, changes it at a later date if
it is not what he wants, and provides h1mse1f and his co-workers with
a good, well-formatted and well-documented exp]anat1on of what he

has done, all with minimal effort.
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It can therefore be concluded, that a computer aided text editing
system can cut the cost of printed material, stimulate the desire to

document, and provide a means to keep the documentation up-to-date.
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Foreword to Table I

The following téb]e lists the most of capabilities of text editors.

| Each text editor feature is briefly described.

In most cases these capabilities are given mnemonic codes which
.are instructions to the text editor. They are most commonly embedded
within the input text itself. |

These commands. represent the power of the system to update text

and to pfoduce formatted text documents.
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2)

3)

4)

5)

9)
10)
1)

12)
13)

14)

15)

16)

17)

TABLE I

Capabilities of the Systems

TEXT COLUMNS - the ability to have text printed in one or two columns.

PAGE/TEXT WIDTH - the ability to specify the number of characters
per line; either one or two columns.

PAGE/TEXT DEPTH - the ability to specify the number of lines on a
page (normal range: approximately 25 to 75 lines).

NEW PAGE/NEW COLUMN - for shipping to a new page/column or several
pages/columns.

RUNNING HEADS AND FEET - allows for running heads (title, subtitle,
date, etc.) and running feet, to be printed on each page, only
even-numbered, or only odd numbered.

RIGHT-HAND PAGES - allows for text to be only printed on one side
(right-handed).

"AS-IS" TEXT - allows for text to be printed in any format that is
inputed (b]anks are not squeezed out or added to aid in right
justification).

CENTERED TEXT - provides for specified text to be centered, equally
between right and left hand margins.

LINE-SPACING - specifies single or double-spaced printing.
BLANK LINES - provides for skipping lines.

PARAGRAPHS - specifies that a line should be skipped and indented
a specified or default number of spaces.

INDENTIONS - allows for a specified indention for any line of text.

HANGING INDENTIONS - allows for the text to be indented for as many
lines as specified.

COLUMN JUSTIFICATION - causes all the text columns on a page to be
equal in length by spacing thg columns out to the page depth.

LINE JUSTIFICATION ~ causes all text lines to be spaced out to the
line length by the insertion of blank characters between words.

TABULAR TEXT ~ specifies tab settings and indicates the text to be
printed at the settings.

HYPHENATION - allows the program to hyphenate the last word on a line
if needed for justification purposes.



18)
19)

20)

21)

22)
23)
24)
25)
26)

27)

~ 28)
29)
30)

31)
32)
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FOOTNOTES - allows specified text that is to be printed as a footnote.

HEADINGS - provides for line(s) of text that are set apart from the text
body and provides a description of the section that follows it.

KEEPS - specifies a portion of text, such as a table, heading, or the.
11ke, so that it is not split between two co1umns or pages.

TABLES - allows the preparation of tables and charts within the text.
HORIZONTAL LINES - provides the ability to print horizontal lines.
VERTICAL LINES - provides the ability to print vertical lines.
CAPITALIZATION - aliows capital letters.

UNDERSCORING - allows the underscoring of any text.

USER-DEFINED CODES - permits the user to define his own code which can be
compr1se of combinations of regular edit codes. (Th1s capability
is generally used for repetitive edit funct1ons)

SUPPLEMENTAL LISTINGS - provides specified text to be printed at
specific times. (generally used to create Table of Contents,
1ist of figures, etc.)

MULTIPLE PRINTING OF TEXT - allows specified pages or documents to
be printed more than once at any given time.

REVISION BARS - allows updated text to be indicated by a vert1ca1 bar 1n the
marg1n signifying that portion of text has been revised.

RENUMBERING - permits the automatic renumbering of pages in a document
or report after updating (addition or deletion of text).

REPAGING - permits the automat1c'repaging of text.
VARIABLE STYLES - allows for the use of special cHaracters within a

text. Normally this is limited to the type of print chain
available or the kinds of typing elements available.
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Foreword to Table Il

This table 1fsts what are commonly referred to as the edit
commands. These commands differ from the format commands in the
fact that they are used to manipulate portions of text to make
changes, deletions or insertions within a document instead of
formatting the text itself.

These commands generally vary the most in format from one
system to the next, but all systems can accomplish these basic

functions.



1)
2)
3)

5)
6)
7)
8)

TABLE II

Editing Features

ADDITION/DELEfION OF ‘CHARACTERS
ADDITION/DELETION OF LINES
ADDITION/DELETION OF PARAGRAPHS
ADDITION/DELETION OF PAGES
TRANSFERING CHARACTERS
TRANSFERING LINES

TRANSFERING PARAGRAPHS
TRANSFERING PAGES
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NAME OF SYSTEM APL MI'ST ASTROCOMP
ON-LINE/OFF-LINE On-Line Off-Line Off-Line
INPUT FORM(S) Typed ©. Typed, 'Tape Typed, Tape
OUTPUT FORM(S) Typed Typed HPto-composition
EDITING FEATURES
ADD/DELETE CHARACTERS Yes Tes o
ADD/DELETE WORDS Yes Yes No
ADD/DELETE LINES Yes Yes Yes
ADb/DELETE PARAGRAPHS Yes Yes Yes
ADD/DELETE PAGES Yes Yes Yes
TRANSFER KORDS Yes No No
TRANSFER PARAGRAPHS No No Yes
TRANSFER PAGES No No Yes
FORMAT FEATURES
TEXT COLUMNS No No Yes
PAGE/TEXT WIDTH Yes Yes Yes
PAGE/TEXT DEPTH Yes Yes Yes
NEW PAGE/NEW COLUMN Yes/No Yes/No Yes/No

" RUNNING HEADS AND FEET No Yo o
RIGHT-HAND PAGES No No No .

“AS-1S TEXT" No Yes No
CENTERED TEXT Yes Yes Yes
LINE-SPACING Yes Yes Yes
BLANK LINES Yes Yes Yes
PARAGRAPHS Yes Yes Yes
INDENTIONS Yes Yes Yes
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NAME OF SYSTEM

APL MIST ASTROCGMP
FORMAT FEATURES (cont.)
HANGING INDENTIONS  Yes Yes Yes
COLUMN JUSTIFICATION No No No
LINE JUSTIFICATION ' Yes No Yes
'TABULAR TEXT No No Yes
HYPHENAT ION No No Yes
FOOTNOTES Yes Yes Yes
HEADINGS Yes Yé No
KEEPS No No ' Yes
TABLES No No Yes
HORIZONTAL LINES No No Yes
VERTICAL LINES No No Yes
CAPITALIZATION Yes: Yes Yes
UNDERSCORING Yes Yes Yes
~ USER-DEFINED CODES No No No
SUPPLEMENTAL LISTINGS | Mo No No
"MULTIPLE PRINTINGS Yes Yes Yes
REVISION BARS Mo Yo Yo
RENUMBERING Yes Yes | Tes
REPAGING - No Yo No
Yes Yes Yes

VARIABLE STYLES
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ED PROCESSOR

NAME QF SYSTEM DATA TEXT EDIT

ON-LINE/OFF-LINE On-Line On-Line On-Line
INPUT FORM(S) TTY TTY - CRT
OUTPUT FORM(S) TYPED, PRINTED TYPED CRT DL SPLAY,
EDITING FEATURES Yes Yes Yes
ADD/DELETE CHARACTERS Yes Yes Yes
ADD/DELETE WORDS Yes Yes Yes
ADD/DELETE LINES Yes Yes Yes
ADD/DELETE PARAGRAPHS Yes ~ Yes Yes
ADD/DELETE PAGES Yes Yes Yes
TRANSFER WORDS Yes Yes Yes
TRANSFER PARAGRAPHS Yes Yes | Yes
TRANSFER PAGES
FORMAT FEATURES-

TEXT COLUMNS Yes Yo Yo
PAGE/TEXT WIDTH Yes Yes No
PAGE/TEXT DEPTH Yes Yes o
NEW PAGE/NEW COLUMN Yes Yes /No Yes/No
RUNNING HEADS AND FEET | Yes No No
RIGHT~-HAND PAGES .Not Available No No
;AS-IS TEXT" Yes No No
CENTERED TEXT Tes Yes Yes
‘LINE-SPACING Yes Yes Yes
BLANK LINES Yes Yes Yes
PARAGRAPHS Yes Yes Yes
INDENTIONS Yes Yes Yes
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ED PROCESSOR

NAME OF SYSTEM DATATEXT EDIT
[FORMAT FEATURES (cont.)
HANGING INDENTIONS . | Yes Yes Yes
.COLUMN JUSTIFICATION Yes No " Mo
LINE JUSTIFICATION Yes Mo No
TABULAR TEXT Yes No o
HYPHENATION Not Available No No
,FOOTNOTES Yes No No
"HEADINGS Yes Yes Yes
KEEPS Not Available No No
TABLES Yes Mo o
HORIZONTAL LINES Not Available No Mo
VERTICAL LINES Not Available No. No
CAPITALIZATION . Yes Yes Yes
UNDERSCORING Yes Yes Yes
USER-DEFINED CODES Not .Available ‘Not Available. No
SUPPLEMENTAL LISTINGS | Not Available Not Available No

MULTIPLE PRINTINGS Yes Yes Not Available
REVISION BARS Not Available No - No
RENUMBERIHNG Yes- No No
. REPAGING Yes No No
Yes Yes No

VARIABLE STYLES
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NAME OF SYSTEM

INDENTIONS

ATS TEXT/360 HES
ON-LINE/OFF-LINE ON-LINE OFF-LINE ON-LINE
INPUT FORM(S) TTY CARDS - KEYED INPUT
OUTPUT FORM(S) TYPED, PRINTED, PRINTED CRT DISPLAY, TYPED
EDITING FEATURES Yes Yes Yes
ADD/DELETE CHARACTERS | Yes Yes Yes
ADD/DELETE WORDS Yes Yes Yes
ADD/DELETE LINES Yes Yes Yes
ADD/DELETE PARAGRAPHS Yes Yes Yes
ADD/DELETE PAGES Yes Yes Yes
TRANSFER WORDS Yes Yes Yes - -
TRANSFER PARAGRAPHS Yes Y.es Yes
TRANSFER PAGES Yes Yes Yes
FORMAT FEATURES
TEXT COLUMNS Yes Yes No
PAGE/TEXT WIDTH Yes Yes Yes
PAGE/TEXT DEPTH Yes Yes Yes
NEW PAGE/NEW COLUMN Yes Yes .Yes/No
RUNNING HEADS AND FEET Yes Yes - Not Available
RIGHT-HAND PAGES Yes Yes Not Available
WAS-IS TEXT" Yes Yes _ Not Available
CENTERED TEXT Yes Yes Yes
- LINE-SPACING Yes Yes Yes
BLANK LINES Yes Yes Yes
PARAGRAPHS Yes Yes Yes
Yes Yes Yes
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Type=~Chains

NAME OF SYSTEM ATS TEXT/360 HES
_FORMAT FEATURES (cont.) | Yes Yes No

HANGING INDENTIONS - Yes Yes No

COLUMN JUSTIFICATION Yes Yes Yes

LINE JUSTIFICATION Yes Yes Not Available
TABULAR TEXT Yes Yes Yes
HYPHENATION Yes Yes No

FOOTNOTES Yes Yes  Yes
 HEADINGS Yes Yes Yes

KEEPS Not Available . Yes Not Available
TABLES Yes Yes Not Available
HORIZONTAL LINES Not Available Yes Not Available
VERTICAL LINES " Not Available Yes Not Available
CAPITALIZATION Yes Tes Yes
UNDERSCORING Yes Yes Yes
-~ USER-DEFINED CODES Not Available Yes Not Available

SUPPLEMENTAL LISTINGS | Not Available Yes Not Available
MULTIPLE PRINTINGS Yes Yes Yes

REVISION BARS | Tot Available Yes Not Available
RENUMBERING Yes Yes - Yes

REPAGING Yes Yes Yes

VARIABLE STYLES Yes Limited to No
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NAME OF SYSTEM

REDIT/RUNOFF

FRESS TEXT

ON-LINE/OFF-LINE ON-LINE ON-LINE ON-LINE
INPUT FORM(S) KEYED INPUT TTY Y
QUTPUT FORH(S) Rt AU - T -,
-

EDITING FEATURES

ADD/DELETE CHARACTERS Yes  Yes Yes
ADD/DELETE WORDS Yes Yes Yes
ADD/DELETE LINES Yes Yes Yes
ADD/DELETE PARAGRAPHS Yes Yes Yes
ADD/DELETE PAGES Yes Yes Yes
TRANSFER WORDS Yes Yes Yes
TRANSFER PARAGRAPHS Yes Yes Yes
TRANSFER PAGES Yes Yes Yes
FORMAT FEATURES

TEXT COLUMNS Yes Yes No
PAGE/TEXT WIDTH Yes Yes Yes
PAGE/TEXT DEPTH Yes Yes' Yes

- NEW PAGE/NEW COLUMN Yes Yes Yes/No
RUNNING HEADS AHD FEET | Yes - Yes . Yes
RIGHT-HAND PAGES Yes Yes Yes
“AS-1S TEXT" Yes' Not Available Yes
CENTERED TEXT Yes Yes Yes
LINE-SPACING Yes Yes Yes
BLANK LINES Yes Yes Yes
PARAGRAPHS Yes Yes Yes
INDENTIONS Yes Yes Yes
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VARIABLE STYLES

NAME OF SYSTEM | FRESS REDIT/RUNOTF TEXT
FORMAT FEATURES (cont.) | yee Yes Yes
HANGING INDENTIONS Yes Yes Yo
COLUMN JUSTIFICATION | vyes Yes Yes
LINE JUSTIFICATION Yes Yes Yes
TABULAR TEXT Yes Yes Yes
HYPHENATION Yes Tes Yes
FOOTNOTES Yes Yes Yes
HEADINGS Yes Yes Yes -
KEEPS " Yes Not Available Yes
TABLES Yes Not Available Yes
- HORIZONTAL LINES Yes Not Available Yes
| VERTICAL LINES . Yes Not Available . Yes
CAPITALIZATION Yes Yes Yes
" UNDERSCORING Yes Yes Yes
USER-DEFINED CODES Yes Not Availablé No
SUPPLEMENTAL LISTINGS | Yes Yes Yes
MULTIPLE PRINTINGS Yes Yes Yes
REVISION BARS Yes Yes No
RENUMBERING Yes Yes Tes
REPAGING Yes Yes Yes
. Yes Yes Yes
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NAME OF SYSTEM

NLS, TNLS, DNLS

ON-LINE/OFF-LINE

ON-LINE

INPUT FORM(S)

TTY, CRT

QUTPUT FORM(S)

Typed, CRT, printed

EDITING FEATURES YES
ADD/DELETE CHARACTERS YES
ADD/DELETE WORDS YES
ADD/DELETE LINES YES
ADD/DELETE PARAGRAPHS YES
ADD/DELETE PAGES YES
TRANSFER WORDS YES
TRANSFER PARAGRAPHS YES
TRANSFER PAGES YES
FORMAT FEATURES

TEXT COLUMNS NO
PAGE/TEXT WIDTH YES
PAGE/TEXT DEPTH YES
NEW PAGE/NEW COLUMN YES
RUNNING HEADS AND FEET YES
RIGHT-HAND PAGES " NO
"AS-1S TEXT YES
CENTERED TEXT YES
LINE-SPACING YES
BLANK LINES YES
PARAGRAPHS YES

INDENTIONS

YES
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~ NLS, TNLS, DNLS

NAME OF SYSTEM

FORMAT FEATURES (cont.)

HANGING INDENTIONS

YES
COLUMN JUSTIFICATION NO
LINE JUSTIFICATION NO
TABULAR TEXT YES
HYPHENATION - NO
[FOOTNOTES NO
" HEADINGS YES
KEEPS YES
TABLES “NO
HORIZONTAL LINES YES
VERTICAL LINES NO
CAPITALIZATION YES
UNDERSCORING YES
USER-DEFINED CODES NO
SUPPLEMENTAL LISTINGS YES
MULTIPLE PRINTINGS YES
REVISION BARS NO
RENUMBERING YES
REPAGING YES
VARIABLE STYLES YES
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ABSTRACT

This report defines a program editor, differéntiates between a
program editor and free-form text editor, and delineates the'two
major categorigs of program editors: on-line and off-line. It shows
that the characteristics of on-1ine program editdrs may differ because
of the particular type of terminal involved.

The report lists the-information sources tapped and responses
received. Next is a comparison of six on-line editors and a comparison
of eleven off-line editors, both in tabular form.

Finally, there is a list of criteria for an ideal program editor
and a nomination of the on-line editors and the off-1ine editors which,

in the author's opinion, come closest to satisfying the listed criteria.
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INTRODUCT ION

A program.editor is basfca}]y a software package which allows one
to modify and document one or more source program modules without ihe
danger of hand-carrying (and possibly dropping or losing) sizable decks
of cards-and without the attendant need for reading in and compiling
the entire source module(s) every time a change is incorporated. As such,
a program editor is a rather specialized version of a text editor (a
software package for the mahipulation of free-form textual material).

A program editor differs from a text editor in the way its material
is stored_ahd displayed. Storage in card image or printer 1ine image
format i; generally quite;adequate for pefformingvthe "in place"
modification - substitution of one opcode, operand, address, label, etc.,
for another - of computer source programs. Free-fofm text editors,
because of their more powerful capabilities of afBitrary placemenf and
replacement of arbitrarily sized character strings,_réquire a flexible
storage stucture, one capable of a noticeable amount of dynamic eXpansiOn
and contraction. For this the unit of storage must be at least a
"supenr*-h‘ne"l of several hundred characters, and may even be a paragraph
or a wholé page. -

For the output of a program editor, only an upper case character
set is needed; and the text is printed as it was stored, line by line.

A text editor is limited if it does not have ét least upper and lower
case in its character set, because the fairly complex typesetting codes

it employs would lose a great deal of their impact in such an environment.
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Program editors fall into one of two categories: on-line or off-line,
depending on their mode of operation. Off-line editors are automatically
self-documenting, providing a hard-copy listing of all changes made during
the current run and, optionally, a wide variety of reports covering such
areas as a program evolution history and a current file status summary.
On-line editors provide no such automated documentation, relying on the
individual programmer or another documentation system to perform this
function. |

0ff-line editors permit the creation of entire source modules only,
whereas on-line ed%tors allow the user to create new routines as he thinks
them up, one statement at a time. Since off-line editors are governed
by control cards supplied by the user, an error-handling technique is
provided. In most cases, if an error is encountered on a control card,
all modifications of the source module to which the control card applies
are ignored. One noteworthy exception to this is "Simple", an off-line
program editor from Computer Services which terminates the.program upon
finding any errors in its control cards. On-line editors can immediately
alert the user to any errors in control information. Upon correction, the
user may then proceed with the editing of the program.

Various on-line editors exhibit differences due to the type of
terminal they employ. Those communicating with the user via a teletype/
typewriter (TTY) terminal show marked similarities to off-line editors
in the method of specifying operations and in the manner in which the

text is presented. For this reason, any reference to on-line editors
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in the comparison of these methods and manners in the two following
paragraphs will apply only to those using cathode-ray tube (CRT) units
as terminals. _'

For an off-1ine editor, specifying what is to be done and where it
is to be done requires a command néme or abbreviation together with a
location denoted by a 1ine number and/or context string. An on-line
(CRT) editor typically requires "pointing" to the target text area via
a light-pen, a keyboard-controlled cursor, etc., then modifying the text
by (perhaps depressing a function key and) typing the new text right over
the oldﬂ

With an off-1ine editor, the user is forced to work from some printed
copy, making changes thereon and transcribing those changes, resulting in
duplication of effort. Because an on-line (CRT) editor simuitaneous]y
dfsp]ays many lines of text with viftua]]y no time lag, the user can

think out and implement desired changes in one operation instead of two.

BACKGROUND

Over the past three months, the following sources have been searched
for information on the subject of program editors: Auerbach Computer
Technology Software Reports, Journal of the Association for Combuting
Machinery (ACM), ACM Computing Surveys,ACM Computing ReView, tom-
hunications Of'fhe ACM, U.S. Government Research and Developnent Reports,
Proceedings of the AFIPS Fall and Spring Joint Computer Conferences, the
Computer Journal,, the IBM $/360 0S Utilities manual, the Univac 1100 Series
Operating System Programmer Reference, and the Control Data 6000 Series

CompUter Systems'KRONOS Text Editor Reference Manual.



The Auerbach Reports carried information about a large number of
data manipulation packages, four of which were .found to be worthwhile
as (off-1ine) program editors. Two of the four originating firms have
sent further literatﬁre in response to our request for same; one firm
remains untraceable. The ACM Computing Surveys carried information on
seven (on-line) program editors. Two operated on certain source languages
only (one on JOVIAL, the other on PL/I and Gedanken) and have therefore been
omitted*; requests for additional information on the rest remain as yet
unanswered. 4

In addition, letters have been sent to thirteen manufacturers of
source program maintenance packages listed in the 1971 edition of the
Datamation Industry Directory. Four positive replies have been received

as of this date; one other firm has gone out of business.

STATE OF THE ART

Summarized in the following tables are the characteristics of six
on-line and eleven offlline program editors. The on-Tine editors treated
are: Conversational Context-Directed Editor (CMS), developed at the IBM
Cambridge Scientific Center; WYLBUR, developed at the Stanford Computation
Center; Quick Editor (QED), developed by the Universify of California
at Berkeley and revised extensively for commercial use by Com-Share, Inc. -
the only editor of either category to maintain additional files of editing
changes for testing slightly diffefent versions of a pfogram without
modifying or duplicating the original program; Text Editor and Corrector

(TECO), developed by the Massachusetts Institute of Technology and Project

* A1 program editors treated in this report will operate on any
computer source program, written in any source language.
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MAC; TVEDIT, developed by the Stanford Computation Center; and EDIT,
developed by Control Dafa Corporation for its KRONOS Time-sharing
4System.- | |

The off-1ine editors treated are: LIBRARIAN, by Appiied Data
Research, Inc.;.SIMPLE, by Computér Services; Cara Library On Tépe
(CLOT), by International Telecontrol Corporation; PROGRAM/MANAGE,by
Management Systems Corporation; Card File Maintenance System (CFMS),
by Sigma Software Company; PANVALET, by Pansophic Systems, Incorporated;
PLUS D/A, by the Cullinane Corporation; the Source Program Library |
System (SPLIS-II), by the Webster Computer Corporation; IEBUPDAT and
IEBUPDTE, two IBM System/360 Operating System Utilities programs;
and the ED Processor, a text editor which is part of the Univac EXEC-8
Monitor.

Within the tables, an entry of "Not Given" means: "Has or could
have this attribute, but no conclusive informatiqn giveﬁ." An entry
of "Not Applicable" means: "Could in no way have this attribute."

For insertion of a character string or replacement of a shorter one
by a longer one, if the record length is exceeded, an entry of
"Truncation" means: "Any excess is ignored and lbst," while an entry
of "Overflow" means: "Any excess causes no insertion/rep]acemént to

be made, and a warning to be issued."
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ON-LINE PROGRAM EDITORS

CMS

WYLBUR

IBM §/300/07 under

TEN 5/360/07 under

Computer Confivuration CP/CMS Onerating Svstem 0S/MeT, 1 disk drive
Man-Machine Interfacs IBM 2741 TTY IBM 2741 TTY
Storage Requirements (bytes) Not Given Not Given

Cost INot Given - Not Given

Tanguage Written In Not Given TBM S/360 BAL

Target Record Type

Variable Length Line

Target Record Size (characters)

Fixed Length Line

80

1-133(Default is 72)

Target Record Processing Fashion

Pages -Sequential,
Random within Page

Random

Target Text Pinpoint Location Requirements

Relative Line No.

Absolute Line No.

Fixed Position (Lazbel) Scan Capability Yes Yes

Krbitrary Position (context String)

Scan Capability Yes Yes

Record-Oriented Single Record Insert, Delete, Replace| Inmsert, Delete, Replacs

Commands

(handle at a time) Multiple Records Insert, Delete Insert, Delete, Replace
Insert, Delete, Insert, Delete,

String-Oriented Single Record peplace (Truncation) Replace (Truncation)

Commands

(operate within) Limited Record Range Replace (Truncation) Replace (Truncation)

Entire Record Range

(Universal Replace (Truncation) Replace (Truncation) |

Temporarv Edit Capability for Testing No No

Updated Master File Yes Yes

- Job Stream JCL Retrievable

Machine from System or Library Yot Applicable No
Readable -
Output Job Stream Execution without

Operator Intervention Not Applicable Yes

Selected Modules in '

Punched Deck Form No Yes

Current Run .

Permanent Edit Listing Mot Applicable No

Current Run
Hard-Copy .

e - E s . 4 e
Documentalion Tepporary Edit Tisting Not Avnplicable Not Applicable
Output
tp Updated Module Listing Not Applicable Yes

Procram Evolution History Mot Applicable No

Current File Status Summary ilot Applicable Yes
Security Controls None None

Additional Capabilities

Tabbing Capability

Tabbing Capability
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Random within Paoae

Random

OED TECO TVEDIT EDIT
L siok axive S Cim arive P aCatee $RE §000, ssties under
TTY TTY CRT TTY
Not Given 4K Not Given Not Applicable
Not Given Not Given Not‘Given Not Applicable
Not Given Not Given Not Given Not Given
—;;;:i?iipiength Variable Length Pace " Yariable Lenath Page Variable Length Line
1-500 Unlimited 1-128 per line 1-150 (Default is 72)
Random Pages Sequential, 'Random

Relative Super-Line MNo.

Relative Character or
I.ine Displacement

Absolute Page io.,
followed bv Visual Scan

Relative Line No.

Yes No No No
Yes Yes No Yes
Insert, Delete, Réﬁlace Mot Aoplicable Delete Insert,Delete,Replace
Insert, Delete, Replace}Not Applicable Not Applicable Insert,Delete,Replace
) Insert, Delete, Replacq Insert,Delete,
Replace (Truncation) Insert, Delete (1 character at a timel Replace(Truncation)
" { Insert,Delete,
Replace (Truncation) Tnsert. Delete Not Avnlicable Replace(Truncation)
Replace (Truncation) {Insert, Delete Not Applicable Not Applicable
Yes No No Yes
Yes Yes Yes Yes
Not Applicable Not Applicable Not Applicable Not Applicable
Not Applicable Yes Not Applicable Not Applicable
No No No No
Not Applicable Not Applicable Not Applicable Not Applicable
Not Applicable ot Applicable Not Apoliczble Not Applicable
Not Applicable Not Applicable ‘Not Applicable Yes
Not Applicable Not Applicable Not Applicable Not Applicable

Not Applicable

Not Applicable

Not Applicable

Not Applicable

None

None

None

None

None

Arithmetic, Tabbing
Capability

Command Repetition
Factor

Module Manipulation;

Elimination of Excess
Blanks
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~ OFF-LINE PROGRAM EDITORS

I, IBRARIAN

SIMPLE

Computer Config

uration

IBM S/360 under OS or
DOS, J. disk drive

IBM S/360/30, 370 under
0S or NOS. 1 disk .drive

Man-Machine Int

erface

Card Reader/Punch,
Printer

~ Card Reader/Punch,

Printer

Storage Requirements (bytes)

59K

65K

Cost

$3600 for lst 3 years,
then $500 per vear

$2800 for lst 3 years,
then $100 per vear

Language Writte

n In

IBM 8/360 BAL

IEM S/360 RAL

Terget Record T

Jpe

Fixed Length Card Image

Fixed Length Card Imagd

Target Record S

ize (characters)

80

80

Security Controls

Target Record Processing Fashion Sequentidl Not Given
Absolute
Target Text Pinpoint Location Requirements Card Sequence No. Not Given
Fixed Position (Label) Scan Capability No- No
Arbitrary Position (Context String)
Scan Capabilitwr Yes Yes
Record-Oriented
Commands Single Record Tnsert, Delete, Replace|{ Insert, Delete,Replace
(handle at a time)
Multiple Records Insert, Delete, Replace] Not Given
Insert,
String-Oriented Single Record Replace (Overflow) Replace (Truncation)
Commands Iisere,
(operate within) Limited Record Range | Replace (Overflow) Not Given
Entire Record Range Insert,
(Universal) Replace (Qverflow) Replace (Truncation)
Temporary Edit Capability for Testing Yes No
Updated Master File Yes Yes
Job Stream JCL Retrievable
Machine- from System or Library Yes Not Given
Readable :
Output Job Stream Execution without Yes (MFT/MV 1y)
Operator Intervention €s T only No
Selected Modulss in ’
Punched Deck Form Yes No
Current Run Y Y
Perpanent %44 - Tistin~ €S €s
Current Run
Hard-Copy Temporarv Edit Listineg No Not Applicable
Documentation
Output Updated Module Listing Yes Yes
Program Evolution History Yes Yes
Current File Status Summary Yes Yes
Unchanging, b:passable,} Password=-bascd

pem=cencrated password

scrambled charactersst

Additional Capabilities

COBOL (any luve I
Syntax checker (12K
bstes); Rescgquencing;
Module Manipulation

CO3CL tacro anu .
Abbreviation Fxpansion
Module Manipulation;
Resequencing
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CLOT . PROGRAM/MANAGE CFMS PANVALET
IBM gé360/25 under OS | IBM S/360/30 under 0S | IBM S/360, 370 under IBM §/360/22, 370/135
or DOS, 2 tave drives | or D03, 2 tane drives NS, 3 kape drives S on oS, chis drivas
Card Reaaer/Punch, Card Reader/Punch, Card Reader/Punch,

Card Reader, Printer Printer - Printer Printer
Not Given 32K 32K 19K

VU plus optional $1O{ $2485 each $900 plus optional $423|$3780 plus optional $600
per year maintenance anthorization igpstallation charce per vear maint. after 3
COBOL COBOL COBOL Not Given

Fixed Length Card Imacd

Fixed Length Card Imags

Fixed Length Card Image

Pixed Length Card Image

8o

8o

8o

8o

Random

Not Given

Not Given

Sequential

Absolute
Card Sequence No.

Absolute
Card Seaquence No.

ot Given

Absolute

No

No

No

Card Seguence No,

Yes

Ko

No

Yo

Yes

Insert, Delete

Insert, Delgte, Revlace

Insert. Delete

Tnsert., Delete. Replace

Insert, Delete

Insert, Delete, Replace

Insert, Delete

Insert, Delete, Revlace

Not Applicable

1 Not Applicable

Not Avplicable

‘I Scan and Print only

Not Applicable

Not Applicable

Not Aoplicable

Scan and Print only

Not Applicable

Not Applicable

Not Applicable

Scan and Print only

No No ) No Yes

Yes Yes Yes Yes

No No No Yes -

No No No Yes

No Yes Yes Yes

Yes Yes Yes Yes

Not Applicable Not Applicable Not Applicaﬁle Yes

Yes Yes | Yes | Yes

ﬁo 'X;s Yes ‘| Yes

No 'éé; fes Yes

None Nepe None ggc:?i%ylgggiicgrcodes
Resequencing Resequencing None Module Mahipulation;

Formatting; Resequen-
cing; Cross Referencing
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OFF-LINE PROGRAM EDITORS

PLUS D/A

SPLIS-IT

IEBUPDAT and IERUPDTE

ED :

IBM S/360, 370 under
0S or DO3, 1 disk drive

IB‘ 4360/30, 370 under
dislk drive

I8M S/360, 370 under
NS, 1 disk drive

UNIVAC 1100 series under

Card Reader/runcn,
Printer

Lara Keader/Puncnh,
Printer

Card Reader/Punch,
Printer

FYFC-R 1 disk drive _i
Card Reader/Punch,
Printer

50K LLg . Not Applicable Not Applicable —
$3500 for lst 3 years, ‘2500 1 installn, $2000

thepn ¢525 p2r vear 2nd, $1500 each ﬂddlgnl Mot Applicable Not Applicable
IBM S/360 BAL COBOL Not Given Not Given
Fixed Length Card Image]Fixed Length Card Image {Fixed Length Card Image |Fixed Length Line -
80 80 80 Not Given (Default 80)
Sequential Random Random Random |
Absolute Absolute Relative
Card Seouence lo. Mot Given Cord Sequence No, Cg;d_ﬁ_g;gngg_NQ.______1
No No No Yes
No No No Yes
Insert, Delete, Replace|Insert, Delete Insert, Delete, Replace Insert,Delete Replace
Insert, Delete, Replace|Insert, Delete Insert, Delete, Replace Insert,Delete
Not Applicable Not Applicable Not Applicable Replace .
Not Applicable Mot Avplicable Not Applicable Replace ,
Not Applicable Mot Applicable Not Applicable Replace j

; 1

Yes Yes ] No Yes :
Yes Yes Yes Yes ‘T
Yes Not Given Not Applicable Not Applicable j
No No Not Applicable Not Applicable l
Yes Yes Yes Yes
Yes Yes Yes Yes r
No Yes Not Applicable Yes :
Yes Yes Yes Yes _j
Yes No No No 4
Yes Yes No No ;
Installation-changeable

grombled character set] Paszword None None p

Resequencing

Module Manipulation;
Resequencing

Resequencing; Change
Data Set Organization
(IEBUPDTE only)

Tabbing Capability; ]
Module Manipulation




F-13

CONCLUSIONS: THE "IDEAL" PROGRAM EDITOR

While user requirements differ widely, and no one program editor
could ever satisfy'a11 potential users, certain desirable character-
isfics do stand oﬁt above the rest. The "ideal" program éditor should
be capable of: )

1.. Easy mastery by programmer personnel (a minimal amount of
memorization and time required for entry of edit command
codes and operands )

High-speed response
Processing records out of sequence

'Universalkrep1acement of character strings

g W N

. Inserting a character string or replacing a shorter with a
longer without fear of truncation

6. Maintaining files for edit operations, applicable at will
to a master file .

7. Creating a job stream for compilation/execution of changed
modules, with‘JbL capable of being accepted from the user
and/or operating system and/or source program library

8. Pfoducing hard-copy documentation of all permanent and
temporary changes made during the cur}ent run and a history
of all changes ever made to a given module

9. Displaying many lines of text simultaneously, with the ability
to display any portion of tﬁe entire text very-rapidly (requires
an on-line editor with a CRT terminal)

Of the program editors treated in this report, the two most nearly

satisfying these ideal requirements for both categories are:’

1. On-Line - TVEDIT and WYLBUR

2. Off-Line - LIBRARIAN and PANVALET
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ABSTRACT

The various forms of data encountered in FORTRAN, COBOL, and PL/I, are
described at the local and global Tlevels, along with ambiguities that arise
wi thin each Tanguage.

Suggestion for a syntax directed general purpose algorithm is also

discussed.
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FORTRAN
Local Level - Detailed
The IBM FORTRAN H compiler presents a local map of names en-
countered during a compi]étioh. A1l names used as variables, state-
ment functions, subprograms and internal functions.
A1 names are accompanied by descriptive tags. A brief des-

cription of each tag follows:

Tag _ ' Description
A ‘ The variable was used as an
argument.
F The variable has appeared on
the right of an equal sign.
S _ The variable has appeared to
the left of an equal sign.
C The variable is in COMMON.
E The variable has appeared in
: an EQUIVALENCE statement.
IF ' Indicates an internal function.
NR The variable has not been
' referred to.
SF Arithmetic statement functions.
XF : A subprogram.
XR Variables, arrays or subprograms

that are referenced by name.

The FORTRAN (H) compiler also produces a relative address for
those names that are used internally. A1l functions and subprograms
are assigned a relative address of 000000.

The type and length of each variable is also displayed as part

G-3
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of the MAP option. For example, a double precision real variable would
have a TYPE of R*8.

A description of COMMON blocks is also given. The name of each
block is presented along with the length of the block. A1l variables
in the block are described in the same manner as presented under the
MAP option, with the exception of an identifying tag.

Following this data layout is a map of any equivalence made for
the block. This is in the form of the variable name and its offset

from the beginning of the block.



Local Level - Detail Suppressed

There is currently no method for suppressing detail. The FORTRAN
(G) compiler does separate the scaler variables from the array variables.
It seems a combination of this feature along with the COMMON way
bresented‘by the FORTRAN (H) compiler would be a good approach to a
Tocal level description of the data.

A restriction of the above to arrays only would also appear to be
an approach to suppression 6f detail at the local level. The data layout
for a]T arrays and-any equivalences on an array would be quite functional
at the local level. This could be accomplished by utilizing the source
code and generating the data layout from all specification statements
which allow dimensioning. Equiva]ences could be resolved before the
final output of the layout. |

Some type of abbreviated notation would be applicable in the pre-
sentation of the array structures. For example, the presentation of a
2-dimensional array with subscript Timits of 5 and 10 respectively

might be presented as follows

A(1, 1) . . . A(1,10)

A(5, 1) . . . A(5, 10)
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A notation for describing the storage method used might also be

considered. Consider the following:

A(1, 1) . . . A(1, 10)

A(5, 1) A(5, 10)
* *
% *
* *

]St 5 Tocations last 5 Tocations
in memory for in memory for
this array this array
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Global Level

There is currently no procedure for illustrating global data
structures. A reasonable approach to this problem would require an
analysis and collection of information in several. categories.

The COMMON statement and any equivalences affecting COMMON must
be considered for a global layout. The aﬁtua] parameters in any
FUNCTION or SUBROUTINE call must be analyzed since they are essentially
global variables. An analysis of formal parameters in a SUBROUTINE or
FUNCTION statement require analysis because they may certainly be
representing a data structure at the global level. Actual pérameters
may also have an interaction with other variables via an EQUIVALENCE
statement, thus the EQUIVALENCE statement must be inspected closely.
Formal parameters may not be included in an EQUIVALENCE statement, hence
we can disregard it in this instance.

The collection of the above information for subsequent processing
is necessary for any global layout of data. Of course, it should be.
clear that relationships among the main program and subprograms will
control the 1ayqut‘of any data re]ationéhips that exists across program
boundaries.

It seems that a sophisticated system would be required to handle
any data layout on the global level. Generally, the above problems can
be applied to other high level programming languages such as COBOL and
PL/I. Thus, a system should be designed so that it could be table
driven and.app1icab1e to any of the mentioned languages. Table. driven
would essentially mean to supply to syntax and semantics of the few

statements in each 1énguage which affects global Tayout.
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Ambiguities
The EQUIVALENCE statement causes the sharing of locations in
FORTRAN. This allows the partitioning and extension of one data
structure by possibly several other data structures.
This presents problems at both the local and global level since
COMMON variables and actual parameters may appear in the EQUIVALENCE

list.
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COBOL
LOCAL LEVEL-DETAILED

The use of the option DMAP will provide information about names in the
COBOL source program. The following will be a description of the information
that is output as a result of specifying the DMAP option. |

The internal namelgenerated by the compiler is output in order to
facilitate the reading of the object code. The level number of the
particular name is also generated when applicable. The description FD
is used when the name is a file definition name. The source name used in the
program is also output hence we have available three descriptions of importance:
1) the internal name, 2) the level number, and 3) the source name.

The remaining descriptors can be classed in the area of usage and
Jocation. A1l data names will have a:base and displacement associated
for the purpose of deséribing relative locations within the’data structure.
DECB and DCB information is presented in the case of file names. The storage
assigned to the data name is described in térms of bytes used and also in
terms of the type of data associated with that name. For example, the
storage definition could be described in terms of characters or ful]words
depending on the usage clause for that variable. This information is presented
in assembler language terminology.

The usage of names is described in the following manner. For FD
entries the access method utilized is identified. A1l group items are
identified as such and all elementary items are described in terms of their

USAGE clause.
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A11 data - names that redefine other data names are described With the
tag R. Any data names for which an OCCURS has been specified is described
with the tag 0. A Q indicates that the data - name is the object or
contains the object of the DEPENDING ON option of the OCCURS clause. An

M indicates that the format of the records of the file is:

F = fixed

V - variable
U - undefined
S = spanned
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LOCAL LEVEL - DETAIL SUPPRESSED

Currently there is no procedure for suppressing the detail at the local
level. The approach to pursue would parallel the FORTRAN and PL/I approach.
| Two types of information would be informative at the local Tevel in
a functional sense. The data names which have OCCURS clauses specified
for them are candidates for a data lay out. Again, as in FORTRAN and PL/I
one must consider'the'possibi1ity of memory sharing through the use of the
REDEFINES clause. The second type of data layout would be created from the .
FD sections. Hence the record layouts could be described. This is essentially
done vy the DMAP option yet many other variables are interspensed and the
record layouts are not readily discerned in this environmeht.

The above approach would require an aha]ysis of the DATA division quite
rigorously. Again, as in FORTRAN and PL/I, a synfax driver algorithm could’ |

possibly be utilized for this purpose.
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GLOBAL LEVEL

The conventions used in COBOL for subroutine linkages are quite similar
to that used in FORTRAN. The key to a global analysis of QOBOL would be the
detection of the USING clause in the CALL statement. The isolation of all
identifiers that follow and are non-scolar is the next step to be taken
in the construction of a data layout.

The utilization of the source code as input and the output of the
variables that are global type variables is the required task in such
an environment. The consideration of the DEFINED clause is quite necessary

to resolve or analyze any sharing of locationsiby variables.
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AMBIGUITIES

The DEFINED statement is the COBOL statement fhat_causes the sharing
~ of Tocations in COBOL. Thé'prpblen requires analysis in order to adequate1y_

describe both local and global layouts.
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PL/I
Local Level - Detailed

The IBM PL/I compiler (F) produces a detailed description of all
identifiers that are used in a PL/I program. The IBM compiler will be
used as the focal point in the ﬁescription of the information which can
be obtained about identifiers. To activate a detailed printout of the
attributes of identifiers, the user must utilize the compiler option ATR.
The following description demonstrates the attributes that are presented
at the detailed level.

A1l arithmetic variables have a set of attributes that may include
the following:

a. BINARY|DECIMAL
b. FIXED|FLOAT  (SINGLE|DOUBLE)

c. PICTURE
d. INITIAL
e. DEFINED

f.  ALIGNED|UNALIGNED

g. dimension information

h. precision

i. STATIC|AUTOMATIC

j. INTERNAL|EXTERNAL

String variables are described with many of the same attributes as

arithmetic variables. For example i) represents the storage class and
J) represents the scope of the variable or identifier. These attributes

are present for all types of identifiers. The following is a list of



attributes for string variables:

a. BIT|CHARACTER

b. PICTURE
c. INITIAL
d. DEFINED

e. ALIGNED|UNALIGNED

f. precision

g. dimensibn information
h. storage class

i. scope

One can easily see that many attributes are available via the ATR
option. These dre-preseﬁted in alphabetica]IOrder with the declaration
statement # associated with tﬁe identifier.

In addition to the above attributes, all elementary items of a
structure are described. ATl major and minor structure names are
corfeét]y identified in the 1listing.

Other fringe type attributes are also available. For example,
ENTRY, RETURNS, GENERIC, BUILTIN, etc. are descriptions of variables.
Another area which may be considered is that of file descriptions. The
ATR option permits the description of files. For example, such attri-
butes as INPUT, OUTPUT, UPDATE, SEQUENTIAL, DIRECT are available.

The above demonstrates that a very detailed deséription of identi-
fiers is available as output of the PL/I compiler. This is restricted
to a single compilation and hence it applies essentially on the local

level.
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Local Level - Detail Suppressed
In addition to the attributes of the identifiers, the compi}er
produces an aggregate length table which is the length in bytes of é]]
major structures and non structured arrays. This table is produced by
the IBM compiler when the ATR option is used. This presents a very
functional presentation of the overall structure of the major components

of the identifiers.
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Global Level

There are no present tools available to present a data layout over
separate compi]ations. There are possibly two approaches to such a
global description of data structures. |

The first approach would necessitate a‘program to ana]yzé the
declaration statements of the source language. All identifiers which
‘have the attributes of EXTERNAL and STATIC are céndidates for a global
data layout.

The second approach would require an analyzation and 1nterpretation
of.the ESD which the compiler produces. All externé] symbols which are
placed in a COMMON control section should be considered for a global
presentation. In addition to these identifiers, under certain conditions
control sections of the type SD will be created for global identifiers.
This control section is not a COMMON control section but is accessib]é

by other compilations thus, in effect, it is common to other proceduyes.
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Ambiguities

The possibility of misinterpreting or misrepresenting the data
layout exists because of the DEFINED attribute. The DEFINED attribute
essentially causes the sharing of memory by several identifiers. This
presents a probliem fn the presentation of the data layout since we may
now have several arrays and structures utilizing the same memory
locations.

This problem is also complicated by allowing characterlarrays to
have other names specified for part of the character strings. This is
implemented by the use of the POSITION attribute in conjunction with
the DEFINED attribute.
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CONCLUSIONS

Clearly, if one considers the source languages of the three languages
at a global level, it becomes apparent that all have similar methods for
transmission of variables, redefinition of variables and declaration of arrays
and structures. PL/I is the encompassing language in the sense that it |
includes the features of both COBOL and FORTRAN.

Since the features, which must be considered, are quite similar the
approach of a syntax driven collection algorithm might be quite feasible.
The fact that considerably enhances such an approach is that fact that such
a Timited analysis of source statements is necessary. The main considerations
are to be given to specification statements and calling - answering sequences.
The types of specification statements will include array specification,
structure specification and redefinition statements.
| The above approach could be applied for a global layout and a subsetv
could be utilized at the local level for a functional picture of the data
structures. The local level detailed layouts are handled adequately by
the compilers and the emphasis should be placed on the detail suppressed

mode and global descriptidn.
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ABSTRACT

This paper investigates the state of the art of documentation
standards. fhe few standards that do exist are reviewed and standards
at various levels are shggested where possible. it was found that
existing automatic documentation packages fail to meet any sort of
standards. |

Systems Documentation and Program Documentation are then discussed
with an overview of what is generally acceptable and what might be in-
corporated into a set of standards. |

Existihg flowchart and decision table standards are presented.
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INTRODUCTION

Basica]]y,'Systems Documentation may be cafegorized into deve]ppmenta]
documentation and control documentation. Since one of the major problems :
constantly discussed in almost any technical or administrative setting is
the problem of poor communication, the above documentation types are intended
to lessen this problém. Developmental documentation is descriptive of the
system itself, i.e., performance characteristics, tools and materials. It
is therefore the means of communication about the system. Control documen-
tation is concerned with communicating information about resources used to
| develop the system and involves project development organization, personnel,
time, materials, and money.

Systems designed are never static. They must change to meet new
customer requirements or in order to be.coﬁpatible with hardware and
software modifications. More often than not the designer of the original
system is no longer available to make the necessary changes, therefore a
clear and complete record of what each system does and how it was developed
is essential. Hence, at least some standard must be developed in order to
assist the programmer/anaIyst in preparing good documentatibn to establish
a common language of communication.

Program documentation deals more specifically with producing what might
be called a.Job Documentation Package or a Program Manual. 1In generé1, the
aim in writing programs is to use the computer to solve problems which are

too tedious, repetitive or uneconomical for manual methods. From some
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problem definition and seclution specification, detailed program logic
is designed, and the program coded and tested. The product is thus a
proved and documented (hopefully) program ready for operation, probably
initially operated within a test environment.

There is a wide range of application differences, however within
such a definition of a program, from a scientific problem-solving

application which can perhaps be defined and solved by a single person

to a detailed systems specification requiring many designers and programmers.

The former may serve a one-time purposé and specific records of input
and file records may not be necessary. In this case rather 1ittle doc-
umentation may be required.

The case of the detailed systems specification made up of a number
of program specifications describing some complex data processing system
is much more complex. Here, many "in-house" programmers will be involved
and possib]y'outSide contractors will be employed. In this case, it is
generally agreed that accurate program documentation is a must.

The real problem in setting standards is to specify how much documen-
tation is required and from whom. No national standards for program
documentation exist, but some software packages are commercially available
to produce automatic documentation at the program level. Although rather
poor in general and far from meeting even the most loosely defined set of

standards, they are an attempt at standardization.
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SYSTEMS DOCUMENTATION STANDARﬁS

State of the.Art

In any discussion concerning standards, it is first necessary to lay
some ground rules. First of all, what are standards and what has been
standardized?

Currently the oniy set standards for computer software and/or
computer software documentation deal specifically with standard flowchart
symbols and abbreviations list, and decisioq{tab]e standards.

‘Beyond these items, the word "standards" generally refer to what a particular
installation feels is necessary. Very little information has been found
concerning standards of any kind, but most reports on any type of standards
do agree in some broad areas. |

At present, there are no universal documentation standards which are
directly applicable to all installations. This is true because of the type
and level of complexity of documentation for one location may be inadequate
or inappropriaté in another environment. Each data processing department
must therefore implement a documentation system which suits its own
environment. This could be done by adapting a genera] documentation system
to local conditions. ‘ ' |

The development of a documentation system for a particular data
processing organization must take account of the majof influencing factors

which include:
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(1)
(2)

(3)

(4)

management commitment
project characteristics
corporate environment and organizational characteristics, and

technical environment

In any event, with respect to systems documentation, the following

documents might be recommended.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

A User Request - which is the initial approach for the user

for data processing assistance. It contains a brief problem
description.

The Systems Proposal - essentially a major report resulting
from a systems survey. It may be considered as a feasibility
report, including a detailed specification of the recommended
approach and project pTan.

The Analytical Report - essentially a project plan, supplemented
as-necessary with evaluation information.

The Design Requirement Statement - which is essentially a
specification of requirements in systems terms.

The Systems Summary - is a general description of the complete
system or system change.

File Specificafion - a detailed description of the purpose,
contents and organization of a file.

Transaction (Input) Specifications - This document describes all

inputs to the system.
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(8) Output Specifications - This document details the systems outputs-
why and when produced, contents, formats and recipients.
(9) Segment (Processing) Specification - essentially a statement of
| the design requirements and general logic for a program.
(10) Systems Test Plan - A permanent record of the testing procedure
to prove the system prepared by the systems design function.
(11) Programming Specifications - (which are discussed separately
later) |
The above 1ist of systems documents are basically those of Gray &

London in Documentation Standards.2

The present state of the art on the above set of documents fol]ows
the trend of filling out appropriate printed forms for each step in the
documentation process. These fdrms are generally suited to the individual
needs of the specific installation and seem to follow no real fixed pattern.
" No mention is made of automatically producing any of these forms or their
- equivalents. It seens very feasible that a great deal of this documentation

could be automatically pkoduced, as is discussed in other reports.

Suggested Standards for Systems Documentation

The problem of how much documentation is needed for a particular
system is the obvious problem here. In addition to the standards mentioned
in discussing the state of the art, minimal standards should include most

of the following.



Systems Flowcharts - Flowcharts provide u m2ans of identifying

programming functions and graphically visualizing the logic

and the path of its flow in the solution of a problem. Generally,

two levels of flowcharts are recommended. A third level, a MICRO

or logic detailed flowchart may be desirable but can be considered
as optional.

A. First Level System Flow. This level should be a general system
flow, giving an overview of the major processing areas and
programming requirements (prog;ams) thet will be required for
system development. This flow should be in block form to
identify the core resident programs and the programming path
necessary to accept, process and output data. The general
flow should also show the support routines, e.g., overlay, and
common routines. The first level flow may require more than
one page to identify core resident and support programs or
routine. Core resident programs should be grouped within a
block to show the processing area to which the program belongs.
Systems should be designed so core resident and support
routines/programs are developed in modular form.

1. Core reﬁident and‘support rdutines developed to aid
processing and message switching functions should be
identified by name or subject, followed by some distinguish-

able alphanumeric program name.
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2. A flow depicting the hardware configuration should be
drawn sdeing all hardware and peripheral components,
and the path of the data flow through the system.

Second level MACRO flow. The programming functions identified

in the firsf level system flowchart should be developed into

MACRO fTow’(semi—detailed) diagrams.

1. Some method for identifying each symbol or block of the
MACRO flow should be used.

2. The MACRO flchhart expand; the program or major processing
function of the first level into semi-detailed component |
blocks or programming symbols. Flowchart pages should be
-numbered. ‘

3. As the.sécond level flowcharts are reviewed by the lead
programmer/analyst, processing errors and omissions
should'bé detected'prior to coding. .

4. The MACRO flow should depict, in graphic and symbolic
fdrm, input/output functions, subroutine, major processing
functions and the processing'sequence for the coding of a
program. It should be in sufficient detail to permit
anotherAprogrammer to develop the source coding.

| 5. Standard f]owcharting'symboié should be used.

6. The general flow should be from top to bottom,.left to
right.

7. Off-page connectors should contain unique tags or
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coorainates to which thay noint, ard the flowchart page
number. If the off-page connector does not relate to the
preceding page, show the page number of the page where
the flow was broken, e.g. from page 4 of 12.

8. On-page connectors should contain unique tags or

coordinates to which they noint.

II. Narrative Documentation

A.

Systems Reference Manual.

While the system is under developmeﬁt, a general narrative should
be written giving a brief history and purpose of the system. This
will serve as the composite document for the system and will be
developed concurrently with the system. The introductory chapter
will give the development history and identify each program/
routine and contain a brief statement giving the purpose and
funcfion of each program/routine. This first chapter should
contain the first level block diégram flows. Subsequent chapters
should contain the second level MACRO flowchart and a general
narrative for each program.

Operator (User) and Test and Acceptance Manuals Information for
the Operator's and the Test and Acceptance Manual, as applicable,
can be lifted from the program abstract and other narratives as
the system is being developed. This information, along with the

Systems Reference Manual, will be developed concurrently with the

system.
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C. When a system is ready for implementation,’system documentation
should be submitted to a Documentation Library.
III. "Stand-Alone" Programs or Modifications to existing programs.
A. When a "stand-alone" program is developed or a modification
to existing programs takes place, it should be narratively
documented.
B. When the program is ready for release, the documentation, as

required, should go to some Documentation Library.
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PROGRAM DOCUMENTATION STANDARDS

State of thg Art

Just as there are mény different ways to write a program as there
are programmers, there are as many ways to document a program. To
determine what program documentation is necassary or sufficient is the
purpose of program documentation standards.

The United States Air Forcel4 feels that acquiring and maintaining
accurate and up-to-date documentation is an'essentiaI part of the soft-
ware production and maintenance process. Well-documented programs are
necessary in effective communication of software system ideas and techniques
between organizations with both operational and economic benefits. In
addition, good documentation

1. allows the lead progranner/ana1yst to review the efforts of

an individual programmer to ensure conformance with system
design criteria.

2. assists programmers in testing and debugging.

3. enables programmers to update old programs.with'minimal

difficulties.

4. permits new programmers to learn their systems without having

| to recode programs to discover what they do.

5. .makes available information that can be used in the design of

new systems within a given unit and to eliminate duplication

of effort wherever poésib1e.
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Recommended Standards for Program Documentation

The fo]]owing'is a set of general recommendations which can be

adopted, or at least partially so, as the required standards for program

documentation. These standards were collected from several sources,

each different installation making suggestions with slight variations.

A consensus of the standards reviewed recommendsthat a program

manual, a complete final document of a program, should be prepared. It

should contain:

1.

6.
7.

a general description of the function, use, and methodology of
the program.

a description of input, files and output used or produced by
the program. |

flow diagrams showing the 1ogi¢ of the program. (F]ow-diagrams
ére discussed later in this report.)

a description of instructive output messages, e.g. output on
console or printer, etc.. ‘ |

coding information, e.g. an assembly listing, memory print,
descriptions of matrices or tables used.

a test plan.

program test and operating instructions.

Operations Documentation should be prepared partially by the system

designer and partially by the programmer. This documentation, prepared

for both the user and the data processing operations staff, should contain:
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1. Program Test Instructionc, 2 docvrert comp-is~d of those

instructions which are necessary to guide the computer operator

in running a test program, prepared by the programmer.

2. Systems Operating Instructions, a list of processing steps, in

execution sequence, defining all operating requirements. It

should include:

a)
b)
c)

d)

e)

Input control instructions

Summary workflow schedule
Data collection and preparation instructions
Job assembly instructions

Output review and control instructions

A basic collection of forms for System Operating Instructions

would include:

a)
b)
c)
d)

e)

Each operating instruction form should bear the basic identifying -

workflow summary

general clerical

data preparation (i.e. keypunching)
auxiliary machine (by machine category)

computer operating (by computer type)

information comprised of at least:

a)
b)

systems identification

operation identification (brief title)



c) step number for this operation

d) previous operation step number/next operation step number

e)  date

f) originator/authority

Any number of other entries may appear on each form. These may

include:

a) responsibility for performing the ihstructions

b) - input: description and soufce

c) output: description and destination

d) prodess: summary of functions performed

Each specific type of form will have further detail pertinent

to that particular form. These forms can be qujte lengthy and,

rather than list the necessary information for each, a few

examples follow on the next pages.

The forms featured in the above suggested documentatiﬁn can vary

greatly. Several different forms (i.e. printed forms) may be required
for any one of them. These forms can be detailed or general, depending

upon the particular user's needs. Military Standards6

generally require
detailed information while smaller systems, with little outside comuni-
cation necessary, could be documented adequately with less detail.

At present, most program documentation information is recorded by
hand. It would be desirable if this documentation could be generated
automatically from the program and from previously prepared systems

documentation. No present documentation package offers any means for



doing this. However, it would be relativel’ simple to require the
programmer to input any additicnal underivable information using a
CRT. These forms could be produced on the screen and the programmer
would enter the necessary information. This information could then be
printed with the program output.

Flowcharts can be produced by some packages now available. Flowcharts

ure in a later section of this report.



Sample Program Documentation Forms
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MACHINE SET UP FORM

US:R 1.D. CODE

PROG NAME PROG #
AREA PROJECT PROGRAMMER
~JOB PREQ REGION SiZE ' K
DIRECT ACCESS REQUIRBMENTS:
PERMANENT
USER . |
ASSIGNED DATA SET NAME DDNAME SERIAL # / #
PACK : . CELL & BIN
 YEMPORARY'
USER ' A u
ASSIGNED DATA SET NAME DDNAME SERIAL # / SPACE =
PACK ceLL #
TAPE REQUIREENTS: n
#/ TRK. UNITS . #9 TRK., INITS
DATA LBeL| 7or9 | DpeN/ | wRITE "RET PD OUTPUT INPUT
SET | DDNAME RING IN FROM T0
NAME TYPE TRK MODE IN DAYS RWN_# RUN #
(FOR ADDITIONAL INFORMATION ATTACH AMOTHER SHEET)
ApDITIoN O repLaceMent OO -

DATE SECTION PAGE
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CARD READER REQUIREVENTS:

DATA. SET NAME DDNAME SOURCE DISPOSITION

CARD PUNCH REQUIREMENTS:

DATA SET NAME- S DDNAME POCKET # DISPOSITION
PRINTER REQUIREMENTS:
- PRINT | FORM se;up LIMES DECOL-
DATA SET NAME IDNAME |"TRAIN | # | “@ BURST | LATE | DISPOSITION

apiTion O3 repLACEMENT [

DATE ____ SECTION _____ PAGE
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DOCUMENTATION APPROVAL FORM

Check Type of Release:

O HEW PROGRAM

[0 MAINTERANCE (O SYSTEM

SYSTEM OR JOB NAME

PROGRAM # PROGRAMMING DIRECT INQUIRIES

AREA T6:

NAME OF PROJECT

NAME OF PROGRAMMER DATE"

DESCRIPTION OF SYSTEM, NEW PROGRAM- OR MAINTEHANCE :

Program Configuration:

DIRECT ACCESS STORAGE
U} Permanent [J Temporary

DIRECT ACCESS DATA SETS
) Tables L] Core Res. Modules
E% Disk Resident Modules

Data Sets

ftems Affected By This Release:

Program [0 Documentation
Tables or Data Sets
External Procedures

Maintenance Priority:
| O EMERGENCY-Contact Name:

Phone:
SPECIFIC DATE
WHEN POSSIBLE

CYCLE

Complete This Section For New Program and
‘When Maintenance A*‘f’ectu Ore of the Following:

PROGRAM INFORMATION - CHECK ONE FOR EACH ITEM:

JOB TYPE: [] Batch [] Teleprocessing
RUN FREQUENCY: [] Daily [] Veekly
E% Monthly [] Ouarterly
Annually On Request
[J One Time
ESTIMATED TIME: Minutes
LANGUAGE : TT cosoL (] FORTRAN
[ rpPG (] s/360 AL
0 rLn ]

CORE STORAGE: Enter Region Size

(Do Not Include 057_—_'_—'_—_'

'EQUIPMENT INFORMATION - ENTER WHERE APPLICABLE:

360/65 140 .
Card Reader (] Card Punch
0 orum

Printer
.LJ Optical Scanner

(1 Data Communications
Number of Tape Units

Number of Disk

SUBMITTED BY

Storage Drives

—_ Number of Data Cell ___ Number of

Drives




lAPPROV'ALS (Manager Level or Higher)
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(Compl. this line fbr New Program Only)
SUBMITTING OFFICE:
PROGRAMMING AREA:

NAME

_DATE

(Compl. this line for Maintenance Only)
MAINTAIVING OFFICE:
PROGRAMMING AREA:

MANAGER REVIEW

REASON FOR REJECTION OR COMMENTS:
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PROGRAM: Tape to Printer

PROGRAM No. [ XYZ 12 S
PROGRAMMER| M. Brown IR
DATE 29.2.65 ]
CHART: MICRO- FLOWCHART]
SECTION:  |Block -sheet 1 of 1 |

D

ol

AVGMENT
RECORD COUNT

2
AVGMENT % -
ACCOUNT NO.

HASH ToTaL

SEY
SWITCH
Aot

Sample Micro-flowchart
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SYSTEM: Stoves Stock (1) DATE: 5-6-67 : BY: J.M.Dumf
T Latest Time Latest
Openation (Process) Flowchart Swu“ﬁ: o Volumes PT° This {,'3 ?h“l':
47 batches of
Cheek vecaryt appro. 909 to
of batciws : 1 .1 1200 déocuments | 10,00 Tuesday 1'..0015"‘:1

from al\ gfores

]

:::‘;"//:::'1“ o | 'l.z _ | treo0cards iwmu.l 17.00'“'“"5,
2al ‘
, Balance _ 1.3 N/A 175 Thmdsy | 1906 Thumsdsy

z-o v.."s‘e
&:v’n:\'fy : 1.4 N/A 0845 Fvulu, O’.Mrpdg’ .
*;“‘. on . ) : .
freqvam 1.5 17000 cavds | 09.00Fviday |11.45 Fn
Fl :'"g 3.7\ . 120 f.'~’ ‘..’

®
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DECISION TABLE FORM

System Name Date
System Number, : Drawn by,
JABLE OPEN/CLOSED _ RULE 1
] .
°
n
d
i
t
i
°
n
s
c
t
i
)
n
FREQUENCY

Sample decision table form

v¢-H
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2 0 =m 0w

Systsm Name__Airline Reservation Example

System Number cx

DECISION TABLE FORM
Date SOptember 1967

Drawn by__R. Tonms

TABLE 13_ OPEN/CLOSED _ RUL

First class requested

Tourist class reauested
First class avajilable

Tourist class available:

A\
[+,
=

o )

a2l
< &

aRl
<

=

2 =

<
=

S R B2

1
<~ REKKR
1]

=4

Alternate class acceptable

Write first class ticket

Write tourist class ticket

Adjust 1st cl. seat invent.

Adjust tourist seat invent.

10

Suagest another flight

Gao to next request

I B [P< Tt [

2 IR I I T ]

a2 SN

VY W W A

20 I I TR R
P4t M I i D4
4 [P P [

FREQUENCY

20

190

Lol 9] 1

Somple limitod entry docision table

6Z-H
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2 0 O

Syssm Name_Airline Seat Reservation

System Number__CX

DECISION TABLE FORM

Dats_September 1967

Drawn by__R. Tomms

TABLE A2 OQPEN/CLOSED: _RULE 1 2 3 L 5 s 7 8 9 M)
1 ! Request for First|First|Fipst |First | First !Tourist|Tourist, Tourist  Trurist) Toupist |}
2: Spage avallable | Fipst|Both | Tourdst! Tourdat: None |Tourist:Both Fipst |Fipst |Wope .
3 : Alternate class - - 0K NG - - - 0K NG -
4 i Reduce seat inventory First| First| Tourist) - - Tourist|Tourist|First - -
5 i Write ticket First{First| Tourist! - - TouristjTourist| First - -
6: Go to_next Req_ [Req |{Req Flight | Flight!Req - [Req Req Flight

Flight

FREQUENCY

Sample extended entry decision table

9¢-H
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NATIONAL STANDARDS

Flow Chart Standards

The ANSI Standards deffne three major groups of flowchart outlines.
1) Basic - this includes specifications of symbd1s representing
four functions considered to be the minimum symbols required for
adequately representing data processing action. These functions
are input/output, processing, flow direction, and annotation.
2) Specialized - consists of outlines for specifying three distinct
groups: - | | |
a. data - carrying media (document, magnetic tape, etc)}
.b. peripheral equipment type (on—]iné storagé, menual input, etc.)
c. selected types of processing action (decision, sort, collate,
etc.)
3) Additional - these outlines include symbols for representing
origins, terminations and functions.
It appears that flowcharting symbols are one of the few things that are

generally accepted as standard. These standérds are included on the

following pages.

Decision Tables

Some standards have also been set up for use with respect to decision *
tables. These standards generally adhere to the rules which follow.

Examples are alsé provided.
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SYSTEMS FLOWCHART SYMBOLS

1. Process Symbol used to represent any kind of
proce'ssing function, or any operation for which
no particular symbol is provided.

2. Decision Symbol used to represent a decision that
determines which of a number of alternative paths-
is to be followed.
3. Manual Operation Symbol \ ' ] ’

4. Auxiliary Operation Symbol

Standard symbols for system flowcharts



9.

10.

11.

12

13.

14,

15.
16.

17.

18. Magnetic Tape

SYSTEMS FLOWCHART SYMBOLS

Manual Input

On-Line Storage Symbol represents the use of
any kind of on-line backing, store, i.e., disc,
drum or magnetic tape :

Off-Line Storage Symbol represents the function
of storing information off-line, regardless of the
medium on which the data is recorded.

Document

Punched Card

Deck of Cards

File of Cards: this symbol represents a collection
of related punched card records.

Punched Tape

Generalized Input/Output Symbol = / ]

oGn D o <

C

H-29
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SYSTEMS FLOWCHART SYMBOLS

20. Magnetic Disc

21. Core Store

22. Display

23. Communication Link: this symbol represents

24. Graph Plotter

25. Connector

26. Comment

27. Elow Indicators

| .M-amc—-o—ru—n-‘ E

transfer of information by a telecommunication /f
link. :




PROGRAM FLOWCHART SYMBOLS

1. General Operation Symbol: used for any operation
which creates, alters, transfers or erases data, or any
other operation for which no specific symbol has
been defined in the Standard.

2. Subroutine (Predefined Process) Symbol: used when
a section of program is considered as a single opera-
tion for the purpose of this flowchart.

3. Generalized Input/Qutput Symbol: used where it is
desired to stress 1/O operations. The symbol is used

as an alternative to the specific device symbols when:

— at the time of flowcharting the actual device to be
used has not been decided,

— the flowchart is drawn as an example, and is not
related to any specific 1/0 function,

- local standards specify its use.

4. Magnetic Tépe 1/0

5. Disc I/0

7. Document /O

8. Punched Card 1/0 . ,

9. Punched Paper Tape 1/0

O
(]
]

Program flowcharting symbols

H-31
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11.

12.

13.

14.

centuate an operation that partially or completely
determines the selection of a particular exit at given
Branch Symbols.

Branch Symbol: has one entry line and more than
one exit. The symbol contains a description of the
test on which the selection of an exit is based. The
various possible results of this test are shown against
the corresponding exits. '

Offpage Connector Symbol: used as a linkage be-
tween two blocks of logic that are to be found on -
Separate pages of the flowchart. The symbol is only

-used on the ‘exit’ Page, on the ‘entry’ page an on--

page symbol is used,

Onpage Connector Symbol: used as a linkage be-
tween two blocks on the same page, when it is not
desirable to connect them using a linkage line.
The label of the block to which the connection

is being made is written inside the symbols,

Terminal Symbol: used as the beginning or end of
a flowline (e.q., start or end of a program).

. Annotation Symboi: used to add additional infor—

16.

mation to a symbol or block of program,

Flowlines (Linkage Lines): used to show the flow

between blocks of a flowchart. The normai flow is
from top to bottom and left to right of the page.
The programmer may dispense with the use of the

direction arrows when the chart follows the normal

flow. They must be used, however, for any portion
of the diagram which does not follow the normal
flow, -

PROGRAM FLOWCHART SYMvBO LS
. Preparation Symbol: used where it is desired to ac.




List of Standard Symbols and Abbreviations

+ Plus or positive
- Minus or negative

+ Plus or minus, positive or negative
X Mutltiplied by
+or/  Divided by
= 'Equals
#* Does not equal
> Greater than
< Less than.
> Greater than or equal to
< Less than or equal to
c(x) Contents of location X
cfor: Compare or compared with
— Used within an operational symbol

to denote transfer of data
EQF End of file
EOR End of reel

EQJ End of job - F
# Reserved for local use
No. ~ Number .

Standard symbols and abbreviations list

H-33
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PROGRAM: Tape to Printer
PROGRAM §O. I XYZ 12

PROGRAMMER|M. Brown

D ATE 29.2.65

CHART: MACRO-FLOWCHART

SECTION:

A
( START j
B

OPEN
FiLES

H

A CCUMVLATE
ConTROL [

Sample Macro-flowchart
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These ru1es are: |
1) Decision tables should be drawn on the form shown at the end of
this section. The layout of the elements of the decision table

should be:

CONDITION . CONDITION
STUB ENTRY
ACTION ACTION
STUB ENTRY

.The double Tine sepérating the stubs from the entries is predrawn.
'{_The designer should draw his own doub]e line to separate condition
and action areas of the form. | |
2) Only one table should be drawn on each sheet.
3) Tables must be named at the head of the table. A.hame of the
| form "TABLE XX" is preferred, but other naming standards may be
specified locally. Following the name, the words OPEN or CLOSED
should be written to indicate they type of_tqble.
}4) No decision table should be drawn that has:
a. more than 4 condition variables, if neither dashes nor an
ELSE rule are used, .or
b. more tﬁan 6 condition variables if dashes and/or én ELSE
rule are used;
c. more than 12 decision rules, and

_d. more than 15 action variables. .
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5)

6)

7)

8)

10)

1)

12)

Blanks must not be left in the condition entries. Dashes should
be used to indicate that the value of a condition does not affect
a particular action.

On the condition entries, Y should be used to indicate the truth
and N the falsity of a condition.

On the action entries, X should be used to indicate that an action
is to be followed and I to indicate that it is to be ignored.
Actions must be written in the order in which they are to be ex-
ecuted. ) |

Every effort should be made to combine rules within a table which
give rise to the same action. It will often be found that the
value of one condition is immaterial.

Tables must be drawn up in such a way that all rules are true
alternatives; rules may be examined in any order byt only one
rule can satisfy a given set of conditions.

The final action entry for each rule must specify where to go
next. |
Where the information is available, it can be of considerable

assistance to the programmer if the expected frequency of

satisfaction of each rule is indicated on the- table.
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DOCUMENTATION PROCEDURES CURRENTLY IN USE

The information in this section was selected from material re-

quested from various companies about their respective documentation

procedures. The replies received ranged from very brief and indefinite

requirements to highly specialized and detailed specifications. In

general, the size of the company and the amount of computer use seemed.

to affect the volume of dqcumentation required. It should be noted

that the standards mentioned below are a subset of the documentation

standards recommended earlier in this report.

In general, the following items seem to make up some sort of

accepted "standard."

].

Abstract - This was required by most of the companies involved.
The detail of the abstract did vary a 1ittie, but the basic
ideas seemed constant. This generally {ncluded items such

as Program Title, Program Number, Language, Machine Configura-
tion, I/0 Description, etc.

Source Pfogram Decks and Listings - There were some variations
here. In general, source programs were kept on file and one
company even suggested maintaining actual card decks if the
source program was not on tape. In addition to this, general
setup of>Input, JCL, and special information about control of

the program was also used.

- Program Flowcharts in general were required as some part of a

documented program. The level of these flowcharts varied. One
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company specified the use of AUTO-FLOW for program logic
flow.

4.. Systems Flowcharts were used by some of the companies
involved while others made no mention of them.

5; Almost all information received made mention of procedures
for updating documentation for revised jobs. This process varied
from a detailed set of steps of completely redocumenting -
the program to mefe1y adding update information to the previous

- documentation.

6.- Details of Data Layout was generally required. This included
information about data cards, tapes and other information
necessary for processing. Keypunch instruction was also requested
at some levels. .

7. MAn Operator's Guide was required by a few of the companies
involved, howe@er, this was not required by all.

The above 1ist makes up the bulk of the required documentation. The
detail required obviously varied greatly. Some major companies required
considerably more than the above mentioned items, while a very small
company included required only comments in the program listing.

It was interesting to note that in this latter case, 3 levels of comments
were specified, depending upon the ﬁumber of asterisks éppended to the

comment.
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AN EXAMPLE OF DOCUMENTATION

One of the better examples of automatically produced program

documentation which was found was from the USAF. This message switching

program included in its computer printed output the following:

(1)

(2)

- (3)

A detailed table of contents, which included a list of major
headings along with subheadings of everything included in this
listing. Also included was notation used for separating sections,

sub-sections and further subdivisions via lozenges, periods

. and asterisks.

Section I of the output was called "1108 STANDARDS". This
included a list of 23 requirements for running on the particular
system used. This included information concerning external

labels, entrance and exit requirements, tags,fexterna1 drum

'equates. information about standard date, tape codes, etc.

Section II was called "A CHRONOLOGICAL HISTORY OF COLUMNS

79 AND 80". This reference to the columns mentioned gave in

‘detail information about successive assembly dates and im-

plementation timetable. The listing included all changes
made in these assemblies and their dates. These columns

are used to retord program modification levels. This sectioh
also gives a detailed explanation of what these modifications

were and why they were made.‘
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(4) Section III, "PROGRAM INTERFACE AND RELATED INFORMATION". |
This included instructions to follow in interfaces, overlays,
flags and related information. Also included in this section

"is information on interrupt analysis.

(5) Section IV, called "BUFFERS, MAPS, AND TABLES", gave drum
maps, circuit lists, and several pages of tables. Included
was polling information, table assignment tables, and
requirements for polling. A1l of this information was
dated.

(6) Section V, called "PROGRAM DESCRIPTIONS", contained the names
of and information about all program segments used in this
run. Each program was listed separately and its contents and
relation to other programs were given. Infor@ation concerning
on-line oﬁ not, where control is received from, specific function
of program, what all méssage codes mean, register usage, and
meanings of switches and table indexes were included.

Following the above information, which, incidentally, covered 85

printgd pages, came a complete program listing for each program used.
Comments were used freely throughout.

It should be emphasized that all of this information (196 pages

of it!) was printed output. AssembTy dates and codes were included

on each entry.
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CONCLUDING COMMENTS

The preceding pages give a_summary of what might be desired in some
standards for systems and program documentation. The automatic production
of such information is a more challenging problem. Not only do
standards not exist, put to aggravate matters, documentation software
now available fai1s to meet any of the existing standards. Flowcharting
packages do nof follow the "rules" already established and standard
symbols are not consistently used. _ |

There is no reason to believe.that reasonably good automatic documen-
tation cannot be developed. Two possible approaches to achieve this goal‘
might be: first, if some reasonabie documentation standards can be
established, users should then force software vendors to meet these
stahdards. Secondly, if a good automatic documentation system could be
developed which wdu]d satisfy a large portion of the'users; its general
~ acceptance could make it the standard. The establishment of good standards

for program documentation will enhance communication at the local project

level, between different user groups and/or with outside contractors.
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SUMMARY

Part I of this'proposal discusses the teﬁhnica] approach to the imple-
mentation of an automatic system for combuter program documentation. Section
1.0 conta{ns a statement of the philosophy. Section 2.0 éontains general
background information and a concise summary of studies that led to the
system design. Section 3.0 contains detailed design specifications for the
automatic documentation system. Seﬁtion 4.0 lists the adyantages of the in-
1tial phase of the implementation of the automatic documentation system and
Section 5.0 covers future expansion. Plan df activity, reports and documents,
progfam organization, personnel qualifications, facilities, and program

schedule are contained in Sections 6 through 11,
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1.0 INTRODUCTION

The Data Processing Center at Téxas A&M University'is pleased to submit
this proposal to the National Aeronautics and Space Administration, Goddard
~Space Flight Center in Greenbelt, Maryland. The purpose of the proposed
projecf 1s to implement an automatic system for computer program documentation.
The system wi]] produce fimely, up-to-date documentation at relatively low
cost. The system will be designed to document any computer language and run
on any hardware while taking advantage of existing documentation aids. The
system will be easy to use and will place minimum restrictions on the programmer.
| In computer program development, one of the major problems contributing
to low programmer productivity is poor communications. The automatic documenta-
tion system will produce documentation at al] phases of system design and
implementation thefeby reducing the communication problem.

The proposed project will span twelve months. The twelfth month will be
reserved for installing the automated documentation system at Goddard Space
Flight Center in Greenbelt, Maryland. The program is divided into five tasks.
The goal of Task 1 will be to describe in detail all of the programs that will
be written. Since many of the program requirements are already known, Task 2,
writing the programs, can begin concurrently with Task 1 and will take about

eight months.  System integration will begin at the end of the third month
.and will be Task 3. Task 3 will include the program checkout phase and

w =L a

should cover about seven months. Once the system is in operation at Texas A&M

wiiIvW )

[¢ 8

University, Task 4, installation of the system at Goddard Space Flight Center in

Greenbelt, Mary]and, will begin. Task § commences at the end of the second month
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“when the detailed des1gn is being phased out. This task will be the contihuation
of the evaluat1on and planning phase of the automat1c documentat1on project.

At the end of twelve months, personnel working on Task 5 will have evaluated the
existing documentation system and proposed a,foliow-up system‘for extending

and adding capability to the automatic documentation system. Documentation of
the automatic documentation system will be delivered along with the final

report at ‘the end of the twelfth month.

The Data Processing Center along with the Computer and Information Sciences
Division of the Industrial Engineering Department possesses the resources, know-
how, and interest to successfully conduct this program Dr. D. B. Simmons,.
Director of the Data Processing Center at Texas A&M Un1vers1ty, will act as
principa1 1nvestigator He is unique]y qua]ified to oversee the implementation
'of an automatic system for computer program documentation. The Data Processing
Center has experience_w1th 1mp1ementing and operating computer softuare systems
of all sizes and compjexity. A1l necessary hardware and manpower resources will
be made available to successfu1]y compTetepthe proposed project. Dr. Simmons
has experience in all levels of computer hardware and software design. While
an officer in the Signal Corps he evaluated both hardware and software for
the U.S. Army. As a member of the staff at Bell Te]ephone Laboratories he
designed and imp1emented-a design automation system for electronic switching
systems. One of the.main by-products of the system was automated documentation.
Also while at Bell Telephone Laboratories, Dr. Simmons designed and imp1emented
the FLARE automatic flowcharting system. This system reduced the cost of
produc1ng a flowchart page at Bell Telephone Laboratories from $75 to 50¢. At
present this system is the primary flowcharting system used to document programs

for e1ectron1c switching systems.
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The Data Processing Center and the Computer and Information Sciences
Division believe that the tasks and systematic approach presented in this
proposal are the steps necessary to develop a cost-effective user-oriented

automatic documentation system. . The proposed system will offer many capabilf

ities that do not exist in any similar system today.

2.0 SYSTEM bESIGN

Under sponsorship of NASA contract NAS5-11911, a detailed survey of all
existing documentation aids was conducted. Initially all computer-oriented
literature was searched for anything related to documentation or documentation
afds. An automated bibliography was used to re;ord all references and key
words relating to documentation areas. While documentation is one of the
critical areas in software development, literature describing documentation
is sparse.

A fruitful source of information about documentation aids was literature
supplied by software houses that sei] proprietary systems. Every organization
that could be found advertising proprietary software aids was sent a letter
_requesting infbrmation. The surprising thing from the information received
about the proprietary systems was the 1ack of features offered by them.

Fairly unsophisticated systems are marketed at relatively high prices. No
organization has implemented a comprehensive system that covers_the whole
spectrum of documentation aids. To use existing systems, users are usually
required to become expert in numerous special procedures and conventions.A

The proposed system will document programs written in'FORTRAN; cosoL, PL/1,

and Assembly languagé for the IBM 360 series. It can be easily expanded for

use with the Univac 1108 and the CDC 6600 series computers. The various
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'operating systems were examined and evaluated for similarity. Working papers
, summar1z1ng the conc1u51ons found in the area of f]owcharts, decision tables,
| operating systems, text editors, program editors, documentation standards. N
and computer listing formats were produced. '

Audio techniques are valuable for capturing documentatioh informatjon.

An experiment was conducted to determine if éudio techniques would be useful -
as an alternative to written text. While it was found that audio techniques
have‘specia1 areas of usefulness, no conclusive evidence was found to Justify
rep]ating other techniques with audio documéntatiqn.' |
| Following the evaluation of existing documentation aids, a comprehensive
autdmatic documentation systeh was designed. "Details of tﬁe desfgn will be
presented in thg following section. A preliminary design was presented to |
the NASA representatives at Ames, Ca]ifbrnia.during August, 1972. Suggestions
made by NASA'were incorporated into the design. As a result of the August
meeting, a typical program was chosen to_démonstrate the type of documentatiqn

that would be produced from the automatic documentation system.

3.0 AUTOMATIC DOCUMENTATION SYSTEM DESCRIPTION ‘
3.1 SYSTEM FEATURES .
The automatic documéntation system will have the fdl]oWing features:

1. Minimal programmer_restrictions - For the progranmgrs who write

programs in theif own unique way, the automated system will be
~able to produée documentation such as detai]ed, detail-suppressed;

and g]obal flowcharts, data layouts, over1ayldescriptions,_etc.

Specia1 cfoss-referénce g]ossariestcan also bé produced. Those .

who use the automatic documentation system during initial project
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phases will aqﬁomatica]]y obtain extensive documentation. But

the system will also be designed so that if a program is devefOped
outside the system it.wiﬂ be fairly easy to retrofit the program
into the system for documentatiOﬁ'maintenance.

Eliminate all redundant effort - Documentation produced in an

- early phase of the design or implementation process can be re-

used later on in the development process. For example, if the
designer of a brogramming system describes in detail the function
of each program subroutine that is produced, the programmer need
not redescribe the function of the routine when he writes his
program. The comments describing the purpose of the subroutine
will be automatically inserted in the programmer's subroutine.

No operating system modification - No justification can be found

for modifying an operating system to obtain documentation. Most
ftems of documentation interest can be obtained by scanning
output produced by operating systems. Information évdi]ab]é in
1ﬁterna1 tables of an operating system can be reproduced with
less effort than it would take to make and maintain modifications

to the operating system.

Use existing documentation aids - Many man-years of programming
effort have gone into developing existing documentation aids. A

number of flowcharters already exist. Text editors containing

- sophisticated algorithms for hyphenation and text layout have been

developed. Existing documentation aids will be used as modules

in the comprehensive automated system,

Interactive/batch system - Users will be able to make use of the

system by using batch or interactive systems. The data base
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management sysfem that wil1Abe used cén accept data using either
- an ihteractive or a batch mode. The interaétive mode will have
special features fbr_fnterrogating the user of theAsystem to
obtain necessary documentation data. In the batch mode, fhe
user will supply necessary information using key word or posi-
tional parameters. The most user-oriented technique would be
the 1nteréct1ve version. |

6. Documentation during development - The documentétion data base

will be constructed from information gathered during all design
phaseé.‘ For example, background.or'design philosophy sections
generated for Systeﬁ specifications can also be used in final
documentation. System flowcharts and biock diagrams entered
during system dé#ign can be retrieved from the data base to
produce final documentation. Such fhings as title of brogram,
person responsib]e for the'prqgrdm, function of subroutine,
etc. prepared during the design phase would not have to be re-
-created dur{ng the_program imp]ementation phase. The users would
supply only that‘information hot available from a previous stage.

7.. Accept any language - The automatic documentation system will

be Ianguage independent. Initially the system will be designed
to accept FORTRAN, COBOL, PL/1, and Assembly languages. There
will be no restrictions inherent to the documentation system
- design that will prevent it from being used to document other
Tanguages. | -
8. Operate on any hardware - Initially the system will be designed

to operate on the IBM 360 with planned expansion to the Univac
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1108 and the CDC 6600 computer systems. These are the three
major systems used by.NASA; A1l programs written for the
automatic documentation system will be written in a machine in-
dependent language so that the aufomatic documentation system
can be easily moved from computer to computer.

9. Monitor and control project - Features will be designed into

the system to allow the project manager to monitor the exact
status of program development and documentation. In addition,

system access and security will be under his control.

3.2 INITIAL PHASE

| Work covered by this proposal is termed the initial phase of development
of the automatic documentation system. The system will be designed'to allow
new features to be added at a later date. During the initial phase efther
FORTRAN or COBOL will be used to write programs that make up the automatic
documentation system. Initial development will be for a system operational 6n
an IBM 360 computer, but software will be easily transportable to the Univac
or CDC systems. The automatic documentation system will document COBOL, FORTRAN
PL/1, or Assembler language programs.

The development process can be segmented into many phases. One way of
subdividing the process is shown in Figure 1 where monitor, specifiers, de-
signers, programmers, and validators participate in the development of computer
software. From the very beginning of the program development process, the
monitor can determine exactly what cén be inserted into the data base. The
speciffer writes the Request for Proposal (RFP) or outlines a need for a program
to be developed. He can enter such items as title, abstract, system specifica-

tions, testing criteria, block diagrams, and other elements of the RFP. All of
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this information will be stored in the documentation data base. In addition
to documentation information, the data base will contain the program source,
object and job control modules. In other.words, the data base will contain
all information necessaﬁy to describe and develop the program.

From global specifications, such as the RFP, the designer would dray
a detailed system flowchart, produce system descriptions, data descriptions,
program standards, subprogram design, test procedures, and produce a déve]op-
ment schedule. ATl design information will be stored into the data base..
Documentatidn aids such as text editors, will minimize the designer's effort
ralated to writing and rewriting his design documents. Information such as
background material and subroutine descriptions will be carried through to
final documentation. Important design philosophies would be captured at
'earIy stages and retained. |

Once thé désign is complete, the programmer can write source code for
the program and store it in the data base. From source code and information
in the data base such things as program flowcharts, data layouts, glossaries,
overlay structures, and extensive cross-reference information can be produced.
The monitor program will assist the project manager in determining whether a
programmer is conforming to documentation standards and using good programming
practices. The monitor can determine the status of the project. Access to
different modules will be controlied by the program monitor. Documentation
produced during the development process will aid programmérs‘in understanding
the operation of other parts of a programming system. This is a major step
forward in improving communications between programmers and greatly improves

programmer productivity.
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Once a set of programs has been completed.;a7va1idator Can'verify that(
they work. A1l information necessary for the validation process will have been
| estab1ished by either the specifier. designer. or programmer.
.Once the development and implementation ‘of a program has been completed
documentation can be produced-for the operation and maintenance phases. The.
automatic‘documentation system'n11]_prodnce such things as a user, operator.

and maintenance manuals and abstract information for user libraries.

3,3 SYSTEM STRUCTURE
_-TheIStruCture of the proposed automatic_documentatfon system is shown

in Figure 2. Three types of programs will be used in the system. Types 1
and 2 are new programs to be developed. Type 3 are existing programs that
can be used withput_change.- Type 3 programs make up a major part of the
software necessary to 1mp1ement the automatic documentation system.leew

programs will not be deveioped where operational documentation aids are
| avaiiablé. By doing this. a SOphisticated system wi]] be developed at
Y re1at1ve1y Tow cost. | '

Type 1 programs make np the executive program.routines which will con-
Stitute a small part of the overall system. The executive will control
-_,access to the system. do syntax analysis on the bas1c commands (both batch and
interactive), gather usage statistics which are not a function of the data
base or a 51ng1e application program and initiate Type 2 programs. Type 1
fUnctions are shown 1n'ngure 3. The major development effort will be con-
¢entrated on Type 2 programs. | d

Type 2 programs that w111 be developed are llsted 1n F19ure 4. A general-

1zed editor will take the place,of the normal program editor and do preprocessing
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for a text editor. The reason for using a prebrocessor"is to facilitate the
use of many different text editors. The text entered by the user will be
put into a canonical form which can be transformed for use with any proprie-
tary text editor that the user mey choose. The editor will also have the |
ability to insert text information into a program listing without a1teringil
the program or data structure. | ._

‘A moni tor program will be developed wh1ch will contain contro1 features
and produce necessary statistics. The monitor program will check the program
1isting to fnsufe that proper standards and programming practices have been
used. The eocumentatidn data base will be checked and statistics produced
identifying the types ‘and amounts of data supplied and items that are missing.
Exact project status can thus be determined. Documentation error analysis
1hfbrmation and access to all data base and program modules will be controlled -
by the monitor. | |

Data collection routines construct the data base. Information supp]ied by
the programmer wi!l'be insefted}into the data base by data collection programs
in a manner transpareht to-both language and hardware. A standard data base
management system will be ueed; greatly reducing.thekambunt ef programmihg
effort necessary to implement the automatic documentation system. |
| The interactive version of the automatic dotﬁmentation system will have
'1nterro§ators for prompting users. In the batch system, a command processor
will be necessary to perform the same function as the'inte}active interrogator-
system. | |

During the specification, design, progkamming,'ahd validation process
appropriate information will be stored in the data base. Documentatioh re-

quired during development can then be producedeautomatically. Data templates

I
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will define information to be stored in the data base. To produce a manual, .
a recipe must be defined. This recipe consists of items describing exactly
what type of* information is required in the manua1. Recipe building programs
will specify the structuré for final documentafion reports such as user,
.operator, or maintenance manuals. Recipe scanner programs will then scan
these recipes and drive the necessary programs to produce a complete manual,
Templates‘for the data base and recipes for final documentation will be under -the
complete control of the manager of a programming projecf. He can decide ex-
actly how much documentation and what type of documentation is to be produced.
When the manager does not want to worry himself with format details of final
documentation, standard templates of the data base and recipes for the manuals
will be supplied by the system. Recipe processing programs will scan the
recipe ahd drive the programs necessary to produce a complete manual. Drivers
are called by the recfpe scanner that drive application programs.-
~Relationships among program modules are shown in Figure 5. For example
to produce a manual, a recipe for the manual must be defined. Text information
entered during the specification or design phases may be needed in the user's
manual to describe philosophy behind program.devélopment. The;e items could
be specified as part of the recipe. At the point in the manual that the
system flowchart appears, the flowchart will be produced autom;tica11y from
“the job control language. To produce the manual, the recipe will be scanned
and the appropriate drivers called. To produce the text part of a manual, a
driver will take text from the data base and drive a text editor. Using this
technique, a different text editor can be used for each different computeér.
For exampie, the text editor used for the IBM system might be fhe TEXT360 or
ATS system while for the CDC system, the text editor EDIT, under the KRONOS

operating system may be used. Drivers will be tailored to drive available
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flowchart systems. to produce flowcharts of programs in various languages.

| The system will be able to produce documentation which is not currently
available from any existing system. Figure 6 shows levels of documentatfon
that can be produced by the system. Most proprietary systems produce documep-
tation at the Tocal level. They typically produce listings, flowcharts, and
some type ofhcross reference. Some, but not all, systems produce detail
suppressed flowcharts. A few are able to produce functional flowcharts. Data
layout descriptions usually must be prepared by hand. The proposed system
will be able to give a two-dimensional detailed data description and a detail
suppressed description. In the future functional data layouts will be
automatically produced.

The Tocal level of documentation is associated with a single compilation
or assembly. For a program composed of a number of separate modules, Qloba]
flowcharts,and overlay diagrams are useful. The proposed system will be able
.to produce these automatically.” Global glossaries, cross-reference tables, and
data layouts will also be produced. Text will be produced at all levels of
documentation.- G]Obé] flowcharts will be produced from load modules and
system flowcharts will be produced from the job control 1anguage. System
block diagrams can be stored in graphic format and reproduced by the documen-
tatfon system. A1l levels of documentation are necessary to dnderstand a
complex program. Existing commercial systems give only a small fraction of
the necessary information. |

The Type 3 progfams which will be utilized by the system are shown in
Figure 7. These programs will be utilized without modification. For the IBM

360 version, flowcharting systems such as 05/360 Fiowchart, QUICKDRAW, or

Ny

AUTOFLOW will be hsed. A number of text editors are also available. For the

fnitial phase, the TEXT360 text editor will be used. Output from operating
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EXISTING APPLICATION PROGRAMS
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systems and comp11ers will be used as input to programs that draw cross-
reference tables and flowcharts. Therefore, compi1ers, linkage editors, and
loaders are Type 3 programs. Another useful Type 3 program is the TIDY program
which does such things as renumber FORTRAN statements in ascendihg order.

~ The key to development of the automated documentation system will be

use of a generalized data base management system. The System 2000 data base

. management'system developed by MRI Systems Corporation of Austin, Texas will

be used. System 2000 is a general purpose data management system with
features that include a report writer, a user-oriented language providing
on-line access to hon-programmers, a procedural language interface for
progranmer use, sequential file processing, two te]eprocessing mon1tors,
and a multiple thread feature. The system prov1des archival copies of data
bases_and records an audit trail of changes made to the data base. It is
capable of reconstructing a deta base by applying an audit trail, comp]etely
or 1h part, to an archiya] copy of the data base. The procedural language
~ features enable users to manipulate data from COBOL, PL/1, FORTRAN, or
Assembler language programs. The data base can be accessed from model 33/35
te]etypewriters,-IBMH2741 hard copy termina]s,'and IBM 2260 CRT terminals.
System 2000 provides a wide range of features to insure data base ‘inte-
grity. 4Five levels of security are provided. Security can be provided at
remote terhinals through the use of terminal identification or passwords.
Password security is available at the system,idata base, command, and component
level. Component level security enables the data base administrator to offer
| four types of access for:each component in the data base definition. Thus,
for each component in the data base there exist sixteen possible access

combinations.
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4.0 ADVANTAGES
Use of the proposed automatic documentation system offers many advantages

over other techniques for developing programs and producing documentation. The
system will be user-orientedland will be as easy to operate as existing on-
line or batch program editors. Programmers who use good programming practices
when developing software can use all of the system features without extra
effort. Programmer productivity will be énhanced by improved communication

during the development process. The modular system will allow new types of
documentation to be easily added to the system. This is the first system
that brings together all types of documentation aids into a single user-
oriented system. It emphasizes documentation on a load module and system
basis as well as for a single compilation. Documents can be produced that
are made up of heterogenous output such as text and flowcharts. Managers
can use the system to control and monitor projects. Program and documenta-
tion standards can be enforced and taught through the use of the automatic
documentation system. People who do not use the documentation system during
program development will be able to use it for post-development documentation.
Programs developed independently of the automatic documentation system can

easily be retrofitted into the documentation data base.

5.0 FUTURE EXPANSION
As previously mentioned, the system.has been designed in a machine in-
dependent and language independent manner so that it can be easily moved
: from machine to machine and used to document various languages. During the
initial phase the only graphics will be flowcharts. Graphic capabi]itie; can

be added to the system at a future time. Any type of two-dimensional drawing
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could then be piaced in a data base. Provision for drawing sophisticated
data layout descriptions can Be added to the system. Documentation of data
bases and complex data structures can also be automatically drawn. Durjng
the initial phase the system will be designed to run on the IBM 360, but it
can easily be expanded to systems such as the Univac 1108 and CDC 6600 that
have FORTRAN or COBOL compilers. A syntax-directed language extension program
can be developed to facilitate addition of new languages and output devices.
Long-term future developments could be to look into the possibility of
producing all types of documentation from programs that contain unstructured
comments. A number of program ambiguities can be resolved by simulating
program execution. Management tools such as PERT diagrams of project status
can be automatically produced from information found in the documentation data

base.

6.0 PLAN OF ACTIVITY

The implementation of the autohatic system for computer program documen-
tation will be divided into five tasks as shown in Figure 8. The first task
will be to design each program in detail. The second ta§k will be to write
the programs. The third task will be to test the programs. The fourth task
will be to install the working system at the Goddard Space Flight Center. The
final task will be to continue the study and evaluation of documentation aids

to extend the initial phase of the automatic documentation system development.

6.1 TASK 1 - DETAIL DESIGN
While the design of the overall system will be completed before the
projects starts, the detailed design of each routine of the system will take

place during the initial development process. A design dbcument will be
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- produced - as a result of Task 1. Final documentation describing the automatic

documentation system will be produced by the automatic documentation system.

6.2 TASK 2 - PROGRAM IMPLEMENTATION |

.Task 2 will be the major program implementation phase. Programming will
fall 1nto'four major areas: (1) monitor program, (2) template, recipe, and
data base{bui]ders»and recipe scanner, (3) pnogram editor, text editor driver,‘
Aroutines for storing FORTRAN, Assembler, COBOL, and PL/1 source programs and
‘routines for using a language processor and operating system as-input
(4) drivers ioeproduce local, g1oba1, and system documentation. A programmer
will be assigned to each of these major areas. In addition a number of
modules for producing different types of documentat1on wi11 be produced by

graduate students as part of their normal course work at no cost to NASA.

6.3 TASK 3 - PROGRAM CHECKOUT AND TEST

The automatic documentation system will ddcument the following programs:
(1) A1l Type 1 and Type 2 programs of the automatic documentation system,
(2) A scientific.program written in FORTRAN, (3) Administrative programs
developed by the Texas A&M University Data Processing Center. Checking and
debugging of the system will be done by the programmers assigned to software
development Exercising of the system will be dune by graduate assistants
assigned to the project. Members of the Data Processing Center staff who
use the automatic documentat1on system to document their programs will not
charge their time to the prOJect. Computer costs resu1t1ng from documentation
produced for the Texas A&M University Data Proce551ng Center will not be

: charged to the proaect
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6.4 TASK 4.5 SYSTEM INSTALLATION AT GODDARD
The sysfem will be installed at Goddérd Space Flight Center after it has
been extensively checked out at Texﬁs A&M University. Therefore, installation
'and on-site evaluation should take 1gss than a month. Project evaluation will

be conducted during this period.

6.5 TASK 5 - STUDY AND EVALUATION

| Study and evaluation of all types of documentation aids w’'1 continue.
The bibliography on automatic documentation will be updated and maintained.
Personnel assigned to this task will do an on-going evaluation of the
automatic documentation system. Future extensions will be designed by this -

group.

7.0 DATA DOCUMENTATION AND REPORTS

Texas A&M University will furnish the National Aeronautics and Space
Admin%stration the following items.
7.1 PROGRESS REPORT

A monthly progress report covering progress made during the previous
month shall be delivered to the Contrécting Officer by the tenth of the month
following the month reported. This report shall state, in concise terms,
items such as accomplishments, estimates of funds, commitments during the
reporting period, plans for the next period, problems and anticipated delays,

and specific recommendations to facilitate execution of the contract.

7.2 BRIEFING

During the first month after contract éward, a meeting with the Contract

Officer and other interested NASA officials in Maryland can be held to discuss
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| _the detailed design. At thfs meeting, Texas AfM will discuss planning for -
project activities. At the end of the fourth month, the detailed design will
be completed and can be presented:to the Technical Officer and other members
at NASA. If deemed appropkiate, another briefing can be giveh at the end of
the eighth month. At the end of the project, a briefing can be given'to

describe what has been accomplished and suggest system extensions.

7.3 DETAILED DESIGN | o
At the end of the fourth month the detailed design will be completed and
a written report will be produced. This design document will be fed into the

data base as an integral part of the documentation to be produced for the

project.

7.4 DELIVERABLE ITEMS

Soﬁfce and object programs will be dé]ivered to NASA in Greenbelt,
Maryland and installed on an IBM 360 computer. Complete documentation of
the programs will be supplied. Al1 of the documentation'wi1l be produced
using the,automatfc‘documehtation system. Final documentation produced wi]i

be an operator's manual, user's manual, and maintenance manual.

7.5 FINAL PROJECT REPORT |

The contractor shall furnish a draft of the final project report within
338 days after the effective date of the contract. The government shall be
aliowed seven days to review and return the report with'comménts and recommen-
dations to the contractor. The comments and recommendations of the Contract
Manager shél] be taken into consideration in preparing the final report which
will be submitted to NASA within 21 days after the Contract Officer-approva1

of the date. The final project report will completely document all research,
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recommendations, and results of the efforts during the performance of the

contract.

8.0 _PROGRAM ORGANIZATION

The proposed program will be conducted by members of the professional
staff of the Data Processing Center and of the Computer and Information
Sciences Division within the College of Engineering at Texas A8M University.
Dr. D. B. Simmons, who is Director of the Data Processing Center and a member
of the Computer and Information Sciences Division faculty will act as pfincipal
fnvestigator. The Data Processing Center facilities are designed to accomodate
the teaching, research, and administrative needs of the university. Approxi-
mately 50% of the machine time is used by research projects, 20% byAacademic
.efforts; and 30% for administrative processing. The Data Processing Center
employs approximately 80 people, including 33 professionals. Personnel are
organized into seven groups: . System Software, Computer Operations, Cbmputer
Systems, Administrative Applications, Agricultura]/Statisfics, Office
Operations, and Fiscal. The Data Processing Center operates as a separate
entity with a 72-73 Fiscal Year budget in excess of $1.5 million.

The Computer and Information Sciences Division is part of the Industrial
Engineering Department within the College of Enginegring at Texas ASM University.
The Industrial Engineering Department has one of the best programs in the
country maintaining an effective balance between teaching and research. The
Computér and Information Sciences Division was established in 1963 and its

growth is best indicated by its size:

(1) 16 professional staff members - O wi
in progress.
(2) 148 graduate students, 112 at the Master level and 36 working

toward a Ph.D.
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(3) a new undergraduate program in Computing Science will start in

the Iate fall of 1972.

9.0 PERSONNEL QUALIFICATIONS
’The Data Processing Center along with the Computer and Information

Sciences Division possess the resources, know-how, and Interest to success-
fully conduct this project. The following people.w111 work direct1y on the
project: DOr. D. B. Simmons - one quarter time, Dr R. W. Elliott - one
quarter time, Dr. D. Co]unga - one quarter t1me. Ms. S. Arseven - full time, Mr.,G.
M. Kemper - full time, Mr. M. H..Lyle - full time, and Mr. P. Crews - full time.

Dr. D. B. Simmons, wﬁo will serve as principal investigator, has been |
associated with computer field for over 13 years. He stafted in circuit
desfgn in 1959 on the early RCA semiqdnductorlcompUters. He served in the
‘Afmy as Sjstems Evaluator for computer systems used by the Army. In-1963 he
joined Bell Telephone Laboratories where he worked in the areas of logic
design, design automat1on, automat1c program documentation, and automatic
f1owchart1ng. He designed and deve]oped the FLARE automatic flowcharting
system. He served as supervisor of the Advanced Programming and Processor
Technology Group which worked on designs for the 1980's, programs for im-
proving design automation systems, hlgh-level electronic switching systems
(ESS) languages, and automat1c flowcharting systems. Since joining Texas A&M
University in 1970, Dr. Simmons has been involved in teach1ng, consulting, and
development of computer operating systems. He has served as principal inves-
tigator on a project for the development of an operating system for mini-computers
and as~prinsipa1 investigator on the project'to design the automatic documen-
tation system for NASA. He is currently Director of the Dafa Processing Center

and Associate Professor of Computing Science. .
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Dr. Elliott's main area of interest is Computing Science with specializa-
tion in computer graphics and information retrieval. Dr. Elliott was Associate
Director of the Texas Regionai Academic Computing Experiment Project sponsored

| by the National Science Foundation. This project had regional computing
facilities to Tarleton, Prairie View, and Texas Southern Universities from
Texas A8M University's computer center. Dr. Elliott has experience in computer
programming, consulting in various computer areas, and in teaching computer
oriented subjects.

Dr. Colunga has worked with computers since 1958. From that time, he
has acquired experience on the following computers: IBM: 650, 1620, 7090,
7094, 360/65; CDC: 1604, 3600, 6600; Univac 1108. Until last year Dr. Colunga
was associated with the Theory and Analysis office of the Computation and
Analysis Division, under the direction of Eugene Brock at NASA/MSC at Houston,
Texas. While there, Dr. Colunga initiated efforts toward the problem of
documentation of control-optimization programs available to NASA/MSC users
through the program share library facilities coordinated by Mr. John Leonard.
Dr. Coiunga is therefore aware of the prob]gms associated with NASA's needs
for scientific computer program documentation.

Ms. Susan Arseven has been active in the field of Computer and Information
Science for more than 8 years. She began her participatioﬁ in 1964 designing
and marketing automated systems for libraries and information centers in New
York City for IBM Corporation. In 1967 she went to the University of Penn-
sylvania as the Head of the System Planning Office at the University Library
where she designed.and developed an automated circdlation control system, a

seriais catalog, and a book acquisition system and served as advisor to the
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Director of Libraries on computers and automatedAtechniqués. She has made
major contributions to the project to design the automated documentation
syétem for NASA. She is currently a Systems Analyst at the Data Processing
Center and an Assistant Professor of Computing Science.'

Mr. Kémper and Mr. Lyle have both had extensive experience in systems
programming and applications programming ét Texas A3M University and in
1ndustry.: They are curréntIy both senior members of the Systems Programming -
Group of the Data Processing Center. Mr. Crews, a new addition to the
programming staff at the Déta ProﬁeSsing Center, has a béckground in scientificl

.brogfamming and has developed a mini-computer independent macro processor.
Besides the above mentionéd.persbnnel, this project will use other
'members of thé Data Processing Center and Computer aid Information Sciences
Division faculty on a consulting basis. In ;ddition, fhere are a number of
Ait:Force 6ff1ceﬁs who are working.on Master's aﬁd Ph.D. degrees in Computing
Science. They have extensive experience in application areas of computers
within the government and have a firét—hand knowledge of'documentatipn pfob]éms.
Any Air Force officer who works on.this project in conjunction with a Master(s'u
or Ph.D. dissertation will charge no time to the contract since he is already
Being fully funded by the government.

In addition to the professional staff, three reséarch assistants will
~ work in a supporting capacity. Also a half-time secretary will support the
project. The Data Processing Center and the Computer and Information Sciences
Division have the expertise in designing, developing, and'éoordinating soft-

ware systems to sucéesﬁfu]ﬂy accomplish the goals stated in this propoSa].
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10.0 FACILITIES

Texas A&M Data Processing Center is a centralized facility serving the
computing needs of the entire Texas ASM University campus. It {s responsible
for all of the administrative data processing, educational support, and
research support on cahpus.

The principal computer is an IBM 360/65 with 512 thousand bytes of main
core storage and 2 million bytes of extended core storage (large core storage).
This computer is supplemented by an IBM 7090 system used to control experimenté
located in the Cyclotron building. In addition, there is a tape-oriented
1401 computer that supports the 7090 computer. There is also a PDP mini-
computer supporting the IBM 360/65 computer. .

The initial system 360 was installed in December, 1967. The present
configuration includes three card reader punches, four printers, seven mag-
netic tépe drives, 24 2314 disk drives, two‘IBM 1050 communication terminals,
four 2740 terminals, five 2741 terminals, and 19 720 Sander Associatés terminals.
The computer also has remote job entry stations at other locations on campus
such as the library, the Engineering Building, and it has ehtry stafions off
campus in Houston, San Antonio, Stephenville, and Austin. A CalComp Plotter

-and a Gerber automatic drafting machine are available for producing two-
dimensional graphs. |

Besides the main computer center, there are numerous small computeré
around campus. The Computer and Information Sciences Division has a Data:
General Nova computer with a magnetic tape unit, high speed paper tape reader,
and an interactive CRT. Also the division has an intel]igent terminal connected

to the main computer.
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The program will be divided into five tasks ‘that will cover a period of

365 days. The tasks will be broken down as beIows-
~ TASK ONE - DETAILED DESIGN'

Starting Time - Beginning First Month N

Duratfon - Months

: Persqnnel Involved: Dr D. B. Simmbns'. 1 man

. Dr. R. . E]]iott

: | Dr. D Colunga , '*-,R3/4.man month
‘¥s. S. Arseven - 1 man month
' f,Graduate Research - 4 man‘months
Assistant ‘ :
- .Z:man_months

. 'Sﬁc"e‘tary» 5

TASK TWO - PROGRAM IMPLEMENTATION
Starting Time - Beginning First Month
Duration -8 Months |

Personnel Involved: ¥s. S, Afsevén - 6 man
| '3'Mr. G. H. Kémper - 8 hén

Mr. M. H. Lyle - 8 man

- Mr. P. Cféws(_ - '8 man

- 8 man

Graduate Assistant

TASK THREE - PROGRAM CHECKOUT AND TEST
Starting Time - Beginning of Fourth Month
‘Duration - 8 Months

month

- 3/4 man mdnth

months

months

months

months

months





