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COBOL,

Hanagement of Programming
Portability of computer prograrmers
Programmer productivity
Programming Tools

Software Tools

The COBOL Programmer‘s Workbench is a fully integrated collection of automated
scftware tcols designed to substantially aid in the design, implementation,
test, and maintenance of COBOL data processing systems, especially those that
must run on a variety of target host operating environments. The Workbench
also ass{sts in the preparation and maintenance of all supporting decumentation.
One of the most important capabilities of the Workbench is the automatic
preparation of a set of equivalent but compiler-unique versions of a baseline

program that has been written in Workbench COBOL M
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20. Abstract cont.

he research otfeii-seposted-onhere included un investigation
problems of converting a baseline program into compiler-unique
an inizial study of the use of reuseable modules {n-line COBOL
a limited feasibility demonstration of these capabilities, and
liminary study for the design of COBOL.ubc.ﬁ;\
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1 Section 1} INTRQDUCTION

SECTION 1
INTRODUCTION

1.1 SCQFE QE IMIS PRQMECE

This oproject was tnitiated ortainally os & broad-based

examination of the problems and difficulties encountered in
transporting very Llarge COBOL proaraszming systems and the
development of tools thot would ascist in such activities.
As the prolect oproarcssedy {t became apparent that there
were a nueber of other {ssues that should be addresseds such

;

i

!

§

¥

:

as the =maintenance of transportable proqrams as wvell 35 the g
¥

quick developaent of breadboard proarams to exasine specific 5
H

&

conceptse These concepts have been fintegrated into the

original project and this report covers the most important
output of this oprojecte the COBOL Proarammcr®s Workbench

which is the <collection ot tools and other supportino

software for the agesigns implementatione and mafntenance of

baseline preoarass that can be casily trangporteao to a wide
variety of tarqet operatina environaents as well as for the

suoport of the quick development of breadboard progranms, p
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Section 1 INTROQUCTION Page 2

1e¢le! Goala

The specific goals established for the tinal portion of this
oroject were:

1) “xamine the problems involved {n establishing
a baseline program that coulo be easily
transported to o wide wvariety of target
onerating environrents,

2 "stadlish techniques for the design and 1im-
alementation o! such baseline onrograms
utitizing the nmaximum assistance possible
trom automated software prograsming alds.

3) “evelep a plan tor the matintenance of the

systes docunentation required for suoport of

<

.
B R N Y R N O BT T R B

the proproams os well as user documents,

4) “rsaince the feasadbtlity of integrating all of

these tools into 3 single programmer supnort

ARk Al

environsent,

1.1.2 Agcopplishesnia

A

The oroject has been successful 4n accomplishing the %
spccific goals sct out at the beainning. i
&

1) The contept of being able to develop a single %
aseline oproaras that can automatically be §

‘ﬁﬁ

transoorted to various operating target en- %

.
S

e

vironaents has veen succeasfully

dJesonstrated.

;;2
?) The areliminary charscteristics for the COBOL g
32
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(24

orograsmer®s environment have been
establisheds

3 ALL ot the software afids have been integrated
into ¢ single operating environsent known as

the COBOL Programmer®s Workbench.

1e1.3 Qrganizatisn of this Rsegrl

Following this dntroductory sections which establishes the
environment applying to the need snc value of transportablce
baseline prograsse Section 2 presents an overview ot the
facilities and capabiltties thoat would be provided by a cor-
plete COBOL Proarammer®s Jorkbenche Section 3 describes the
functional components that constitute the Workhench, Sec-
tion & ciscusses how the Workbench wouid be utilized to ac-
cosplish the wvardous teskx rcauireo during the designe 4m-
plesentationes and ssintenance of Large programs and systems,
Section S presents sose detalils on the isplementation of the
denronstration version of the COBOL Prograsmer®s VWorkbench
that was isplesented at the Georgis Institute of Technology.
Following a susmary sections the sprencices provide more
detafl on topics such as Workbench COBOL (the transportable
subset of the lanquage)s techniaues for document contraole o
descriotion of the major components of the Georgia Tech
Softuware Tools Subsystes which was utitlized extensively in
the iaplementation of the wWorkhenche a glossarys onds per-
haps of most interests an annotated exomplc of the operation

of the OJemonstration ¥Workbench,

Georgia Institute of Technology COBOIL. Workbench
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Section INTRODUCTION Page 4

1.2 NOTIYATIQNS EGR IHC CQQQL MQRKBLNCH

ihere are  a numder of objectives rmodivating the design and
faplementation ot a facility such as the C0BAL Programmer®s
voripenche A few 0f these sre outlined below?
1) deduce cast and increase productivity,
2) svold renrogramming.
3) Support the =multiple wuse of program
nodules.
b)) Reduce the problens ot systen
saintenance.

c) Sunport eagxy transportation of a \arge

nrograz to a nusber of operating en-

vironsents without requiring reprogram- §

2irae.

3

‘)

Georgla Institute of Technology

“afntain control of the baseline proaras,

3) Code.

n) Nocumentation.

Suppurt the quick end Low~cost development of
oreadboaryd systems that will sliow the
exgmination of 8 syste=s or progras concept
without $ncurring the full cost of complete

development,
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i, i
‘ 1.3 QPEAATING ENYIRONMENT QF INIERESI 3
3
3 Althoush almost any proaramrming cnvironment would benet it %
; ' from the Ydeas and facilities that are incorporated into the %
fi E CO0BCL Programeer?®s Worknenchs the research on the Workbench E
ig : was focused prisarily on an environment having the tollowing %
i, characteristics, %
é J 1 4 single organization is responsible for the é
'i ] sestane implementations and maintenance of a %
% : large number of data processina systems, E
é& ' ; 2) The data processing systemas are written in ;
t cO80L. :
}: . 3) The systems arce guite Largey usually consist- %
> : f
éi % fng ot more than 1004000 COBOL staterments anoc %
.E‘ : ctten such larger. %
£ : {
? : 4} The data oprocessina systess have a long ;
§~ i Lifetinme ~ ‘¢4ve to elight years ~ and they %
ﬁ ) =ust be maintaineo by the preparing organfza- ﬁ
i tion throughout their entire Lifetime. ;
1; 5) The personnel in the maintenance aroup of the i
%; orogramming organization may work on sore i
? than one systenm, ;
g 6) The fIndividuals that develop the system are j
i not necessarily available for for its
%f saintenance! most ofteny they will not be i
%, : avalladle, :
%” m The data processing systems will be executed
W . ‘
g’ on & variety ot hardvare configurations which ]
By |
zg: georofa Institute of Technology COBOL wWorkbench
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W

¢

s oSS TR

I

may oot wutilize COBOL systems fdentical to

that utilized by the development agencye

-3

oA pase e Wentr T AR

A) The agesign cycle for 8 new system or o major
modification to an existing system s ex-

tremely long and costiye

9) The time pressures involved for the delivery :
af a new system usually preclude being able %
to produce a trial design, §

Fiaure 1¢3-1 $llustrates the meanings of the terms used in g
this report to vescribe the various proqrars existing in the %
operating environasent - RELEASES VERSIONS and %
MO2IFICATIONS, '

-

1.3.1 fultinle Lxesutien fnvirenagnts

-

in rxtreometly $mportant characgteristic of the environment

srarRen iyt e DM O L 2ot

profjected for the wutilizatton of the COBOL Programmer's é
dorvnench ts the reaquirement that the COBOL date processing §
systras developed be canadble of being executec on s "wide” g
voricty ot computer systcemse The variety of executicn en- ;
vircnaecnts zay include totally different systens supplied by %
diftferont narduare mnonufacturers as well as vartations in %

the operating systeas under which identical hardware systens
2ay be executinuse The different environments may alsc ex-
hinvit Large vartations {in the ooerational losd placed on the
execution system since the total processing Loads may be

quite different.

L

e ST MY N SRR I s i N 2NN g R B et gty o
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| krnowledges {informations and understandinag required to

transport a orogram exceeds cven that required to maintain 3

the proagraz, (Ve at Georgia Tech did not <consider our %

transporting activity to be totally successfull howcvery the %

knowlecvge that we gained about the probiems of transporting 1

prograss was extremely valuables) %

There is no avoiding the fact that transporting larve <COBOL %

programs from one operating environment to ancther s an ex- %

trecrely costly and tize consuming activity. There are two ;

approaches to this problem and dboth have applicabitity to %

specific instances., . %

The fir3t approach might be characterized as a linear tech- ¥

nicues The progras s oriainatlly written on wmachine A te g

run only on that systew, Theny as the need arisess the ‘g

progras s transported from machtne &4 to machine Ry ande ’§

thene Llater from machine 8 to machine C and so0 ons 1If there é

% 1s only o single operating environment required at any one . %

é tise and 4t the machine conversions do not occur too é

| frequentlye then the L(inear approsch to transpertine the %

‘ prograss s probably the best and cheapest csince the only ’%

probleas that eust be addressed are those arising directly %

froe the tncompatabtility of the L{yp machinecs finvolved. §

: r

5

The cther approach to transporting programs can be charac- %

; terized as the "star techniquee®™ The progrem 4s originally ‘%

% - written iIn a language applicable to the developrent machinc, v§
: § Georgia Institute of Technology COB0OL Workbench
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This program then becomes the baseline program which {s
controlled to insure thatl the program continuyes to meet the
operating requirenments of the svstens In this environment,
whenever a new target operating environment s requireds the
nrogram s transported from the central developrent machine
directly to the torget environment. [t should be recoanized
that in this environsente the initial cost of developing a
orouram  on the central machine that can be transported to a
wice variety of target operatine environments without any

recesiaon s higher than the cost for developing a program on

IR

o single sachine that will then later be transported to only

gnother single machine,
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SECTION 2
CAPABILITIES OF THE COBOL PROGRAMMER®S WORKBENCH

2.1 QENERAL QYERYILH

The oprimary qoal of the COBOL Proorammer®s Workbench s to
asstst and supoort the development of COBOL orograms in an
efficients cost cffectives and speedy mannere Yhis goal is
to be sccoaplished by the development of an integratea en-
vironaent of opowerful software tools easily accessible and
usable by the proqgrasmers. The general objective is to make
naxisua use of the cdata processing capabitities of the Work-
vench in order to {increase the productivity of the COBOL

prograsmer.

The COBOL vorkbhench provides 8 wice varlety of capabititics
to the systems analyst and proqramming stafte. £As can be
seen froe Che List of these capadbilities qaiven in Table 2.1~
le 1t ts envisioned that automation support be provideg for
att phascs of proaram developmente =2aintenances and

documentation.

The central concept of the programming subsystem {5 the
preparation of a baseline program thast can be easily and ac~
curately transported to a large variety of target operating

environments. The basetline progran is written ang

Geornias Institute of Technology C080L Workbench
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Section 2 CAPABILITILS Page §2

maintained {n “Workdbench® COBOL and s processed by one of

the components of the VNorkbench to produce a “compiler-
unicue version® ot the baseline programe The Workbench also
supports the testing ot the baseline programe It will also
provide some assistance in the testing of compiler-uniaue
versfions of the raseline orogrami howevery 1t is obvious
that the fitnal testing of these proprams must de done on the

terget environzent. Hoth the baseline RELLASES of the

A
3
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¥
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3
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3
>
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prograa a5 well as its compiler-unique VERSIOKS #ilLl he
maintained on the Workbenehe The principal problem here s

not so auch one of programaing In COBOL as 1t 45 o0 problesn

S R R 1

o! document saintenance ard controls Therefores the proorae

.

saintenance function Is almost totally supported by the

canabitlitirs of the documentation subsyste=zse

The docusentation sudsystem s designed to handle both

»
O P e e

progras text and suoporting documentations The opreparation

ot oproarams is supoorteo by the programming subsystem while

32

the preparation of supporting documentation s supported by
the documentstion sunsystemes Howcvers both of these types
of docusents fall under a common document control procedurcs
in » situation where proarans are under continual
malintenance and rodifications several versions of both the

code as well as the support documentation must be

AT AR SRy A ST s s AN st T e £ AR S

A,

naintained. it 4%s¢ the function 0% document control to

b
SN

AP

provide progranmers and systems analysts with the ability to

x
v

recall any specific versions of a program or its supporting

documentation that they wish to utilizee The documentation

Georpla Institute of Technology COBOL vorkbench
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suisystem olso provides the capabitities needed for proouce
fng tinal documentation in a format suitable for publication

anag distribution.

Another important capability ot the Workbench §s the ability
to oroduce and utitlize reyusable COBOL moculess There are a
numpner of COBOL programaing support systems In cxistence
that tacitlitate and support the opreparation ot COBOL
prograzs in modular form so that a progras msy be divided
asong A tean of programmers, Howevers those systems support
the opreparation of wmodules for utilization in a gipglge
saspiler-and-anplication-denengent COBOL orograre In other
vorcsy the tinal use ana the detalled specifications of each
aodule are dictated by the gpecitic program under develop-
sents The goal of the ¥orkbench 1s t6 qive prograssers the
ability to develoo sodules that can te used in several dif-~
ferent proarams. Taese mecdules witll have "standaro® inter~
faces and will be cavable of being parameterizec internatty
to match the specific reguiresents of the COBOL proaras un~
der developaent, The purpose of providina this capapility
fs to facilitate the rapid and Llcw-cost preparation of
prototype COBOL systess providing a specified capability ana
functionality without the expense and tiac rcouired for the

design of a completely new COBOL systenm.

Georotle Institute of Technoloagy COotoL Workbench
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Section 2 CAPABILITIES

TABLE 2.1-1

CAPABILITIES OF THE COBOL PROGRAMRERS WORKBENCH

1« Prograasing Subsysten
Ae Program Preparation
l1¢ Programsner®s Environaent
- #e Spuvtial COBOL Screen Editor
be Standards Enforcemen?
ce Library Suppeort
- Progranm Preparation Skeletons
« Utilization of Reusable Modules
2« Transportasble Baseline Progranm
Se COBOL wbC
3. Progran Processing
a¢ Expansion
be Library Support
te Compiler-Unique VERSIONS
8., Program Testing
t1e Test "Harnesses"®
2. Test=Dats Generation
3¢ Teet Librories
Ce Prograa Naintenanze
1¢ Incresental Changes
2+ Support of Multiple RELEASES/VERSIONS
I1le Documentation Subsysteam
Ae Document preparation
e C~lginals
2. Updating
8. Oocument Control
1. Support Multiple RELEASES/VERSIONS
2o Audit Tratl of Chenges
3. Linkage of Cosaents
Cs Document Production
1. Prograns
2. Supporting Documentation
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[V PI—

242 BAQGRAN EREPABALLQN

Program preparation ts the tirst maJor capability provided

by the Progransing Sunsysteme It consists primarily ot the

e g

cepabilities to produte the Baselire Program RCLEASE ana the
Compiter-Uniquer VERSIJUNS of that RELEASE. The Prograsnming
Subsysteas alse orovices the capabitity for autckly ana
easily iaplementing & "breadboard design® of 4 progromming

systea utilizing reusable modules and other facilities of

e e AT TR T R

the Workbenche

2.2.1 Qxgryigx 2f Bragcan Premaratien

One of the goals of the ¥orkbench {s to provide a8 program-
ming environsent which will ossiet the prograsser throughout

the entire dev2ilopmante finplementatione operstions and

32 Za e e gy O P A TR Y M AL S U

maintenance processese This taplies the development of o
nusber of software tools: ainother goal is (he concurrent
development ot groarams for different taraetr machines, Tthe
aphroach taken tn the Workbeneh s to write {n  an
environasent~indepencent Larguage, vorkbench copoL
(CTB0L.wbec)s and to convert that language tu a particular
CoBOL dialect only when preosring the deldivery of the con-
plete oprogram to the installaticn (se2 Figure 2e42e1=1), &
third gosl 1s to provide the capadility to wmake wuse of
reysable code modules whenever a task or function can be

fdentified that s freauently used.

Georgis Institute of Technology CLBOL Workbench
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FIGURE 24241-1
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Section 2 CAPABILITIES Page 17

2.2.2 Prograsasr®s Eoviresasnt

The prooremserts environsent may be described as the dnter-
face betucen the human and the machine, It consists of
those tools which are provided to assist directly i{n the
task of preparing cndes Depending on the particular systen,
the prograamer may be faced with & “hostile™ or 2
"triendly/hospitable” environaent. A hostile environment
may complicate the programaing task in many ways! primitive
tile systemy restrictive naming conventionse obscure error
sessagesy etce A system maay also wake prograsming difficult

by providing the programseer with only a few tools of limitea

capadilitics.

The Workbench contains a number of very powerfuls yet easy
te use software tools to simplify the programmer®s task and
to perait o sore efticient interface betwéen the human and
the smachine, fhese tools finclude a3 special editor for
entering COBOL textse & standards enforcer to verify the
clericatl correctness of code betfore further processinas
skeleton proarams to ai¢ in code preparations test routincs
to ald 1n the test oprocesse and a2 well=structured file

system to allow all of thesc to work together efficiently

and productively.

Georgia Institute of Technology COEOL Workbench
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2424241 Special COBOL Editor

The purpose of the special edgitor is to assist the progran-

ner in the enteringe wmatntenances and updating of files

Ry

containing CODBOL code. it s desdigned to support the g
|

interactive preporation of JJ08OL code wutilizing a CRY %

tereinal,

The speclal cditor should have the following cuepabilities:
1) Trovide the oprogrammer the capasbility to
vnter COGOL code casily.
2) i*rovide the capabitlity to modify or extend
existing code filese.

3) 2rganize and display the code entered in o

standard ang easy to reac foraat,.
Q) Srovide the anility to refer to code by 1ine
nuabers as well 3s paragraph nases,

5) orovide the ability to recall and ecasily

i e T A S B e LR R ot S D P R L e S R K AR S et

andify aodules of code such as file

ST

definitions or 3 scries of almost {dentical

455

repetitive catculationse.

2e2¢242 Standards Enforcer

RS e AR el Bt

&

The psurpose of the standards enforcer s to verity that the
proqranmer has adhered to the COBOL.wbc syntaxe namese anc

fornat standardse

et i S e st

Georata Institute of Technology C0BAL Workbench
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The standarcds enforcer must check that the tfollowing

requircments arc met!

1 Code {s written in &8 machine- and compiler-
unique formes In the Vorkbenche this i{s ac-
complisheu by verifying that all statements
are acceptable within COBOL.wbe syntaxe

2) vaming conventions are followed <correctly.
At the Lleaste It s possible to determine
that a vortable used in several code seqments
maintaing the same doata type throughout {ts
usee

3 X check s macde tor clerical errorse such as
the misspelling of reserved words or of
variable namcse Followina thise the code s
nrocessed through a "pretty-orint® program to

quarantee clerical uniformity.

24624243 Library Suppert

There sre a nusber of different ®lLibrarfies” utilizred by

the

Morkbenche and several of these collections of files ray be

utilized by the same Workbench activitye 4 cormplete discus-

sisn of the vartous Libraries and their components will
aotven later a‘ter sore of their uses have been tovered.

far as supporting the C085L Programmer®s Environaent

be
hs

i

concernede {1t should ne odvious that some of the files that

shoutd he avatlable are

1) dlocks of code oproviding definitions ot

Georgia Institute of Technologqgy

cCOBOL Workbench
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characteristics applicable to a specific

program under development such as the tFile

A

Tetinftion statements.

M Ylocks of code providing s frameyork for the

“oyelopeen) of a specltal or taltlored wversion
of a commonly entcuntered tunction such as

the File Definitionse an edit routinese a

B SA K e

repetitive calculotiony etce |
H warger dlocks of code that are treated as

*open subroutines® an¢ inserted in the

orogram under devecloprent as in-line code.

&) otce

These fileg nafght have been developed by a progrom=er for

.
B A DR R T KA A i s R Sl RSt

nis own use and kept in his private or Personal Librarye or
they =ay have been developed for wider usage and placed in

the Senecral Library or one applicable to a specific spolice-

tion areca or project under developments Since similar files

3

a2y »xist in all of these various Librartesy the order {n

which they are scarched 14 very important, This topic §s

RS ST e b R s

also discussed velows

222424301 2eysoble Hodulcs

An exanple of the us# 0of rrcusable mooules may be seen in the

e

very large class of probleas §n which s transaction file 14s
processed against a master file to produce & reports The

aainline processing way be operformed by the followinag .

moqdtlel
!

R A S SR S R
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JPEN INPUT MASTER=-FILE
TRANS-FILE
QUTPUT REPORT-FILE

PERFORM PRQCESS=YRANSACTIONS
UNTIL NOG~-MORE<TRANS

CLOSE MASTER-FILE
TRANS=-FILE
REPORY-FILE,
STAD RUN.
Once this module of code {s theroughly testedy it can Le
copied fros the appropriate Library for use without
modification in similar programs, Since this module is
logically quite simple and relatively shorte 4t may appear

essler to write 4t agadn for each new progrem thagn to 2xpend

the additional effort required to check out the code anc

cataton ft 4n a Librarye. Yhe aajor advantage of considering

B vt Poork 32

this short proqras segment 2s & reusable wmodyle {8 that
these nine Lines of code can be included in some larger
sodule by seans of a sieple macro calls, Thus many errorsy

even simple typographical onesy are avoided.

Continuing the same exampley Other reusable nodules may be
developeds the main-iine smsodule performs a paraoranh

PROCESS~TRANSACTIONS which s dnvariant.

The module

N e S B L R I R S A O AR

PROCESS=TRANSACTIONS,
MOVE *NO® TO YALIOD-TRANSACTION,.
PECRFORM GET-VALID=TRANSACTION
UNTIL VALID=TRANS
OR NO=MORE«TRANS,
If VALID~-TRANS
THEN PERFORM PREPARE-RESPONIE.

e S

will call the reusable module GET-VALID-TRANSACTIGN and con-

Georgis Institute of Technology COBOL Werkbench

» . e "aé\‘, se ey ”‘?q:.1 ...us,_ 1",4. "~ s




SRS

O e O o R B P R R

S By, T NI RRLL S N T e el OIS W L e el e s s, A WS o T R

Section 2 CAPADILITIES Page 22

ditionally <cali the module which will actually process the
transactions The paragraph PRCPARE-RESPONSE will typically
ngt he 4n the form ot & rcusable module since eech applico-
tion program using this general model Wwill have different

requirecaents for the processing of a transsction,

The essential feoture of the two paragraphs given in the
example above s that they apply to a Llarge class of oap-
olication programs and therefore may serve as a model for
the aevelopaent of reusavsle nodules tor a commonly

encountnrren closs 0! proolers,

Je2424302 Prograp fexeclopagcnt Skglelons

Ag¢ contrasteg to reusable modulese which provice the com-
nlete code required to accomplish a specitic task or
sutozatically qenerate such code after suftanle paramcters
arc provided $n the reference to the wmodules a program
developmrent skeleton is primarily a framework and gyide for
the develonment of a progras which might vary cuite
consideradbly fron anything that has bcen developed
oreviously. A prcaras development skeleton {s ®much more
aenerally aoplicable than a reusable modules An example of
A skeleton 1s the partial description ot the file definition
section of the program in which those characteristics which
have been estapblished as local standards for the programming
orqanizatlon are alreody specified and the skeleton in-
dicates where further infarmation should be provided by the
proarammer utilizing 9§t 4n the preparation of a specific

proaracs. ‘there can also be proqgras development skeletons

Georgin Institute of Technology COBOL wWorkbench
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which handle auch Larger taskse There are even instances of

. sketetons being utilized for the development of complete

programs.,

26242¢4 Use of Lidraries

; O4fterent typos of modules and skeleton proqrams arc
provided on different Libraries to permit ease 0f reference
anyg to prevent improper accesse The Llibraries detined are

described 4n section 2.2.%41 and finclude Librories for the

following:

. j B Seneral purpose sodules,

R R A e e TR S Mo oo L s o o . .
- . ~ V - N vy cag,
T AR ooy A1 o P ATH

ﬁﬁ%&ﬁ%ﬁ@ﬁm&&mm%ﬁmmﬁﬂmmﬁﬁﬁmm@w&wﬁ’&%Mﬁf~

2) rodules for a specific application areas
3 #odules under development for a particular

project.,

-

4) Frogrommer~developed moaules for personal

UsSte
) Test modules,

6} Compiler-unfque modules,

242.3 Jranzeertablie Sassliing Proarsss

The development and maintenance of a coeplete COBOL oprogranm

that can oe easiiy transporteo te a large number of target

LAY

cozputer operating cavironments 4s nertainly one of the most

{mportant products produced by the COBOL Programmer®s torke- 3

AR

bencho There s ctertainly a Large monetary value thot can

be associated with the cther capabilitics of the Workbench

B DI N D o

. such as the aoility to quickly develop prototype systems

S35 K

.
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Y

utilizing reusoble program modules and the machine as~

E
¢
%
H
s
r§
&,
RS
2
b
3
%

sistance orovided in the development anc production of sup-

L3

porting gocumentation. Howevery: in the environments ot

R L v

{nterest In this stucdy (those that were detailed §n section

& e

1) the zajor ecaonomic payoft appesrs to be vested in the

e on

asitity to produce a proyram that can be automatically

N

transporterd to o varicty of target computer operatina en-
vironments without extensive human intervention in the

transportation processe This transportetion capability 14s

provided orimardly through the wutilization of Workbench

oo v e s s
o AT

COR0L or COBOL.wDC os the programaing lanquage.

2.2.4 Yorkbengh CQBQL )

pre:

The concept of workbench COBOL {s certainly nne of the most

A T e A I e

TR

iaportant central {deas {in the COS0L Programmer®s Workbench.
The oojective of WHorkbench CO80L fs to provide a language
the crouranmer may to prepare prongreams that c¢can  He
easily traonsported te & varlety ct target environment
systems., . secondary objertive of Workbench (C080L {5 to

fnclude facilitics for the use of reusable COBOL modules &nd

Eex

cther orogram productivity addss There have beeny since the
verv beginning of COBOLe a number of demonstrations of the
ability to transport proarams from one system to anothers
This has been reinforced in recent years dy the establish-
ment of national standards for COBOLY howeversy it 4s a2 well

recognized fa:zit that it is extrem. y difficulte if not im-

possiblece to execute any but the most trivial COBOL groarams

on di4ferent systemg without making some changes to the

Georols Institute of Technology COEIL Workbench
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code. Some differences are2 quite obviousy such as the

sftuation where statements required by one compiler must be

.

absent {in another or prepared in quite a different form,

ooy the file Label statement, Qther problems of

o d
T 5 AR Wt W St S o A Ar S N i 2 ot i
q

transportation are wmuch more diftfcult te handles such as

the effects of word site when the computational form for

vartables 4s utitizeds It 4s 2 goal of the doasign of sork-

bench COBOL to overcome all of these difflculties.

R I T 5 e

ARE

The basic objectives in the design of the \Workbench COBOL i%

% N language are as follows: ?%

. E 1) £080Leubc should b® as close os possivie to %
standard COBAL in syntax and semantics. This g

will greatly oassigt {n the training of §

i ) crogrammers to utilize the workbench, %
§ 2) {0B0Lewbr should be capable of unambiguous %

% translation to & wide variety of compiler- 2

o

!

o)

3
2

DAL AT P S

unique target environment dialéectze for this
reasons there uwilLl be features and statement
types included in WYorkbench COBOL that appear
tdentical to those 4in the standards however,
it may he necessary that these statcerments be

processed by the Norkdench 4n order to

.m“

produce the eract fors requires for a % %
-

particular target diatlect. ia
i

LT

33 COBOLewnc should he "rich®™ enough for casy

SRR

¢

use Sy programmers in the develcpaent cof com- :

plex prograns, 1t asppears that there 1s no

TR SRR

Georgia Institute of Technology COBOL Workbdench
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rcal need to include gli ot standard COBOL in
COBOLewbce Wwhat s more desirable s to
insure that those features of COBOL that are
frequently used by programmers are avafilable
in Workbench CO8GLs The basis for the design
of CO80L.wbc should be a thorsugh examination
of the olalects of standard COBOL “hat are
encountered on the target environments as
well as a stucdy of the types of statements
that are actuslly uttlized by CO80L program-
FCrse (Inftiat work in this area s

gocurented fn Appeéndix 94)

fhe solution to the “trensportation problem® scems simplc,
If nrogrammers arc restricted to implementing thetr programs
using only the fecaturees and format of "standard COBOL™
those proarams should compile an¢ execute on 3any erachine,
Unfortunatelye 4t 13 not that easye Oespits the existence
of twoc CO80NL "Standards” (68 and 7T4)y there 1Is no real
agreesent on the features that should be dncluded in the
language. Even 1f o subset of lLanguage features could be
fdentified which were oprovided by all COS50L compilers,
statement syntar varies vetween compilers, Even {in these
cases where the syntax used to express s particular lLanguage
elesent by two different compilers is the samey the Language
features of the two compilers 3y have different
Interpretations. The next possible solution 13 to select
one of the two COBOL Standards as the ®Standard Standard”

Georgia Institute of Technology COBOL Workbench
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and to develop a compiler for the language which that stan-
) dard defines. Howevery compilers 2are deyeloped to meect the
needs of a particular macnine environment and interpretation
of certain featurss 1s ultimately a decistion of the compiler
designer. “any ooszrationse such as tnput and outpute rmust
depend on the host operating system, Since aitferent
machinc environments provide emany diffterent festurese 3

standard compiter s not sufficient to eliminate the

transportation problen.

+ R R A

Perhops a solution can te found by investioating the rmethocd
! in which ZOBOL prograss sre generally transported nows The
£ general procedure {5 to locate those features in the grammar

of the source compiler which arc not the same as $n the

qrassar of the target compilers ALl occurrences of these
statesents »2ust then be L(ocatea n the source coder and
translated Into the <corresponding foreat for the target
‘ systese This step may be carrfed out with the 0id of a text

editore Thz next step finvolves Llocating those Llanguage

teatures which are provided by the source compilers but are
not available from the compiler to which the program 4g to
be transported. (Note that the reverse step is not neces-
sarys hut may be desirec duce to the possible increase i1n
program efficiencys) Those sections of code which rely on
such features must be icentified and recoded usina only
features avaitable from the target compiler, 1f the source

L4

program was developed fcr a compiler which accepts a very

. rich dialect of COBOL and the target compiivcr accepts only

[}

{«?;. Georals Institute of Technoalogy COBOL Workbench
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+ this orocess may be very long and dffficulte As
nnot be automateds *ne possibitlity of fdntroducing

to the tronstation which were not present in the
L §s very high, In some tasese transportation cay be

9 br iapossinlce

ve procedure ontly describes the transportation of o
prosras  trom one perticulsr compiler to oanother
Lar co2pifler,s The entire process is rcpeated every
e source prograa is to be moved to a new environrent,
sinze no compiler s accepted as the “"source™ com-
proarats tay have to be transported between any pair

L coapilers,

casily transported CO8DL proorame only a subset of
¢+ useds consisting of those features which are

te {n soxe fore from all COBOL comnilerse Where this

s not possities as in the coase of certain machine dependent

featurc

coepite

s such as occur §in input and outout operationsy these

r-unique features are isolated $Sn casily Sdentifieo

sections of code which may be changed without requiring the

recoding of other oportions of the. programe The remasining

gitterencese due to differing syntax between the two com~

oilerse

editore.

Mgy bhe casily ecliminated with the aid of a test

The process described above permits caster tr.nsportation of

CO80L nrograss Hctween differing machine environments but

Georgia

Institute of lYechnelogy +OBOL Workbench
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stitl requires the etforts of a programmer who s cognisant
with both the source and target syitemsy as well us  being
tanilar with the desired behavior of the program to be
transportede Since programmers are an expensive rescurcey

1t would v ocestrable to automate this procecure.

A necessary first step in gttespting this asutomation is the

reduction of the number of palrs of dialects between which

LS T, T N

programs are tc bLe transporteds A3 new dialects are

continuously being developeus the scope of applicaticon of

P ]

the resulting systee would ne unduly Limiteo were the choice
of terget Llangusges to be restricted in ary manners Less
ditticultics arise in Liniting the nusber of possible source
dilalectss No single existing diaslect contains cnouph ot the
necessary information to percit easy tranglation 1into all
possinle torqQet dialects, As o result 1t 4s necessary to
vevelop a dialect of T0B0L oparticular (o the Worktbench
systes (COBOL.nbcCio COBO0L.wbe will provide the user with
those TOB0L features that can bt supported (7 & "portable®
prograssing environment, Some features which rely on
tpexific Parduware or operating system capabilities cannot be
{rplemented on atll targer sachines and thus wilt not be
avallabile 4n CUBO0Lewbecs COBOLewbe ¢an be transtated into
any of 3 nusber of target dislects (COBOLek)s "uch of the
translation process will be autossted? howewers Docause cof
varistions in corputer architectures and ornanizations. some
huran Intervertion witl still be required to translate &

proaram from Jnrkbench COBOL drto the COBOL dinlect that

Georala Institute of Technoloay COCOL Workpench
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will execute on a specific machine.

2.2.5 Progran Prosessing

There nre two primary products from the Program Processing

Subsysten of the Workbench, The first of these arc
"compiler-indepzndgent® versions of the program or esocule
that are written in COBOL.wbce The second type or group of %
nroducts are the "coapiler-unique® versions o! the oprograe £
written in a3 specific clalect of COBOL fCOBOL.%k} and reacy ,%
for furthering processing (translation) and execution by a 'i
targezt operating environaente The first class of products ;
are the result of expinsign of the code entered by the ?
proursazer while the second aoroup results from $ransgiation %
ot CON0Le.wde iInto & target COBOL dialect. Eg
:

P

AN A R

2¢2¢%1 Expanstion

The purpose of orooram cxpansion 45 to oproduce compitler=

inccoendent pronran rodules meetino the standards of

CORQLexwbe ang copable of being collected together with other

oty

e 2 ISR ST

mo~ules toc oroduce coapletee compiler-independent programs,.

Input to ths procaram expansion process conglists of proorem-~

A —

aer suecitication of the COPOL.wbe text for the sucdules the

.
FEIAN

sl

nane of the modules and the name of the Llibrary fn which the
module 1s tr be founde The output 4s & proaram modules or

corplete program,y meeting the standards of UOBOL.wbce

georaia Institute of Technology COoBOL Workbench
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€xpension may be performed relative to one Library at s

time, or to any combination of Librartess

242¢5+101 Expangion YLilizing the General Litizary
The Generral Library will be avatladble to programmers on all
projects ana {in all application areas and will dnclude
general=-purpose modules which are frequently wused. These
mocules might include the following:

- data tnput editing

« file structure definition

- report generation

Use ot these general purpose mcdules will climinate much
repetitive codinge The possibility for error witl oalso be
reduced greatly thrcocugh two causes, “Yistaukes caused DY
clerical error will be Less freauents since fewer Lines of
coede will be entered. vore significentlys the General
Livbrary will Ynclude only modules that have been thoroughly

testede reducing the possiblity of dncorrect codee

20254102 Lxapanglon ULiLlizing the Applicatiop Lipracy

The Applicetion Library contasins modules developed for an
apolications area such as {inventory or payrolla These
socules will be thorouahly tested before addition to the ap~
plication \fbrarye 7The apolication Libraries mioht Incluoe

the followino:
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« a coltlection of payroll modules

-~ a collection of rodules developed for 1{inventory

control

Fach applications asrea will possess {ts own Librarye APPLIE-
nase (CeQe APPLIB-PAYROLL or APPLIB-INVEN)e which will

contain this tyoe ot modules Projects will be peranitted to

make use of other application L{ibrartes as well to encourage

stondardization and to decrease maintenance costue One

cexample of this pcotentiol savings ts a bustiness nmaintaining
both a payroll pragrae and o financial report generator. 1
b»oth of the prograss coll the same module to colculate with-

hold¢ing taxe <chances n the tax laws will cause tess

socdification to the currently running programs than if esasch

figures the toax separatelys Standardization also decreases
the errors that occur when different heuristics are usea for

the same function by difterent prograsmerss

24245015 {rpansien tres the Brolesl Likracy

The Profect Library containg those modules currently under
developrent specificslly tor & oarticular oprogromming
orojectse Yach project will have a8 Llibrarye PROJLIB-rames
containing these moduless This Library differs from an ap~-
plication Library primarily in Yncluding modules tallored to

a specific nroject.

202+5e104 (xpansien fras ihe Perzgpal Libracy

The oroorasmer may develop a personal "shorthand® notestion

to avold repetitive programming when the same task s to he
pertormed a number of timess Personally developed modules

Georgla Institute of Technology COB0L vorkbench
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Section 2 CAPABILITIES Page 33

give the programmer the ability to enter code into the
machine in a convenient forme Calls to meaules contained in
a Personal Library must be expanded {into standard COBOL.wbe
% as soon as the code containing those non-standard module
calls 1s made avatlable to other members of the programming

) project (Yncluded tn the Project Library).

202456105 Lxpangion frgs the Yeosg Library

The Test Librarys TESTLIBe will be available to programeers
on all projects and 4n all application areas to assist in

aodule and progras testing »t all stages of project develop-

aent., The Test Librury contains podules for the coliection
and output of test datas ocummy mocules to be used in testing
calliing seqguencess ano skeleton programs for the testing of
mocule behavior n dsolation and as a result of difterent

caliing seguences.

202¢542 Build Prograss

R RS AR SR YR e e i e

in order to build 2 proaoram or systemy the foliowing {nput

e
i

is needed:

1) A collection of COBOLewbe modules selected by

the orogramaer in order to produce a desired

RPN o T M ACS R S

overall functional capability 4n the output

program.

I SR RSO

2} Special Instructions required by the Pragrae

Preparation Subsyster.
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The following output is generated:?

A gompleles but ponmgxecuiables COBOLewbe progranm
which <can be expanded with the approoriate
cholce of target! machine macro Library into
an  cxecutable C0BOL proyram tn a torm which
{s acceptable to any one ¢? 3 numder ot ‘tar-

get CCBOL compilerse

Specificallys 4n order to build complete COBOLewbe proQrams,

the Workbench must have the following capabilities.
vorkbench aust be able to
1 Collect and Ltink together all of the ap-
propriste interface components of the input
TOBOL.wDC modules producinge an output program
in C0BO0L.wbco These f{nterface components
tnclude but are not limitec to data
detinitions and file specifications.
2} Pesalve or tdentify unresolvable naming
inconsistencies,
H fstablish consistency in data and file
detinitions or ddentify possible problenms

that might result from inconsistencies.

Georgts Institute of Technology C080L wWorkbench
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;
f 2624543 Transpertion i
; ¥
| :
b !
i One of the most important capabilities of the Workbench s !
3

‘ the development anog transportation of portable COoBoL H
programs. This goal 1s achieved by the development of %

baseline COBOL programs in a compiler-independent form (in ;

COB0L.wbe? and the coapletely automatic transiation of these

I B | Th AN

proarass into the COBOL dialect of & particular target com-

piler systen,

This transiation could have been accomplished by the

developeent of a new COBOL dialect and of & new compiler to
accept this Llanguages This was not the chosen solution. A
new C(OBOL «compiler and a new dfalect would enly add to the
probles, vwhile 1t would be possibles assuming proarammer
and 1industry acceptance of the new dialects to develop new
proqgrams which could run on any target machines the addition

of new environments to the original set of target machines

woulc be an extremely difticult proceeding and would
probably result in the same chaotfc sttuattion presently
existing with the “gtandard COBOLs." Vorsee only new
' systess would be portadbles Systems would be able to dnclude
previously written software only after extensive rewriting
to translate the old programs into the new lancuages. Finat-

lys development of yet another COBOL compiler does nothing

Anuvw

to address the probles of developning ceusaple sodes

Georgla Institute of Technology COBOL Workbench
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The chosen solution 1s ¢to express those functions and

.
CIRY

Sl A A A e e

statements for wuhich a compiler~dependent implementation s

necessary as spectal statements in a compiler-independent

reoresentat ion of the pnrograme and then to “expand* these

statvnents separatelyy relative to each target compiler,

242.6 Rrgadioarg Brogcasa

4 =major expense 4in the develounment of automated information

e

systexs has been the high coast for the redesign of the

systea after the (inftial oprototype has been {mplemented. } %
This 1s csoccfally truc when & separate orasanization s ! g
oreparing the program tfor another organization which 4s the ’ § %
proponent or motivaotor for the system to be designed, One %
acproach thot has been propoaed to lower this inttial design §
cnst $s the utitlization of a breadboard programe or systems %
that provides the basic functionality of the desired systenm %
without the high expenses assocfatec with detailed and com- 3
plete develocments This breadbosrd program or prototype E
could then be demonstroted to the proponent orqganization and %
feedback on the cesign would be obtained at a much earlier %
staae and at & much lower cost without complete development %
being reauired. %

i

The ctharacteristics of a breadboard program/prototype system
would be that mpst of the desired tunctionality would be

present in the systemi howevers the perforéancc of the

system woulo certafinly not bpe ootimized or even ®"well )

T W R e oy
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Section 2 CAPABILITIES Page 37

engineered«® To the maximum extent possibles the bhreadboard

B o e L

system would be assembled out of reusable modules of code

which provide the tfunctionality desirede or close

ap=

W e oA,

proximations theretos The overall objectives of breadboard~

ing are to provide guick and logy-¢0o5t prototypes of systems

under design so that meaningful feedback may be obtained at

the earliest date possible.
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#

The modular approach to the preparation of complex systems

significanttly aids {n the development of quality programs.

P VR

Jhile 4t 4s true that in most (arge systees asbsolute program
accurascy can only be approximatede the separate testing and
verification of the “correctness® of Individual modulesq
S5efore the mocules cre combined into a single program wunite
will Ltead to the develooment of quality progrems in an

economic fashion.

i
;
3
»
]
2
§
b4
%
%
;!%ﬁ
%
3

Program testing 4s xided by 8 cellection of wutility func-

tions and eodules which are used by the programmer to test

. A AR A A ST ¢ A
Sy

e daERes

both modules and programse Besides providing the op-

portunity for fupgtional testingy uttlities will be provided

21,7 MRS

to ale in the measurement of performance. Specitic

utitities «hich might be included for this purpose include?

1) 23%n programs to invoke the module {in gques-

g I A ey

B R N R A AT 20w BRSSO 0 SN Gl

tion and orint {nput and output ("test har-
nesses™)
2) routines to generste random input data emcet-
ing a speciflied COBOL format
M routines to generate random input files meet-
fng the conventions of a particular compiler
and machine
a) routines to collect perfornance dates includ- .

ing time and space usage

Y
38"

These uttlities are placed 4n a special test Library wh'ch E

ng

a
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contains tools usea for testing moudgules and proaramses Sonme

Pt

of the essential tools are:

1) Test Control Systenm

N SRR Tt 58T

2) Test Harness
3 Automatic 7est Data Generators
4) Automatic verification Systenm

5) Object-Time Montitors

R S P o

2.3.1 Goalks far Isating Suenart

s ST Y CONION

Progroa testing capadbilities are included in the Workbench
to provide for the testing of COBOL.wbc mocdules procuced us~
inc the Workbench Mocule Preparstion Subsystem prior to the
Inciustion of these modules in COBOLe.wbc programs, The fol~
lowing goats sust be met:

1) Provide a test environment ctovering both
lanquage tests as well as 170 and data tests
to easily check-out the modules a3 they are
produced by the above proctess.

2) Permit the collection of data about w®module
parformance before the 1inclusion of the
aodule in & finished program,

L)) Test module behavior as 4t will perform on
each target machine. This will involve con-
vertina the orfotnal CO0BOLewbc module into
each member of the related famity of COBOL.H
modulese providing COBOL.S driverss and
executing each of the resultant programs on

the appropriaste machine.

Georgies Institute of Technology C0BOL wWorkbench
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4) Provide uttlity routines to atd the »programe

mer {in the generation of test datas meeting
particular program requirements as specified
vy the appropriate data declaratior divistion.
5) (Jptional? Provide utility routines to enable
the praogrammer 190 uvetermine {1t the set of

test cases §s adequate to properiy test the

o

modular logice

2.3.2 Igat Harosss

One of the =ajor tools to be used In program (or module)

testing fs the 1gst harngsse This madn or driver prograre

serves as a framework which supplies appropriate dnputs to

rodules It also records the outputs produced dy the module

talong witnh the asscciated inputs) 4n such 3 manner that the

prograsmer can aggter=inc wheiher the output produced s in

atcordance with the specifications established by the systenm

designere.

2.3.3 Ieat Contrel Sxates

The Test Control System causes the tests to be executede

Throuoh ths Test Control Systeme the aporcepriate test data

is retrir eds the driver or test harness s cxecuted using

the prescribed test datse and any postprocessing of the out-

put froe the test horness s perforrmede The Test Control

Systes automatically wmodifies the source code as necessary

when perfor=ance evaluations are conducteds In the case of

Georgla Institute of Technoiogy C0BOL Workbench
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Section 2 CAPABILITIES Page 41

the testing of modules which perform certain file processirg
activities internallye the Test Control Systes witl
automatically compensate for ditferences between the wsy in
which tiles are stored and accessed during the test and the
way tn which files are to be managed under the eventual

procduction system,

It 1t through the Tes: Control System that most of the tools
used 94n the program testing phase sre sequenceds monitorede
and controlleds The Test Control System can also gathery
recorde and report in an appropriate form information to be
used tn the management of pr-aram testing. Pertinent 4n-
tormation regarding each test (who tested what modules whot
data was used in the tests when was the module lLast testeds

etce) acre logyed by the Test Control System,

2.3.4 Igat Dats Geosratlen

Vhile the testing of individual modules or componcnts of a
Large systenm may significantly atd in error preygptions each
individual sodule must be exercited for the purpose of error
detectione The primary goal of the testina process iz to
aske wmistskes happen (1f errors do in fact exist) with
results that can be easily recognized as incorrect and which
provide enough 4dnformation about program behavior that the
errors c¢an be found quickly and correcteds In ordec to sc~
complish this tasky enough fnputs must be tested to exercise

the program or aodule under consideration completely.

Georgla Institute of Technolcogy
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The development of sutticient test dota §s an exacting task.

1t ¥s not enough that a3 Llarge number cf inputs are tested?
the wvarfety of inputs tested 1s also important since each

control path in the code must be examinedes !f the test data

is prepared manuallyy control paths may be migsece causing

g “ A vor, S et s B e TR 2 AP b A S Rz
o LA Y S DA I B R M Wit e, L e Er S £ N Gt A s SR e i S R RN N ;

Zorh

errors to pass undetected until the systes s §n production,
an4 any errors found will require expensive correction. The
preparation of *qgood® test date by manusl means s an exr-

tremely diffdcult task which reguires extensive analysis of

vronching and control flowe The Korkvench aust therefore
provice a sechanism to facilitate the generation of a suf-
ficient nu=der ana variety of test cases for ¢ach module to
be testede This facility must provigde for the automatic
generation of test data using (at a ainirum) as dnput the
OATA DIVISION of (ne test rarness and the test definitions
afven &y the orogramsnse §n scae procedural notation. It
will also peralt the generation of test dota by combining
recorcds frow existing files of test material and integrating
these records into a cosprehensive s2t of test datae This

latter capability moy be used to fnsuve that atl msodules in

<2,

0 particular progranm receive final testing over an identical
data sect oroduced as the union of test input generated for

the $ndividual modulese.

R e S R A o R e T Ll

e
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Section 2 CAFABILITIES Page &3
2.3.5 Auteuatic Xsarificatien Sysisa

A number of tools will ve avatl.ble tor the &nalysis of cut-
put resulting from execution of the terst harnesses An output

analyser would pernit comperision of outputs with corrcspon~

N Tt At Tt .23 At RSB AR WS AADPT Y £ € B

ding inputsy with previously generated outputse or with
predeternined results presented to the anatyser in some
fores anc would report the discrepancies on an exception
basts, Standardg statistical Library routines would be used

to interpret the output ftrom the object-time monitoring

facility.

2.3.6 Qbigst-Tims Henitors

Options provided within the Test Control System will permit

the “"instrumentation® of the module being tested in such 3

way that prograr execution effictency can dbe evaluateds The
areas within 4 g¢gtven wmoaule which will recelve closest

sonftoring will be detersined by usage statistics providea

at the source program paraaraph (evel.
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Section 2 CAPADILITIES Page 4&

2.4 PROGRAN MAINTENANCE

The mointenance of proarams that have already dbeen developed
ans placed into operation is widely acknowledged as the most

capensive part ot the Lite-cycle cost of such programse. The

CONJOL  Proarammerts Workbench ftully acknowlerqges this fact

ane provicges conplete support for rmaintenance.

X

3

2.4.1 Naturs ¢ Maintsuanse Astivitiss 2

%

Referring to Figure 143=1¢ t con be scen that there are two K

diacnsions to the maintenance activities supportea by the §

? voribenche The ftirst of these is the molintenance that must _é

% be pertorscd on compliler-unique VERSIONS ot thée program dn a §

i "quitk~tix" sanner to torrect logical errorse in the develop- E
f aent of the baseline prograe or Workbench «c¢rrors {in the
é transtation ot that oronram to the compiler~unique en~
i . vironsentses fach VLRSIOK of the program presents a separate

safintenance oproblem and MODIFICATIONS of VERSIONS are

gencrated {natvicdually os required,

The other dimension of maintenance 4s the preparat:on of a

new release of the baseline program. In this dnstance,

there 35 only one proagram being maintained,

N L

.

e R O AN R A UL (i Tt B A A I At s St Br o S e ¢ 2w
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Section 2 CAPABILITIES Page 45

2.4.2 Maintenanse Susmect

)
|
) The support for program maintenance providec by the COBOL
Programmer®s Workbench consists of several capabilities.

B!

<,

K

1) The concept of a singles controlled bdaseline
program reduces the amount of maintenance
programsming required 1in o aultiple-target
operating environment.

. 2) The oprogrammer®s envircnment provided by the

vorkhench for the prepsration of programs

alszo greatly facilitates the preparation of

KR e S

. sodifications to previously developed
nroqQramsg.
3 The on-line documentation system oand the

copabitities it provides fcr Linking comments

el et R s e i ey

to specitic portions of the docurentation

sid

text Qqreatly facilitate whot 41s perhaps the

208t time consuming activity {in maintenance

RIS s

. cperations =« the correlation of stl of the

{nformation applicadble to the orfginatl

o e Yy

progras 3nc the chanqges to be made,

4) The Documentation Control Systen also

NRBR TS

Lot

. provines for the control of aultiple versions

£
s

ot both code and text so0 that the maintenance

srogrsamer can eastly check out 8 new version

- W Ve

RER P Lo

of a proaram without disturdbing the old one.

Georgla Institute of Technology £0BOL vYorkbench
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Section 2 CAPABILITIES Page 46
{
25 DOCUMENIATIQN PREPARAIION )

Nne of the major tasks faced by the designers of software
systems 1s the production and =maintenance of complete
documentation including specificationsy desionse user and
reference manualse and reports as well 33 the prograa code.
To encourage the production and maintenance of ecurrent ang
covnlete documentations the ¥orkbench will be cgquipped with
a4 vbroad range of tools which are destgned to assist 4n the

preparation of all of the system documentastion reguirea tor

ARG

the support of prototype systemsy the base-line systemy and

3

thosr versions of the system produced to run on specitic g
target machiness The documentation tools oprovided by the ig
dortbhench will be simple to uses will Interface with each '%
othere and will orovide aduitional capabitities which male ;
the docusentation task less burdensome to the documentor and %
fncrease his productivity. §
:

2.5.1 Qyervicw 9f iha Recussntatisn Sub-ayatss
£

Fioure 2+5¢1-1 depicts the flow of text and commands that ;
will occur during the preparation of system documentation, é
2

The docueentor will Be able te both enter an oriocinal %
document as well as modify existing documents, The %
documents will be stored in a series of Librariess In ac- %
dittone It wilil not be necessary for a document to be %
entered in a final fintshed formati insteade a separate ‘ 3%

ey
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‘? FIGURE 2.5+¢i-1
3 . PREPARATION AND MODIFICATION OF SUPPORTING DOCUMENTATION
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& | Documentor |
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processe the Fcrmatting Processe will be avalilable to per=-
form these formatting duties (see section 2.7.2)e By making
fermatting a separate procedures one will only have to save
and revise the wunformatted text of documents, This will

take the task of modifying documents easisr since ¥t will be

SR SR B

nossible to make changes without worrying about the effect

;‘igf 2

ot those changes on the format of the tinal outpute.

2.5.2 0p=L30s Dogumant Handling

Une of the essential reguirements for the Documentation Sub-
system s that 1t be asvallable for on-Line use. This will

enabve the documentor to compose and enter documentation

NSRS oot A T S AR R e I e B

into the syste= in & single stepe In additione he will be

able to extract text from other documents for use in another ) g
document that s being prepared or modified. ¥
N
P8
245421 Preparing Documents % g
(3
The gdgocumentor will be able to enter documents in an on-Line ; %
3
tashion,. Interaingled with the npormel text of these f g

<
2355

documents will oe formatting ctommands which will be .

£

¥

ST

Interpreted at a Later stage by a Forsatting Processes Thesge

a
Fa0,

commands will allow the documentor to control the format of
the ftinal document (see section 24742)e For examplesy oOne
will be able to underline and bold-face desired words in the
text by sinply inserting the appropriate commands §n the

proorr position of the unformatted text.

Eotdonitnde e RS RIS A v

TR
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The documentor will be able to eastily edit the input text
during the document preparation phase. He will have the
capabtlity to inserty deletey or modify as well as to reore~
der parts of the text. The documsentation process often {n-
volves copying text from other sourcess for examples other
documentation or actual program texts The Latter situation
often arises when one wants to present an example within the
documentation or when cne wants to discuss the text of the
program, Thuse on f{mportant editing feature of the
Documentation System uill allow text from any source to be
fnserted into any document while 4t 4s being oprepared or
nodifieds Since th» topy capabitity s dncluded as part of
the editing capabititiese one will be able to obtain text
froa other sources ans then trie and modify the text to suit

his needs.

2¢522¢2 Updeting Documents

The coaoabilities oprovided by the Workbench for orfigineliy
preparing cocuments wiil also be availedble for wupdating
documents., The documentor will be qiven ed1t139
capabilities which enable him to inserty deletes reorders
and modify text. As mentioned aboves he will alto be able

te copy text from a variety of sourcess including program

texty and wilt be able to perform this while entering or

R0ditying the originel dogcument.

Georatas Institute of Technology C080L vorkbench
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2.6 DOCUMENT CONIROL

Programs and supporting documentation often exist simul-
taneously n several different forms, For exampley a
program may be in production use while at the same time im-
proveaents are being developed for fte A torm of document
control that can selectively retrieve any specified version
of a document f{g requirede The facility providing document
contrel must provide the user actess to any revisione alliow
the user to create new revisionse and insure that no change
mode to a document s Lloste The Llast capability will help

to insure agatinst an accidental loss of information.

2.6.1 Qyuaryiex of Recuaent Sontrel

the Document Control System will handle all programs and
supporting documentation. Any user or process needing a
specitic revision of any document (the term document refers
to both oprograms and documentation) will request that
revision from the Docusent Control Procetss Thuse both the
Socumentation Preparation System and the Progras Preparation
Systex will have to finteract with the OJocument Control
System {n order to obtain documents. The Document Control
Systes witl store all revistons ¢f all documents tn vartous

Librariecs.

GeorqQta Institute of Technology COROL Vorkbench
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FIGURE 2+48,i-)
DOCURENT CONTROL OF ALL DOCURENTATION
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2.6+2 Augit Irail of Shapaes

The Document Control System will automatically matntatin an
audit tratl of all changes made to a document (see Appendix
e This will allow the programmer or systems analyst to
fdentify changes made to 4 document 4in @ chronological man-
ners Thuse corrections need not be considered permanent
Yecause they can always be recovereds It should be noteds
thoughe that the Document Control System witll never discara
any changei rathery {f the change is not desireds it simply
witl not ve applied during the constructivn of o particular

revisions

2.6.3 ARIL1%y L¢ Naiptain Qilffacent Relcpacs/Yersions

The Document Control System will provide the capability to
maintalin separate RELEASES of all documents, The need for
separate RELEASES occurs whene for esxamoles one RELEASE of a
proaran s 4n proauction while a4 newer RELEASE s in
develonaente In addition to maintaining separate RELEASES,
one zust be able to maintaein the different VERSIONS of all
RELEASES. Thuse the Document Control Systes will allow one
to cbtain or create any VEARSION of any RELEASE of a

document.
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2.6.4 Linveas of Comasnia o0 Dogumenta

To encourage as auch feedback as possible on programs and
supporting documentations the Document Control System
provides the ability for user comments about documents to be
dated and linked to the document to which they refers Thuse
users can comment on any errors which they believe they have
discovered or make suggestions for changes to the docurents.
The systexs asnalyst responsible for a document will be able
to examine all comments pertaining to the documents He can
then act upon thes and report back to the orfainator of the
conment as tc the status of the document or the point raised

by the user.

Georgia Institute of Technology COBOL workbench
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2.7 ROCUNENT PRODUCIION

2.7.1 Proqras fredustien

sorkbench has the capability to oroduce

environeent,

2.7.2 Dogunentatign Predustien

Page 54

record

it cannot produce the object code version

or

of the various VLRSIONS of the source

ot

That has to be produced in the turget-compiler

Workbench will be able to process the documents as they

are stored in the various Ulibrartes and

will accept cozmands {msbedded {n

the text should bde printed:

what

docurentors in following these standards,

Georgis Institute of Technology

o o P
LT .
‘-

producte

Formatting

printed

are formatted according to appropriate stan-

Program

the text of the

These commands will $nform the fFormatter

as

text should

In additione the Workbenck will

to

for exampley what words

be

how many tines should be skipped hetween sections

provice

defining documentation standards and alding
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EA
' 5
FIGURE 2+742-1} g
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section 2 CAPABILITIES Page 56
2+7.2.1 Foraatting

The dorktbench will contain a Formatting Process which will
print documentation accordina to the users specification or
a standard set of specitications stored In the General
Liorary. The user witl tmted commands in the cocumenvation
text stored in Libroaries which tell the Fformatting Process
what focre of cutput s desfreas There will be default set-
tinns for poroa=cters not specifiecd by the user. Thuse the
Forsatter will proouce o formatted docuaent occoroing to the
comvanas snecifica witnin the text utilizing getault set-

tin+s ftor thcse options not specitied by the user.

2674242 Oocumentation Foract Standards

The sorkbench will alxo provide the capability to de?ine
docueentation standsrds and ald documentors in followftng
these standards. Standards may very from project to project
or ‘ron one type of document to another within a single
nratecte The Mortaench will provide 3 unifore technique to
locote definitions of the varfous standards snd the mseans to

sutomatically produce documentation meeting those standardse.
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A
4 SECTION 3
;2 FUNCTIONAL CORPONENTS OF THE COSOL PROGRAMMER®S WORKBENCH
5
5
¢
£ S.1 QYERYIEN Of NOQAKAENIH COMPONEMIS AHD QRGANIZAIION
E
3
; The user sces the workbench as a collection of capabititics
B
ﬁ ang functions that provide him with support in accomplishing
% his oprograseing and docusentation taskse Functionallyo
&y
33
. these capabilities can be givided into eeveral wafor sur-
i .
k. systeas or components as shown in Figure 3,1=-1, Since the
b
E major activity ot the workbench (s the opreparation ano
.% processing of documsentsy whether they are progros soduies or
) i
3 tupporting cocumentation, the subsystem providing control of 3
; those documents g certainly o central corponent of the ;
? vorkbenche The Cocunent C(Control Subsystee as shown {n :
B flaure 3.1-1 2ight e compared to the file system of a :
‘% reqular cosputerl howevere as pointed out fn cection 2 o ;
& ¢
ke %
I this reports the workbench envisiont the maintenance of mul- :
53

tiple versions of the same documentsy and the support

nrovided by the Document Control Subsystem 4s emuch more ex-

: tensive than that proviced by normal file systcons,
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FIGURE 3e1-1 i
MAJOR FUNCTIONAL COMPONENYS OF THL COBOL WORKBENCH }
WD - L o 2 é
| [eed] jeed>| | ‘
| {==> Progres [==>| | ;
| | | Preparatton |[<=-| l :
| | | | I, | 1
! ] | | 1
| | | | b
| {eed] Jeed| | b
! I Prograa |==>] | i
| [€C==} Processor {€C==| | A
| ] | [ | Document | k
| | | leedj | i
| User jee)| IEXP X |==>} Lidbrarian | :
' "->' r"t '-->! '<.-|m..-|
i <o Support | | ! LRI _
| ] | | | Control | e i :
| ! | | | :
| { | | | | { Libravies | i
] [*e>] Documentution |ee)| | | ORI | i
| l==>] Preparstion | ] | ;
| | | and [<==] | ;
i ] | Maintenance | | | :
| | | | | | :
! 1 | | :
} { | | ;
| fee>| | | .
| | | Documentation | | i :
| <=~} Production | <==} | g
........... ' ' ‘ lm' R vee  savavmna rame tw o nn v .-.,.,..4:’}
b o ‘oo
I 1 Text e ¢ C(Coamsend i
I | Flow e ¢ Flow i
| | . » ;
iy .Y
cesvecnse) eenceocee) 'f;
(ormnvnascna XX XYY XX 1{:
g
3
:
|
;.
i
Georgla Institute of Technology CO089L vorkbench
, *\: e R~ TN Al g o G AT 0 am—— R o ’i"o‘
et e o I g o et o SO R SR/ I D




Section 3 FUNCTIONAL COMPONENTS

3¢2 PROGRAMMING SUBSYSIEM

Se2elel Workbench COB0L === COBOL.wbC

Workbench COBOL (COBOLs.wbc) {8 the oportable version of
COBOLs It hus been designec to provicde the wuser with as
many of the capabilities of full COBOL as may be supported
in a "portabie®™ oproqgramaing environment, (OBOLewbec was
develooed fror standard £0BCL with the explicit goal of
procucing a COBOL afalect which would perait a COBOL proqQram
developed on one sachine to be executed on gsnother without

tedioue and error-producing hand-modification. Howeovers

COSOL.wbc %5 pgt the s32Micsl £2MMQ0 suksst of (COBOL ap-

plicable to all of the target computers selected! instead.
it consists of the common subset of COBOL spplicable tc allt
of the selccted tarqet consputers (COBOLecCs? plus those
those features heavily useos by (0B0L oproarassérs even t
these fedtures are nct directly portabtles The tranatation
of this latter group of features into compd er-unfgue code

ts A function of the Proqram Processor,

6eorglia Institute of Technology C0L0L wWorkbench
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v
Je241¢2 COBOLsdemo
L3
CO%0L s 10RO ic this project®s tirst approximatior to

CO0Lewblcs LCOBOLewle consists of those elements of (0BOL
«hicv are cormon to all COBOL corpilers plus a numner of

other copanilities which cannot be clirectly fimplemented in

£ ST AN S S D

i the sore format by all corpilerss The nature anc type of g
} these cobabitities which aust be orovided in order to permit %
é the dgevelooment of useful COBOL proarams fs not yet hnowne 2
{ X
: 4 number of (080U capabilitiecs (such as data decloration) ;
i - arc assuzer to be necessaryl these copsbitlities witl be i
B tnclucedg in COBOL.demos Other capadbilities will be added to §
é f0R0L.dc0 as thetr wusefulnesr fis demonstratcd, The 'g
1S M
i eventual oprosuct of thic process will be COBOL.whCe %
ﬁ For thr purposcs of this reporte only a casual distinction ?
; fs 2ace betucen COBOLswbCc anc COBOLedemos COBOLewbe 45 used g
% ) whenever cfither (080Ledgc20 or (O0B0L.wbc wight he =meant, %
i (for exanplee at different stages $n the vorkbencht's E
; % Jeveloosentd. CGEOL.deno 4s used only 4n reference to

g : developrental activities which will be over when the Work-

? ? bench systen i3 cozplete.

L.

3424141 COBOL Screen Cditor

g, I~ addition to the standard features availavle in 3 cor- )
é orehensive screen editor (line-at-a~tine deletionse ad- -
-% “itionse searchy scan and substitutioney and full screen .

: i
i Gecrala Institute of Technotogy COoBOL workbench
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display of adjacent textdy the screen editor utilized in the
proarammer®s environment would also contain features that
are specitically tatiored to the oreparation of COBOL
programs. These features would be capabilities such oas
Aautomatic ftoreattinge oautosstic searching for sections of

the progrex by namey etce

Je2+41¢d Standerds Enforcer

The most fsportant standards entforcer is obviously the one
tor COBOLewbce This would function {n a manner very similor
to presently existing standards enforcerse It would operate
aS a preprocessor on the source code ensuring that prograss
contained only statesents taken fros COBCLe.wdbe or properly

torsatted references to reusable modulese.

11 1t s desirec that the Workbench support ({0BOL progQram~

aing in a specific dialect (COBOLsk)y then 3 different sten-~

daruys enforcer would have to be provided for that ctalcct of %3

£oBCL.

3.2.2 Progras Preseasing

3e2¢241 Library Support

A nusber ot support Libraries sust be made avaliladle to the
oroarae desianer, The Workbench provides the capability for
each installation to develop and wmaintain o useful and

meaningful collection of macro and module Librertes tatlored

Georgias Institute of Technology COCOL Workbhench
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to the necds of the 4individual installation, These

Livbrartes are describea {n detail in Section 3:5e1,

A C080Lewbec Dprogram containing references to reusable

TR AR RrED

=oJdules may be expanded into an 2quivalent CO0BOL.wbe progran
relative to any one or nore of the module Llivraricse. For

exanplee the reusable wmodule references used by an in-

divicual programezer o8 abbreviations may be rermoved while

FEFEA SRS FH

CEr e

teaving wmudule calls froem the Projecty ipplicetione and

P

o
S

General Linrariess Tranglation of o COBOL.wbe progras into

E the eauivalent COROL prograr for a particular tarqet machine
? (CCA0Lek) shoule occur only after all reusable module
% refarences have been expandede.

s

f The =acro processor uses a8 search rule to lccate the macro
3

é cetinition correspondinag to a specific module call n much
ﬁ . the same way that a loader searches for load =odules. Un~
é . less otherwise specified the scarch rule used s

§ ; 1) Personal Library

;' ! 2) droject Librory

et

i
3
L
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i
P
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!

3

i

§

? 3 Teost Library (utilized only when specifically g

1 i i
b 4
3 ! requesten) i
: : :
4 S o spolication Library §
S K]
I 3
k< %) jeneral Library g
: 4
s :
. 53 foepiler-Unique “acro Livrary (utilized only :
% «hen transporting a COBOL.wbec proaram to 2 :
s 7
. "
|- specific compiver) :
B !
& In thie ways imcrovements to mocdules already incluced in ;
A !
-3 g
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standard Libraries mnay be tested without recopying the stan-
dard Library or mpodifying proarams to use new names for

Roduyles,

3e2.242 Program Processor

Using the tools described 1In the previous sectionsy the
prograsser develops & COBOL.wbc proqras. Setore this
prograa ¢an be executed on some target aachince processinag
will b5e necessary to convert the £0B80L.wbc code f{nto

cospiler-acceptable code,

The nature ancd extent of processing needed depenus on the
nature of the task, The VWorkbench 45 a flexible tools
suftadle for use In a number of wayse ranging from the most
sinple to the sost complex applications. In fts sirplest
z0des the dorkbench serves as 8 text editor and Librartan,
In 1ts w»ost coeplex wmodes the Workdbench provides the
proarasser with all of the tools necessary to procduce (C0BOL

code which is both portable and reusadble.

Rasfcallye the Program Processor in the VWorkbtiench can Ue
used to expeand calls to reusable modules into in-line code
and to trenslate progranms written in COBOL.wbc into programs
which will axecute correctly on a particular

conpiler/gachine~environaent.

Georgla Institute of Technology COROL dorkbench

o

PRI P NT CES WP

o e

e s s,

5 > H - R N
AN B M s £ v Mt Py FIA TR T R F B Rt et e 0 o s 30 IR LRI ISR e LR St S0 TP ol T e S

25

ey

a
e S



i
|

I B A

R T e T o s S TR T e R T B R BT

Section 3 FURCTIONAL COMPONENTS Page 64

5.3 QOCUMENTATION SURSYSIER

As contrasted to the various steps involved in preograrming,
the three aspects ot documentation -=- preparationy coritroly
and proguction ==« do have rather clear divisions and can be

discussed separatelye.

Georgla Institute of Technology COBOL Workbench

rd

A !

B RS A 7, 5

Y e o

ST DR U B L

3

RSO0 PP B S

R R G R R

L b

Y




R T e R e S T SR e M S R T R e T D e P T N e B

-

T m ik i Lt e by SR mg P
BTyl (e S, PN TS Bt sy 2 AT

Section 3 FUNCTIONAL COMPONENTS Page 6%

3¢4 DOCUNENTATION PREPARATION

To encourage the production of complete and up-to-~doate
documentatione the VWorkbench provides an environment well
suitec to the docusentor. This environaent incluges toolse
Linrartese and 8 set of documentation format stondards. 4
major portion of this environment 4s provided by the Text
£ditor which serves as the user®s prisary means for creating

and modifying documentation.

3.4.1 Qogusenior®s fovirgpsent

The Workbench provides an environeent for the documentor
which g destgned to make the documentation task as easy as
possidble, This encourages the documentor to maintain com-
plete docusentation and to keep this documentation wup-~te-
datece The documentor®s environment <consists of toolse
lihrariesy and documentation format standards. The basic
tool for documentation 4s the Text Tditors The Ulibraries
contain text which can be used during the creation of new
documents and macros which can be usec durina the formatting
stage to make the documentaticn task siepler (sce section
Jstse2e1)e The final aspect of the documentor®s environement
{g a set of docusentation format standards and aids to help

produce gocumentation fitting the standard.

Figure 3.4,1-1 depicts the Documer*ation Preparation Systenm,

The documentor interscts with the Text €ditor to create and

Georgia Institute of Technology COBOL Workbench
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modify documents which are maintatined in various Libraries.
To aatntaln order among the dccumentse a Document Control
Syster  (sce section l.5) stands as an interface between the

Text £ditor and the Libracriane.

S5¢%.141 Tools and Libraries

To encourdage the practice of good documentation, the
cocumentor needs a8 good set of toolse Chief among these
tools 1s & Text Cditor (see section 34442) which allows the
user to crecate and nodify text in an on-line ftashion, In
sccition to the Text fuitore other sfmpler tools are also
uscfule. “zxamples of thege are a8 file copiers 3 cut and
paste tools o pDattern searching toolsy a tool for comparing
the similaority of two files and ddentifying thelr dif-
ferencesy ctce These tools are desiaoned to provide the
gocumentor the adility to perfore his task with the expen-
diture of as Little time and effort as Dpossible, To meet
this goal the tools =ust be simple to uses casy to Llecarn,
flexirles consigstent with respect to each othery have
default values assionec to options which reflect the common
usage of the ootionsey and finaliy they must naturally inter-
face with 2ach other so that several simple tools can be

connected togcther to perform complex taskse

Georata Institute of Technology coBOL Workbench
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FIGURE 3.4.1-1
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The documentor?®s environment also inctluces &8 series of

lLicrariess The Llibraries contadn among other things teaxt

%
%
2
2
=
2
2

which may be used by 8 documentor in the construction of 2
cocumente This text can de either other documentation or
proaramse The Librarfies also contain commonly uses macros
for the Foreatter (see scction Jebe241) which help to

oroduce standard formats ot $tems within a document (CeQey

taplese chiartse Listsy figurese etcede

J,%.1.2 Documentation Foraat Standeards

Y S AR 4R ST A AN AN BAL WO LT, e S A PO

Anather aspecct of the docuaecntor®s environment is a set of

cdocusentation standards. These arc oesigned to ensurc that

oY ok IR aure g0E

all “tocusents of a particular type or belonging to a
particular oraganization usec the same sct of formatting con-
ventionse The detfinttions of the standards are rmatntalned
in Livraries anc are thus rcadily avallable for consultation

during the docurentation preparation process,

Since the ultisate ooal of documcntaticy nreparstion 1s o
tinfshed documenty the cocumentor will hgve to consider the
format of the tinished procuct during the preparation staje
¢t the documentation oprocess. This means that the

documentor will have to $tnscrt formatting commands within

R A ool e S M S e

the text in order to produce the dezired results when the
; text 4s processed by the Formatting Programe These $mrbedded
fornatting coemands are also the key to achieving standard
for=ats within the documentation. Fy constructino a set of

fornatting racros (sece zection 3e6e241)y anc storing them in

Georoia Institute of Technology COBCL Workbhench
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Liorariese one can provioce the necessary aids to help the
documentor easily construct documsnts conforaing to & set ot

format standards,

This technique was used to provide the section headings in
this report, Five macros were avatlable (h0e hle h2e hly
ha) cepending on the Level of the section being written,
The parameters required ty each macro consisted of the sec-
tion numsber and the title for the sectione. The macros
provided for the consistent spacing around the headinas and

consistent use ot yndertining and boldfacinge.

3.4.2 Igxt Editer

The Text Edftor alliows the documentor to createe updates and
s0cify unformatteo cocunents tn an on-Line maonner. In ac-
ditions 1t Aallows him to copy text trom one coccument while
creating or editing anothers Thuse the cocumentor can copy
text from other documents oand tris and nodify the copiea

text to fit his needse

The Text f£ditor nossesses a powerful set of commancds which
obey & simple and consistent syntax. Complex pattern match-
inag 1s also avaiiaple and aliows matching patterns within a
Line of text as vell a3 locatinc Lines containg the pattern,
Printed responses by the {ditor are terse resulting 4in o

sinfieum of delay to the user,
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The Yext Ffditor also provides users possessing fast CRY
terairals the 204lity to view o windox of thetir text while
edaitinoe. This s a powerful festure which not only alus the
user {n ‘inding portions ot text but olso mokes the

corstruction and modification of text eosier, In additicon

to tetna able to view o window 0f texte 0ne has the asbitiy,

to directly crhange texst Cisplaycd iIn the wincowe To enhance

&Sy n R

e

this covnadility, the user s also given the ability to posi-

tlon t=c cursor to the lefte to the rightey upe cOwne or to a

oarticulaor vharacter on 8 Line.

In ¢cave the user forgets one of the simple cowmpnds of the

Tditore ne ¢can asy the Tditor for helpe "epending upon how

N AT 0] ot ettt S ML ER TR Sk

the help 35 requosteds the user will get etther gencral in-

foreation r. .ut the £ditor or inforeration abou® the use cf o

‘w
k3
%
IS

partisular commaangese The help feature s d}siqncd to provide

corplete inforaaci.n tor the bdeginner and specific {nforma-

tion fuar the nore esperienced user of the Text [cditor. i
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{ 3
2 3.5 QOCUNENT GONTROL

J{

The developsent of software gsystees s an evolutionary 3

processs Thuse there x1{l usually be myltiple versions ot a ¢

program or docueent in existence simu ‘anecusly. For cxarm-

plee a particular program msay te n gcroductton white ae up-

SRR

gatec release of the same proqgran is {n developmentse These

congstitute two aifterent versions ot the same progran, In

addition to these two versions of the prograry there will

alsc he two versions of the documsentation supporting the
proaraasse To help saintsin order avong multiplLe versions of

the sase oprogras or gocumentey the Workbench provices o

Docurent Control Systes,

Bt 4 e Ot AR A R T R, SR b BT

g
et

The 2ost promising strateQy for provicing docurent control

ts that of malntaining a List of changes corresponding to a

particular revision of s document. These changes will

reflect the differences between a particular revistion and

fts previous revisionse A more detaliled explanation of this

LR IR T PO

technique can be found in Appendix 3. The revistons of alt

documents will restide tn a set of Libraries (sece scctt -

i
!
i
3
' é
]
5
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PREPARATION AND CONTROL OF PROGRAMS AND DOCUMENTATION
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R L

|

j ‘ 3.%.1 Libracies

: An important part of document control is libprary managemente.

! A¢ mentioned ecarliere there are a numder of Llibraries
required tc support all the activities of the Vorkbenchs andg
many of these Libraries contain stsilar corponent tiles ory
at leasty component files that could be appliec to the same
use  and aight even be identified hy the sarme namee The two

{anartant aspects then of Library managesent are

1) The management of the contents of tne vartous

ks i R S ISR s

Libraries 4n a consistent sannery anc
2) The =ans ocment of the wuse of the various
Livrartes in  the support of the various oc¢c-
tivities provided by the Workbenchs
The various Linraries in the Workbench and thelir contents
are deplcted in Table 3¢Sel=le The uses of these Librardes

arr Listed §n Tadle Je%el=2

JeHelel General Ltbrary

4 The General Librarye OGENLIB containg the coapiler-

incgepengent text of & cotlection of general-gurpsosca
reusabtle modules which will be of use (o all oprogrammers,

Thrse modules sioght include the followinag?

PR RS s i-shui v

-~ data input egiting
~ f4le structure definition

~ repgort generation
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TABLE 3e5.1-1
YORKBENCH LIBRARIES AND THEIR CONTENTS v
LI BRARI]IES
General
) Apptication
| | Project
) | | Release
| | { | Personel
' | . ' i Test Coelas
| | ] | | i Mectro
H ) [ { | | | X
Y v v v v v v . ¢
! [ | ' i | { { )
Definition of i i | . | | | i .
Comspiler-unigue | | | | ] 0 | ' :
Functions | | i i ! | | | /
[ i | l ! | i | :
| } { | | | | | :
Reusable R S R S A I 0 | | | ;
Xodules ] | { { | | | | .
i ! i | } | | i :
i { { | i { ! | {
¢ Test | ! I (N I T S ! :
Harnesses i i | | ] | | | !
0 | | | | i i l | :
| | ! H [ | | | ]
N Programaming ] T SR T SR i1 0 | { | $
Skeletons | ] | | ! ! i i ;
T [ I | i | ! | ! s
| | ) { { | [ | H
€ Baseline | | IR R S SR R I | |
Prograes ! | | | ! ] | | 3
N | | | | -l i | { :
| | i | | i | | g
T Progras RELEASES | { | S S | } } | 3
& VYEKSIONS i | i { i | { | i
S ! | i | | | { | .
| { | | | | | "
Notationsl | | | § | 077 { |
Shortands | ! ! | ! | ! |
i | { | { i | | z
| | | | ) i | | i
Personal | | | | N | | ;
Prograns I | ' | | | | ! y
] | | | | { i { £e
[ | | i ] | i | {
Bresdboard | | | "t | I 9 | | |
Prograas ] i ! ! ! | | { :
| i [ i { | | I 3
T: Tested D! In Development 3
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TABLE JeSel=2

WORKBENCH LIBRARIES AND THEIR USES

P e

Likeacy uags

General Supports work on a8 large
nusber of projects and ap-
plicstion aress.

Application Primarily to support work ¢n
s specific application areas
Cafer payrolly {nventorys
etce

Project The development files for o
specific project,

i BBy b LR

oy

Release The docusentation actually
released to users,

o iR L0l

Personal Anything that is not reacdy
for pudlic usees eCogee has
not been tested cr s not
intended for pudlic use.

TN R LN

Test Test harnesses.

Compiler-Unique Macro Compiler unique mscros which
ere wused to replace apcro
calls of COBOLewbe $n order
to produce code for & par~
tteular compiler (COBOLJK),

VORIl GaR,
-
Lained

M
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SEMLIE contalns only tested codee “New module definitions
nay nDe addea to GEMLIB by installation oersonnel only after

conplete testina,

The ~ooules are written {n COBOL.wbec anc contatn no
conpiler-dependent referencese These modules may contatn

colls to nacros as well os calls to other modules,

Jecelel Application Libraries

The doplication Librarles osre special opurpose modutlce
ttorories contalning nodules cdevelopec ftor special  ap-
olications, “rasples siant  include a package of payroll
#ocules or n package of =ndules developed tor inventory
controle. fvery oapplication will possess 1ts own Library,
APPLIPenanr (Cede APPLIB=-PAYRQLL or APULIR-INVEN}, Ap -

plication Librartes contalin only tested code.

JeSele2e1 Zpusable Yodulcs

Yocsules are  ysed to isolate any freguently performed funce
tion or task In a stnale plece of s2o0des to eliminate redun=«
dant codulini ¢f such tasvse and to simplity matintenance., lhe
norules  dncluded In the spplication Librartes are geveloped
spectfically for a particular apolication but may be used by
othrr crojects as the occasion reauliress They are written

in C0B8QLewdt anr must be both tested and complete.
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Ye5.1.2.2 Programaing Skeletong

Tested Programaing Skeletons which are wuseful tc a
particular application anc are written in COBOL.wbC are kept
in the application Library for the oparticular application.
These skeletons may refer to reusable modules stored in

other Libraries.

3e5¢ied Project Lidraries

Project Libraries contain reusable test harnessess proorax~
aina skeletonss baseline progromse and breadboard programsy
all of which are developed specificstily for o oparticular
progranniny projects The Llibraries are named "PROJLIA=-proj”
where “proj™ s the nane of the particular project which s

served by the LlLibrarys.

JeS5e10341 Seygable Modyles

The reusabdle modules contalined 4n the Project Libraries ser-
ve the samec purposes ag the reusadble modules kept in the 4Ap-
plication Lidbrartese They are ceveloped specificelly for o
particular oroject under developsent and should not be used
by any cother oproject since the chanjina needs of the
development tecan zay modify modyle colliing usaar or behavior
or eliminate scee modules asltogethere The moaules {ncluded
fn the Project Library are writiten 4§n C080L.whc ang are

tested,

ceorgia Institute of Technology COBOL wWorkbench
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i%

l;s!1

Sefelede2 Iggt Harnegses b

Test harnesses to be used in the testing of ¢he mocules of o §
particular oprolect are bhoused {in that projectts Project

Liorarye These modules are written ‘n COBOLewbc and have %

3

been tested, %

¥

4

Seheleted “ragrasming Sheletons %

i

Fronrameling Sketetons that osre applicable only to o N

particular profect are kept 4n the project®s Project ?
Liorary. They are written In COBOLe.wbC ang  have been

bt g O

testess Yhey nay call rocdules which are housed n other

I,

tinraries,

JeHelaled iﬂ:giiﬂg "’[ngig
The bdaseline progras as contadned In the Project Library s
a tested prograv, It {s written {n (O0BCL.wbc ang wmay )

tontalin calls to socdules developed especiatlly for the

o

profect ant asintained on the project Librarye as weill oas

calls to tested aodules contained 4n the otrer (tbracies

descrioec 4n tnis section,

JeSa1e3e3 2readboard Programs

P

Breacdoard proarans that osre developes for o particutar é
nrojcct are kept in  the Project Library for the project. g
these nrograms are written §in COBOL.wbce They have not been %
rinorously testeds but are stiil believed to be correcte. g

Goorgla Institute of Technology COBOL ¥Workbench
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Jebelet Release Lidbrary

The Release Library contains those prolrams which have Leen
released for gerneral use. This includes tested aseline
Programs written {in COBOLe.wbc ano the compdler-specific
RELEASES and VERSIONS of the Baseline Prograas which arc
written f1n the opasrticuler dialect ot (CO0BCL (CORGLeH)
provided by the target machine on which the proqraa s to

[ V14 Y

JeHhele Porsonal Libreries

The Personal Lidraries are used by the programeer to storc
any wmaterial he {3 ceveloping. They contatin code in
COBOLewtbr¢ or COBOLsk anc will usually be untested., After 2
procrar or =2ocgule is completed and has been satisfactorily
testede 1t will norwally be moved to one of the other
libraries (e.aee Genecral Librarys Application Librarfess

Project Librariesy etcede

The {noividusl nroarammer ®ay choogse tc make use of the
vorkbench facilities to permit notational shorthand for
things like tong wvarfable names or freguently occurring
statenents, These notational shorthands are stored in the
Personal Librariese These individual abbreviations cshouly
te reacoved from the coapleted code by expanding such =odule

calls iInto the corresponding code.

Georqis Inetitute of Technology COB0L wWorkbench
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3.5.1e6 Test Library

The Test Librorye TESTLIB consists of trst harnesses into
which the prolrasser =3y insert a newly designed module for
test purposess routines for the generation of random gats
soetiny specified ftorea’ restrictionss and qeneral=purpose
outsut routines, Other TESTLIB tunctions ~ight provide the

capabitlity to collect pertorasnce diata. se modules are

orovined in orger to assist the proaraametr in the develop-

eent 0! ne« mocduless

1FSTLIP contaltns anly trsted codce wow module definitions

or routines may d¢ added to TeSILIn by installation person-

nel only atter coeplete testina.

1.%.1.7 Compiler~-Untque Macro tibraries

Ihe workbench contadns & series of Libraricse B4CLIBeny for
each target compiler me These contain the text for the
corpller=derpendent ®acro expansions for the particular com-

piler ne

The macro Library will serve as one of the inputs to the
mactro expansion processor which will trongslate the compiler~
tncependent procras text into £D8OL code for compilation by
a particular compiler, Macros may call other sacross but
zay not call =odules or contain COBOLewbe statements not

tncluded In the compiler for the qiven target machine.

Georgia Institute of Technotogy COBOL Workbench
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P e

The Mactro Library contains the text which the Macro Proces-
sor uses to expand macro calls 4nto compiler-unique
notations It 4s necessary that strict naming conventions bte
usecy as each MACLIBet =must contain detinitions for ail of
the sare macro callse 0fue to the nature of this orocesse 1t
1s Llikely that the majority of mocro definttions storec in

any afven YACLIOB.k will de eapty,

The necessary MACLIGS will ve provided along with the Worr-
bench and should not be mocitied by installation personnele.

MACLIHs contain only tested codes

3+5.2 Control of Sourss fede

vithin the Workbench environmente a single module may te
sasintained 1in a rumber of different versions. The source
code comprising the msodule may be maintasined in aultiple
coptese each {including (possibly minor) changes from the
orfisinale This aporoach %s not desirable for three major
reasons.

1) Storage s wused finefficiently to maintsin
sultiple copics of (essentially) dunlicate
information,

2) L prograsmer nmaking a mocdification say not be
codifying the Latest version,

33 1t ¥s very difficult to remove & mocdification
other than the latest.

L better approach 1s to store the original modute source
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code only once and to record all modifications as

-

fnsertions, deletionsy or replacements to the orfginal fite,

A AT P AR s L) L A

To sisnlity operation by avolding the need for special crea-
tion tacilitiesy the oriainal Meodule Source file may be
reqargec as emptys with the first wupcdate consisting of a
serics of insertionse The dorkbench Source Control Facility

is suagested to provide these foatures,

3e¢%5e2e1 Structure

The Scource Control Facility matntains a project®s source

L I RN A S B S S N P Lt et e RS

. tode in a0 nuaber of data filese hicrarchically organizeo.
€ach socule s naintained as ar Indivicual file which ray be é
sodified {ncivigduallye. Larger oprogram fragmentse while %
storcd internally as a collection of nmodule source filesy ;
may be treated loalcally as o sinale file and mocitied as o ;
unit, This process of combination of modular subunits to %
produce targer wunits 4s coarrfed wupwards throughout the ;

) project source Librarys The PRIMOS tile syster (see Appen< i

12

1

v

dix 8#) facilitates the wuse of thie king of hisrarchical

e A

structure.

Je54242 Features

R

fFeaturcs of tile Scurce Control Facitity dnclude
12 Zreation of “odule Source File,
2) vodating of "odule Scurce File by dnserting.
teletinage and restoring source tines accord-

inc to information stored 4n the tile cor

SN L DA R Ay Y e R I R
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provided as part ot the correction sote.
3 Apitity to completely and permanently remove
correction sets frons the “odule Source File.
4) seneratiaon ot a module version correspondinag
to the modifications desired by the projram-

mer and expressed in the correcticn set,

) Senerotion of & newy updated Module Source
Fileo
&) Zomprehensive Listings noting oarny changes

made to the Voedule Source Files 35 «ell as
the status ot alt source Lines contatined in
the file (inserteds deleteds modified).

7) The abdtity to qroup modules together 1into
tarqer units and to pertors the sdove tunc-
tions on these Larger units,

In orcer to {mplement thesc ‘featuress it is necessary to as-

stan each source \Line a unigue {cdentifier,

3¢5¢62¢3 Status

The Source Control Facility s not yet ftully {mplementeds
howevere the tacility parallels 2a numbar of commercially

available toolse such as {DC*®s programs UPDATE and MODIFY.

3.3.3 User Recungols

Azong the documents aaintained by the Document Control
Svstem are user documentse Examples of ¢this group of

documentstion sre user sanualse reference ranualse finstruce

Georglta Institute of Technology COBOL VWorkhenth
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tions for data preparation and entrys reference material to

support feedback from usersy etce

3:5:3.! Original Document

in orfginal document is fdentifled us version one of release
ons of the documents Since 1t 4s the first revision of the
documents the {13t of ehanges corresponding to §t will
consist only of {nserttonse Treuting the oriqinal document

in this manner will omake 4t consistent with the other

;
¥
:

revisions,

4'3&

;i 1e5¢342 Released Modificetions :
; Yodifications to a document are obtained by creating new %
é;‘ * .?%
k. VERSIONS for o particular release or creating a new RELEASE %
tsce Flaure 1e3=1)e Changes to the bascline program result %
B

AN

in the creation of a3 new RELEASE while changes to the

i
compiler-untique VERSIONS of the baseline proqram result in %
v nes VERSIONSe The Document Control System orovides the g
ability to mark revisions as to whether or not they oare '%
avatlable for release. In additione the wuser can upon ﬁ
request obtatn & L4st of those reviszions approved for §
release. %
E
3
H %
i
Georgia Institute of Technology COBOL Workbench
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Jeb5e3ed Latest Version of a Release

The Deccument Control System allows one to obtain any VERSION
of any RELEASE by simply specifying the specific version
number and release nuabers Users can also obtain the latest
VERSION of a RELEASE by stimply specifying the desired
release or the latest RELEASE hy specifyina the name of the

document.

Je5¢3.4 Raintaining Comments on Documents

To obtatn a document which s correct and satisiles the
needs of the user comssunityes a means of obtaining feedback
fros the user community =ust be available., This service s
provided with the help of the Document Control Systeme User
cormentse which may bhe efther notes on possible errors or
suggestions for changes to 8 documente are datede identified
by the user saking the comments and linked to the document
to which the comment refers. The one responsible for the
document can obtain the comeents from the Document Control
Systemy act upon themy and reply to the oripinator of the

comment,

3e503¢5 MOrking Documents

Oocuments in the working state can be identified as suth by
the one responsible for the documents The Document Control
System will then be able to detect that the document {s a
working docusent and will not give that document $0 & user

requesting a released document,

Ceorgis Institute of Technology €o80L wWorkhench
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3.5.4 Manaagasnt Rosumsnts

Managesent documents are maintatined by the Document Control )
System in the same manner &3 user documents. Examaples of
this group of documents are personnel/team crgonization and
task Dhbreakdowne project budgetsey cost and timc performances

project statuse test planse etce

3e5e¢8s1 Original Requirements

smong the docurents maintained by Document Control Jdre those
specifying the requirements for the software gystemse The
oringinal requirements tor s system are found in version one

of release one of the documrent containing the requirements. -

3e5¢442 Current Requirenents

s

RIS s RIS

A3 the requiresents for »a system changee the document

b
3ieeer

containing these requirements will evolve new versions and

b ot B Rt i R e Pt B e

possibly new releasess, 1o obtain the Llatest requirementss
anc need only specify the name of the document containing
the requirsments and the Document Control System will cbtain
the correct relzase snd versions It ghould be noted that

the treataent ot these documents s the sare as the user

documerits mentioned above,

Geargla Institute of Technology COBOL Vorkbench
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3.5¢403 Change Requests

Chanqe requests recelived frcm efther users or the oproponeat
organization for whom the svstem was designed are reviewved
by the project management staff ang then entered 4into the
documentation dJata base so that they will be availabte for
consideration when the next major release of the progras s

prepareds

JeS5s444 Approved Modifications

Based upon change requests from users or based upon changes
fn the functions that must be provided by the dats proces~
sing systemy the proponent or the proponent orqanization or

"owner® of the systez in consultstion with the developing

organization will review and approve modifications to bhe

made to the system the next time a wmadjor release s
preparede. These modifications will be stored 4n the
documentation data base appropriately Uinked to those
partions to which they oapply so that ¢they are readily
available and apperent to the project team when the new

relecase s prenarede.

3:5¢405 Maintaining Comments on Documents

The technique for eaintaining comments on management
documents {s Ydentical to that for user documents (see sgec~-

tion 3eS5e3e8)e
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JeSe4eh HOorking ODocuments

The techniques wused to handle working management documents

is 1dentical to that for user documents (see section 345430,

3eS5e447 Project Status snd Control

Since the Document Control Systcm matntains all revisions of
all doruments and all comments pertaining to those
revisionss one should be able to easily obtain the status of
a projecte Since the Docurent Control System possesses the
necessary iInformsation to report on the status of @ projects
1t ts responsible for provicding tnis services The user need
only specifty the documents to be anatyrede and the Document
Control Systes will oprovide Iinformaticon {indicating the
revisions available and the change regues’s which have been

acted upone
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3¢6 DOCUNENT PRODUGIION

3+6¢1 Progras Productign

Proqgras provsuction 4s a function providec by the COBOL com-
piler oand programming system applicable to the target en~
vironaent. The Workbench tools provide the capability to
produce a8 cospiler-unique VERSION of o baseline progranm
RELEASES howevers the only dinlect of COBOL that can be
transtated 4nto an object program by ‘he Morkbench {3

COBOLewbeo

J¢6.2 Dogumantaticn Bradustion

To produce printed docusentationy the docusentor must direct
the Text Formatter and the cesired printing toolse The text
to be formatted iz obtained via the chain froe Document
Control to the Librartan to the Libraries and passed along
through the Formatter and printing tools to the device which

13 to print the documentation,

Je6e243 Tent Formstter

Documents 4n their finished forss are obtained by running
thes through the Text Formatters This formats the text oac-
cording to commands intermingled with the text and default
settinos for those options not specified by commands, The

Text Formatter allows the user to make either the left or

Georgis Institute of Technology Co8C0L Workbench
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FIGURE 3¢6.2-1
DOCUMENTATION PRODUCTION
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right margin eveny contrcl the size of the Lleft and right
margins as well as the top and bottom marginse and specify
heuders or footers to be printed on each page along with
nunﬂerinq of the pages The user tan ctontrol the (ine spac~
ing and specify the centering of specific Lines, in ad-

ditiony specitic words or phrases can be highlighted by bol-

dfacing or ypdeclining.

The ability to detine and use macros is 2lso avaitable in
the Text Formatter. This 4dncludes the ability to pass
parameters when calling 8 macro. Thig capability gives one
the abitity to provide > set of standards to a 2zroup of
documentors. This is done by creating macros to perform the
operations which are to be made gstandarag and proyiding these

macrog to the documentors through specific Libraries,

Thuse the Text Forsmaetter provides neatly formatted ocutput
froe very unstructured ‘nput. B8y delaying fermattine to
later stageéy one 13 able to enjoy 2 considerable amount of
flexibitity during the entering and modification stages of
document preparation. This allows a document to grow and

change with & minimum of effort.

3e6¢2¢2 Printing Tools

In addition to the text forsattere cther tools directed
specifically at the oroduction of printed wmaterial are
needed 1n order to produce documentations Amona these are

toals to selcct the range of peges and number of coples of

Georals Institute of Technology copoL wWorkbench
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the Yocument to be printeds The documents may de printed on

a varlety of devices including Line printers and hard copy

terainals. Thuse there must be tools to take the output

from the text formatter and convert {t to a torm appropriate

tor the adevice on which tt is to be printed. For exampley

docurentts o be orinted on a line printer need to caonvert
all back spaces iInto separate \line outputs «with a5 fores
control that does not advance the papers Thesé tools misst

ftntertace with the other tools avatlable on the uworkbenchs
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SECTION ¢
UTILIZATION OF THE COBCL PROGRAMMER®S WORKBENCH

o1 GENERAL

As s perhaps evident from Section 3¢ the Workbench conists
of only a few "general-purpose® tools that are utilized in
"specialized” ways to provide the capabilities outlined in
Section 2. This flextbility 4s provided by the very power-
ful and versatile Comsand Interpreter that controls the

operation of the Geerqgia Tech Software Tools Subsysten.

The paragraphs below are not meant Lo be & user sanuat for
the Yorkdenche Rathers they provide some instght 4into how

the systeas <can be wutilized to provide the capabitities

desired.
Georgia Institute of Technology CoBCL Workbench
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V.2 PROGRAN PREFARALION

The variety of options that are possidble 4n the use of the
Program Preparation Subsystem are almost Lismitlesse The
paragraphs below provide some examples of typical or

representative uses of the capabilities of the VWorkbenche

4.2.1 Producing a LQROL Modyle or Prearam

In the sinplest situatione the Vorkbench s used to produce
code for & particular compiter ko (Note that 4t 4s not

necessary that x be a COBOL compilers)

FIGURE 4.2.1-1
PRODUCTION OF A PROGRAM IN COBOL<k

| | | |
| cosoL | ] CoBOL.k |

Prograaser =~=e=«)| |==<>] Standard |-==)>Progras for
{ Editor | | Enforcer | Compiler &
| I | | R |

%.2.2 Preparing a Reusabig HNodulg

A’ reusable sodule 4s prepared very simitarly to any other
code modules The critical aspect of a reusable module s
fts interface to other modules, The oproduction of a
reusable module differs from the production o¢f s complete
system primarfly dn that the interface behaviour must be

clearly and exactly defined and wust seet the standards

Georaia Institute of Technology CeBOL Workbench
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established for reusable moduless Use of the standards en-
forcer is required for consistency between modules developed

by ditferent prograsmers, New modules should be transferred

from the prograsser®s personal ULibrary to the project
Library only after passing the standards enforcer and under-
going thorough testing. Modules deyeloped by the project
should be added to the application Library or other general-
access Libraries only after complete test. Once a nrmodule
has been transferred to a permanent Librarys any further

mocdification sust maintain intertace behaviour.

FIGURE 84.2.2~1
PRODUCTION OF REUSABLE MOO'ILES AND THEIR OOCUMENTATION

| | | |
{ Code ) { COBOL.wbe | Module
Prograsmer ====>j Editor |===~=)>| Standards |====> in
| | S | | Enforcer | COBOL.wbe

| | i | ¢

{ Text | { Document | Documentstion g

ceccncecce)| Editor |e==<=>| Stendards |====> for 4
oo | Enforcer | Module g

'm' %

Module e
in ===’y (GENLIB or APPLIB.name or PROJLIB.nane) g
COB30L.uwde =

Pocumentation should be producec in parstlels and shoulo
fnctude Information about the statuy of testing and a record

of any subsequent modifications performed or recquested.

Georagia Institute of Tethnoloagy CCBOL VWorkbench
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The Workbench may also be used to produce reysable code for

a pariisulac compitler k.

FIGURE 4.202~2

PROCUCTION OF REUSABLE MCOULES IN COBOL.K

| | |

| coaot | i COBOLek | Module
Prograsmer ~e=<>| [==e==>| Stenderd |====> in

| €ddtor | { Enforcer | CO80Lk

4.2.3 Brogucing & Bassiing Program

Perhaps the most isportant factor in the opreparation of o
baseline oprogram 15 that the resultant COBOL.wbe progras
esust he tronsportadble to all of the target opersting en-
vironitents of interest, The exact sequence of stegs to be
followed andg the depth of nesting of calls to code wmocdules
ind/or reusable aodules s reslly & matter of personal
oronramming style, The Workbench will support almost any

technique possible.

The basic fors ot the baseline program that 1y retajned for
maintenance can contaln references to reusable modules that
Ars awaflable for public use (defined 4n the projecty ap-~

plications or general tibraries?.
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4.2.4 Preparing the Cempilec-lnigue Hascs Likrariss

There nust he a complete aacro Library oprepared for each

target oocrating environment whether they are distinguished
by hardwares softwarey or other differences.s /s can be seen
fros the example 4n Appendix 24 macro Libraries can become
quite Llengthy since they each must contain a macro defini-

tion for every environaentally~unique feature even 1t ¢that

uniqueness applics to only one environments =g c&n be seen

Satdat i

from the exampley macro statements can be utiilzed to accom= )

plish several actions

YOS

1 Sclection of one (or more) of several

"

statesents in the oriqinal prograa based on

i e

the name of the target environment,
2) Expansion of a statement In the original

arogram which way opass parascters to the

“3Cro.
3 Flistnation ot & statement {in the original
OroQgram,

&) %0 nothing (copy the orfainai

led
&

e
E

(24

3

(2 d
-
*

FIGURE 4,281
PREPARNATION OF COMPILEA-UNTQUE RACROS

wume) Kacros for compiier
Systees =ewe) Hacros for coapiler 2

|

|
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It can be seen from Flaure 4,2.4=1 that §t {s anticipateo

that a systess programmer will bGe required to opreparc

compiter-unique =acros.

4.2.5 Brogusing a “Breadhaeard® frogram

& Qreadboard Program is prepared in a manner sirilor to any
other program or nodule with tuo exceptions:

1 The eaphasis s on preparing a

zretotyne
sigse agpraximatian to

systee fuactionality desireds not on

proqgram provicing o

meeting
atll wuser reauirements or on perforsance and
sfticiency.

2) The dSreadboard progras §s not seant to be

portable to 8 nusber of oaperating en-

vironsontse
A3 o result of the two factors cited aboves the developer of
3 breadbosrd pregrae wiil sake much heavier use of reusabdle

modules even ¢ they do not provide exsctly the detalled

functionalily drzsired and even it they are coapiler~unicue.
tThe steps in the preparation and processing ot a breasdtoard

progras are dasically the

those

same as required for a

baseline programe

Georgia Institute of Vechnology COBGL Workbench
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4.2.6 Naintaining the Saasling Praaran

As noted aboves the baseline program s prepared utilizing
90ly CORAOLe.wbe which containg statements that act as macro
calis to handle compiler-unique features and reusable module
*statements® which are also expanded using a macro catl
orocedures It is important that the baseline proqgras retadn
these teatures in order to matntatn 1ts f{nteqrity. Any
changes or modifications to the baseline prograom nust fellow

these sane standardse

Maintenance of the baseline program 1s usually perforaed for
one of twe purposes?
1) To weodify or {ncrease the functionality of
the systes as directed by the system
proponentse or
2) o correct errort in the orogram resulting
from (oaicel errors n the design of the
baseldine proaras or "aechantcal® errors

taused by the expansion sndfor transportation

chases of prograa processing.

The first situation s a fairly standard situatfon anc
serely requires revorking the code in the baseline progrant
howevers the latter circumstancey which will certadnly occur
quite freguently in a dynamic world of changing target en-~
vironmentse modifications of target gystem softwarey etces
will necessitate changes in the definitions of the reusable

mocule and compllier~-uniaue macro Libraries.

Faln

R G R e SR e

Lad

e

‘&g&% ‘4?.”. >,

L s

OSSR S et

SEESNT

g

SR

s
S

oEifien

5 &'ﬁl 3

\‘:.L

&2

713

o]

Georgia Institute of Technology COBOL Workbench
! n';, . - ':t;j‘:fﬁ' - ‘,'3:"'9‘:“”‘:’“_""'“2‘% s - : % oo e w hi

L »

i R ' -
LA LT s BT N




vﬁ@W%mEﬁﬁw%ﬂﬁﬁ%ﬁﬁﬁ%m%ﬁ@mﬁ%ﬁ@%@%@%ﬁ@%@@ﬁ“ﬁﬂ&%Fﬁﬁﬁﬁ%@my
L]

Section & UTILIZATION

42,7 Naingfaining BELEASES and YEASIQNS

There ¢33 actuslly no need

other than the activitics described above for

maintenance cof the faseline Programe

continuval matntenance on compiler-unique

Paage 100

to maintain a program RELEASE
the
Howevery there yill be

VLRSIONS of the

Q: orogrns to provide tmmediate correction of errors {n the
R

; design of the proaram as well as in its automatic processing
}; by the Worubenche Such changes will be made directly on the
;.

e distribution VYCRSION of the proaram §n COBOL.k and will
‘4»

P

3 producte MOUIFICATIONS of YERSIONS.

.'

3

%.2.8 Sussary

3 The hest summsary possibie 45 3 figure relating the wvarfous
ﬁ. activitics described aboves This inforemation is oroviced in
%} . Floure 4a2¢9%~1.
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FIGURE 4.2.8-1%

UTILIZATION OF THE COBOL PROGRAMMER®S WORKBENCH
(Notes on following pages)

Prograsmer/ | Reusable Module (1)

sy.t.. Aﬂ.t’.t --.,' COBOL '--.--.-..--.-----.---....--.-..
|
|

| Editor

'm

Progres

|
|
(I |
sescscnncccsncaace | "Copplete” )
| Modules (1) ¢2) | Program (1) (2) i
JUT, JEUR e’ e |
| | | " |
| Personal | | Progream |} |
| Library |e==<=>| Processor | |
| : (3 | :
| Baseline Pga (1) e mo— |
Baseline Pge | | i
| | Project | {
¥ e i Library |<==]
| | I
| Prograa | Reusable | | !
| Processor (Ceccocacrcecncna| } |
i i8) | M®Modules |
P, |
! |
| | | |
| Program | Reusable | Application | i
| Processor [(e=cceccnna) Library [€==]
Systess } %) | Bodules | | i
Programser | { | | }
| | |
' IS Erel  SREDAADaR SREPYUD S '
an’an— ! | | (I
| | | Program | Reusabdle | General | )
| Text | | Processor {Cecoccccnccane] Library |Cne-
| Editor | } t6) | WNodules i {
| |
| | "Baseline” Pgm (7
' '..-.6...--....o...0)' '
v | RELEASE | |
| | S | |
| Compiter~ | | | | Releoase |
| Unique } { Progras | Compiler- | Library |
' Nescro '-.--)' Processor '-..0.--‘-.-.-)' }
| Lidrery | | t8) | Unique } {
PR | eeecmenee! VERSION oo}
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Detinftions ot VYarious Code Modules

T e T B R AN LA ALY

Reusable Rodules

o rve

dritten in COBOLewbc (ore possidly 4n special
instanceses COBOLJk)e May contain references

to other reusable nmodules and/or compiler

¥

2

3

a

¥

>

<

E K
H

?

uniaque features in COBOLswbeo
Compiler-Unigue Macros
vacro definitions that provide the informa~- E

tion required to translate references to com~

ofler unigue features {nto fully expanded
compiler unique code.

Compiler-Unique Progrea YERSION
Contatins no references (o reusable modules or E

compiler unfque featurese Hags been processed

so that 4t {13 & source oprogram written
entirely in COBOL.k (ready for processing by ) !
coapiler "k® on tarqet machine K). 3
Baseline Prograa E
yritten in COBOLawbce Contafing references to

cospiler~unique features and reusable modules

{uritten §n COBOLewbC)e

8readdoard Progran

Jdritten in COROLewbe {ore In special

fnstancesy COBOLoK), ¥akes heavy usc of

reussble modules written in COBOL.wbt (or

COB0Lek) It no compiler enists tor -

AR
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C080Lewbce the bhreadboara oprogram can be
processed tc produce & "Jk® version for

execution of the prototype systen,

detes for Eigure 2e2.8:21

1) M3y contain references to Workbench Reusable
sodules and/or compiler-unique fcatures,
2) Yay also contain references to Personal

Reusable Modules.

33 Processes and removes references to Personal
Reusidble Modules.

4) Processes and removes references to Project
Reusable Modules.

5) Processes and removes reterences to Applica-
tion Reusable Modules,

6} Processes and removes references to Genersi
Reusadle Modules,

7 t copy of the Baseline Prograz will nof
sentaln referenges 32 any Reusable Modules.
ALL  such calls have been expanded fully into
COB0Lewbcs It may still contain rcferences
to compiler-untaue featurese.

8) Processes and renove; references to compiler-

°

unique features,
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43 DOCUBENIAILION BREEARAILON

SRR

4.3.1 Prepare Qrigioal Documents

Th2 preparation of orfginal documents {s accomplished hy
neans of the Text Zditore Text can be efther entered direc-
tiy or copigd from other docusents which oslrendy exist

within the systeme Possidle sourcces for copiee Ynclude both

‘3

G T I R ST s AT

+

proqraa tode anu text documents. The docymentor will

o normally caly wish to copy narts et o prooram or a3 text ﬁ;
document . This {5 acccmplished by first copying the entirc -é
doturent and then deletiny those wportions which are not ';g
desired, Since these operations are all carried cut by the -%
Text £ditore one can eastly trim ane wcdity the copied text ,:§
to sult the needs of the document bednd created. .§

%

g +.3.2 Bpdifying Dosuments ¢

The mrnoditication of documentation is also realized through
the Text Ecitors The operations aveiladle to the documentor
include finscrtiony deletione and sodification of texte In
additions the documentor can cOopys tfimy and modity text

fror any desgstired sources

%
%
-1
3
§
|

- Georgia Institute of Technology COBOL Workbench
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4.3.3 Apngtaiing Rasusgois

; 1t is extremely Likely that after 2 proardm or text cdocument
has oeen recleased for qgeneral use that an  error will *e
discovered or a place for improvement will be noticec. If
onc wishes to voint out an error or mbke o suyqustion for
E imcrovementy one need only access the annotating teature of
i

the Workdenche specify the document of dnterestse inclucing

the releasc and version numbersy an~ specify the corment

;¢ : concernina the document. The workbench will appens to the
%5 E document the naze of the user generating the zomment and 2
é{ . will then Link this collection of information to the proper
E{ : , docurcnte Those responsithle for the docurent will bhe able ;
: to ohtain the List of comaments pertaininoe to s*ny docunenty §
Do act udon these coxzentsy and respond to those fcentifled as %
f responsible for the cemrment, %
4
Z: ! The annotating ceopobility need not only 5S¢ usew on proorass g
;: (; and dacusentation relensed for general usce 1t coan alsoc be &g
1 ) used by the develoosent oroups to add In coordinatina atl g
%' parts of a targe systen, %
2 5
- 4304 rogucing Seecific Yeratens %
%;.'Q Specdtic verstons of documentation can be maintoined and *%
?1 produced throuah the document control factlities of the %
i: Lo Yorkhenchs Cocuaentation 13 organized according to &
;  t relcase nusber and a versfon number within a3 release. To

create a new version of » relcasey one must octafin the

Georata Institute of Technology COBOL workbhench
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latest version of the document from Document Controle Any
changesy additionse and geletions can then bHe maoce to this
document by seans ot the Text Editore dhen all of the
nodifications have oeen nmadee [ccumcnt Control 3s called
upon to build a new versfons If 3 new release s to be
constructedse one sust obtadin the Llatest version aof the
latest release ano proceed as describes aboves Finallye §f
the first wversion of tne tirst releace of 3 socument is to
be produceds onye need only bufld the document with the Text

féiteor and infora Document Control that the first version of

the tirst relecase is to be bullte further delafls concerne

ing “"ocueent Control can be found in Anpendix 3,
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4.4 PRQGRAN IESIING

PR R S L

FIGURE 4.4-)

TESTING A COBOL.whc MOOULE

COBOLewbe
Module
Test
Subsysten

COBOL.ube

Module =<« e==)> Test Outputs
Input

Text Data ==~>

'
|

|
. Special
Instructions

4.4.1 Yorkbeogh Igal Qascatisn

te8,141 Input to the Testing Process
1) COBOLaswb ¢ Source “oduyle
The testino process will convere tha

{0B0LewnC module {into successive COBOLSY

rodules and test cach mexber 2f the reosultine 3

4L o A o by e T

fomity 0! modules.

2) PeCLISe%s where § goes from 1 te n

fieorafa Institute of Technology COoLGL dorkhench
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‘'ecessary to perait conversion of the
£030L emtrc motule into the corresponding

C020Lel todules.

$) spectal  Instructions (Hodules orovidee on
TTSTLISY 2
3
- 14 establisn the test rn- i
vironacent, ;

= To control the test sequencinn,

. ctce
= To create test data mceting aata
declaration reauirezents, .
= 10 creote test files mecting the
itle formot soeccifications of a

alven rachine.

. bebeleZ Output from the Testing Process

. i) wwzerdec values from test runs,

e o SR A S R R e o Aot

asong the special fdnstructions 4ncluded on

s i L A
R, Ry ?

TRETLIR will s5e routtnes to print bvoth the

5

agton
PRI

randor  data aencrated us fnput and the

N4
&

results of the test runse.

ey T
N gi" Chet o

2) stagnestic fnformation, -
irona the special Instructions 4mcluced on
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. TESTLIB will ve routines to collect ner-
formance data and to trace execution of

rodules under test.

4.4.2 3pggific Igat Capabiligtiss

ot et W e oy ke

1) Accent the COGOLewbe Source *“ocdule.

It is strongly reconmerdeds that only thosd

1cdules which have passed Standards Infor-

T

terevwdc be accepted as inpute This nmay be

achieved asutomaticallye by cotlino the stan-

i dards cnforecer 8 the first step in the test-
ine processe or manuallye by reguesting
- projcct orogrammers (o zubmit only aporoved

20¢vules for testing.
) Jsing test harnessen (sodules) orovided on
TESTLIB. produce an e¢xgecutable <O0B0Lesde

orograre

Jhat we mecan by a test harness s a3 madn

N el omry

prsaraze cxpressed in the form of o moaoules

which serves bs 3 driver to execute an other-

T fes

i

wisz incozplete COBOLawde sodulce Specific

copanitities and requirerents of test harnes-

’ ses will be discussed in & Later section,

Savs

N B 3)  Transtate the resulting COROLewbc proorax
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4) Gencrate test datos

Georafa Institute of Technology
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into C060Leke

At the roment we make no atteapt to execute

TOEQLewbcCo whit» tt zay in {act be possible

to do 30s and thus to test CORQL.whC Drourams

directly without conveision into specitic

dJiatectse this approach Leads us into a very

corplex problem areoa which {8 beyond the

scopc o0t this projects namely the problenm of

verifications 1If we orc to draw any uscful

conclusions fros our testing of 3 ~080Lewbe

nrocrom We myust bt avle to verity that o

particular CCBOL.k progrem s functionally

identical to the criginal COBOL.wbe progras.

&LL  that we are adle to show without dispute

is that a oparticular COBOL.k wyurogram was

derived (l.cne 38 A macro exﬁansion) from the

original COBOLewbe prograte This 4s not suf-

S b i Ak 2

ficient to desonstrate correctness,

».{v«;::

shat wve want here are a set of routines to

denerate random data meetine a atven data 3

wpetitications These routincs %
=~ could be implemented 4n  any

langusyge (need not be written in

cosoL)

COBOL Workbench
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. - couta be {implemented either as
. monules (11 written In COROL.wbe?
or 8s separate routines (in yhich
‘ case there would be at Lesst one
% routine for each J0BOL.H)
= would be storeo in TESTLYR
4 ‘ - atcept an  lnput COBOL.ubtc cotn
g declaration divistons
é i - produte as output rondor cate
3 % sceting  the input data cecara-
tion and the file structure
rrquiresents of the given target
sachine
%) Fxercise the progras logice
In other woruse cxecute the CO8LL.Y rmrograe
developed in steps 2 and 3 above using the
randos data fron step &4 as  inpute s trace
routine to ensure that every Llogic branch 4s
trieac miaght be uvsetul heres snother  useful
wporoackr would tre to make use of thy ‘dea ot
nroarosn “mutants™ to ensure that tne test
cases ocnerated by step -~ represent  an
1cteaunte test of the orogram Lonice
A} Jerive statistics on operformance of the
sodule beding tested,
Georgla Institute of Technology COBOL sworkbhench
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TESTLIR  includes CUBOLe.wbc modules designed

for the collcction of performaunce datae The

appropriate modules are selected ana callen

(macro calls) hy the test harncsse feor=
‘ormance data which nmtght oe coliected
ircluoges

- S0y tims uged

« main aemory used

- paninu

- aurbher of fterations

7) t1opeat steos 3 = 6 above for cach ZOPMGLeY an .-

{f cors from 1 to noe

5 oex s or

5 L e NN, RNt ;_.mzm

o
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SECTION 5
INPLEMENTATION OF THE OEMONSTRATION WORKBENCH

An dsportant aqoal of this research project was empirical

ztucies of the concept of the COBOL Proyrammer®s Jdorkhench
and the implementation issues tnvolvede There have peen 3
Larqe nuader of proposals to oachieve orogras portabilitys
howcvere very Littte of this work has veen reduced to prace

ticce It was felt egsentiol that a practical cermonstration

ot at Lleast the general concepts be 4included in this
reseorch projecte Althouah {t was not possible to construct
3 complete version of the vorkbenche 4t s folt  that the
denonstration workbench that was produced clearly
. cdenonstrates the tessinitity of the concepts and $aeas
oresented as  well as highlights the prolbitesas that sust e

addressoa tn the cevelopment of 8 complete noribench systen,

Se1 SQALS QF DEMONSIRALION MOBXRENCH

there were four basic objectives for the develonment of  the
desonstration T080L Prooranmer®s ¥orkbenche These four were
1) Feastbility demonstration of the ooerstion
csncepts proposed.
2) loentification of the nmajor problems that
would be cncountered in the implementation of
3 complete Workhenche

. ) investigation of the desirable f(eatures of a

Georglia Institute of Technoloagy COLOL vNorkuench
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user environment for the Workbenche

4) Estimation ot the value of the concepts of

—

reusable propram modules and maintenance of a

stngle opage=l4ine prouras for multiple target

aachinese

e A e BRIAR b B I it Lo e i,

what was ottempted was o balance approach toward making sonre

b e ok

proarsss §n recachina all 2t these nooslse It was rectognized
that 1t would not be possible to implement a comolete ver-
sion of the COA0L Proorammer®s VWorkbench with the time ond
resources  ovalleble nor did the rescarch team feel that ¢

hao sufficlient information to allow it to embark on a3 come

4 xS e 1 i AR W v S, a rema e

plete development project. it was felt that the cetfort
coule b much wore usctully applieo to laying soliy around
work on which a further project aimed at the coeplete work-

oench faplenentotion could be based.

E T T D e T Ty

O T L A L]

fraipng-3E

b
S
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Se2 SYJILH ENYISQNMENI ANDR IQQLS AYAILABLL

The rescarch team was fortunate in having available for this
project an extremely powertul hardware and softuware en-
vironacnt on which to implement the Demonstration Workbenche
Thne computing systeme 3 Prime 400, s one of the “larae® or
"mega® mintc raputers which rivals mainframe systems as large
as the |BM System 370/158 and 168 ftor computational oowers
A tyurther acvantege of this spectfic corputer system wus the
extrenely Llarge virtual acgdress space availables, (Howevery
there were Linftations on the size ot object rrograms that
could be generatued by the versions ot the (0380L cormpiler
thut were novallable during the varly phases ot the projects)
The hardwares howevere provides orly a portion of the er~
vironssnt in which the Demonstration workbench was

estarblishede

The roscarzh systems environnent avadlable was also gareatly
enhanced by -having avatlable on the Friwe 4020 system the
Seorpin Tech Software Tools Subsvstem [Kernichan 1276]e The
Georgla Yech Software Tools Subsysteme which s described
bricfly bSelow anc in pore detall in the appendixy provides
not only an extremely hosoitable environaent for the users
but also an oxtremely powerful environment for the construc~
tion of coewand files thot support the use of tne subsystenm
components Iin the {mplementation of the Demonstration Yorke
bench, The availapntiity of the Georgia Tech Software Tools

Subsystes was invaluable in expediting the dcocvelopment of

Georgia Institute of Technology CoBOL Workbench
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the Qeronstration Jdorkbenche

5.2+1 Prime 200 Lomguter Sxsiea

the Prise 490 computer system s a fairly recently

introduced systex (1976) that falls into the c.tevory of the

R e v E € A

large or mega-nintcomputer si2ee¢ The Prime 400 shows strong

e e b SAx

infiluences of the Bultics System in both 3ts hardware and

e bk

softwarce [t 45 an extremely powerful mindcomputer provid-

ftna an cxceilent environment for software development

projects such as this,

5¢2¢iel Mardware

The frire 400 s of the Large mint or mcoa-mint class cof

computerse It posscsscs 3 powerful processore Llarge main

acmorys loarge virtual memorye and can handle up to 63 userse
Shuored code facilities and o multi-ring protection mechanisnm
arec also provideds The Prime 400 uscs microprogrammed logic

and posscsses o writable control store,

Selelelel ﬂmﬁx
The Prine 400 osrcvices both a larae reatl and virtual mcmorys. %

The maximum size of physical memory §s 9 mitlion bytese 1t

4
is §nerementally expandabie by 356X byte hoardSe In oudi- }
%
tion to =afn memorye 3 hich speedes bipolar cacke memory of %
2 tytes is provided. %
g
4

Georgta Institute of Tethnology COBOL Workbench
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Yirtunl memory ts provided 4in terms of paging and seo~
mentatione The maximum size of virtual memory {is 512 mil-
Lion bytess but 2ach user program s Limited to 3& nmitlion
hYytese The page size s 1024 dvytess the scament sire s

123K Lhytess and the maxiaum nuaber nf segments s 4096

Se2elele? Pegisgters

The Prime 400 has 128 prograw avdressable 32-bit reqisters.
0t thesee 3 2re used as dasc realistersy 2 arc used as float-
in~ point accunulatorse anc 2 are used as field address and
length registerse The remadnina reolisters ore wused to
control 0*& channels and hold the machine states of active

orocessese

526213 Ingfruglion S5ct Yardwarg Suppard

The Prire 400 hardware provides a 32-bit aritnmetic Ltogic
unit and 32-bit and 64-bit integer arith=etics & floating
point unit s oroviced by ncans of afcrocodes The following
is a List of somc of the instruction grouss and how they are

irplemented:

decimal arithmetic emulation
inteaer arfthrmetic hardwars
floating point microcode
character strinag emulation
conditional branches hardware
Logical cperations hardware
loadcatl test oand set hardware
sraarae contrcl and Jump hardware

Gecrgta Institute of Technology COHBOL Workbench
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aueue managenent microcode
shifts ang skions hardware
data move hardware

Se24lele4 Erogegs Exghangs Eagilify

The Prirc 400 nrocess exchange facitity is provided through
firmware that oautomatically dispatches tasks for execution
and reorders those which rensine This is accomplished with
no software i{ntervention. The oprocess exchange facitity
also automatically handles the register gwitching that fis

nceded as 9 result of a process exchange.

Selsleled inpul/lOylpyt
fo ~ tynes of access moaes for 1/0 are available?

B “{rect Hemory Accoss {(DM&)

2) Tirect “czory‘Channets (DMC)

$ Yireoct Femory Tronsfoer (DNKT)

q) “{rect Merory (ucue (DMQ)
there are 3 tarimus of 32 program assignable D44 channels.
These »re controlled by high soced channel address
realsterss They ore used for high speed peripherals such 58

fast disk levicese The maximum transfee rate s 2.5 mitlion

tytes aer secconde

The IMC channels arce controlled by channel sddross words in
the #4rst dh bytes of main memory. Unp to 2348 of these
channels <can pbe provideds Thedr use s mainly for medium
spcea 170 transfers sush as data communications transferss

The aaximum transfer rate 15 360K bytes per second.

Georyia Institute of Technology COBOL Werkbench
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The UGV channels are used ny high speed device controllerss
ee0ey controllers for moving head diskse that exccute chan-
nel control oprocramse. The maximum throughput rate is 2.5

mitlion bDytes ner seconds

The DEA mode of onpcration provides 3 circular cqucuc for hane-
dling coemunication devicese It reduces operatina systenm
overtcad by eliminating interrupt handling on a character-

by-character basis,

Se2¢lelet Progrga Loylropagnt

Prograss on the Prime 429 operate in a3 nmulti-segment en-
vironzent., This consfists of & stack segment for local
varfablese a procesfure seygmente ond 8 Llinkaaoe segment for
stoaticatlly allocated vartahles anag Linkaqes to common cdatoe
Stack mana.gozent ls proviaged by mcans of Dhardwares and

procedure calls are manoged by microcode.

S5¢2¢1¢2 Standard Systeam Softuare

The Standord Prime 400 Systems Software ot interest in this
project is the PRI"0S Operatina Systese the PRIMOS Filo

Systeme and the Prime CORN0OL Programaing Systenm,

Se2ele2e1 The PRI¥QS Qungating irsiem

The ocerating system for the Prime 400 conputer systeme
PRIY0Se nrovides interactives batche and real-time super=-
visory services within a stnole systems 1[It can ha;hlc up to

63 concurrent processes including Interactive users at Locsl

Georgia Institute of Technology COROL vorktench
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or rexrote terninalse phantom userse and RJE processcse The

Prime 400 system contains a segmented and poned virtual

aemory with a 3 meqgabyte address space and up to »

renabytes of maln memorye In additions a 2K-hyte bipolar

cache pemory 5 utilizea. PRI¥OS can maintain o aist

capacity exceeoing 2.4 billion vytes.

PRI¥D% {s embiedded in the virtual adoress sonces of all
DERTCSSOSe This results in providing occess to any operate-
inc systes® resource in the same amount ot time os it takes a
user orocess to call a subdroutine, The multiple ring
protection system ensures thal this feature does not result

in the operatinn system heinag sodified by the userss

The atlocation of CFU time is oprovided by mnmeans of time
slicesy normatly 1/) seconde Time slices are allocated on o
priority ovsesis with highly interactive processes receiving
reltatively wtah orioritiesr and processor-bound proccsscs be-

ina niven lower priorities.

To minimize paninae multiple processes ore able to wuse
fdentical vaqges of ¢ shared procedure segments. These shareo
procedures are recentrant and thus remain unaltered by the
arocesses that use theme A& sharec procenure cexfists only

once on ufsk ande when eactives only cnce in main memory

reaardless of the numhber ot processes using it.

Georala Institute of Technology COB0L wWorktench
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Process exchange s handled by a hardwaerns dispatcher
tsicrocode) which manages the Rcaoy Licte a nuaber of wait
Listse Semnaphoress ant the Process Control Elocks, A
process exchange {s caused asynchronously oy hargware
generatsd interruptse taultse ano checksy #na $t  is causen
synchronously by a oprocess executing cither the d31T or
NOTIFY dnastructions. The dispatcher also nanaaes the
processor®s Live registers so thot sets of the reaisters can
be assianea to «iffcrent oprocessess and thus the neec to

-

save and restore register contents is  reouced, The Ready

List dcentifiecs all processes which are ready to run und is
ordered by prioritics and then chronoloagically, Semachorces
are assoclated with cach event that can causs an crehangee
They accupy two woraes of storagee  “ne word contatns ofther
a counter which indicates how nony times an cveat has oce
curred without bedng serviced by 2 orocess or the number of
processes waiting for an event deoendino on the sign of the
numnere The secon? wore contains a pointer to o Walt List

of procrsses walting for the event.

The wvirtual address soace is oraanized as rultiol~ serrents
each with sixty-four (64) 2+=-byte nr9ese A virtual oodress

consists of a seacent nuabere 8 paGe numbere and A wora or

disolacement nuabecrs 2 physical aodress can be obtained by
means of scysent tables and page maps which are matntsines
in main memorys The system uses demand paadng with the LruU

reolacerment sche=es To speed access ta merory there 4s o

Georgta Institute of Technology Co30L YWorthench
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searent tahle Llookaside buffer which holds physical page ad-
dresses and a hiah speeu cache memory which contains the
most recent memory referencess To satisfy a memory
references the cache nemory {5 sddressed on the basis of the
wor+d numher ot the virtual address and th- seament table
tookaside butfer s consulted to vetermine §¢! the worae ob-

taince trom the cache is the desire:s one.

Secele2s2 2rize CQRQL

CORNL on the Prime 400 system s vased on the ANS! COBOL
yle3=-1974 standarde Progrars up to 32 million bytes can be
sucportedse LU ANS] *74 CUFOL tiles orvanized as JHIEXEC or
FJELATIVE are cstablished as MIDAS (ultiple Index Tats ke
cess  Systam)  tilesas 4 YMI0AS file can be uoccessed by nmule-
tiple users in o scauential or randem manner «ond c¢an  have
locks specified at the data record Llevel to resolve
concurrent usdae conflictse Up to six keys or key synonyms

can ap used to nerforn a3 partiel file scarche

Prize T083L inpleventse to a minfaun of Llevel 1o the
nucloust table bhondlinni sceuentiale relative and  ingexcd
1737 Ulinryryd and interpronram communications moauless The
de u: ~ogule §s implemented with the FAELLY TRACCy RESET
TRACEe  and EXMIBIT NAYD features supported in the procecure
divisions The levet 2 fecatures which are implenmented oare
the following:

1) STRIMI/JUNSTRING statenents,

™ “onditional exoressions?

%) conjunctive onerators (anide ore notd,

Georala institute of Techaology C3BOL #orkbench
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c)
1)

c)
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Relational operators (=4 D¢ <y not =
not de not <)e

Full parenthesis support,

Implied subjects ang relationshipse

Nested IF statementse

EAwS TS

b3 OPEN with TXTZ4D.

4) INSPELT statement,

5) ALTER staterent,

6) COMP=3 pack decinmale

79 CONMPUTE with multiple recrciving ¢fields.

8) SLCRFORM VARYING with indev.

) STARCH gtatemoent,

el

18)  ALTERRWATS RECORD KEYS WITH QUSLICATES for 1N~

) et A

VR

¢
&5

3

TVEDY tiles,
i1) A s+ries or range of valur~s §n Level 33 con-

tition.

Sk At

Se2eie2e3 The PRIMES File Srster

The PRIMOS oprerating systenm for the Prime 400 canputer sup-

e
o

ports as one ot Its services a flexihley hlerarchical fite

systerm  that orovides userz with the tacility to malntain

lLarge auantities of data in an orderlys loulcai  manner. 4

brict overvicew of the ffie systea's capabilities ann

features §s provided in Appuendix & 1t §s somewhat tutzrint

S0 AT AT S L ams R S S B R

Aox

in nature nd ~oes not attempt to cover all of the svaltlable

teaturese nor to precsent the details of implemcntation.

B0 e e

"
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S¢2+2 1he Georala Issh Saftware logls Subayatee

4

;. ARt pamsd b S M Yot

Delelel General

The Subvsystee coensists of o comroand  interpreter that  sup-

ports casy Interconncction of proaramsse o Lurae collection

3
i
of soaftwarr toolse and the capahility vJor developing §
3
p
custo=izesd toolse [t runs az & collection of user oroccrans ) %
i
Al
uncer ataniarg versions of the PRIVYOS 1Y and ¥ operotin: ¥
syste=se thut retoinina all scecurity Lrovided by PRIMOS as @

fs

S s SRR L AN iAWY L 55 S 6y PN et R N, 2O STETEIAN el a 2 et itk Pus e o 49 B WU,

well s alloadne users L0 fenore the Sucsystees §f they so
gecire, tven sos the Hubsystes s sutficientily co--
srehensive to peradt use of the co~cuter without a workin.g .

tnosle fqe ~t PLIVOS,

v the Sutsystee are aerfved tepm the (ext

The concepts usen |
Sgftuare l9sis f¥erninhan  Thle The “corgla lTech Software
Tools ‘ungystens howevere nas undergone develonpzent that hes
orcatly extended 1t dbeyony the starting noint gliven by the
pook. For instapces the Text {ditor hag deen expanded into
a full=screen €1 editory ana tne cormand  language has
neco ¢ a sunerset ot that oroviged by the LKIY operating

sSyste=e

2
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Sele24? Rator Components and Fastures

: The avjor cosponents ang features of the Subsystesa are a5
‘ 4
! ilous? i
toilous:? L]
; ! .
’ 1) vozmand Lenauaqe %
a) uniforaz Invocation ot Commands %
; u) Jynazic Cemwand Line Structures kY
c) Coxmaance Files &
4]
. 1) Control Structures g
: ¢)  scoped varisdles 3
; 1) Metworks of Cooperatina “rograme 3
? b
3] aatior (“Rational FCRIRAN® « a Prepracessor) %
*) odern Control Struclures %
b Free Forzat Sourte (Code P
¢) 3asic Macro Tapabitity %
‘) Long variabice Names . %
. e “ebungine ana Perforrance Menitordng 3
$) text fditor K
3) Sull=Sceeen version ;
4) tine-0ricentec E;
¢ In-tine Loiting Coapabitiity 3
. 1) Stztlar to UNIX Text £ditor §
&) Teoxl Forzatter %
1) Automatic Hypnetation !
t) racros g
) In=Line Functiors é
o) fversiuns y
) Yusber Heatlsters i
1
: %) In={ine Nocurentation :
i a3 ftcess to Reference Manual ;
! n) Short tsage Suseary Avalttable ;
; ) :
4) issorted Yoolnx :
1) “drectory "alntenant« .
) Strecoz Lditing and Seicctiun :
c} Sort and Comparison .
1) Soetling Theck
!
iy Georads Institute ot Technology COBOL Workrench
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5.3 QRGANIZAIIQN QF IME REMONSTRAIIQN MORKEENCH

i

Cornceptually the orzanization of the emonstration Jorlitench
ts aquite sinmple. 1t consicts of the tollowing rujor cor-

ponents:

1) The P13l 00 Conputer Systere
) The Pa12065 Operatinge System
3 the “eorcia Tech Sottware Tools Subsysten
4) *collection vt ,attware Tools conmcand files
The (ast zomponent sbove trensforms the total envirenment
. fror a general opurpose suoport environoent into a vystem

which wilt provide the sheeitic capavititics nf ke COEOL

Prourssaner®s sorkncnch, in this socctitic srcae the recaul

oower of the Seftwarc Tools Subsystem proved invalusole tn

‘E« 3 "-: R 2

tar profect tea=,

e
75

Sy 9’5

& casual or non-systias oproarsmacr user of the “oerdtench
% Jocs not need to tee the incivicual components (isind aboves
It ts also Mighly unlively in normal use that a casual user

wouls need to crazine or unrderstand the contents of the conme

f:ﬁ

[P R O D I T

-
BBt IS VIR AT IR P T I s Sk ¥ S S S s e o

| ooy
AN

nane  files or thelir operations One of the extremely usctful
toatures cf the “oftware Tools Subsystew 4s the abdlity 1o
treet  eoxctutablce comnand  files §n the 3ame manneor As§ &ty

atheor filee and §¢ the user sitting at “4s terringl e¢nters

the nime of thuat files then 1t will  be sutomatically
' cxrecutone tnis atlows us to define and utdlize esxtromely .
sizole aned meaninaful comranc aames for utilization by the

COU0L ~arorazmers tt {s alsoe the extreme flawibitity

Geornta Institute of Technology COGROL vorktench

S ——
S Sk Ry _
R RS O AR - - -
DISA AR S ST a

P g e g i . B T T A

e

s -
o R
ey
2

s

e
TR




R N N M T N M I G e B N e e g S L o
Section § IMPLEMENTATION Page 1&7
X
arovided by the comaond 1{interpretor that provides an en-
. vironrent that will react to any style of oproaramsming
desired b; the prosrammer,

PR

uyiteen iy
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5.4 QPLRATIGN QF IHMK QEMQNSIRAIJQN WORKRENCH

Sinplirity of caperation ULy the wuser has ucen once of the

priasary ovlectives $n the gesdon ot the Jorkaenche This is

= ot

one arpa In which we feel that the rescorch project has been

extremcly successfule

te aentioned abovee the aorkbench user dnvokess the scervice
destred ny merely olvinag a wingle name command to the come
aand interpreter interface. r~ouevers at the came timey the

orosrammer is atle to ctange or modity the stiindar+d opera-

?’%
g
2
5
.,§
%
;
z‘é
1

tion of the wortbench by oultlding personalized command tites

. oy

I

o B

er enteriny single rore priritive cotnanns Lo the corranc

intertacee.

X

7

rn- nf the rrizury foundations for this flexibility 4s the

stintare  ‘dle structure tor all files crcaten oy the rork-

ShareBRht et i

henghe Retaruless of whether a tile %n created andg/or

zotdtiec zy a cozmand file operation or ry $ndtvicual
Sot*ware Tools co=mancse It retains fts standard ore-

sintration, ne therefore can be cazily Integroteds

toncatinatocy or operated on with other files in a unifornm

S R

il

Tt

2AHBNLTe

A
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5.5 MAJQR PRQOLENS ENCOQUNIERED

There were actually only two major problems encountered dur-
ins this oproject ands unfortunatcelyes neither one has been .
solved completelys One of these major proulems pertatns to
Proaram Preparations while the other cancerns the Zocumenta=~

tion Sudbsystenm,

The concepnts of the Prograr Prepgarstion Subsystea have becn

iapleaented and arply demonstrated for both thedr power andg

. usnfulnesse The major {impediments to comoleteina an

RO

operational modcl ot the progranming sunsystem are!l
« The definttion ot dorkbench CUBOL (COBOLewbC)
. = The defin{ftion ot ¢the COBOL Programmer®s (n-

vironeent

K ( COB01. oronramnecrse as a aroups have obeen very slow to
N utilize automatic nprogramming atdse even those rudimentary

ones presently avallable to theme Quring the course of this

studyese extensive conversations have been held with key per-
sonnel fn several large COBOL programeina groupse In almost
all of thesc mectings the same conclusfons were reachecd,
Since 20B0L ©oroarammers have had so Little exposure to
automatsd softwarc toolse they are not able to provide any
definitive quidance 38s to what would be usetul for them or
evern what they would Like to have avalilables On the other
hande all of these programmers sdmit that there {s o hiah

potential for incrcased oroductivity 4t such tools were

Georata Institute of Technoloay COROL Workbench
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avaitadle, 1t appears that the only approach that is coing
to work in solving this problem {s to develop some specific
CovoL ovrosrammerts environment including specialized tools
such a3 custonizet gcreen editors, copy=-from=Library
cavabilitisrse programting skeletonsy fillein-tre~nlanks
techniquese ¢tces and to try out these speclalized tools

with COROL orouracmers in an operation environment.

is nas been well argued carider in this reporte there is no
desire to dcsian a new lanauage tor the use of programmers
orcperina transportable {JCBOL oproarasse Rathere what 1is
desirecd ¥s o lanjuane that fs as close as possible to stan-
dardg COBOL with devistions wneina made cnly to accomodate
those absolutely essential requirements necessary for
portablity. far stucdics during this orojccte howevere in-
dicate that it dgoes not aqpear feasable to dnclude the
entire COBOL standarcd in Jorkbench COBOL. [t does not ap-
pear to us that such an cxtensive Llunguuge s at all neces=
SArye Thn real goal in the design of dorkbench COGOL is to
nrovide 3 language powerful enough and rich enough so that
experiences COBOL progremmers canh casily and eftictientily im-
oleaenk overctional CO0BOL data orocessina systemses There
have neen a nuther of studies prepared on the development of
portanle COBOL subsetss Howevery it should be emphasized
that that §s not the sporoach beino taken hcres What 45 be-
fna c¢one here is precoaring a "complete” COBOL Langquage where
these fcatures that have to be taflored to a specific

cormpilereunfouc environment are handled by the prooran

Georafa Institute ot Technology CCBOL Workbench
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processors {in the vorkbenchs The itnftial studies that have X

heen nerforrea in obtatning this goal have focused on
{dentifying what fcatures of COBOL arc utilized by orogrome

mers in the execution of their taske [t apears that this is

a valld approach to this probleme and all that remains to he
done is to utti{ze a broader samplc of proqrams and applica-
tion areas 4in order tc ootain high confidence {in the

validity for the design of Jorkbench COBOL.

The Laost major problem aren that was not completely solved

during this research project was the selection of o method

to store and wvroduce various versions of o document that s
undergoing continual change and revision. The bpasic ap-
proachcs to this probles are described in Adppendis 3. Thisg

is another are3 in which 1t appears that rore detaflers

knowledge of the environzent in which the system s to e
utilizeo will be required hefore a specific implementotion

techntaue can be sciected,

Georala Institute nf Technology COBOL worrbench
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SECTION 6

SUMMARY

- A » .)
st St 2t e ity My RS e 1y B

Thi:z reseorch project has been successful in achieving its

s et

Qoals in the 3tudy anc development of the COBOL Programmer®s
Workbenche The <concept of the ¥orkbench and the
capabilities it porovides have peen shown to be guite validy
ang the Oemonutration Workbench c¢learly 4llustrates the
teasibility of implementing & completey tfullescale COBOL
Prograsrer®s ¥orkoenche The VWorkbench similarly supports
the oceveloprent ot brecadboardsy drototyse systemss howevers

it should =e noted tnat {nvestigation of the value and

O T ST, L cuvwry pe e St e

teysibitity of the use of vreadboara systems was not within

the scope of this project.

I R

Althouah the conceot and feasibitity ot the Warkbench have ;
been veritieds a larae amount of work remains to be done :
nefore a complete Workbench could be faplemnteds The major }
areas In whick work is still required are

- CTompletion of ¢the cetinition of Vorkbench COBOL

Sy es s w3r 9ty

~ Completion of the definition and desfipn of the
C080L orogrammer®s environment
- Selection and 4mplementation cf the technigue to

be utitized to maintain anag generate varicus

versions of documentation.
Gne of the reaquirements necessary to support this further
work %s access to several wmajor programming teams and

cooperation from thoce teams in ohtatining actusl usage data

Georata Institute of Technoloogy COBOL wWorkbench
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and information about the present pronram development und

maintenance environments,
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APPENDIX ¢
GLOSSARY

APPLIB=name: X Llibrory file contatning macro definitions
tin CoPOLewbe) of utility routines and modules corronly
neewes in a particular apolication areae Typical exam-
ples fnclude APPLITD-PAYROLL and APRLIR-INVEN.

Base Line System: The COBOLewbc proaram that cdefines the

delivered COHOLen orograms for the various target
agzchines,

Breadboard: A prograa  developed oprimarily oas an ex-
perimental sodel of a production proaram. Tasity
modifioole to permit DbDoth requirements changes and
eventual cptinization,

{See prototypel

Capabiility: A tasxe purposees or function wf%ich mav be
carriced out in some unspecified manner by a lanquage or
systete An exaomple of o capabitity n 08B0L s the
abttity to sort tiles according to the value of a glven
field: this mfght ©be performed by the uge of 2 SORT
verby by a call to an external procedurey or by the in-
Line Inclusfon of the appropriate COBOL commandse

COBOL Pragrammer®s Workdbench?: & comprehensive collection of
capabilities and faclltties to assist the COBOL
croararmer §n the development and preparation of com-~
olete CORGL systezs supported by full cocumentation,
Cther capadflities ot the workbench are to facilitate 3
the cevelopment of “prototype or breadboara™ COBOL 5
orograias from o c¢ollection o0f reusable COBOL modules
anog to facilitate the preparation of COBOL orograms
that =ay bhe casily converted to 2 nunber of uifterent
target machines each having its own unfgue dialect of
the COBOL language.

{See program preparation systemi text documentation
preparationt document control systeml

COBOLe.cCS: Common COBOL 3Subset. Thts consists of thoae
clements of C083L common to oll COBOL compilers,
(Y%0Leces 's not suffictent for the develooment of

e ———

e —y A o v

useful 1 0gramse £080Lececs 1s fdncludea in botk ke
COR0Ledeno and {O05DLewdce COBOLeccs 4s a proper subset E:
of COH0L.,

COBOL.deme: The §nitial approximation to COBOLew2s As

ConN0L.2et0 s oxcected to approazn CDAOL.wbc sver timey
distinction §s made between the two lansuages only when
aecessary for o clear understaroing of the difference
netween what should be included (COBBLewde) and what it
has been able to 1iaplement thus far (CGBOLecemo)de.

Georada Institute of Technology cC0BOL Workbench
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fventuallys COBCLedemo and CO08%0L.wbe will becomnre
foenticals Note that COBOL.cemo is not a proper subset
of standora COBOL!

C0BOLe1: ¥efters to any meaher of the arcup of COBGL
dilects uccepted Hy target machinese.
(See COBCL.wbet COBOLWK]

; COB0L.¢ Program: A compitler~ (ond machine~) dependent CO30L
; programs Reters to any meanber of the family of
programn: defined by a particular COBOLewbC pDroqgrame
[See COBOL.k prograaml

COBOLek: The difalect of CO30L assocliated with a qiven COBUL
coapiler ke Programs written in CGBOLek may not run 9n
a different COBOL compiler without modification since
the dialect may contalin compiler=-dependent featurrs.
{See COBOL.wbecS COBOLG4]

; COBOL.k Progras: 4 orogram written 4in COB%0Leke & norn-
‘ portable proaram.
{See CUBOL.wbe program]

COBOL.wbe: 4 Llancusge for the deveicepment of portadle COEOL
- proqramse This consists of COGOLeccs plus a collection
of macro calls giving the proorammer the ability to ex~
press compliler-dependgent features in a compiler-
. independent mannere. The Workbench expanas COBIOLe.woC
into the COBCL.k of & taraet compiler k. Note that
. COBOL.wbec 1s nQt a proper subset of standard COBOL!
{See COBOL.Y3 COBOL.k}? COBOL.demol] [See also Appendix
2% Appendix 75 Appendix 7]

CO80Lewbec Module: =~ aacro which exvands into 080L.wbt cooe
defining a cosmonly occurring function or action. This
peraits the proarammer to develop reysable scctions ot
codes COBOL.wbe 2o0dule definitions are included 4n the
following {ibraries: GENLIBe APPLIB-names PROJLIG-
nartey TESTLIR,

COBO0Lewbe Progranm? A oproaram written {fn COBOLe.wbDCe A
orogram which can de casily transported., Consists of
CO80Leccs statcmentss module callsy and mucro callise

AR e S R A A B L £ I SR D I i e i

g S

Compiler=-Dependent: vritten in 3 particular C0B0L dislect
for compitation by a qiven compilere Cannot neces~
sarily be compiled by a compiler written tor a dit-
terent dinlect. It 4s possible for & nroaram to be
cenpliter-dependent while beina machine-independent,
{See nonportadiel machine=dependents COB0L.k} dislect]

~

- Compiler~Independentt w+ritten without reliance on Language

‘ features unfaoue to a qgiven (OBOL dialects Can bve

’ transported castlys Usually destigned with oportability
. as a major goale MNust be machine-independente.
{See portablet machine-independentt COBOL.wbc]

Georgla Institute of fTechnology COEOL workbench
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Conversion: The modification of a program written in one
COROL otalect for execution on 2 machine accepting o
ditterent COBOL diolecte
(See portablel COBCL.wbe]d

Delivered Program: The C3BDLek progrom as 1t will run on
the target machine k in 8 oroduction environaent. The
proura® 33 intended for use hy the custorer or other
eng usere At this polint the nrogram specitications are
fived until the oriqinal COBOL.wdbt program s moditiec
anut new C0R0Lek code §In delivered.

{See revision)

Dialect: The oarticular C(COBOL syntax rcquired by & ctven
C04»0L cozpilcre Alsos those Llanguage fecatures sup-
ported by that compiler,

{See CO80Lek} COBOLe.wbeci machéine-dependantt compiler-
dependent)

Docugent Control Systea: Maintaine esach program anJ each
revisiorn ar version thereofs a3 well 25 any related
tex! documentse online dn an vasiily accessivle and
casilv moséitiable forze

Element: & characteristic of the longuaue us asetined by the
1974 T330L standarde

Feature! & characteristic of the tanguage as iaplcmented by
3 compiler on a surtifis oechine,

Functional Testing: Testinag to 3zhow the functional
egqulvy.-Lence of each of the family of CO0BOL.Y wnodules or
arnqgrars derived from o particular COBOLewhc module (r
DrOQCor
{Sec versliony progres family)

GENLEIBS % {iprary tiie containing macro definftiont which
detine utittty functions and modules of general uses &
tyoical eocule which =ight te included nerr woule b2 an
abbhreviation of the oprogram-ioc section, sucth as
provired by #ETAa-COB0L. Stoule contain only tegteg
racro fetialtions written Iin CCBOL.wdDCe

*Help® Command:? .n=line docuzentation oprovided for the
Norkoeach user $n the fore of a guided tutorial.

“gchine-Jependent: written wuxin) hardware and operating
systes features unfoue to o particutlar machines C(annot
de executed on a machine with different featuresg,
‘ecessaritly coapiler~cdependent as well due to the neevu
tor tire compiler to allow acceess to the bhardeware and
oneratina system festurese
{520 nunportadbiel compiler~cependentt COBOL.E} dfalectl

Georgta Institute of Technology COBOL Workbench
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Machine Environment: The combination of hardware and
sottware features (fnclucing bharaware copavilitiese
operating system teaturesy and cezaptler dialect? which
detine the environsent under which 8 urogram s to Le
rune In particulars those teatures »hich ditfer from
machine to machiney corpiler to compilers and instatia-
tion to instatllations and make oprograe ransportation
giffieults

Nachine-Independent: Written without reliance on hardware
or operating systex features unique to a given aachine.
taoan pe transportrd casily wunless the oprooram is
compiler-dependent,

(See portablel cospiler-independenti COBOL.wdc)

MACLIBk: A Library fite containing those macro definitions
xhich MACRO needs as {nput §n order to convert
COBOLewbe into COBOLeke (Macro calls must =meet stane-
garas so that a g9iven smacro will be callea the same way
by C980L.k ang COBCLeJe) Should contain only tegsice
xacro definitions,

Macro: (In general use the teran {s wused to refer to
asseshly=-level programzing. Howevery It nay be applied
to higher level Llanguage oprograssinage os §t s usen
here) X skeleton for an open subroutine which s con-
pleted Oy a =acrc generstor tn response to o call by a
macro instruction guring the process of assembling 2
prograss The cospleted subroutine 1s passed to the as-
seedler for dincorporation inte the programs lHowrvers
the term may also apply to higher f(evel langusac
pregrasming. A orogram unit which performs a singlc
function and §s capressed 4n o reusable fornm, SimiLar
tae a subroutiney oalthough & macro s o purely
natational device which 15 expanded ip=line (like &
Fortran statement function) to produce the appropriate
code gagh Lipe 1t is called while a subroutine call
produces only & jusp to 8 single copy of the recuired
ccde regardless of the naumsber of calls to the
subroutine,

{See module]) (See also Appendix 71

:
‘{d‘

Nacro Processor: L prooram which accepts 82 §ts inputs tert
contatrning macro calls and a file contalining macro
definitions and produces as 4ts output text in  which
the nacro c¢calls have been expanded into thelir retlated
definitions.

(See mocrot smodule) (See alzo Apoendix 7

Malintenance! The changes necessary to keep a delivered
prograos executing correctly according to the orfainal
specificstions despite discovery of errors and changes
in sachine environment,

{See modification)

R RSt e

SrpseRE e

Gecrata.institute of Technology . £oBPL vorkbengh, .

-~ - - e UL T .
1 . M T % iy .,
. - L, . APy
R ¢ Tt e

.. i . » . -

¥ 'ﬁgw BT et U T p
i N -y

e . R i . o 5 .

R T T YT U IV T . . WP OR R p 3 T e




T S

-

e v .g"wi';‘ip s Lo 1L R AP

Appendix } GLOSSARY Page 140

Mocditication: The cthanges necessary to change the specified
behavior of a delivered prograns,
[See maintenance! revision)

Module!: A program unit which performs a single function anc
{¢ expressea §n a reusable form g0 that the same ¢oce
moy be used to perform the tame function wuherever 1y
appears in the same progran or other programse Written
in COBUOLeubCo
{See ancro)

Module Interface: The standards governing mocuie calls and
interrelations between the seqments resulting from
moctular expansion into the COBQLewbCc wrograme For the
purposes ot the Workbenchy all modules arc expressed as
macros and ®odule usage aust meet the same ctandards as
B/ICro USAGDe

Nonportable! * programs written to fit a specific machine
environment and incopable ot running althaus
sgedtication on »tl machine environaents,

[See portadble.]

Portuole; A preograe written to run fn  any macthine on-
virgnment ang an jny compilers Generaliys this (g ace
complishen Dy restricting the urcgram (o the wuse of
those bharcware festures whizh are common (o all ot the
srchine environmeni{s on which the prongras wit\ run  and
those language foatures which are {apnlecentad 0o com-
piters for each of these machine entvironmzntse ihis
approsck orohidits the progromser from makxina use of
aschine~dependeny or compiler-gepengont  features for
the sake of effictency.

[See nonportablel C6BNLeubdeS COBOL K3 MACLIBsk?
COBO0Leccsal

Production Environmsent: The system on which the customer oe
engd user ity run the gelivercd COEGLWk pro-yrams Per-
formance requiremsnts are a3su=Cde
(See workbench)

Progras: Ne Alock of code recessary to onorform some tasit
withrout acattionstl tanstructionse Usually tompiled ar
losded separatelye.

Progras Famity: The set of COU0LsY proarans detineo by &
particular COEDL-ubr program anc sectucekd by mecro ex-
pansicn wusina MACLIABs3 where 4 represenlc sach o¢ the
target mackines 'n ueguycnce.

{See COBOL.wbzs orogrami COBOL,Y progresld

Progreas Fragment: An idncomplete zection of c¢odees wuswvatlly
onr ' mwrich wertorss an indentifibls task. fannof
erecnte without avditionel $nstructionse An incocplete
OrONT I,

(See Prograai Modulel

Georcgla Institute of Technclogy COBOL Workteonch
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PR ..u..ywmxm

: Prograa Prenaration Systea! Provided to assist the oroaram-
mer in developing the originatl baseline systerms as well
as In converting or transportina that system to various
target maochincse

PROJLIB«nam2: & Library tile containing aacro dgeftinitions
of modules deéeveloped specitically by the project tean
tor use on their projecte.

Prototype System! The COBUL.wbe proaoram thot cdefines 3
family of COBOLen proqgrams during testings Uuecfore
deliverye The firste as well s the successives do-
oroximation towards the proqgram whiech will oc
deldversd,

{See Dresdbosrd)

s -

Releouse: Faoters to & famtly of cdocuments which ditfer fronm
predecessor or guccessor releases by virtue of
mocification for cofticliencye expanded capabilitye or to
remove errorte This concept allows several oroups to
vork findependently on & document existing in sceveral
stages or releasese For exampley one release may be §n
production and another in develcopwmente Thusey One qroud
can make corrections or modtfications to the release in
production with no effect un the release 4n develop~
acnte.

{See nodification! revisiont versionl

<.

2 Reussbie!: wvritten in a flextole monner so that the code aay
iy be used in other program applicaotionsg.

= (See scduletl portadle)

Revision: cefers to a document which differs stanificantliy
trom pregecessor or successor revistons ty wvirtue of
eodittcation far efticiencys expanded capabilitye or to
FOeMOYe CUPCPS e A reviston consists of A retecase of o
document anc the version o0f the relvase. Thuse :
rovicion 2.3 ot s nozument 2 vercinn 3 o0t reirase 2 $

Ul A

(See nodificationi release! version)

S pig e

Softvare Tools Subsystes (S¥T): An  integretated set of :
automated software ang text preparation iznd manipula~
tion routines.
{sce Rection $4242¢ Appencices 4 through 711

¢ e € N AT 5 Y AR e T 8
Finir
Res A AR hosat AY

Source Code Control System (SCCS): As defined $n iiell Labs?

Proarasmer®s Jorihensh [Rachkind 7%3s thice cvetem
; saintoing Hnd provides access to all revisions ot any
" docusont.

Standerds Enforcer? A rout iae that operales os &
Boareprocessor® (o verity that the standards tor
COBOLewbe or COROLek are followed in both program toaxt
andg gocyrentation.

AR A LR A A3 ur €03 il de v Ao B A 8
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Test Murness: A rain program which oprovides a framework
into which o modulor unit can be placed for the purpose

of testinge A driver program, expressed as a macro and
stored Iin TESTLIB.

(See functional testingl

Text QOocumentsz? ALl progrems documentation apart from com-
moents internal to the codee Hsually {ncludes proaranm
specitficationy oproject memose crror reportse and a
user®s guldee Maintained on Line.

st B AR B

322

2

Text Dotumentstion Preparation Cystem: This syster §5x
proviseg to assist the systeas analyst in the nrepora-
tion 9! all of the systea docurentation requirea for
tne  suaport of the pratotype Systemse the base Line
systezre &nd those unfque varieti-s of the system that
are nroduced to rur on the various targyet machines.

RO

R

TESTLIBS A Llinrary fille contatning macro definitions of
utility functions xnd modules to atd the programmer {n
testing doth =modules and proarams for both correctness
and perforrances bShould contaln cnly $g53¢4d code.

Transportable: & proora= written to run in gny machine en-
vironzent and on any conpitles. Genecallys this is ac~
cosplished by restricting the orogram to the wuse of
those harZware features which 3re common to all of the
sachine environaents on which the proaram will run  ano
those Lloniuage foatures which are implemented in com~
pilers tar cach of these machine cnvironments, This
approuch prohioits the oroarammer from sakino use of
machinr=dependent or coapiter-dependent features for
the sske 0! officliencye. Use of certadn machine-
aspenient or coupiler-dependent tfeatures may be permite
tede §f  any necessary sodifications csn  be mage
avtositicativre

{See nonportables COBOLswde? COBOLek} MACLIBW.k
COBOLecCRe )

¢

: s b g e e T T R O L
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Transportation: The process $nvolvee in moving 4 oprograe
fros one =achbine to anothere If the two machines ac~
¢rpt the some COBOL dialecte the process is mechanicatl
{¢ sthe two dislects {involved dittery extensive
xonrificatior mpy uve reguircd.
fSse conversion)

version: “efers to o garticular document within & family of
Agcumonts dgefined by a release of & vocument, VYersion
refers  to A docunent resulting from specific
mndifications to ancthar version within 5 retlease.
{See anditizationi relensel revision?

25

¥orkhench? A comorehensive collection of capabilitiecs arvu
frcitities to assist the COBOL orearsemer fin the
“pveloonment and creparation of coxnlete COB0L systers
suoported =~y full vocumentations Jther capabilitics cf

v
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hppendix 1 GLOSSARY Page 143
the dorkbench are to facilitate the development of
"wratotype or breadboard® COBOL »reoaroms trom 2 collec-
tion of reusable COBOL modules and to facilitate the
* preparation of COBOL programs that may be ecasily con=
; verted to a nusber of different target machines each
¢ having 1ts own untgue vfalect of the COROL Lanauage.
i
Georgia Institute of Technology . . COBOL wWorkhench. ..
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Appoandix 2 CXAMPLE Page 144

APPENDIX 2 )

AN ANNOTATED EXAMPLE OF
TRANSPORTING A WORKBENCH COBOL PROGRANM ¢

In this examples the “®baseline® oprogram s written in
C0R0Le.ccmoy the demonstration version ot COBOLewblCe The two
target operating environments ore the Control Cata Corpora=-
tion CYBER 70774 ana the PRIME Comnuter P400 system, This
example facuses on the differences $n the form anu content
nf the source proqgram: howevery the principal technique L~
lustratedey the wusc of macro Librarfese con also be applied

to som¢ of the other incompatihilities in the cperating en-
vironment,

s o e s et KR AR D B e i S AR IR

IMPORTANT NOTE: In the exosmples given belows lower
case letters are used to i{indicate colls to
reusable 2odules an+ corpiler~unique
featurese Lower case {is used here solely acs
an atd to the reader's cozprehension and con-
veys no adoed {information to the rmacro
crocessors ALl characters are treated by the
sacro protessor as {1 they were upper Casce

Lyt o

ht3d vy

o ore wdhar st s

e vt

2.1. NACAQ LIGBARILS

The nacro Librarics contatn the definitions of the rmacres )
that transéorn the proqgraa from C0BO0Lewne (gero) to

COEOLetargets In this ecxamples there are two racro

Lirraries, Note that throughout this exacple calls or

references to the functions 4n these tibraries are

fdentified by usint lower=case letters? howeversy this is not 3
requireds It is done in the example to highlight the calls. 4
dlso note that "31" and "32" retfer ¢0 the first and secono

arituzents alven tn the macro calle respectivelvss

: Basce Libracy foc the ERANE

T

o
PRl Sl

o

dotinelide
JECRTIFICATION DIVISION.
PBQLPAM=-1D,
S1e

TS

-
Fabes

Yond

! definclconnS4lOYPUTATIONALYUNL
dofinel(readeorsPFysSidnl
definplorinter.®r¥Siant
define(ftle_{d4¥3LUF OF FILE-ID IS *%1%)dnt
acfinelcvberedunt

T DO T

=

SN

4
define(pialles1)dnt . iR
definctouotes?slfent g

ke
ol
.
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Basgs Libcacy far the CYBER

defineCid,
IDENTIFICATION DIVISION.
PROGRANM-ID,
tl.

Yyani
define(comp3IeCOMPUTATIONAL 2 dNL
detinelreaderNPUT=F2)dnl
detine(printer0UTPUT=r2)dnl
define(tile_1iadsdanl
define(cybereslidnl
define(pan0,y)dnt
detinel{quotees™si®)dn}

2.2, PRQJECT LIBRARY

A programmser using the Worktench will need to have access to
tode modules that are common to all those working on a given
projects For this examples we assumre that two file descric-
tions are to be sharede and that one COROL code structure (a
aulti-tevel split on several keys tn o sorted file) oceurs
often enouah that 1t hags been 4{ncluded 1n the project
Linrary.

The two File Description modules 9n the Project Library L~
lustrate nhow two rather drastic ditferences between CYBEH
anc PRIME COB0L are treatede These differences arc

- LABSL RECORDS statement must say
== STANDARD in PR1IME
-« OMITTED 4n CYBER
- FILE ID must oe
-= VALUL OF FILE~ID IS in PRIME

=~ onitted in CYBER )

Cxanining the macro Llibrary definitions for “cyber™ ard
*0a00" In each Llibrary shows how the ©400 titrary coauses
entrizs annotated "cyber® to be deleted 3nd entries an-
notated *pald0* to be copicd into the transported procrarme
The ®"cyber® Library causes just the reverse actions The two
sgefinitions for *f4le-42" handle the second probler oy
generating the oproper statement for the PRIMS and $gnorino
it completely for the (YBER,

e el

1

P
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£4ie Desccinticn Hoduls for “SALES-FILE®

FO SALES~FILE
0800CLABEL RECORDS ARE STANDARD)
cyber(LABEL RECORDS ARE OMITTED)
tile_1d(SALES)
DATA RECORD 1S SALES~RECGRO,

91 SALES=RECORD.

0% SALESMAN PICTURE x(S).
8% "ISTRICT PICTURE XXX,
15 SALES-DOLLARS PICTURE 9(S5)V99,

Eile Descrietion %edule for “REPQRI-F{iig®

F. REPORT=FILE
pa00(LABEL RECORDS ARE STANDARD)
cyber(LAREL PECORNS aRE OMITTEM
fi{e_{1d(REPORT)
DATA RECORD IS REPORT-RECORD.

01 REPORT=-RECORD,

14 CL4RTAGE=-CONTROL PICTUKE X

0 SALESMAN-QUTY PICTURE x(9).

0% FlLLE®R PICTURE XXX,

05  SALESMAN=TOTAL=-QUT PICTURE 533¢3884889,9¢,
0%  FILLER PICTURE X(8&).

S5 YISTRICT-0UTY PICTURE XXXeo

g% FILLE= PICTURE XXX

05 “ISTRICT=-TOTAL=-0UT PIZTURE $33¢3$%334539,99,
0 FILLEX PICTURE X(8),

695 FINAL-TOTAL=-QOUT FICTURE $3$3¢138¢3%85.9%,

Beusabls Sode Modules ldentified as “niexel*

define(nlecvel,
vOVL 32 TS5 FREVIOUS-%2.
PURFORY 11 UNTIL

Pl

DR
RO,

e

P

R BT st

Y L e UaY)

e
P

AN R S T R e e SRS,

MY eC W Y e,

PR T

()

N AL s

Lifelsc(S2000 &2 1S NOT €GQUAL TO PREVIOUS>%2
) Jdnt
(ifelse($3900 0R 33 IS NOT EQUAL TO PRLCVIOUS~-%3
) Jant
{itelseltayae OR 34 1S NOT L£GUAL 1D PRIVIOUS=%4
) Jant
OR NO-MORL~DATA.
Ydnlt
Georaia Institute of Technology C0BOL vorkbench
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.

2+3. NOQBKBENCH CQROQL ERQGRAM

P

Now that the prelisinaries are out of the waye the oroaram-
mer can create a program in "workbench Cobole” a combination
of COBOLesccs and macro calls?

Raseling Proaras

incluge(PROJLIA/ZNLEVLL)

$3C¢TWOLEVEL)
ENVIRCKNMENT DIVISION.
‘ INPUT=QUTPUT SECTIONS
FILE-CONTROL,
SELECY SALES~FILE ASSIGN TO reader.
SELECT REPORT-FILE ASSION TC orinter,

OATA DIVISION.
FILE SECYlon.
Include(PROJLIB/FD=-SALES=-FILE)
fncludetPROJLIB/FD=-REPORT~FILE)

WORKING-STORAGE SECTION.

01 FLAGS.
05 MORC-DATA=FLAG PICTURE XXX VALUE Juotc(YES)e
N 88 MORE-DATA VALUE cuocte(YES).
' 58 NO=MORC-CATA VALUE cuote(NO 3.

1 Sav(l-lTEMS,
05 PREVIOUS=SALESMAN PICTURE X(S5).
05 PREVIOUS=DISTRICY PICTURE XXX

5

SRR R BRI AN BRA

01 TOTALS cospl.

5]
05 SALESMAN-TOTAL PICTURE SS(BIVIS VALUL 2ERQ. 2 5
05 OCISTRICT-TOTAL PICTURE SI(B8IVYI9 VALUEL Z2ERD. %
05 FINAL-TOTAL PICTURE S9(BIVI9 VALUE ZERO. ;

N

Seiag

PROCEDURE OIViSION.

PRFPARE-SALLS=REPOKT,
OPTK IKPUT SALES=FILE, 2
OUTPUT REPORT=FILEC. 7
READ SALES=FILE a
AT €40 MOVE quote(NO ) TC MORE-DATA-FLAG. 5
MOVE 2ERQC TO FINAL-TOTAL, %
PCRFORM DISTRICT-TOTAL=PROCESSING §
UNTIL NO-MORE=DATA, ﬁ
:

G

MOVE SPACES YO REPORT-RECORD.
‘ YOVE FINAL-TOTAL TO FINAL-TOTAL~3UT, 3
WRITE REPORTY-RECORD., %

CLOSE SALES=FILE, 4
REPORT-FILE. :
STOP RUNM, i

Georglae- Institute of Technology . __ . . CCBOL Worroench
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Appendix 2 EXAMPLE

DISTRICT-TOTAL-PROCESSING.
MOVE 2ERO TO OISTRICT=-TYOTAL.

Nloevel{SALSSHAN-TOTAL-PROCESSINGeDISTRICT)

“HVEL SPACES 10 REPORT-RECORD.

“ove PREVIOUS=DISTRICTY 10 DISTRICT-0UT,
MOVE DISTRICT-TOTAL TO DISTRICT-TOTAL-OUT,
dRITE RAEPORT-RECORD.

ADD DISTRICT-TOTAL TO FINAL-TOTAL,

SALCSUAN-TOTAL=-PROCESSING.
MOVE 25RO TO SALESMZN-TOTAL,

nlevel (PROCESS-AND=READ«SALESMANGDISTRICT)

MOVE SPACES T0 REPORT-RECQRD,

MOVE PREVIOUS-SALESMAN TO SRLESMAN-0QUT,
MOVE SALESMAN~IQTAL YO SALESMAN-TOTAL=-QUT,
WRITE REPORT~RECORD.

200 SALESMAN-TOTAL TO DISTRICT=-TOTAL,

PROCESS~AIC=SEAD,
AD0 SALFS=-00LLARS TO SALESMAN-TOTAL.
READ SALES-FILE
4T END “OVE quote(XN0) TO MORE~DATA-FLAGS

Broacar Rata

The dato tor tris program is present 4n the tile "sales™:

4] 10610032
41 10000300
%1 1001000¢%
52 10011000
67 11037402
5% 10076062
1A 20028769
50 2001A560

34 1G01941ts
1t 30012140
cn ITO0051RE

Georaia institute of Technoloyy COBOL workbench
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2¢4. PROLEISING

Using the workbench utitity "converts® the initial program
can be cxpanded utitizing the Project Library and then
trangporteqd utilizing the *acrc Librariess In the examples
below the intermediates eoxpaonded versions of the proqram are
not Listed, Only the two compitier-unigue forms of the
praogram are Listed completely? howevere the results of the
espansion are readily spparent in the file definitions and
in the calls to *"nlcevel.®

2.%.1 Prime 200 Yeraien

Since the standards enforcer s not availobles we will stim=-
ply proceed to the compilations Linkinge and executior of
the PADD version of the proqrame.

2¢%4141 Prise 400 Program

REV 14 COBOL SOURCE FILEL EXe.PACD 86706717
(0061

(0002)

(0002)

£0004) IDENTIFICATION OIVISION,

(0005) PROGRAM-1D,

(0006) TWOLTVEL.

(oco?)

(0C0R)Y ENVIRONUENT DIVISION.

(000°) IMPUT-OUTPUTY SECT]IONK.

(0010 FILF-CONTROL,

(0011) SELECT SALES~FILE ASSIGN TO PFMS,.
(0612) SELECT REPORT-FILE ASSIGN TO PFKS,
€2013)

(e01e) DATA DIVISION.

(C015) FILE SECTIO™.

(Gcle)

(0017) FD SALES~-FILE

(6g18) LABEL RECORDS ARE STANDARD

(¢019)

€0020? VALUL OF FILE-1D IS *SALES?
(0021) OATA RECORD IS SALES-RECORD.
(06022) 01 SALES-RECORC.

(0023) 25 ALESMAN PICTURE X(5),
(0c24) 65 DISTRICY PICTURE XXX
(0025) 05 SALES~-DOLLARS PICTURE 345)V99,
(60235)

{(ep27)

(G028) FD RFPORT-FILE

(0629 LABEL RECORDS ARE STANDARD

(co30)

(ne3n VALUE OF FILE=-1D IS YREPQRTY®

(0032) DATA RECORD [5 AEPORY~RECORD.
(C033) 0) REPORT=-RECORD.

(06034) 05 CARRIAGE-CONTROL PICTURE X

Georgtle Imstitute of Technology .
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(0035)
(0036}
t0g3T)
(0038)
(2039)
(60a0)
(0041)
(3062)
(004
(C0a4)
(00453)
(0045}
(00al)
(G048
(Fgs9)
(0950)
(GoS1?
(resd)
(ea52)
(00%a2
t0a5s;
(L356)
(0057
tc0582
(00%9)
tons60)
(00el)
(Cos2)
(0Ch3)
(0064)
(0065)
(450e6)
(caosem)
(a0s8)
(0049)
(20670)
{0071)
13072)
(0673
(0874)
(e67%)
(a076)
(Ge717)
(Co78)
tee7+)
(6020)
thenaty
(0022)
(oGeY)
(£.085)
(0QARS)
(bgas)
SIERS]
(Cos9a)
(£g93)
(00920)

X

WORKING=STORAGE SECTION.

01 FLAGS.
85 VORE=DATA=FLAS PICTURE XXX VALUE
RR  MORE-DATA vALUE
88 hO~MORE-DATA VALUE

01 SAvVE-ITTMS,

15 PRIVIOUS=-SALESMAN PICTURE X(S).

8% PRIVIOUS-DISTREICY PICTURE XXXe

81 TOTALS COMPUTATIONAL.
J5  SALESMAN-TOTAL PICTURE 59(8)VI9 VALUE
45 2ISTRICT-TOTAL PICTURE S9(eIV3% VALUE

05 FINAL-TOTAL PICTURE S9CHIVIY VALUTF

PROCEODURE UIVISION.
PRFPARE-SALLS-REPCRT,

OPEN INPUT SALES<FILE
QUTPUT REPORT=FILE.
READ SALESeFILE
AT FNO MOVE ¥NO * TO MORE~DATA=FLAG.
MOVE Z2ERO YO FINAL-TOTAL,
PERFORM DISTRICT-TOTAL=-PROCESSING
UNTIL NO-MORE=-DATZ,
MQVE SPACES T0 REPORT-RECOQRD.
40VE FINAL=-TOTAL TO FINAL-TOTAL=-0UT,
WRITE REPORT~RECOFD,
CLOSE SALES~F1ILE,
REPOPT=-FILE,
STHP RUN

UISTRICT=-TOTAL~PROCESSING.

Georgia Institute ot Technoloqgy

“OVE 2ER3G TO DISTRICT-TOTAL,

YOVl DISTRICT TO PREVIOUS-DISTFICT,

PERFIRY SALESMAN-TOTAL-PROCESSING UNTIL
DI-TRICT IS NOT EQUAL TO PREVIQUS-GISTRICT
OR NO-NGRE-DATA,

HOVE SPACFS TO REPORT-RECOKD.
YOVE PREVIOUZ-DISTRICT TO OISTRICT=-0UT.
“OVE GISTRICT-TOTAL TO DISTRICT=-TOTAL-OUT,

-aiere

2 EXAMPLE Page 150
05 SALESMAN=QUTY PICTURE X(=»,

05 FILLER PICTURE XXX,

DS  SALESMAN-TOTAL-QUT PICTURE $38%93334$39,99,
0% FILLER PICTURE x(8).,

25 AOISTRICT-0QUT PICTURE XXX,

3% FILLER PICTURE XXX,

5% DISTRICT=-TOTAL=-OUT PICTURE $3%4%%39389,GG,
0% FILLER PICTURE Xx(8),

09 FINAL=-TOTAL-OUT PICTURE $$3+533433%.99,

*YES?,
*YESS,
o v,

2ERQ,
Z2ERQ
JEROD

COBOL Worktench
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')l
. %
(0091)  WRITT REPORT-RECONRD. 3
€0092)  ADD DISTRICT-TOTAL TO FINAL-TOTAL. 2
(0093) 4%
’ (0094) SALESMAN-TOTAL-PROCESSING. %
E (0095)  MOVE 2ERO TO SALESMAN-TOTAL. s
{ (0696) £ X
: (0097 z
: (00982  MOVE SALESMAN TO PREVIOUS-SALESMAN, &
; (0099)  PERFORM PROCESS~AND-READ UNTIL %
: (0100) SALESMAN IS NMOT EQUAL TO PREVIOUS=-SALESHMAN i
; (o1e1) OR DISTRICY IS XOT EGHUAL TO PREVIOUS=-DISTRICT g
(6102) OR NO=-MORE-DATA, Yo
(0103) 3
(0104) :
(0135)  MOVE SPACCS TO PEPORT-RECORD. ¢
(0106)  “OVE PREVIOUS~SALESMAN TO SALESMAN=OUT, 2
(0107)  MOVE SALESMAN-TOTAL TO SALESMAN-TOTAL~OUT. :
(0108)  WRITE REPORT-RLCORD. 5
(0109)  AUD SALESMAN-TOTAL TO DISTRICT-TOTAL. :
(06110) 4
(0111) PROCESS=AND-READ. i
(0112)  ADD SALES=-DOLLARS TO SALESKAN-TOTAL, 3
§0113)  READ SALES~FILE i
(0114) AT END MOVE 9NO® TO MORE-DATA-FLAG. 3
3
S8:/u/ "COMP* IGNOREDC FOR DECIMAL ITEN, 3
593/4/ “COMP® IGNORED FOR DECIMAL 17E4. J
. 61:/4/ =CCMP™ IGNORED FOR DECIMAL ITEH. g
0000 ERARORS 0003 WARNINGSe P400/S00 COBOL REV 1440 CTWOLEYD ¢
Ze94142 Prime 400 Output ;
The outout of the P400 version of the program s P
p
i a $203,57 o
52 $110.00 g
69 $134.05 :
1 148R,82 -
18 1207.69 *
Ly $185.60
2 $£393.29
36 3198.15 i
39 5121040 :
50 $51.80 {
3 $367¢35 ‘
$1420B466 "
£
2 Georala. Inetitute of Technoloay - - .LOBO0L- Workbench. v .. ;
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2.4.2 GYBER Ysralsn

The Cyber vers*on of asur sample program uas written to tape
on the YHorkbench FOPRIME yystem) and then transferred to the
Cybery where its compilation and executien ylelded the fol-
Lowtinag resultse

2e44241 CYBER Progran

A0 o1l cosotL

0ooo!l

0030

DOOOY  IDENTIFICATION DIVISION.

tGOO0s PROARAM=I(,

990¢* TUOLEVEL .

90000

00007 FNVIRONWEINY U1¢d1SION,

00003 INPUT-QUTPUT SECTION

£0003 FiLL-CONTADL.

20010 STLECY SALES=F I E ASSIGN 10 IRPUT=FZ,
i R STLECY REPORT-FILE ASSIGMN TO OQUTRUT-F.,
00012

0051y OATA NMIVISTON.

09014 YILD SECTId%.

0091~

39316 FO SALES-FILE

00017

G001 LiBfL SELCRDS ART QVITTED
Joctc

00020 DATA RECORD IS SALES-RECORD.
80021 01 SALFS-RECORD.

fup2? 05 SALTSMAY PICTUE XU(S).

00023 0% DIstRICH PICTURL XXX,

3002~ 865 S&LES-0OLLARS PICTURL %(5)VS59,

00529

3002¢

aH0r7 F AEPQORNTAFILE

gage~?

28G29 LAFEL RLCONRJS ARE ogeITTED

"0 Q

23051 DATA RECGRD IS REPORT=RECORD.,

gecr2 01 eEpaRT-RECGRD,

36033 0"  CARPIAGE~CORTROL PICTURE X,

300348 0 SALESRAN-QUT PICTURE X(5).

G590°% 0. FILLESR PICTURE XXX

20334 0s SALLESMANSTOTRL~-0OUT PICTURPE $3%4%83%84%83,99,
coasy 9% FlLLES PICTURL ¥{R},

QGG 62 DISTRICY=-QUT OILTURE XXX,

ngQ e 85 fFILLER PICTUCEL XXZ%.

$0040 0 DISTRICT-I0TEL~0UT BICTUREL $4%058884389,972,
J0gad 0> rFlLLEs PICTUPE X(ER).

Gacar Bs  FINAL-TOTAL-0UT PICTURE $5%9383e383.99,
$0942

feorgta Instftute of Technology CoB0L Workbench
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Appendix 2 EXAMPLE Page 153 .
t 00044 P oh
00049 JORXING~3TORLGE SECTION, b
V0046 i
00047 01 FLAGS, E
80048 05 MOREC-0ATA=1LAG PICTURE XXX VALUE “YES™. ¥ %
00049 88 MORE~-DATA VALUL "YES*™, % yo
ERY aa NO-MORE-DATA VALUL “ro ", 3
co0s1 3
00082 01 SAVE-ITEMS,
06053 C5  PRFVIQUS~SALLSMAN PICTURE X(5),
50054 05 PREVIQUS=-0ISTRICT PICTURE YXX,
00055
000%6 31 TOT:iLS COMPUTATIONAL.
60057 05 S/LESHAN=TOTAL PICTURE S9(8)IVIS VALUC JERO,
00058 05 O.STRICT=-TOTAL PICTURE S9(B)IVS9 VALUE ZERD.
00059 05 FlNAL=TOTAL PICTURE S2(8IVIQ VALUE 2LRC.
TVOLEVESD 0112 coBoL
00060
. :
TUOLEVEAD 0412 cosoL 1

30062 PROCEDURE DIVISION.
60082 PREPIRE-SALES-REPORT,

0006) opey INPUT SELFS-FILE,

03064 {UTPUT REPORT~FIV\E,

006" READ SALES-FILE

00066 4T RO MOVE “KRO = TO MORE-OATA=-FLAG,

00067 MOVE 20RO TO FINAL-TOTAL.

cocse PERFGR™ DISTRICT-TQTAL-PROCESSING
00069 UNTIL NO-MORE~DATA,

20670 MOVE SPACES TO REPORT-RECORD.

806G} MOVE FINAL-TOTAL TC FINAL-TOTAL-OUT,
00072 WRITE REPORT«RECORO.,

60973 CLOSE  SALES~FILC

SR A A 2 e A S S R A S e A e SRS R e e AR A D e

f 00CTa KEPORT=FILC, ;

! 00075 STOP RUN.

| 56076

! 00077 CISTHICT-TOTAL-PROCESSING

{ 00078 AOVE 2€RO 10 OISTRICT-TOTAL,

! 00079

| 000R0

i 50051 ®OVE DISTRICT 10 PREVIOUS-LISTRICT.

z 00032 PLRFOMN SALESSAN-TOTAL~PROCESSING UNTIL
00083 QISTRICT 1S NOT EQUAL TO PRIVINUS=DISTRICT
00C38 OR KO=MORE~DATA,
6odEs :

00666

coge? MOVL SPALES TC RIPORT-RECORD.
GC0RS MOVE PREVIGUS-ODISTRICT 10 DISYRICY-QUT,
000RY YOVE GISTRICTY-TOYAL YO DISTRICT~TOTAL~-DUT,.
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0G0S0
0094}
00092

00094
WHDE LY
0309¢
00097
0009%
0003
001¢¢C
50101
3192
€010
00104
G010
6012
20107
Jolg#
010

I¢11)
90112
to11

R S N T ot et I+ o s o

P AU TN Wy e Vit e G KED o e ve

2 CXAMPLE Page 154

WRITE REPJRT=-RECORD.
A2D OISTRICT=TOTAL TO FINAL-TOTAL.,

0009} SALESMAN-TOTAL-PROCESSING.

MOVY ZERO TO SALESMAN-TOTAL.

MOVE SALESMAN T0 PREVIQUS-SALESHAN.

PTRFOR™ PROCESS~AND=READ UNTIL
SALESMAN 1S NOT EQUAL TO PRTVIOUS-SALESMAN
Gh GISTRICTY S KO EQUAL TO PRECVIOUS-RISTRICT
OR NO=-RORE~DATA,

MOVE SPACES TO REPORT=RECORD,

POVE PREVIOUS=-SALTSHAN TO SALESRKAN-QUT,
MOVE SALFSHMAN~TOTAL TO SALESMAN-TOTAL-0UT,
WR1TE REPORT-RECORD.

A00 SALESMAN-TOTAL 10 QISTRICT-TOTAL,

6110 VROCESS-AND-READ,

A20 SALES-DOLLARS TO SALESHMAN-TOTAL,
arAp SALESAFILE
AT TRO MOVE "NO™ TO H4ORE~DATLA-FLAG

TOLEYE LENGTH 1S 000387
260200- SC™ USEO

Jehe2ee CYBER Output

a1 1202427

9> §1.0.00
638 $1%a.b%
1 $S&4f,02
18 1287466
32 31185.60
M 3393,.,2%
36 $17°4,1%
39 $121e40
50 $H1eR0
} 8357.10%
$14208e0:6
Georsia fastitute of Technology Co80L Workbench
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' APPENDIX 3 ¢
i

DOCUMENT CONTROL E

T oA

The information contatned in this appendix was extractex
from & rescarch paper by Timothy Ge Saponase That research )
B paper served as partial tulfdtilment of the first year DPhelt, i
: research requirement at Georgla Tech,.

[ Jotument Control 15 the Workbench tacility that oroviages for
K ‘ the generatione modifications and general management of oll
revisions of any document. 4Among the documents which are

serviced by Docuaent Control are coBoL moaulese &
<. secificationsy sanualsy cotaloass and reportse PMost of the 4
ks : discussion concerning Cocurent Control «will refer to COBOL ]
i morylesy but it 4s equally applicable to any other document, ;
b
E Sels GAPARIMLIIES |
_ ' A gocutent, sych »as a proqrane foYy 30 threugh wmony ;
; revisionse At any tise several of these revistions muy be in gi
3 usee For examoles One group of peonle may be working with i
b progras & 4n produttions another group may be correcting %
f known buas in proaram 4y anc still another aroup kay be ex- g
g, tending the capabitities of program As This obviously could 3
B result in o5 very chaotic sftuation ¢f all three groups are §
ke using the sase programe Thusy it 1s necessary for Cocument g
K Control to Aaintain and tollow a docusent through all of ts 3
£ revisionss Docueent Control should be able to create any g
ﬁ revision at any point {n time, 4 protection wmechanisme %
j shouid be provided oy Document Lontrol to protect anaingt %
& accidental tazoerina, Corrections shoule be selcctively 'E
7 ¢ propagated to those revisions which need ity and users of é
B, revistons Later than those changed should he alerted to the %
b changes., fach revielon ghould <contalin a release numders ¢
k- version numbsre date and time of creationsy status f(nroduce §
2 tiony tests develonacntde and higtory information (who made s 4
7 the aodifications what ft conrsisted ofe where the =ndifica- ¥
B2 . tion occurrede and why the %o0dification was maneds Finallye &
e § the revision control program shoulo possess uscful audit in- %
E- ! formation to aid asnagezent in following thke nrogress of a %
k : project, ]
Nag * WP
- g
3 3,

3.2 1ML BRCHANISE

3

i £
“? 4 good candidate for the Tocurent Control mechaniza i ﬁ
k- descrivted in [(Rochkind 1975)s The philosophy of this methoa ’é
b . f¢ that ths text coxmon to more than one revision will not f%
B be duolicateds The fundamental aton used to record fnformae g
A tion §s called o deltas Deltas are identified by on ordered @
e palr (14§) where ¢ refers to releasc § of 4 document and E
A4 refers to level § of the releases we will ocenote the delts o
e ’ §
; Lo Georgla Institute of Technology COBQL workbench | | %
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corressonding to version } of release § of a document oy
“0lefe"® A dults censists of List 5 of changes that must Le
applied to the Llatest previous revision to ottsin the
current revisicn, fFor examplee t0 obtatn the current
revision for the situation in figure asle2~1ly deltas 1.1
through 1«8 2ust be applied 4n suctessione Ip all cascs
dqelta 2o «i1il represent the original documente tLL changes
ore expressed in terms of the primitivesy, ingsert and detlete.
£ach of thase primitives 1s ocerforsed on an entére Line of
tent. For exazples tc represent the chanye of one charac-
ters one would delete the Line zoataining the character onc
insert a new Lline containing the changeg chaoracters Ex-
perience has ahown that the dnformation which s Llost by
reoresenting all changes as a comdination of inserts and
deletes ts not really essential (Rochking 19751, Thuse
trrre s no peralty §n constructing a delta from a series of
inserts and celelese

FIGURE 84342-1

SCQUENCK OF FOUR DELTAS
INDICATING FOUR REVISIONS OF A MGCOULE

Clel===D1¢2==~Dls3="n(]lct
D1e2 represents the changes that aust be spplied to

Diel to get release 1o version 2 of & document

3.2+1 Agding Nex Qeilas

¥ew teltas can only be applied asftee the Last deltsy of a
relsasee thuse (! one das 4 document thet has two relcases
3s 1s the case in the ecxarple cdeplcted in tigure as,lelel-ly
and 11 {s degired to rake 5 mootficaticn to release 1o then
the new getta 2ust te added between delta led ong delty 261
This sttuation could occur when release 1 ¢s being tested by
onc group und release 7 s being developed Ly antther Qroupe
1¢ the ¢$4rst arcup finds an crror 4n the firgt relesses del-
ta 1e5 =2ust he adced to correct the errorse Delta 1.5 will
ngt oc uset to obtate any version of a release sfter release
i unlecs an optional gelta as explained bdelow 45 wspolieds
instvoade & warnina message will bhe tssued iInforming the user
thit a acdification to the firct release has occurred.

Geargta Institute of Technology COBOL workbench
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FIGURE 2:3¢2.1~1

THE RESULTS OF ADDING A REVISION TO RELEASE 1

OleleeeDle2-==D1o3wc=DleNe==(2s1-==02e2~==0263~~=02,4¢
|

|
|
!
add D1.9

- o ——

Dlel==eDle2===Dle3===Dled~==Dl¢5=>=D2e1°==0242==0243~-~0254

3.2+2 3aecial Dsifaa

In additton to these celtacy one can specity two kinas of
specisl deltas, The tirst §s the optional deltas Thesc are
Like the regular celtas except that assoclated with ecachk of
these cdeltas §s an option lettere A delta of this type will
only be applied tf the option letter 95 presented aslons with
the request for the soecified documente This 45 useful in
sdtuyations in which one wants to emake a3 change to the code
to provide for a special environment experienced by a subsct
ot users btut wants thig change to be invisible to the rest
of the users. The second kind of specfal deltas §s uses to
tndicate whether or not previous deltas are to be 4ncluded
or excluded from the revision representad by the special
deltas For examplees §f {1t s desired to remove delta le3e o
speclial delta will be added which will indicate that celta
1.3 §s to be excluded from any revision beyond this point in
tizee This eethod prevents the risk of accidentally remove
ing code that aay be (aster found desirables One can also
use this special delta to specify the inclusion of previous
deltase {n the discussion concerning figure 0e3e2el~-1¢ 1t
wds sentioned that delta 1.% would not be soplied to obtain
any version in release 24 1t the change represented by del-
ta 15 is desired In a revision of release 24 one can add a

spcctal deltas delta 2450 that reguests the inclusion of
delta 1¢%

Georgia Institute of Technolugy CoROL wWorkbench
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3.2.3 Ibe 3tocags of Qa2itax

ALl the aeltus for a particular document are placed in a
data structure which {s designed to allow the parallet ap~
plication ot oll deltose CLach document (d.ee set of del-
tas) s stored in & separate sequential file which consists
of four partss

2.243.1 Header Intforastion

Ine tirst part §s the headers which containg release Lockse
a List ot vroqgrammers authortized to add deltase an Enalish
cgescription of the =odules ang any other infcermation thot
one teels s approoriate for the headers Next dn the file
fs the releoase toble, This contatns o count of the number
ot deltas in each release (this 45 usetul tn determining the
cenfiguration of storage for the processing of the body to
te descrived celowle The release table {s followed by the
delta taoles wrich contains for each delte the relcase aus-
nerey icvel nuebery option Letter §f one extstse date and
tize §2 was oddeds L8t ot other deltas included or eacluded
by this deltas who created this deltas and why this celta
wos treatece The last part of the tile 1sg the body in which
the actual cdeltas are placed.

3s243¢2 The Main Body

The %ndy ctontains two types of recordse text recordsy which
contatin the source code inscrted by the deltase ane controt
rccordse which specify the ctfects of each deltae The
contral record uses three letters (ly D¢ €) to indicate the
action to bde taken (inserte deletees end of controld)e The
relecase and version nuasbers for which the asction s to bpe
spplied are also specified on the control recorde An exam~
ple 0! 2 body oresented in [(Rochkind 1975) 4s depicted in
fQQUfC 3032203e2-10

Georglia Institute of Technology COBOL Workbench
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’ FIGURE 8e3e2e3¢2~1
EXANPLE BODY PARY OF THE DELTA FILE OF A MODULE

11,1

. 1.4
text of 1.4

Eled

text of 1.1

Dle2
sore text of 1.1
. 1.2
I11.2
text of 1.2
D1.3
nore text of 1.2
Ele2
nore text of i.1
€1.3 *
aore text of 1.1

f£l.1

Notice the bracketing by (le E) and (Ds E) pairse
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J.2.¢ Protgsticn

Document Control must also fnclude a method of protection
: against accidental tampering and change. As mentioned {n T
: the discussion aboves no delta can be reroved physically ﬁ
froa the systeatl insteaoy a8 new cdeltae which indicates that ]
the delta of interest 4s to be donored in the production ot 2
a revistony must be tonstructed, Thuse One can be acsured
that no change can be Llosty which dmplies that sny ac~-
cidental dasage cone to the module can ultimately be correc~
tede This then racduces the probles to one of preventing
tanpering. Obviouslyse 1t {s dmpossible to be certain that
the changes beinyg made are valide Thuse protection must be
limited to screeninag the wusers trying to make changes to
sodulese This can DdDe fimplementea by assoclating & bt
matrix with ecach wmodule (Rochkingd 1975)s One dimension
ranresents the names of the programmery allowed o mocdify
the nodules and the second dimension rerpresents the
revisions of the aoduless Thusse each grogrommer con mcoity
only certain nodules ang certadin revisions within those
roculese

3.2.5 3%asmeing an ldeotification go 3 Hadule

In agdition to protection of modulese 4§t {s neccssary to
stasp an Ydentification on the modulese This should incluce
the releasc nuabers version nushersy date and time the rmodule
was Last nodifieds the nares of the programmers responsible
for the socdules and the status of the =zodule (productions
tests developrent), It has been suggested that this in-
fornntion ne tncorporated iInto the module iIn such a way that
the toax eoculs will also contain this information (kochkinc
197t 7. In CO0B0Le this information could be storead n the
working storage sections In fact by using s standard macrce
this tusk could be casily operformede and one could be
insured of a4 uniform systee of $dentitication.

.
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K This approach to the problen at first alance appcars very
costly because of ¢the space reaquirede but this anxiety is
s00n cqurnched by the following statistics taken fros (Roch-
king 19751, The statistics were based on the largest user
aroup on an 19% 270, tThe group iIncluded 100 prograomaers andg
2964 =oculese This resulted In 134455 delitas which occupiec
1901766 recordse There was an average of five deltas pey
soculece Dut 40X 0of the modules had only one deltas Of those
with nore than one cdeltas the average was 7.5 celtas per
socules There were 126 rodules that hac more than 2% del~
tase The number of L\ines of code resulting from atl the
mosules taren at their latest reviston was T#Ge719, This
me~rnt that there was 37, additional space occupied »y the
delisse but one must rememsber that tnis was obtalined by con-
oarina the space occupled by only one revision of each
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moduyles Thuse ftor 37X additional spaces they were acle to
possess the capability af accessing any revision of any
sodules
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APPENDIX o

GEORGIA TECH SOFTWARE TOOLS SUBSYSTEM COMMAND INTERPRETER

The Scftware Tools Subsystem is a set of program development
teols bosed on the book Spitupre Tgols by frfan V.  ner-
niahon and Ps  Je Plaugere It was orfainally ceveloped for
usc on the Prime 400 computar in 1977 andg 1978 in the form
of several cooperating user oproqramse The present Sub-
systemy the sixth versione §s 3 powertul tool that afas in
the eftective use ot computing resources,

R R LI

I

The connand interpreters aiso refesred to as the ghelle 1s a
vital oart of the Subsyutems It s 8 program which sccepts
cosrzands typed by the user on his terminal and converts thea
into more primitive directions to the computer itself, The
userts tnstructions asre expressed tn a special medium called
the gormand lapguagee The next few sections will describe
the corrand language ancd Qive examples ot how {t 4s used.

Pry
2

s

D

AT

Three areas will be covered in the following pages. Firnt,
there s a tutorfal on the use of the command language.
Seconds there s a susmary of the gyntax anc semantics of
the cosrand Llanguages Lastlyy there s 3 selection of ap-
plication notessa This section is o good source of wuseful
technigues and sasples of sdvanced usaacs

tele IUIQRIAL

4.1.1 Gelling Started

After vou have loaged in to the computery you nust start up
the Suhsystess 70 o thise type the command "swt™:

Oy swut
]

The Sudsystra fires up and the coemand dntcrpreter prompts
you for input 2y tyodna a right bracket,

B A PR b Pt s B A A A s R S P R A T S S D A B S

é.1.2 Iypgaqrashisal Senxentigns

the rules for correcting typos under the Subsyster may vary
fro® system to systems Usuallys the Subsystere ecxpects a
bactktsngce (control=h) tn “e used for detletino sinale charace
ters trat are in errore and a JLL (RUROUT on sone terainalsg) .
to telete cntire Lines that are in error.

,,.
)

.
z, -vf\g’ E,z,s' ~‘;&;§ )
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In the next few sectionse references will te made to input

Lines that are terminated with a "nevwlines® You shoulc wuse
the "newline® key on a tereinal only ¢ the terminal locks a
"return® kcye They do not necessarily have the same effect,
3
4-1.3 Commands
Input tu the command interoreter ¢tonsists cf “"commandse"®
Coanaandss iIn turne consist of 3 “ccomand namee” usually mace
up of Lletters and digitsey ond additional pleces of in-
forzationy often called "parameters® or "arqunentse® (Note
that a command may or #ay not have arqumentse dependine on
its functions) The command name and 23any arguments are
separated from each ather Dy spaces.
For example?
)} echo dello worla!
. Hello world!
.'* }
“; The command name is “echo®. 'Echo® is not a very f{nvolved
; comaands 1t sioply types back its parametcrsy whstever they
3 %3y beoe
%3 s Here v another cosomande one that s a bit more usetul?
; ) e
7 adventure cc Quide reBC0
& | shell shell.doc subsys time_sheet
5 woras zunde
4 3 =
3 :
£ i i3 used to List the names of your filese s
S
4 t.1.4 3pecial Shacailars and Rueiins
A Some <characters have specisl meanino to the  coxmand )
T ! interpretere fFor cxamples try typino this comrand: “
3 ] echo Atasy noor Yorfck g
dlas :
poor?! rot found 4@
] e
5 This strange behavior fs caused by the tact that the comma ‘Q
- is used for dark mysterious purposes elsewhere in the cor~ i
3 rnand languages (The comma actually rcoresents o null /0 3
3 . connection between nodes of & networke See the section on
.§ pioes and networks tor more inforsationes) In facte all of
£ the following characters are potentisl troublemakers:
Georqls, Institute of Tecnnoloay COBOL Worknrentch .
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|
§

i

»

v 33 @82 1 CYLD 3 ¢) blank
The way tc handle this problem is to use gugtese. You may R
use e¢fther single or double gquotess but be sure to natch
each with anocther of the same kinde Try this command nows

1 echo "Alase poor Yoricki 1 knew him well.*®

Alasy poor Yorick: I knew hin well.
J

You can use quotes to enclose other quotes:
3 echo *GQuoth the raven!: “Nevermoret!® ¢

7Juoth the raven: "Neveraorel™
|

A tinal word on quotations: Note that anything enclosea 1in

quates necores a gingle argumente For exampley the commang
7 echo “Can [ use that in my book?"

has only one arquments dut

] echo Can | use that in ay dooOk?

R3S Sevene

ot 1 e o
e a1 e A I8 et AT AN Y 35V TR 0 AR AL it s s MH AR S S A B s

4.1.% Comnand Eilea

Supnosce you have a task which maust pe done often enoughk that
1t 45 dnconvenicent to resmemder the necessary comnmands and
tyose thee in every timee For an examples letts say that you
have to print the year=end financial reports for the lLact
five vyearse !¢ the "print” cozmand 1s used to print files.
your cotmang m2icht Look like!

he e st
R e

ey oy

23, Mgz

} print yearT} year7s year?S yearl6 ycarll > P
I1f you use o text editor to make a file namcd "reports” that N
contains this cormands you can then print your reports by ?
tyning

I reports i
No soectal coz=and 4s required to perform the operstions in %
this "command ¢1le3” simply typing its name s sufficient, :

Any numher of comrsands may pe placed in a command file. It
ts possitle fto sct up aroups of comeands to b2 repeated or i
executeo only 1f certain conditions occure See the 4Ap- * ok

plications “otes for examplcese
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1t is one of the f{mportant features of the command
interpreter that commanc files can be treated egpctly ULike
ordinary commandse As shown §In Llater sectionsy they are ac-
tuatly programs written in the commanc Lanquages meny Sub-
system commands (%e?y *fosty and *rcl®y for example) are §m-
plemented in this manner.

*.1.6 Doing Rgpelitive Yaskz === ISeration

Some commends can accept only a single argumentes 9ne exan-
ple of this 1s the *tos* commancs “Fos® stands for “formate
overstrikes and spool."® It 45 a shorthand command for
printing "foreatteo® documents on t(he Line printer, CA
“formatted® document s oane prepared with the help ot a
progra® caiced a "text formattere® which Justifies right
margins, indents paoragraphse etce This oaocument was
prepared by the Software Tools text formattere callced
*imte*) 1If you have several docusents to be preparede 1t is
very inconvenient toc have to type the *fos? command for each
onee A specfal technique colied *fteration® allows you to
*factor out” the repeated texts For examples

.3 tes (tilei tile2 ftilel)

is equivalent to

] fos filel
} foge fitle2
] tos fitled

The oarquaents {nside the oarentheses forms an "iteration
groupe® There may be more than one f{teration qgroup in 3
commandy but they o2ust all contain the gsame number of ar-
quzents. This $s because each new command line produced by
fteraotion =ust have one argument from each qroupe As an 4l-
tustration of thise note that

J (echo print fog) fite(l 2 3)
13 equivalent te
J echo filel

I orint file2
)} fos ¢tled

Iteratinon s operformec v a8 ¢imple text substitutions §f
there s no spoace between an araument and an Yteration group
in the ortatnal commands then there §s nons between the ar-
gusent and group elements in the new commandse Thus,

file(l 2 3)

is equivalent %o
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y
tilel
file?
fileld
fteration s most useful when combined with function callsy

i which «ill ve aiscussed Latere

4.1.7 Joucces and Qestioaticna of Qata

Control ot the sourcet and destinations of data s o very
vastc function of the command f{intersreters yet one that
deserves special sttentions [Lvery progras andg conmang in
the Sutsystem can nather data from certalin well-known places
. anc deliver {t to other welleknown placez: 0Datd sources are
known os 3angard inputl porlst dats destinations sre callcea
standarg euipul partsre Programs are s3id ts "reod from -
stondord input® and “writs on standard outpute® The key
point here s that proarass need not take {nto account how
the dnput data s rade avallable or what hapoens to the out-
put data when they are finished with 1t: the cosrmand
. interpreter s in complete control of the standard ports.
3 cosvang «e will use freauently in this section §s ‘*copy®e.
*Copy? aocs cxacily what fts name Ymplicst §t coples data
fron one place to anothere In facty 1t copies data tror {ts
tirst standard input port to fts first standarc output porte.

The first point to reacaper 1s that py gefaylle slangary
eoris rofgrepis Lhe lsrz2ipale Try *copy® now!

) ¢cooy

Ltter you Mhave entered this commande tybde some randowm text
tollowed by a neulines *Copy® will type the same tert back
to youe (dhen you tire of this casece type a control~C: this
causes an end-of-file signal to be sent to *'copy®s which
thon returns to the conr=ond interpreter. Typing controleC
to cause end-of=~filec 45 o convention observed by all Sutr~
systee pronransa)  Since you d4d net say otherwises standard
tnput ang standorag output rcferred to the terminatli  input
gata was taken froa the terminal (as you typec $t) anc oute
put data was olacesd on the terrinatl (orinted by *cooy®).

Goviouslys ®cony?® would not be of much use ¢ this was all
§t could doe Fortunatelyse the coanand S§nterprater can
rhange the sources andg destinations of agatas thus makine
teooy® Less triviale

Standars oports =ay te altered so0 as to refer to disk files
by nse of a fypnele ixe greater~than sian (>) 4§35 used to
represent a8 funnets  “onventionallys the ">" points 4n the
direction ot data flowe For exawples 4f you wisheg to copy
the contents of file “ce"” to file "ola_ee"y you tould type
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1 ee> copy DPold_ee

Ibe geeafer-ihan slap ausl alxaxs Lo i=mediolely next Lo iis
axseslased filenamel no intzarvening bLlankg gre gallowedse A%
Lga3d 2n¢ biapk musl sepceralé the 5! tron apy zempand  parg
or grgusentse Ihls resgtriction 15 negessary o ingyre thag
Lhe s222a0d language sap Re Jnfecrereled upashiguQusliys

The construct “eced® {3 read "trom ee"i "dold_ee" {5 reond
®*towaryg old_ee.™ Thuse the command atove ¢ n be read “fron
ee cop)y toward olo_ecee® ore “topy trox ce¢ oward old_ces”
The orotess of changing the tile assionment of a stundard
port by us¢e ot a funnel 15 called "1/0 redirectione” or sin-
ply “refirection.®

It 42 "ot necessary to recdirect both standarcd $nput ano
standara ocutputi ecither asy de redirected incependently of
the octhere For examplen

) ee> coupy

can be used to print the contents ot file "ee* on the
terzinal, (Reomerber that standard ocutpute since 1L wos not
spectifically redirecteds reters to the terminaly) Kot
surprisinglys the Last vartation of ®tcopy®e

} copy Ddold_ee

fs also usefule This :ommand causes input to Le taken fron
the tersinal (untit an end-oftrfile 18 generated by typing o
control-C) and placed on the file "old_ce®, This s o qguick
way of creating a snall ftle of text without usina a tert

editor, £
It is i~portant to realize that il Subsxsfiges RLQUCARE 4
gehaye uniferaly w«ith regard 8o cedirection. 1t is ag 3
correct tc redirect the output ofe saye *Lt¢ 3
I Uf >fite_tist 3
as it 4s to redirect the output of ®cooyt, 3
4
Althouth the discussion has been limited to one tnput port E:
( and  onc output port up to this pointy more of cach tyne are @
i savailables In the current implementation, therc are a totsl %
! of vixd three for input and three for outpute The highest~ %
: nuspered output port s generally used for error messages. ;,
{ and is often called "errouti®™ you can “capture® error mes- g
sages by recirecting this output ports, For exampley 1t any z
J errors are detected by *L4* 4n this command A
B
I L dsrrors '%
%
then the resultiny error messeges witll te plsced on the file ﬁ
i “errors.” ,g
. B
‘ D
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Final words on recirection: there are two speclalepurpose
reairection operators Lteft, They are both represented by
the characters *>>", The tirst operator s called "append:™

I UL 3O0Uist

causes o List of files to be placed gt the gnd gf (appended
to) the file named *list™. The second operator s calleo
*¢rom command fnout.® 1t is represented as just 5> with no
fite nases and causes standard {input to refer to the current
source of commanas, It ts useful for running proqgrams (ke
the tent editor fror "scripts® of Instructions placed in o
command fitle.

4.1.8 Pipes a0d Beluarka

The Llast scction ciscussec /3 reoirectione the process of
making standarc oorts refer to gisk filese rather than Just
to the ter~inals This section will take that 4dea one step
. further.s Frequentlys the output of one proaram §s placed on
o tiles only to be pickea up again later and used by another
programe The coaaang interpreter simplifies this process by
celintnating the {nteraediate files The connection between
projrans that s so formed Y3 colled 3 gipge and & Linesr
array of proarars cossunicating through pipes s called o

eigeline.

Suppose trat you malntaln a Lloarge directorys containing
grafts of vartous ranualse Cach dratft 1s dn 5 file with o
nane of the forr *vYAiNgaxxerr®y where ®axxa™ {3 the nusber of
the aanual and ®rr® s the revision number. You osre asked
to prevuce & List of the nuebers of all manuals at the first
reviston stagee The following command will do the job:

, T U =¢ ] tinc L0}

“{t ~¢c® Lists the nuces of oll files 4 the currcent direc~
torye The "pipe connection™ (vertical bar) couses this
Lizting to oe nassed to the *find® coemandsy which sclects
those Lincs contalining the string ®".01" and prints them,
Thuse the ofipeline adove will orint all filenakes nstching
the conventional form 0f a first=rcvision manual name,

The ability to bufildg spectal purpose commands cheaply ann
: guttily from avaltlable tools using pipes {s one of the wrost
§ valuable “features of the comsand {nterpreter. with prac-
ticee surorisingly difticult problems can be solved with
CaASCe for further ceanples of pipelinesy see¢ the Ap-
olicatinns *otess
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Coebinations ot programs connected with pipes need not he
tinear, Stnce multiple stonderd ports are ovaltlables
programs ¢an be asnd often are connected {n non-linear
networkse (5082 networks ceannct be executed {1 the proarasms
in the network are not exccuted conturrentlys The commana
interpreter detects such networksy and orints o warning mes~
s30¢ 4f they cannot be performeds) Further information on
netwarks can be found In sections 647e2¢2¢ 6e7eed0 and
beleleln

*.1.9 Compound Ngdes

. 1t is sometimes necessary to chanqge the standard port en-

f vironaent of many comuands at one tiamey for ccrosons of con-
venience or etficliency. The “compound node® (a set of
networks surrounded by curly braces) can be used {n thece
sftuastions.

As an exaaple of the first casey suppose that you wish to
generate a Lligst of manual names (see the Last example) in
elther the tirst or the tecond stage of revision, Onc way
to 20 this s to genorate the List for the first revision
stagees Dlace ¢ on a tile using a funnely then generate o
Ltigst tor the zecond revistion stauge and place 1t on the end
o0t the same tile using an "append® redirector, 4  ¢compoung
noce might simplify the procedure thusly!

T CU! =c | t4nd 013 Lt =¢c | tind .02 ) >List

The tirst network finds atl manuals at the first revistion
stages and the second finds sll thcose at the sxecond staqee
The networks will crecute lefteto~righte with tnhe output of
each deing placed on the file "Ligts™ thus acneratinu the
desired Listing, With iterations the command can be collap~
sed even farther!

} L Lf =c | f4no 081 2) )} D>Llist

This coadbination of fiteration and compound nodes s often
usefule

Tffictency becoars a considgeration {n cases «here succegsive
lona streans of data are to he copied onto & ftilet ¢ the
*apoend® redircctor s used cach time, the file must be
recpened 3ndG repositisned severs! tiess, Usinay a2 caepguntd
nodes the output file nced dbe opened only once!l

1 ( ctitel tile2 t1le3V> copy ) datli_tiles

This complex exaaple conlics the contents of fites “fitlels”
*file2e® and "fiie3® into the file named "all_files.*

- -':}' - g “;‘;’*f« - - S M A N A Ao g 5 aont st 2
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§

: 4.1.10 Eunstien Salla
Programs in the Subsystes receive information through thetr ,ﬁ
conrand-line arguaents as well as their standard portss so ¢
it {s sometimes useful to deliver the ocutput ot o program to 3
the command tnterpreter for further processtingy rather than §
to a olprs, The "function call™ mechanise {s available for :
tnis purposes For cxseples recall the situation Yltlustrated i
{n the section on pipes and networksi suppose {t 41s neces- §
sary to actually print the manuyals whose names were found, g
This s how the task could be done:? i

Y orint (Lt =¢c | fing L0111

The tunction call §s co=posed of the network Lt =-¢ | fing
«01"™ and the square brackets enclosing {te The output of
the network witntn the Srackets 43 passed t~ ‘*print® 25 o
set of atyumentse which 4t accesses in ti e usual manner,
Speciticatlyes gli the lines of output from the network are
cosbinecs 1into one et of argumentsy with spoces provideda
where aultiole Lines have been collapsed 1nto one Line.

"Print? sccepts multiple arjumentsd howevers supsose §t  wag
necessary to use a proqgraom Like *fos®y that accepts only one
argueent? iteration can be ccadined with s function cali to
do the job:

L)

] fog ((Lf =¢c | ting 010}

AL B8 WA S v L Wy TS o S RTINS WA v A SRS T3 PR S

This comsmsand for2ats and orints all manuals 1n the current
dircctory with reviston numpers *"01°%,

Functtion catlls are freguently wused 4§n coamand {ilesy
sarticularly ‘or accessing arquments passed to thems Since
the seguence "Lt =¢c | tind pattern® occurs very freguentliys
1t ts 4 3000 candidate for replacement with 3 command file?
{t 1¢ only necessary 20 pass the nattern to be matchea ftrorx
the argueent List of the comsmand file to the *find® cosmand
with a function calle 'he followinag command files calleo
s¢iles®y will 1llustrate the process:

1¢ =¢ | tind larc 11

"ary 1™ relricves tre firet romnmnand file argument. The
funrtion call then Dasscs that arguement to *f14nd® through
Y fts arsuzent  List, *Files® ray then bhe used anywhere the
5 orfainal network was appropriate!

¥ A TR 0 G VI s “OR 0 Y Y e M YU T 1 e st B

MR A Y

! ] files <01
Torint [files <011
i fos t(files 01 D)
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4e1.11 Yariahlss

It has obeen clatimed that the command Llangyuasge s )
& proarasming  languaae tn  {ts own righte OCOnec facet of this
E ltansuage that has not veen discusued thus tar is the use of
fts wvariadlese The coamand interpreter allows th» user to
create varfabless with scopes and asstgn values ts  thea or
refer ice the values stored in thee.

s

o el
Ry v

ﬁ
%
3
@
.
&
.
:gj
§
%
9

& Certatin spectial yvarfables are used by the commang
3 tnterpreter in its everyday operations These vaoriables have
b nases that begin with the underline (_)e One of these {5
it * nrompt*, shich is the proapt string the coemand
ﬁ interpreter prints when requesting & coamands 1! you object
B to ")* as a prompts you can change it with the "set® com=~
3 sanyg.?

i ) set _prompt = 0Ky "

71 Orhe set _prospt = *x

1 A set _prompt = "3 °

4 k 3

i . You M3y create and use vartables of your owne To create a
4 variable 4n the currcnt scope (levet of commane file
E: executtond)y use the "declare™ ccowmanc:

]

3 ] declare § § k sure

3 Values are oassigned to vardables with the °set? cormmenace X
{ The coamand interpreter checks the current scope anc  all
e surrounding scopes for the varfable to be seti {f founds it

is changedy otheruise 1t 13 declared In the current scope !
and assigned the specified valuce

3
%
£33

1
]
&
¥
B«
b2t

3
£

Variadbles bhekave Like small prooramsg that print their
current valuess Thus the value of a vartable con bs ob~
tatned by siaply typing i{ts nanes or {t can be used in a
command Line by enclosing 1t in brackets to fore & function
calie the following coanand file (which alse fllustrates
the use of *4t%y teval®y and *qoto*) will count from | to
the number gliven as fts first argusent:

5

R R T P T L TR AN YRS s SRR

- declare

Fs - stﬁ ‘ =l

1 ilooo

e §1 Cevatl 1 "> (aru 11}

3 go0to exit

'1‘ f

A !

Ve set 1 = [eval t o 1]

g; goto 100D

o textt

b

i} Note the wuse of the "eval™ fungtione which treats {its ar-

g . gurents as an arfthmetic exoression and returns the expres-

i ; sfon®s valuee This 1s required to insure that the string "¢
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e 1" {s interpretec as &sn expregsion rather than as o
character strinde 4050 note that *f{* terminotes the *{fe
cormand,

In the futures typed variables and better control structures
will be added to the comeand {nterpreter,

4.1.12 Lonslusion

This concludes the tutorial sections for the comwand
fnterpreters  Gespite the tact that a goad veal of natertal
has DbDeen nresenteds wuch detatl has been calittede The next
next fcw sections dnclude a coaplete summary of the
capadititing of the command interpreter and some examploes
shich may orove heloful,

4.2+ 3JUBEARY QF IYNMIAX ANR SENMAMIICS

fhts section 15 the definitive document for the syntax and
cerresponaling seaantics of the Software Tools Subiystem Com-
mand Interpnreter, It 1s coaposed ot several sub-sectionss
each coverinn soze =ajor area of command syntaxe with
aiscussions of the semantic conseguences of employing
particular tonstruztse It i3 not intended as a tutorial,
nor fs 1t !ntended to supdply aultitudinous examplest cther
sections in thigs vocuaent are provided to fiLl those needs.

4.2.1 Commanda

Ccormandd 2 [ <Cnetd (3 CnetY ) 3 Cnewldned

Tthe cgnpand fs the bagic unit of communication between the
cosmand Interpreter and the user, It consists of any number
of netwarks (descrived below)! separated vy seafcolons and
terstnated by A newline., 7The networks sre executed onc at
tieecy lefit=to~righti <hould an error occur at any point 14n
*he parse or crecution of 3 networke the remalnder of the
Cco=randd s 1gnoreds The null command $¢ Llegale and causces
no actione

The cossand interpreter reads commands for Adnterpretation
froe the g¢omsand AQMLRLe This 15 initially the user's
terefnaly althouah executton of a gonmangd filc may chanue
the issiangent. ¥henever the command source 1+ the
terzinale and the command interpreter s ready for $npute 1t
prompts the user with the string contasined §n the shell
vartable * _aro=apt?. Since this varlablLe 2ay be altered by
the users the pro=pt strinn 4s selectable o9n & per-~user
basise
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4.2.2 Neluarka

Knetd> (% dngded 3 ‘
{ ¢no1e scparator> ( <noae sepsrator> ) <noded> ) é
ki

<ncde scparator> !z o | Cpipc connectiond

<pinpe connectiond> 13z [ <Cportd ) ¢|* ( <Cnode number> ] [ o<portd> ]

{port> iz Cinteqerd>

{node nuaberd iz Cinteger> | ¢ | <label>

A C(net> qenerates o block of !nnssibly concurrent) procesges
thot are bound to ons another by channels for the flow of
dota. Tyoicallye euch <noded> corresponas to a single
processe (Node>s are described In smsore adetafl belows)
There is no predefined "execution order® of the oprocesses
composing a <netd the coamand {nterpreter will select any
order 4§t sees {18t {n order to satisfy ¢the required
fnput/output relationse. in particulare the wuzer 1is
specifically enjoined ngt to assume a2 Lleft-to-riaht serdal
executiony since some <netds ceannot be executed in this ean-

W b R,

)

e

et
2 MR

et

wwe
5,

(o1 3 Y ;ﬁ

ki
input/outout relattons between <nodeds ars specified with %
the <noce separator> construct. The following discussion g
may be useful In wisualizing the date flows in a Cnetde ano %
clarifing the function of <the cosponents of the <node 3
senaratord. F
The entire Cnetd> may be recresented as a directed oraph with %
one vertex for each <noded> (typicallys eyulivalent to each %
orocess) in the nets tach vertex may have up to n arcs %
terminating at 4t (reoresentina ipput gata xlrcaagde and g p)
arcs criginating from 1t (representing gutpul gats sireams)te :
An arc between two vertices indicates a flow of data fron %
one <noded> to esnothery and 43 physically implemented by & 9
gipg. 3
fach of the g possinle {nput points on a <node> s assigned gg
an ldentifier consisting of a unique integer $n the range 1 .
to e These tdentifiers are referred to #s tne port nutbers 4
tor the giondard 3nput o0-ts of the given <noded.  Sirilar- %
Lys each of the 8 possible outout points on a <node> s as- }

sioned 3 unigue integer in the range 1 to g referred to as

the oport numbers for the gtondard oulput gerts of the given

<neodeds

Lastliye the Cnodeds thesmselues are nueberedy starting at

and fincresstiag by ! froa the Lleft end of the <netd> to the
rient,

%
s

¢
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Clearlye in order to specify any possible fnput/output con~
. nection between any two <nodedsy it 43 sufficient to

¥

specify: %
1. The number of the "source® <noded>, %

2

2. The nuaber of the "destination®™ <nodede. b

x
#
&
7’2
PA

3. The port number of the standard output port
on the sourt <noded> that 1s to be the source
of the datas,

6., The port nuaber of the standard fnput port on
the destination <node> that s to receive the
dataa

e s R R

The syntax for <node separatord {ncludes the specitications
for the last three of these items, The source <node> s un-
derstood to be the node that {amediately preceeds the <node
separator) unger ¢  \deratione. The special <node
sesaratord> “¢" s used (0 separate <nodeds that do not

foniabe

AR

particioate in cats sharings 4t specifies 2 null connections %
Ihyse Lhe <ngde 3coarator> proyides a aeans of exlabliszhing p
apx eeizdnle sennestion befxeen Lwe <ppdeds 9f a yiven ks
<0(‘!)o §
The full flexibility of the <node separatord is rarely %
needed or desirables In order to make effective use of the y
capabilities providede suitable defaults have been designed ;
into the syntax. The semantics assoctoted with the defaults i
are as fotlows: §

1e¢ If the output port number (the one to the %

left of the vertical bar) s omitteds the ;

ncxl wnassloned guiewt aeerd (3o iosreasing i

nymerical grder) is ispliede 7This default )
‘ action tokes oplace gnly after the entire
; <net> has been evamineds and all non-
5 defaulted output ports for the given node :
{ have been assiqgners Thuse §f the first Cnode :
separatord after a Znoded has & defaulted
Gutout port nuatere port 1 will be assigned
11 and only 1 no other <node separatord ate
tached to that <node> references output oport
) I It 1s an error tor two <ncde separators>
to referonce the same output porte. (This
i particular behavior may be changed in the

future te allow *forking™ output streams,
: which would be tcopied to wmore than ose
. destination,)

; 2e it the destination <noded number t5s omitted,
i then the next node 4n the netd tscanning
from Left to right) ¢ iaplieds “:Frequently o
rull <noge> s genérated st the: end of a

£
L¥
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Cnet> hecause ot the necessity for resolving
such retferencess,

e [ the destinatisn <nodedts {input port number
{s omittede then the next wunassigned {inpu!
port (4n dncreasing numerical order) is inm-
pliede As with the defaulteo output porte
this action takes place only after the entire
{net> has been exarinedes The comments under
(1) above atsce apply to ocgefaulted Iinput
portse

in sddition to the defaultse specifyina input/output connec-
ttons netween widely separated <nodeds is aiced by alter-
nattve scans of giving <noded nuaberse The last <nocde> in o
<netd> may be referred to by the <node numberd> 3¢ and any
<node> may be referred to by an alphanumeric <label>.
{<hode> iadbelling s discuzsed in the section on <node>?
syntaxe bDelowe) If the tirst <noded of a <net> s labelleds
the <netd> may serve as a target for the *goto' commandi sce
the Anpplications Notes for examples.

4s will be seen In the next sections further syntax s
necessary to completely specify the input/output environment
of 2 <noce>} the reader should remember that <node
separatords control only those fYlows of cata between
RLALLERER.

A few examples of the syntax presented above may heilp to
clarity sose of the sesanticse Since the syntax of <node>
has not ye! heen discussens <nodeds will he represented by

the string *node® followed Dy & digitey for unioucness and as
8 key to <node nusbherd>s.

A simple Linear <netd> ot three <nodeds without defaults:
nodel 1]2e¢l node2 1]3.1 nocdel

(Data flows froe output port I of nodel to ingut port 1 of
noage2 and outout port | of node2 to input port 1 of noded,.)

The sane <netde with defaults:

nodel | node? ) nocel
(Note that the spaces around the vertical bars are
adndalarye so that the lexical anslysis routines of the cor-~
mand tnterpreter can parse the elements of the command unar-~
biououslyas?
A sisple cycle?

nodel |1le2
(Data flows from output port ! of nodel to input port 2 of

nodels Qther data flows are unspecifics at this Levels)

Georqia Institute of Technology . C0BQL Workbench
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A brancthing <net> with resolution ot defaults:
i nodel |$% node2 {.! nodel

(Dsta tlows from output port 1 of nodel to input port 2 (!}
ot noded and output port 1 of node?2 to {nput port | of

nogeld)

4:2+3 Nodes

¢node> iz i<labeld [ <simple noded> | <Ccomp. 4 noded> ) |
{ Csimple noded> | <compound noded

C<slaple noded> 3tz { €4/0 recirector> ) Ccommand named
{ <i/0 redirector> | <argument> )

Ccomspound noaed> = ( Ci/06 redirector> }
*{* Lnetd> ( <Cnet separatord <netd ) )¢

{ €470 redirector> )

€470 redirector> 3z <file named> *>% [ <port> 3] ]
{ <portd> 1 ¢>¢ (tile naned

£ <portd> 1 *3>* Cfile nased |
*>¢ { <port> 3

{net separatord 3= ¢
<cammand named i1z C(file named

Clabeld 3= Cidentiflerd

.-

savicol

The <node> {t the dasic executable element of the command
» Languagee It consists of a8 Llahel (string of Lletters,
dicitse and underscoreses beginning with a Letterde or an op-~
tional Llabel followed by one of two additional strutturese

P

The <irst opotion 13 the <simple nodede 1% specifics the
nane 0t 2 cozmand to be pertormeds any arguments that com-
#and may rcquircs and any Ci/0 redircctords that will affect
the data ecovironaent of the command in addition to <pipe
connectionds in any <nets> containing the <simple noded,
{<i/0 redfrectors will be discussed belowe) The execution
of 3 steple node normally involves the creation of 3 single
processe which perforas some functione then returns to the

operating syste=,

e At I ot S5A

S RR SRS e R b T e e

The second option §s the {compound noded, 1t specifies o
<retd> wxnich 1s to be executed accordinag to the usual rules
of <net> evaluation (see the previous sectian)ey and any <i/0
resirectsrds that should affect the environment of the
<netd, The <compound noded> (s provided for two reasonse
Onee 1t §s cccastonally useful tc alter default port assio-

¥

IR,
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naents for an entire <netd> with <i/0 redirector>se rather
than supplying <4/0 rcdirector>s for each <node>. TwOs UuSE
of compsund nodes containinag more than one <nctd> nlives the
user some control over the order of execution of his proces-
sess These abilities are discussed in more detail belows

Since it §s the more basic cunstructe consider the <simpie
nordede It consfsts of o Ccommand named with Cargurentdse
intermixed with ¢i/0 recirectordse The Ccommand named rnmust
be a filenamey usually specifying the name of an object code
file to be loadedse The command interpreter locates the cor-
agndg to be performed by use of a user~specified search rylc.
The search rule resides in the shell vartable
" _search_rule™y and consists of & serfes of conma~-separateo
clementse ELath element 13 cither a template in which amper-
sands (&) are replaced by the <dcommand nemed or 8 flag
fnstructing the comrmand interpreter to search one of {ts
internal tabless The flag "~int" {npdicates that the commandg
interpreter®s repertoire of internal commands 4s to be chec~
kede C(An internal command s implemented 3% a subroutine ot
the comsand interpreters typically for speca or because of 4
need to access some private dats base.) The flag "“var®
causes a scarch of the user®s gheil i (see below for
further discussion of variadb:as and functionsd, The follow-
ing search rule will cause the command nterpreter te search
tor 3 coamand anonag the internal coamandse shell variables,
and the directory /bine in that order?

*"“{nte“vare/bin/e*

The opurposz of the search rute s to allow optimiration of
cor=and location for sprede and te admit the possibitity of
restricting some users from sccessing "priviteged®” comnandse
(For éxamples¢ 2he search rule

**vars/project/Library/s”

would restrict s user to accessing his vardaoles and those
conmands 4n the directory /project/librarys e could not
altee this restrictions since he does not have access to the
(internal) ®cet® command} the "“int® flag s missing from
his search rule,)

CArqumentd>s to be passed to the program being readied for
cxecution are nathered by the command interpreter ond placed
in an area of memory asccessed by the LQibrary routine
*getara®, They may be arbitrary stringse separated from the
coreand name and from each other by blanks. Guoting may be
necessary 1f an <arqumentd> could be interpreted as sone
other element of the cosmand syntaxe Cither single or
double quotes may be useds The asppearance of twd strinas
edjacent to one another without blanks implies
concatenations Thuse

"quoted "string
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is ecquivalent to

LV e s e e R e oM RN

“quoted string"®

*

or to :
E:

quoted® string? %

Single quotes may appear within strinas delimited by double 2
quotessy and vice versal this 4s the only way to dncluge !
quotes within a stringe Cxazmple? %
"fquotec string®” %

Y*Alase poor Yorick!t®™e %

Arquments are generally unprocessed by the command
interpreters and so say contain any {ntormation wuseful to
the progras being tnvokede

IR,

In the previous sectiones it wos showun that streams of deta
from "standard ports™ could be piped from progras to program
through the use of the <pipe connection> syntax. It 4s also
nossible to ,edirect these datas streams to filesy Or to use
tiles oas sources of dataes The congstruct that makes this
possible 45 the {i/0 redirector>. The <i/0 redirector> s

‘;31
g
g
3

composed of filenamess port nusbers (as described $n the 7
Last section)e and ore of more occurrences of the “funnel®” §
(1, A

3
The two simplest forms take {nput from s file to a standard %

-
e’

port or output from & standard port to a files In the case
of delivering output ¢to a files the file 1s automatically
created §f 4t did not existy and overwritten {f 4t did. in
the case of taking 4nput from a filey the file s
unzocifieds Exaaple:

GO O BT e s ]

NS

Zocumentationd]

causes the data on the file "docunentation” to be passed to
standard in-ut port 1 of the nodel

1oresults

causes cata written to standard output port 1 of the node to
S5¢ placed ¢n the file "results”,

1f no <1/0 redirector> {s present for a given ports then
that oort ~utomatically refers to the userts terminale.

R A S AN v A TR s

1t port numbers are omittedy an aszignment of defaylts 4t
Kaces The assigneent rule 13 fdentical to that given adbove
tor <pine connectionsd: the first avalilable port after the
entirc <netd> has been scenned §s usede <170 redirectord>s
are ecvaluated left-to=-riaghts so leftmost defaulted redirec-
tors are assigned to Llowerenumbered oports than thcse to
their righte For examples
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datad requestsd trans 2>summary 3>crrors | spool

i the same as

data>l requests>? trans 2>summary 3dcrrors 1)2e1 spool ';

2,

where all detaults have been elaborateds *Trans® night bne g

soxme sort of transaction processcre accepting data input and ﬁ

update requestse and oroducing a report (here printed off- ﬁ

; Line by beinag piped tec a spooler proaram)ey a summary of ~§
! transactionise and an error LiZting, ;%
} r

In additfon to the <i/0 redirector>s mentioned aboves there
are two Lesser-usec redirectors that are usefule The first
! 20pends outout to 3 files rather than cverwriting the file.

The syntax §s identical to the other output recirectory with

the excepticn that two funnels *>>° are useds rather than
! cnee For examples

~

sy 68 P A T SR b AN

s

62>stut!?

causes the data written to output port 6 to be appended to
the file "stuff®, (MNote ¢the Llack of spaces around the
redirector: a redirector and {ts oparameters are ngyer
separated fror one anothers but are plugys separated fronm
surrounding arguments or other textes This restrigtion is
necessary to insure unambiguous interpretation of the
redirectore) The second redirector causes {nput to be taken
trom the current comaand source files It s most usefuLl in
conjunciion with comsmand filess The syntax s similar to
the $nput redirector mentioned asboves but two tunnels sre
used and no fileaname may be spacifieds As an examplee the
foilowing segment of & command file uses the text editor to

oo,

2

AR IC DB FE LD

3

change ail occurrences of *Magrch® to "April® 4n a given g%

tile2 %

i 5

> ed file %

g/Rarch/s//april/ iﬁ

¥ 3

A&

g kK

' When the editor §s invokeds it will take input directly trom *E
: the command filees and thus 1t will resd the three commands ‘3
plased there for 1t, ‘g

The “command source® and "sppend® redirectors are subject to 4

;
A

the case resolution of defaults as the other redirectors end
<pipe connectiondses Thuse In the example imrediately abovey

3> et file
§s equivalent to

>>1 ed file

b st restlemditriveaioab b sna
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Now that the syntax of <node> has beon coveredy Jjust two
further considerations remaine. Firste the nature of an
executable program maust be definedes Seconde the proolem of
execution order must be clarifieds

In the vast majority of casese & <noded 13 executed by
bringing an object program {nto memory and starting {t.
Howevery the <command naned> may slso specify an internal
corsands a shell varfables or a command files Internal com-
esands are executed within the command interpreter by the in-
vocation of a subroutines vhen a shell varlable §s used as
a commande the net effect 43 to print the value of the
variable on the first output porte followed by & newline.
1t the filenane xpecified is a text file rather than an obhe
ject filey the command interpreter “guesses” that the named
tile {5 a file of commands to be interpreted one at & times
In any cases cozmand {nvocation is uniforme and any <470
redirector> or <plipe connection> given will be honorede
Thuse tt 15 allowadle to redirect the ocutput of a comsmand
tileo Just as 4t 1t were an object programe or copy & shell
variable to the Line printer by connecting it to the spooler
through a pipes

As mantioned 4n the section on <netd>sy the execution order
ot nodes {in a <netd s undefined. That isy they may be
executed serfally in any orders concurrentlye or even simul-
taneouslys The exact method is Lett to the daplementor of
the cosmand finterpreter. In any casee the flows of data
described by <pipe connectionds and <Ci/0 redirector>s are
quaranteed to he presents There are times when $t would be
preferable to know the order n which a <cnetd will bde
evaluated: to help with this situstione <compound noded>s may
be wused to eftect serfalization of control flow within a
networks <XNetds separated by semicolons or newlines are
guaranteed to be executed serfallys Lleft-to=-righte otherwise
the command interpreter would exhibit unpredicteble behavior
as the user typed in his commendse. Suppose {t is necessary
to operate four pnrogramsi three may proceed concurrently to
make full use of the multiprograsming capahiiity of the com~
puter systeny but the fourth must not be executed until the
second of the three has terminateds For simplicitys we will
assume there are no finputfoutput connections bHetween the
orograase, The following command Line meets the reaquirements
stated absve!l

nrogramly {program2} programd)s programs
(Recatl that the comma represents a null $/0 connections?
Suppose that we have &8 slightly different problem? the
fourth program must run after gl of the other three had run
to cospletions Thisy tooe can be expressed concisely!
nrogramly procoram2e programdi prograns

Thuse the wuser has fairly coeplete control over the execu-~
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tion order of his <netd>ss (The use of commas and semicolens
fn the command Language parallels their use for coklateral
and serial elaboration in Alnol 68.)

AR SIS

This completes the discussion of the core of the command '
Lanquage. The reaainder of the features present in the com= ;
mang interpreter are provided by a built=-in preprocessors i
which handles function callse fterations and commentse The .
next few sections deal with the preprocessor®s capabilities. ;
4.2.4 Copssnts !

Any good command lecnguage should provide some means for the
user to comment his codey particulariy in command fileg that
may be used by otherss The command interpreter has a simple
comment convention: Any text between an unquoted sharp sign
(%) and the next newline {is {gnoreds A comment may appeor
at the beginning of a tiney Like this:

2 command tite to preprocesse compiles and Link eait
Or after a commande Like this?

fileosrd rt 4 Ratfor®s output goes to the terminal
Or even after a Labely for {dentification of a Loop:?

ttoop # beginning of datly cycle

As tar as implications in other areas of command syntaxe the
conzent s functionally equivalent to & newline.

4.2.3 Yaciahisa

Cvartishled (2 Cidentifier>

Cset commandd $:= set [ <Cvarfebled ) =2 { <Cargurent> 1]

P PR T L -

¢doclare cormand> (3= declare { <varfable ( <arguaent> 1 )

N

Ctorget commandd (3= forget Cvartabled ( <Cvarfabled> )

-

The command interpreter supportes named string storage aress
for miscellaneous user applications, These are called
¥ariablege Vartables are {dentified by » nemes consisting
of Lletters of elither casees digitse and underscorese not
beginning with a digite Variables have tuwso attributes:
value and scopes The- value of » variable nay be altered
with the *set® commands cdiscussed belowe The scope of a
veriable s fixed at the time of its creationi simplys
varisbles declared during the time w«hen the command

rkd

ba I Y
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interpreter {s  taking input from a command file are active
as long as that file {3 being used as the command source.
vartables with qlobal scope (those created when the command
interoreter s reading comamands froe the terminal) are saved
as part of the user®s profiles and s0 are available fronm
terzinal session to terminal segsion. Other wvariables
disanpear when the executicn of the command file 4in which
they were declared termsinates,

variables may be created with the f*declare® command.
*Declare?® creates variables with the given names at the
current Llexical ltevel (within the scope ot the current com~
mand tile)e The newly-created variables are assigned a null
valuecy unless an {nitialdzation string {s provided,

Variables say be destroyed prematurely with the ‘*tforget?
connand. The named variables are removed from the coanand

interpreter®s symbol table and storage assigned to them g 2

released to the system, Note that variables created by
operations within 2 cormand file are automaticolly released
when that command file ceases to executes Also note that
the only way to destroy variables at the aglobal tLexical
Level 4s to use the *torget® command.

the value of 3 veriable may be changed with the ?get® com-
mands The first argusent to *set® 1is the name of the
variable to be changed, 1t absenty the value that would
have been assigned s printed on *set®s first standard out-
pute The Llast argusent to *get® %3 the value to be assigned
to the wvariables It s uninterpreteds that ise treated as
an arbitrary string of texte If missinge ®set® reads one
tine ftrom {ts tirst standard {nputsy and assigng the result-
tna stringe 1If the vartable named tn the first argument has
not been declared at any lexical Levels *set? declares 1t at
the current lexical (evel,

variables are accessed by namey 88 with any command, (Note
that the wuser®s search rule must contain the flag ""“var®
before variables wili « be  evaluateds) The command
interpreter orints the value of the variable on the first
standard outpute This behavior makes variables wuseful ¢n
function calls (discussed belowde In additiony the user may
optain the value of a variable for checking simply by typina
fts name as o0 conmande

4.2.6 1igratian

Citeration)y 3= ¢(? Celementd { Celementd ) *)¢

Iteration s used to generate muitiple commend Lines each
differing by one or asore substrings. Several {tération
celements (collectivelys an "fteration group®) are placed §n
parentheses? the command interpreter will then generste one
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command Line for each elementy with suczessive elements
reolacing the instance of iterations Ilteration takes place
over the scope of one <net>} 1t will not extend over a <nect
separatorde. (1f {teration is applied to a <compound noded.

1t wille of courses apply to the entire <noded>{ net just to
the first <net> within that <noded,)

Myltiple iterations may be present on one commandi each
fteration qroup must have the same number of elementss since
the command interpreter will pick one element from each
group for each generated cozmand Line. (Cross-products over
fteration qroups are not implementeds)

An example of iteration:
l fos parttl 2 3)
{s cquivealent to

) fos parti} fos part2} for partd

and

J ¢cp tintro body suamary) part(l 2 3)

{s equivalent to

) cp intro partlii cp body part2i cp summary partd

4.2.7 Eunctian Salls
¢tunction calld> iz ?(* Cnet)> ( <net separatord <netd> )} ¢]¢

Occasfonally 1t §s usefuil to be able to pass the output of o
program along as arguments to another proqrame rather than
to an input porte The fupngtion call makes this possible,
The output asppesring on each of the first standargd output
ports of the <net>s within the function call ts copied into
the command Line in place of the function call itselfe Line
separators (newlincs) present (n the <Lnetd®s output are
replaced by blankse No quoting of <net> output is pere
foraede thus blank-separated tokens will be passed as
separate argunments, (If aquoting {is desirede the tilter
*quote? can be used or the shell varfable * _quote_opt™ mnmay
be set to the string "YES® to cause automatic quotations)

4 <netd> may of course be any networki: all the syntax
described in this document {s applicables In particular,
the name of 3 varisble may appear with the bracketss thuse

the value of & variable asy be substituted into the command
Line,
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4.2.8 Consluaign

This concludes the description of command syntax and )
semanticse The next section contains actual working exaw- .

ples of the full command syntaxy along with suggested ap-~
plications.

ae3. APPLICATION MOIES

The next few sections consist mostly of examples of current
usage of the command interoreter. Cxtensive knowledge of
some Suhsystem programs may be necessary for complete under-~
standing of these exanpless but basic principles should be
ctear without this knowledge,

4.3.1 Baais funstigna oo

In this sections some basic applications of the commana
Language will be discusseds These applications are intended
to give the user a "feel™ for the flow of the Llanpuages
without heing explicitly pedagogicale.

T AN SN Pe S oy S

REApV

one commonly occurring task §s the location of Lines in a o
fi{le that match & certain patterne The *find® command per~
forss this tunction:

J tite> find pattern >lines_found
Since the Llines to bLe checked s&gatins® the pattern are

trequently a List of file namess the following sequence oc-
curs often:?

NPT § PR .

G

PP o R

J Ut «¢c directory | tind pattern

Consequentlys a command file namead *files® i3 available to
abbreviate the sequence!

) cat files
it -¢c CLargs 21 )} ¢ind Cara 13

(*Cat® is used here only tc print the contents of the com-
mand files) The internal command ®arg® s used to fetch the
tirst argument on the command lLine that Invoked *files®.
Siattarlys the internal comrand %args® fetches the second
through the Llast argumcnts on the command Line. The command
f4le gives the external appearance of 3 program *files® such
that

1 files pattern

R S A S R AP T STV A0 -SSR 1 T

s ecauivalent to :
1ttt =c | find pattern 3
“
,4‘
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ang

J files pattern directory

is equivalent to

g

J \t -¢c directory | find pattern

once a Llist ot file names is obtainede it 1. frequently '
orocessed furthery as in this command to print Ratfor source
tiles on the Line printer:

l or [tiles ors | sortl

*Files? produces a List of file names with the “or® suffix,
which §s then sorted: by *sort?s *Pr® then prints all the
named files on the Line printers

Onc problem arises when the pattern to be matched contains
command Llanguage metacharacterse When the pattern 4s sub-
stituteo tnto the network within *files®y and the command
interpreter parses the commande trouble of some kind is sure
to arisce There are two solutions! Oney the filter *quote?
can be used to supply a layer of quotes around the pattern:

L ~c {arqgs 2) | tind {erg 1 | quotel

Twoy the shell wvariable °*_quote_opt®y which controls
automatic function quotation by tne command interprveters can
be set to the string “YES®!

declare _quote_ont = YES
Lt =¢c Largs 2) | tind Carg 1)

This Latter solution works only because *args® prints each ?
arqument on a separate lLinci the command interpreter slwvays ¥
generates sepsrate arouments from separate lines of function ’
outpute In practices the first solution 1s favorede since
the non-fntuitive quoting s made more evident.

3,

onc common non-lLinear command structure is the so~called "Y*
structurey where two streams of date join together to forn &
third (after some processingle Thés sttuation occurs
because of the presence of dyadic operations (especistily
comparisons) 4n the tools availadle under the Subsystems As
an exanmples the following command compares the file names in

two directories and (fists those names that are present in
both:

PN

e

J Lf -c dirl | sort |8 Lf ¢ dir2 | sort | common -3

Visuslize the command in this way?
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3 ¥
lt «c dir) | sort Lt =-¢ dir2 | sort, &
\ / v

\m- G_.’ﬂ---‘-’/ i >

\ / oo

2.3 H30 oS g A

common =3

B
o rripent s

The two *Lf* and *sort® pairs produce Lists of file names
that are compared by *common®y which produces a List of
those names common to both input Lists.

Command tiles tend to be used not only for often operformed
tasks but also to make Life caster when typitng Llongs complex
commandse fluite often these Long command Lines make use of
line continuation -- a newline preceeded immediately by an i
underscore 4s ignoreds The following command file 1s used
to create o keyword-in-context index from the heading Liénes
of . the Subsystem Reference Manuals Although it is not -used R ;
trequentlys 1t does a great deal of work and §s illustrative E
of many 3! the features of the command interpreter, :

B A

£t make_cmdek === huild permuted index of commands
tiles /doc_? ~f commonds_1tiles _
| change X *"find Xehd * _ N
sh

change *Xohd (L~ 103 € ®Je([~®1e)?e0 ®31: @20 _ .
kwic -0 /extra/spelling/discsrd _

sort ~d | unrot ~w [widthl D>cmde.k

e APRT AL €

First o few words on how Suhsystem documentation is stored:
The documentation for Subsystem commands resides in a sube
directory named *“commands_files®, The documentation for
each cosaand is in a3 separate file with the name
doc_<commandd. The heading Li4ne 4n each file can be

fdentified by the characters "Jhd" at the beginning of the
lLine.

oAt e AW L h

e
{

The entire ccamandg file consists of » single network. The
*tiles?® command pronduces 3 List of the full path names (the
-t option is passed on to *Lf?) of the files 4n the sub-
directory “coemands_files” that have path names containing
the characters “/doc_" followed by at Least one additional i
characters The next ®change® command generates a *fing? f
command for each documentation file to fino the heading {
Line. These commend Lines are passed back to the shetl
(*sh*) for executions The outputs of all of these *finde
commandss naxnely the heading Lines froe all the documenta- .
tion filese i3 passcd back on the first standard, output of i
*she, The second *chaonge? command uses tagge%?oattcrns to

{sotate the command name and its short description from the

header Line and to construct a suftable entry for the kwic

incex gencratore Finallye *kufc®e *®sgort®ty and Punrot?

produce the index on the file "cmdak¥, -

e R e
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To this pointy only seriatlly-exccuted commands have been
discusseds however sophisticated or parametertzede Control
structures are necessary for more gyenerally useful ap-
plicationse The following command filey *ssr%y shows A
useful technique for oarameter-setting commandse Like many
APL system commandss *ssr® without arcuments prints the
value 1t controls (in this caseys the user®s command search
rulc)y whiie tssr® with an arqgument sets the scarch rule to
the araument givens then prints the value for verification.
*Ser® looks Like this:

B esr -== sct user®s search rule and print it

it (nargs)
set _search_rule = [arg 1 | quote)
19

-search_rule ;

The *1t* command conditionally executes other commands. It
reauires one arquments which 1s {interpreted as "true* §f §t
is oresenty not nully and non=-zeroe If the arcument s
truey all the commands fros the *1f® %o the next unmatched
‘else® or *f4* command are executeds. It the argusent 1s
falsesy all the commands from the next unmatched %else? come~
mand (1f one s prezent) to the next unmatcheg *f4% cormana
arc executeds In *ssr® abovey the araument to *{4f¢ ig 3
function call invoking *nargs®e & command that returns the
number of arquments passes to the command file that {5
currently activees 1If *naras® {s :zeroe then no arqurents
were specifieds and 'ssr' does not set the user's search
rules If *"naro¢* §s nonzeros then *ssr® fetches the firgt
argumente quotes it to prevent the cosmand fnterpreter from
evaluating spectal characterss and assigns 4t to the user's
search rule variable *_search_rule®.

*If* s useful for simple conditional executions but 1t s
often netassary to select one among several alternative ac-
tions 4instead of just one from twoe The ®case? command §:
available to perforn this functione The premier example of !
Ycase' 1s the command file ey which s ysed to invoke -
efther the screen editor or the 4ne editor dependina on
which terminal 4s beinag wused tas well as remembering the
name of the file last edited}:

MR
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# e === {nvoke the editor best suited to 3 terminal

it Cnargs)

set t = [arg t | quotel
fi

case [(Lline)
when 1¢
se -t consul C[se_params) [f]
when 11
se -t 0200 {se_params) (f)
when 15
‘ se -t b150 {se_peramsl) (1]
when 17
se =t atal {se_params] (]
when 18
. se -t b200 (se_params] (1] .
when 25
se =t b150 (se_parang) (1)
out
ed (1)

A A——A o0

esac

The tirst 4t command sets the remembered file name (stored
in the shell vartable *1?) in the same fashion that f*gsr®
was usecd to set the search ruie (aboved)e The %case® command
then selects from the terminals it recognizes and 4nvokes
s ¢ proper text editore The arqument of ®case? is compared
with the arquments of successive *when' commands until a
matech occurse tn which case the group of commandy atter the
*when® §s executed? 1f no match occurse then the conmands
after the *out?® coxmrmand will be executeds (1f no ®out® com~
mand 1s presenty, anc no match occurse then no sction s
takxen a3 3 result of the *case®,) The egac® command marks
the end of the control structures In fety the ®case' com-
mand selects ecither tget (the gcreen editor) or ted® (the
Line editor)e and iInvokes cach with the proper arguments (in
the tase of %se?y identifying the terminal type and specify-
., ing any user-dependent personal paraseters),

The %goto® command may be used to set up a3 Lloop within a

commang files For examples the following command file witl
count from I to 102

¥ bogus comsmand file to show computers can count

declare § = 1

sloop
1
set § = fevat 1 ¢ 1)
4f Ceval 1 <= 18]
aoto Laop
t1

In actual ocxperiences Little need has been found for Loops
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within command filesy thus the need for this contrived exam~

pltee

4.3.2 Shell conirel Yariables

Several special shell variabiles are used to control the

operation 0% the commanu finterpreters The following table % =
{dentifies these vartables and gives a short explonstion of 3
the function of each. ? Fi
Yariable fupstien x %
_cti_name This variaole 4s used to select a command ! %
interoreter to be executed «hen the user ;

enters the Subsystems It should be set to ,
the full pathnase ot the command interpreter
desireds The detault value s "/bin/sh”,

_erase This variable aay be set to a single charac-
ter or an ASCI! mnemconidc for a character to
be used as the "erases” or character dcletes
control <character for Subsystem terminal in-
put processings The change in crase charac~
ter becomes effective only after the Sub-
systcm s re-entered and the {nftielizaticn
routines read the shell variable storage

files !
Jhello This vurtablee 4t presente is used as the

source of a command to be executed whenever ‘

the user enters the Subsysterme It is

frequently used to {mplement memo systems,
supply system status informatfony and oprint
pleastng messages-of~-the~daye.

_kitl This vartable may be set tc a single charac-
ter or an ASCI! mnemonic for » character to
be wused as the *kille® or (ine deletes .

control character for Subsystem terminat 4{n-
put processinges The change in kxilLl character
becomes effective only after the Subsystem s !
re-entered and the {initialization routines '
read the shell vartsdble storage file,

pronpt This varfable contains the oprompt string
printed by the command {interpreter before any
command read from the user's terainales The
default value 1s &8 right bracket (1),

et A A e L AN o S ST B o s LR s T B e e L Rt Db IR s e

-quote_opt This variableos 1f set to the valuc “YES",
causes automatic quotatfon of cach Line of
program output used fri a function calle 1t
is wmainly provided for compatibitlity with an
older version of the command 4nterpreters
which performed the quoting automaticsaliy.
The proaram *quote® may be used to explicitiy

H 3
-
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force quotation,

This variable contains a sequence of comma-
separated elements that control the procedurs
used by the coamand interpreter to locate the
object <code for a commands Ffach element {s
cither (1) the flag ""iInt"y meaning the conm-
mand interpreter®s table of {nternal com-
nandse (2) the +tlaa *""“var"y meanina the
user®s shell variablesse or (') a template
containing the character ampersand (L))o mean~
inqQq a particular directory or file irn a
dircctorye In the Llast cascy the cornmrana
name specified by the wuser 4s substituted
into the template at the point of the amper-
sondy hopefully providing a full pathname
that locates the object code needed,

4.3.3 Congluaien

This concludes the Applicatiocn Notes section.
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APPENDIX 5

EDITYOR
GEORGIA TECH SOFTWARE TOOLS SUBSYSTEM

The Software Tools Subsystem provides two editeorse %ed® and
tse.? The major cifference between the two editors 43 that
*se? allows the wuser to view a window of text durinog the
editing sescione To enhance the window features *se' also
provides some additional capabilitiese for example soccial
characcers for controlling the position of the curscre The
basic editing commandas available on both editorse thoughy
are {dentical, .

5.1. EQ

'EA4® {5 an interactive program that c¢an be wused for the
creation and moditication of “text". "Text®™ may he any col-
tection of <chaoracter catae such as a reporte 2 progr.umy of
data to be uygted by a proarame The nature of the next few
sections s that of a tutoriale and us suche 3 step=by=sten
journey through an editing session.

S.1.1 Siarting an £ditinc Sexaien

Since you are in the Subsystemy the commang dnterpreter
should have just printed the prompt ®*1%, To enter the text
editore tyoe

] ed (followed by a newline)

(Throuahout this introducttione boldface is used to 4indicate
inforeation typed by the user.) You are now in the editor,
ready to ao. tote that ®ed® does not print any oprompting
intormation: this quiet behavior s preferred by experienced
uscrse (3! you would Like 3 prompte 12 can be provideol try
the conmand “op/prompt/™e)

At this opointe ‘*ed® s walting for instructions from you.
You can instruct *ed® by using “comeands®e which are singlc
tetters (occasfonally accompanied by other informations
which you will see shortiy).

Se1.2 fniacing Iext = fhe Asaend Sassand

The first thing that you will need s text to edite Working
with %ed® 1s Like working with a5 blank sheet of paoers you
write on the papere alter or add to what you have writtens
and efther file the psper away for further use or throw {t¢
TIYNZ In ved® terminologye the blank sheet of psper you
start with 4s called 8 ®"buffere® The buffer is emoty when
you start editings ALL editing operations take place 4n the
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buffert nothing you do can af?oct any file unless you make
an cxplicit request to transfer the contents of the buffer
to a tiles

So the ftirst preblem reduces to finding » way to put tert
into the duftfer. The "append® command s used to do this:

This conpand appenas (acds) text Lines to the buffery, as
they are typed in.

To put text into the buffere simply type 1t iny terminoting
each Line «ith a newline?

The quick broun for
juaps over
the Lazy dog.

To stop entering textes you sust enter a Line containing only
a periooe izmnediately followed by a2 newline, as in the tast
Line Jadove. This tells ®*ed® that you are finished writing
on the ouffere and are ready to do some editing,

The buffer now contains:

The quick brown fox
fumps over
the lazy doq.

Helther the append coosand nor the final perfod are included
in the obuffer « Just the text you typed in between them,

Se1.3 Mriting 2ea8 a0 2 filg - the Mcite soasand

Now that you have some t2xt 4n the buffere you need to know
how to save 1it,. The «write coanand "w® s used for this
purtosce It ts used Like this:

w file

where "file™ 1s the nasc of the file used to store what you
fust typed ine The write command copies the contents of the
tufter to the named filey destroying whatever was previously
fin the fiteo. The buffers howevere is untouched: whatever
vou typga in fs stitl theres To indicate that the transter
6f data was successfule %ed® types out the number of Linexa
writtene In this cxamplee *ed® would type?

T
1]

It 45 advisable to write the contents of the buffer out to @
file vertodicallys to Insure that you will have an up=to=
date wersion in  case of some terrible catastrophe (Like o
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systea crash),

Sele4 Einishing ug = $he Quit sommand

Now that you have saved your text in a files you may wish to
. . lesxve the editors The "quit™ comamand "q% s provided for
! thig?

Q

The next thing you sce should be the "1® prompt from the
Subsystea cosmoand interpreters !¢ you did not write out the
contents of the buffers the editor will respond:

B SR

2

(not saved)

i s

3 ' This is to remind you to write oui the butfersy so0 that the
2 results of your editing session witl not be Loste 1f you

intended that the buffer be discardedy Just enter "q® again
¢ and %ed? will throw away the buffer and teraninate.

When you receive the ")* prompt from the Subsystem command
interpreters the buffer has been thrown sway! there {s ab-
solutely no way to recover {te. 1If you wrote the contents of

. the butfer to & files then this s of no concernt {f you did
note {t may mean disaster,

B o M e ot PP

To check if the text you typed in is really in the file you
wrote it toe try the following comaand:

7 cat f4le

where “file® s the name of the file given with the “w" cor- :

mande ("Cat® 1c a Subsystem command that can be wused to ;

: print tiles on the tersinale. 1ty for examples you wished %o
print your file on the Line printery you could say:?

;s

i
L
s,

i
.

=

. 3 pr tile

ano the contents of *file” would be aueued for printing.)

P

R S T I

S«1.5 Rgading files = the Entar semmand

0f coursees most of the time you will not bHe entering text
into the buffer for the first times You need v way to fiLL
the buyffer with the contents of some tile that already {
. - existsy 30 that you can seaify ite This §s the opurpose of ’
5. ) the “enter®™ command "e®™} {1t snters the contents of a file !
L, - into the buffers To try out ®entery" you wust firet got g
back into the editor: ] ¢

g oy T s e

et oasma
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o~

Gevrgla. Institute of Tecanolagy

i
]




Appendix S EOITOR Page 194

“tnter® 4s used lLike this:
e file
“E{le® {s the name of a file to be read into the buffer.

Note that you are not restricted to editing tiles in the
current directorys you 2ay also edit ftles belonging to
other users (provided they have given vyou permission).
Files Lelonginag to other uscrs must de tdentified by their
sfull pathname® (discussed fully in lhe Primos File Sysica
= An Qycryigyle For exampley to edit a ftile named
“document® belonuing to user "tome* you woula enter the fol-
lowina coamand:

e /tom/document

After the f%le's contents are copied into the buffery ‘ed®
orints the nusber 6f (ines it read.s In our examples the
nuffer would now contsin?

The quick brown fox
jumps over
the tazy doge

It anything at all s present in the buffere the "e® command
destroys it before readina in the named fite,

As a2 aatter of conveniences *ed® remembers the file nare
specified on the last "c® commandy $0 you do not have to
specify a 13i& name on the “w" command. With these
provisionss a coamon ecitina sesston looks Like

1 ed

e file
fediting)
]

qQ

The "file® command (*"f") {s available for finding out the
reverbhered file names To print out the names just type:

1

You aight sls0 want to check that
) ed file
fs cxactly the same as

]l ed
e file

That dse ®ed® will pertors an "e" comsmand for you 4f you
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give 1t o file name on the command Line,

.

%.1.6 frrors = fhe Suscy sesmand

Occasionallys an error of some kind will be enctountered,
Usuallyy these are caused by =isspelled f4le namesy althoush
there are other possibilitiess Whenever an error GCCUrse
tedt types

?

Although tnhis is rather cryptice 1t §5 usually clear what
caused the oprobleme 1f you need further explanations just
enter "?* and %ed? uill resoond with a one-Line explanation
of the errore for examples 1{ the Last command you typed
¥as an "e" commande *ed® s probably saying that 4t could
not €ind the file you asked fore. You can find out ‘or sure
by enterinag "71:

e nyfile

?

?

1 can®t open the file to read

£xcept for the messages in reponse to "%y 'ed® rarcly gives
otheres nore verbose error aessages? 47 you should see one of
theses the best course of action i3 to report 4t to someone
who saintaing the editor,

Se1.7 Printing fax8 = fhe Brint sasmand

You are Likely to need to print the text you hove typed 1{ne
to check §t for accuracys The "print®™ command “p* {s
avalilable to do thise "p" {3 different from the conmmands
seen Lthus fari %e%y "u"y and %"a" have been seen to work on
the whole buffer at oncee For 3 small ftiley §t might te
esstest to orint the entire buffer jugt to check on xome fou
Linese but for very larqge files this $s clearly lapractical.
The ®"p®" command theretfore accepts *line numbers® that 4n-
dicate which Lines to prints Try the following experiment:

1 ed tile

ip

The autzsk drown fox
3p

Lhe Llazy dege
1e20 g
The quick brown fox
jumps over
1¢3p
The gquick dbrown fox
Jumps over
the Lazy doge.
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“ip*® tells %ed® to print Line 1 ("The quick brown tox%),
“31p* gsays to print the third Line ("the Lazy doge¥}s %*1,42p"
tells ¢*ed* to print the first fhraough the second Linesy and
130" says to print the first gthroygh the third Lines.
Suppose we want to print the Last Line In the huffere but we
don®t know what its number g, °*Ud® provides an abbrevia-~
tion to specifty the Llast Line ¥n the buffer:

$p
the Lazy dog.

The dollour sign can be used Just Like a number. To print
averything §n the butfere we could type!

1e8p
The guick brown fox
fumps aver
the Lazy doge

If for some reason you want to stop the orinting before {t
is cdones press the BREAX key on  your terminat, 1t you
receive no response from BREAXy ted® g watiting for you to
enter a cozmande OJtherwises *ed® will respond with

?

and wait for your next command.

S.1.8 Nore Somclicated Ling Muabers

*£3* has several ways to specify Lines other than just num~
vers and "$%, Try the tollowing command:?

p
the Llazy doas

'Ed® prints the tast Linese Does ®ed? always print the Last
Line when it is agiven an unadorned "p* compand? NO» The
*n* command by fitself prints the "current® Line, The
*current® Line s the Last Line you have edited in any wiy.
tads a matter of facle the Last thing we did was to print all
the Lines in the buffere so the Last Line was edited by be-
ino orinteds) *Ed? allows you to use the symbol "." (read
*dot™) to represent the current (ine, Thus

P
the lazy dog.

fs the sa=e¢ as

Xy
the Lary doge

whizh §s the ssnrme as just

Georglia Institute of Technology CO30L Workbench
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The quick
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Ty 000G
sany wayse For examples
brown fox

over

brown fox
over

over

the lazy doge

This exarple shows how to print all the Lines up to the
current Line (lyep) or atl the lines froms the current Line
to the end ot the pbuttfer (o9%p)le If for some reason you
would Like to know the nuaber of the current Lince you can
tyne

fh e mwa s w

3

and *ed® will dispolay the numbder.
we O0id was to print the
- became Line 3,)

{Note that the Last thing
tast Liney s0 the current Line

*,® {5 not particularly usetul when used sloncs 1t becomes
much more irportant when used 4n "lLine-number expressions.”
Try this experisent:

o=1p
jumps over

",=1" mepans "the Line that 1s one Line before the current

Lince®
otlp - \
the Lazy dogs !
4
. * :
i *,41" means "the line that s one Line after the current 3
3 lines”

e*290+1p
The quitk brown fox
juaps over

#,=20e~1D" means "print the Lines from two Lines before to
one Line before the turrent Line.” -
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You can also use "3" in line-number expressions’

$=1p
jumps over

"$«1p” means "print the lLine that is one Lline bhefore the
Loast Line in the buffer (the next to the Last Line) "

Some abbreviations are available to help reduce the amount
of typing you have to doe Typing » newline by Ytgelt {s
egquivalent to typing "«¢ip™i typing an uc arrowe ““"y fol-
towed by a newline is eauivalent to typing “e=-1p®: and ‘yp-~
ing a LUinc-number expression followed by a newline §s
equivalent to typing that Line-number expression followed by
"n*, Cxamples:

(type a newline by {itself)
the lazy doge

fuaps over

1
The quick brown fox

[t =ight be worthwhitle to note here that all commands <xpect
Line numbers of one form or another. 1If none are supplied,
ted? will use default valuess Thusy 3

w file
is equivalent to

1e8u file
and

8
s equivatent to

(which =cansy append text giter the current Llince.!}

Se1.9 Relgting Lings

As yrte vyou have seen no way of removing Lines thst are no
longer wanted or neededs To do thise use the “delete® com~
aand "d":

1e2d

Deletes the first through the second Lines. *d® expects
Line nurbers that work in the same way as those specitied
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A

;f for "p", deleting one Line or any range of Llincse

b

% d

: :

e deletes only the current Lines It {s the same as "od" or

B "eved". ‘

e

bt After o deletions the current Line pointer s Left pointing

3 to the first Line piter the group of deleted lincse unless
\} the Last Line in the buffer was deleteds [n this cases the

. current Line §s the last line hefore the group of deleted

3 Lines.

o 5.1.10 Igxt Patfsros
.%, Frequently 1t 1s desirable to be able t2 t4nd o particular 3
i : "pattern® {in a8 piece of text. For examples suppose that 5
H § after proofreading a report you have typed in using *ed® you ;
b ’ tind a spelling errors Therc must be an essy way to find H
2 the misspelled word in the tile sc it can be correcteds Onc 3
e, way to do this {s to count all the Lines up to the Line i
5 containing the errore so that you can afve the Line number !
¥ . of the offendina Line tg ®ed®. Obviouslys this way is not
<W- . very fast or efficicntse *Ed® allows you to “search% for

¥ patterns of text (like words) by enclosing the pottern 4n
& slashes?

/Syspa/ .
3 jumps over

*Cd? Llooks for the pattern you specifiede and moves to the

first Line which contasns the patterns Note that if we had
N typed
-% . /juaped/
4 ?
g

S ; ved® informs us that 1t could not find the pattern we

wanted.
'cd? searches forydard from the currant Line when {t attempts ;
to find the pattern you specifieds 1If *ed® reaches the last .

Line without seeing the patterny it "wraps sround” to the
tirst Line in the tile and continues searching untft ¢t
efther finds the pattern or gets back to the Line where it
started (Line "4")e This procedurc ensures that vyou will
get the "next®™ occurrence of the pattern you were Llooking
fore and that you will not miss any occurrences because of
your current position in the file,

.-M\..,....N..
Tl 3ot s 2ot 1o U BT St bk, Feir i T K v e vt e 5 ¥ by KN ARt A & B b BB § e entmess 430 1hd R, TE, crall #

» Suppesee howevere that you dv not wish to find the "next®

§ vcecurence of a2 worde but the preyioyg occurrence of s word, é
Yery few text editors provide this capabitityl howevery ted? 4

; . makes it simple, Just surround the pattern with back~ 5

| slashes? %
S 3
; Georgla .Institute of Technology COBOL VYorkbench .. %
N . .. e s m..g
- T e , . el




Pl BT BN od x W WG A B e P S PSR gy
ST R U Ty o OO S R e o (5

i

e AR P e 8 b

Appendix S EDITOR Page 200

\quick\
The quitk brown fox

Reaemhar? backulashes = search backwarde. The backward
search (or backscane as §t is sometimes called) wraps around
the fite in a manner similar to the forward search (or
scan)e The search begins at the (ine before the current
tince proceeds until the first Line of the file s seens
then begins at the Last Lline of the file and searches wup
until the current Line is encountered, Once againy this s
to ensure that you do not miss any occurrences of a pattern
due to your current position in the fiie.

*fd? also provicves more powertul pattern matching services
than simply looking for a given string of characters. (A
note to beginning users: this section may seem fairly com-
plicated 3t firsty and indesd vyou do not really need to wun-
derstand 1t completely for effective use of the editor.
Howevers the results you might get tfrom some pstterns woulca
be mystitying {tf you were not provided with sore ex-
planationy so Llook this over once and move 0one)

The pattern that may appear within slashes (or backslashes)
ts called a "reqular expression.® 1t contains characters to
look for and special characters used to perform other
operationses The following characters

r 2 8 £ ¢« 3 (
have special meanina to ted®:

X 3eginning of Lines The *X" character appearino as
the first element in a pattern matches the begine-
ning of a Line, It 4s most frequently used to
locate lines with some string at the very bDdegin-
ningt for exampies

/%The/

finds the next Line that beging with the word
“The®", The percent 3ign has its special meaning
only 1f 4§t 4{s the first element of the patternt
otherwisey it 1s treated as a Litersl percent
signe

)

Any character, The question mark "?7¢ in »
requiar expressiorn matches gauy character (except &
beginning-of=-L4ine or a newline)s It can be used
Like this:

X %1-Y4

te find strings Like

e WEAAT b ¥ & are 4a

St ot

aed
a=b
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ab
arbitrery

Howevery  "2* is most often used with the
"clogure® operator "«* (see below)e
L 4 £nd of Linec The dollar sign appearing oas the
tast eleaent of a patteérn matches the newline
character at the end of & Lines Thusy
ftodays/
can oe used to find 8 Line with the word *today®

at the very ende Similar to the percent sitane the

detlar sign has no speciasl meanino in positicns
other than at the end of a pattern,

) Character classes, The square brackets are used
to satch "clagses® of characterss For example,

' ITA=2/

will find the next (ine containing a capital Llet-
tere

/xCabexyr )/
will find the next Line beginning with an aes be co
X9 Yo OF 29 and

r{”g=93/
wiltl find the next Line which contains & non-
rdigite Character classes are also frequently used
with the ®closure™ operator "e%,

*«  Closurcs The asterisk is used to mean “any number
¢! repetitions <(including 2zero) of the previous
pattern element (one character or a character
class in brackets).® Thus,

707eb/ !
witl find Lines containing an "a® tollowed by any
numher of characters and a "b®, For exampley the
followinag (4nes witl be matched:
ab
abnorast
Recording Media¢ by Dre Joseph Pe Gunchy
AsS another example,
R /%ze8/

will match only those Lines containing all equale
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signs (or nothing at all)se If you wish to ensure s
that only non-empty Lines are matchedy use 1

3

/1%=ze8/ 2

. Always remember that “e® (closure) will match zero i

: or more repetitions of an elenment,

[

£scapes The "ut* sign has special meaning to both
"ted? and the Subsystem 170 routiness It §s the
“egcape™ charactery which s used to prevent
interpretation of a spectfal character which fol-~
Lovese (Hote that to enter 3 single *3* from a
terminaly you must type twol the Subsyster 1/0
routines remove one in the precess of interpreting
cscaped characterse) Suppose you wish to Locute o
4 Line contadning the string "a « b%*, You may use
the following command:

e b bnen SR 1 17 e

s

P e P spatizont ol US4 ST

B
S e R 0 Y

la @+ b/

(Note that tyn "at® signs are required to pass one
"at®* sign to the editor.) The "at® sign "turns
off" the special meaning of the essterfskey so 14¢ :
can be wused as an ordinary test characters You . #
may have occasion to escape any of the regular ex~
pression metacharacters (X¢o 29 39 Lo ¢9 3y or O
or the slash (ftself. For exampley suppose you
wished to fino the next occurrence of the string 3
»1/2%, The command you need {s: ’

v e

LA

713872/ i

s SRR ar e S A s 1+

O Pattern tagse As seen in the next sectione 1t s :

sonetimes useful to remember what part ¢t a Lline .

was actually mstched by a pattern. By defaults :

the string matched by the entire pattern s remem-

bereds It ts also possible to remember a string

that was matched by only a part of s pattern by '

\ enclosing that oart of the opattern {in braces.
ence to find the next Line that contains a quoted

string nd resenber the text between the quctesy 1
“e afght use

EN

1720}/ iy

: 11 the Line thus locsted Looked Like this

BTN T

Thic 1s a Uine containing & "aquoted strina®.

then the text remembered a3 matchinp the teagged -

nart of the pattern would be é
k)

guoted string . §

i

Georata Institute of Technology COBOL Workbench
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The Last 1ieportant thing you will need to know asbout pate
terng is the use of the "default® pattern, *f 4 remembers
the Last reqgutar expression used in any commande to save you
the trouble of retyping {te To access the remembered pat-
teens simply use an “empty™ stringe For examplees the fol-

lowtng sequence of commands could be used to step through a
files Looking for each occurrence of the string “ICS%!

/71CS/

77

1/

(and so on)

One last comment before Leaving pattern The

constructs

searchinge.

/pattern/
\pattern\

arc not separate commandst they are components of Line num~
ber expressionse Thuse to print the Line after the next
Line containing "tune®y you could say

/tepe/elp
Ore to print o range of Lines from one before to one atter a
Line with a 4iven patterne you could use *

/oattern/=3e/pattern/elp

Se1.11 Haking subatitutiens = Lhe Substitute semmand

This 1Js one of the most used editor commendss
stitute™ comaand "g" {s used to make small
tinese without the need of retyping them.
this:

The "sub-
changes within
1t 1s used Like

starting=linesending=-line s /pattern/new=-stuff/
For instances suppose our buffer Looks Like this:?
1¢8p
the quick brown fox
jumps over
the Lazy dog.

Yo change *jumps” to "jumpede™

28/5umps/jumped/p
fumped over

Note the use of the trailing "p" to print the result., 1t
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' ™

the "“p" had been onittedy the change would have been per- B

formed (in the bHuffer) but the changed Line would not have :

been printed oute :

! If the Llast string specified in the substitute command is i
§ vmptyes then the pattern found {s deleted!? ¥
; s/jumped//p é
A over H
/%X ¢/ jumps /p t i

jumps over 3

3

j Recalling that a missing pattern means “"use the Last pattern i
: specifiede™ try to explain what the following commands do! ' %
s$241p ‘ 3

jumps over e - 3

s//? /p :

jusps over p

P (Note thate Like many other commandse the substitute command
assumes you want to woark on the current Linc §f you do not
spectfy any line nusberss)

i N A BT

dhat 1! you want to change "over® into "over and over"? \e
sicht use

L R R

s/over/over and over/p
funps over and over

[

to acccmplish thise There 13 & shorthand notation for this

kfnd of substitution that was alluded to bdbriefly 4n the last

section. (Recall the discussion of "tsgged™ paternse) Dy
i defaulte the part of a Line that wat matched by the whole
; , pattern {5 rememberede Thia string can then be included in
: the replacement string by Lyping an empersand ("L") 4n the
desiresd position. Soey dngtead of the ccamand in the Last
- exanples

s/over/t and &/ \ ?

could have been used to get the same result. 1t portion of
the pattern had been taggeds the text matched by the tagged
part in the replacement could be reused by typing "881°":

s/jump(?e)/veul tisl/p
vaults over and over

It §s possihle to tag up to nine parts of s opattern uising
bracese The text matched by each tagged part may then he

T T N Y P, B e ¢
P S LTS st Mty g b ittty ¢ ek i S pohun ikt s sive b kA« TG A e i

useo in a replacement string by typing %
»A‘ N T -:n an 'j
" s e 4?
: where n corresponds to the nth "(* {n the pattern, what 3
s : does the following command do? 7
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$/(C~ 33 (2¢)/302 281/

Finat words on substitute:? the slashes are known s
"delimiters® and may be replaced by any other character ex-
cept a newlinee as long as the same character {s usod
consistently throughout the commande Thuse

svaultsvaultedsp
vaulted aover

is Llegale Alsos note that substitute changes only the ¢irst
occurrence of the pattern that it tindss ¢ you wish to
change all occcurrences on a Liney you may append a "a” (for
*global®) to the commande Like this:

s/ /+/¢9p
secoyayltedeover

Se1+12 Lins Lhanges and lossriiens

Two "abbreviation” commands are available to shorten common
operations applying to changes of entire Linese These are
the ®"caange® comaand "c® anc the "insert™ command "i%,

The change compand §s a coabination of delete and acpende.
1ts format is

starting=-Linesending=-L4ne ¢

This commancd deletes the qaiven ranqge of Liness and then goes
into append mode to obtain text to replace thems d4ppend
socde works exactly the same way as it does for the "a® com-
nand: input s terminatey by & period standing alone on a3
Lines Fxamine the followiny editing session to see how
change »ight be used!

1¢8¢

£d 45 an interactive proqgran used for

the creation ann sodification of "text.

*

¢

the creation oand modification of "teyte”
*Text® may he any collection of character
dotae

[ ]

AS you c¢can sees the current Line s set to the last Llinc
entered in append mode.
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The other abbreviation comsmand is "{", *I* 45 very closely
related to "a"} in facte the following relation holds:

starting-line ¢

is the saxe os
starting=line = 1

In shorte ®1* {inserts text Defore the specitied line,
whercas "a® inserts text gfter the specified Line.

5¢1.13 Mgying lsak

Throughout this Introductions we have concentrated on what
may be called "in=place® editinae The other type o0f editing
commonly wuscd s often called “cut~-and-paste® editing. The
move command "a* {s provided to facilitate this &kind of
editinge and works Like this:

starting=Lineyending=line m after-this=-Line

1{ you wanteo to move the last ftifty Lines of & tile to o
point after the third Lines the command would be

$=4948n3

Any of the Line numbers mays of courses be full expressions
with search stringse arithactice etce

You 4=aye (! you likes avpend a "p* to the move command and
it will print the Last Line moveds The current Line 15 sct
to the Last Line moved.

! s.1.1¢ Global Comsands

The *ylobal™ cozmand “g" is used to performa an egfting com~
mand on all lines in the bufter that epatch a8 certain pat-
terne. For examples to print all the Lines containing the
wor: "editor™e you ctould type

e

-

g/editor/p

It vyou wanted to correct some common spellino errore you
would use

g/old=stutf/s//neu=stuft/gp
which will make the change in all appropriate Lines and

print the resuiting linese A&nother example! deleting all
Lines that begin with an asterisk could bLe doné this way?
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9/X88e/4d

*6* hss o companion command "x“ (for “excluoe®) that per=-
toras an operation an-all (ines 4n the butfer that do pngit
match a aqiven opattern. For exasples to delete all tines
thnt do nel hegin with an asterisks use

x/388+/d

"G* and *x* arc wvery powertyl commands that osre essential
for advanced usagees but are usually not necessary for hegine
ners. Concentrate on other aspects of *ed' before you move
on to tockle global commands.

L CAm————— p— e =

Se1.13 Marking Lings

During some types of editinge especially when moving bHlocks
0! texty it s often necessery to refer to 0 Line in the
butfer that 1z far away ¢from the cuirent Linece for
fnstances  say you want to move s subroutine ncor the hegin-
ning of a file to somewhere nenr the ende but you aren®t
sure that you can specity patterns to sroperly locate the
subroutines One way to solve this prohlem 13 tpn find the
first Line of the subroutinece then use the command

/subroutine/
subroutine think
o2

37

antd write down (or remeaber) Line 47+ Then tind the end of
the subroutine and do the tzzé thing:

- i . - - ‘ - B
E . . 3o - . « . L S > o . ! _ o -, A, o s ASAY s N S .
Gl s R B SR £ e v e S M A AT At LU G I AR 2 O AT s BETRNI P St 3T G b gmms Bl 1. T34 TA Mot 5 IS o e Bt S QRNEL n JEIN Nt T NI 35 s o 02 S APV P _E k=B 1 X PN 5, 13 SN s DI P P o BN R e 33
= o i e

lend/
\ end
=
T
§ How you move to where you wont to placte ¢he supbroutine and 2
} enter the command 5
1 ATeTinm,
; which does exactly what you uvante.
The oprobles here 4§s that absolute Line numbers are casily
torqottens casily nistypeds and diffdcult to ft4nd 4n the
first place. It 1s wmuch easler to have ®ed? rémember »
. short "name™ along with each Lines and allow you to
reference a3 Line by its names In practicdey 1t seems cone
venient to restrict names to a s$ingle charactery such as *"h®
: or "™ (for "beginning™ or "end")e It 4s nat necessary for g
' a alven name to be uniquely assoctfated with one Line; many p
%
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Lines may bear the same names In facte at the beginning of
the editing sessiony all Lines are marked with the same
naxee & sinule space.

To return to our examplice using the 'k*® cosmande we can mark

the beainning and ending Lines of the subroutine guite
easiiy?

/subroutine/
subroutine think
kb
/end/
end
ke

We have now aarked the first Line 4n the subroutine with "H»
and the second Line with %e",

To refer to namesy we need more line number expression
elements: ">® and "<", Both work in Lline number expres~
stons just Like *$*® or "/pattern/®e The syabol ">® followed
by & sinale character mark nume means "the (ine number of
the first Line with this name when you search fgryard*s The
syabol "<* followed by a single character mark name weans
"the Lline number of the first Line with this name when you

search bagkyard®e (Just remember that *<* points backward
ang *>% points forwards)

Now In our examplee once we Locate the nerw destinastion of
the subroutince we can use "<¢b® and "<e” to refer to \ines

A7 and 1ie respectively (remesbere we marked themd)s The
“sove® command would then be

<be¢€ene

Several other features pertaining to nmark names are irne-

portant, Firste tne %kt command goeg not change the current
tinc %e%s You can say

$kx

(which marks the Last (tne with "x") and "¢ will not be
changeds If you want to mark a2 ranae of Liness the 'k come
zand «ill take two Lline numbers. For instances

5¢10ka

will mark Lines 5 through 10 with "a® (4.0s9 give each cf
Lines 5 through 10 the name ®a%®). ‘

The ¥nty 1t and apostrophe commands also deal with marks.
The *n® conmand pertforss two functionse If 4§t s {nvoked
without a mark name following 1te Like
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$n

it will orint the mark name of the Linee In this casee it
woulso print the mark nare of the last line in the tile. 11
the env command 4s followed by a mark names Like

anq

it earks the Line with that mark namee and cerases the marks
on any other Lines with that names, In this casee line & is
marked with *"q® and it ts guaranteed that no other Line in
the file §s marked with *q".

The *t* and apostrophe comrmands are both global cormanas
that deal with mark namese The apostrophe command works
very auch Like the *9® command: the apostrophe s followed
by a mark name and another command} the command s performed
on cvery Line marked with that names For tnstance.

*as/ton/rabbit/

will <change the first ®tox™ to "rabbit® on every Line that
ts namec “a", The *'!* command works in the same manner,
except that it performs the command on thote lines that pre
ngl marked with the specified names, For examples to <delete
all L4nes not nased "k®y you could type

tkd

Se1e16 Lngdoing lhinga == fhg lnde Sammand

Unfortunatelyy Murphy''s Law auarantees that 1¢ you make 3
mistakey tt wiltl happen at the worst possible time and cause
the areatest possitle amount of damage, *£d? atteapts to
pravent mistakes by doing such things as working with » cony
of your fite (rather than the file {tself) and cheiking come~
mends for their plausibility. Howevery 41f you type

d
when you really =meant to type

&
Yed? must take fts input at face value and do what you saye
It 1s at this point that the Pundo® coamand becomes wusefuls
"Undo® allows you to "undelete® the Last qgroup of Lines that
were deleted from the bhuffere In the Last examples sonme
fnconvenience could be 2voided by typing

*ud
which restores the deleted Lines (0y default *"undo™ will
atso delete the current Linel "ud"™ keeps the current Lline
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from being deleteds)

M . .,
T N R ey

The problem that arises with "undo®™ 4s the answer to the
ceuestion *wvhat was the Llast group of Llines deleted?® This
answer is very dependent on the implementation of ted® anc
in some cases s subject to chanqge. After many commands,
the Llast aroup of Lines deleted s welledefineds but

~ araves ot T

unspecified, It {s not a gooo 1dea %o use the “uyndo® com- f
mand after anything other than %c®y *'d®y or *s°, After o :
'¢? or 'd* commands U |

ud f

will olace the last groudp ot deletes Lines after the surcent
\ingc. After oan *g? coemmand (uWhich by the wayo delctes the
old Line and then refinserts the changed (ine),

cro s B F o ot
——

u

R
——

will delete the current Line and replace ¢t with the Last

Line deleted =-- 1t will exactly undo the effects of the *s?®
comzand,

(R G

You should be warned that while "undo" works nicely for
repoiring a single *c®y 4%, or g coamande it cannot
repsir the damaqge done by one of these commands under the
control of a global prefix (*9%y *x*y *1® and apostrophe).
Since the global prefixes pertform thelir commands many timesy
only the very Last command performed by a pglobal prefix can
be repaired,

s v Y e PO

PR Y

Selel? SumAALYX

This concludes our tour through the world of text editing.

i REsees s

4 acln?

Far your conveniencey 3 short summary of all avatlable edit- %
ing commands (many of which were not discussed 4n this £
introductions but which you will undoubtedly find useful) is ; ;
glven 4n the next few sectionse. ; 3
- ‘é

3

4
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%
SelelTel Command Summery
3
Editor Coamand Sumsary
Range Hamg Eyngtion
§ . a anpend text after the specified Line
i
i v ¢ change! delete specified texts then accept text
i to replace ¢t
j
i st d delete specified range of Llines
' o edit named file (syntax: ¢ [filename))
t print remembered file name {syntax? tLfilenare))
l1e% a glotally perfora command (syntax?
a/pattern/command)
. i insrrt text before specified Line
. “oe J jodn the specified Lines 1tnto a2 sinale Line
(syntax? §/string/)a *string® s inserted
between cach palfr of Lines joined.
ote k mark lines with afven name (syntax:
k<single=-character-narel)
*ve n move Lines from one ploce to another {syntax:
from-nerceto~here a there(pl)
see ] print mark names of sprcified Lines
x none o options commande Syntax includes:
op/prompt/ to set command prompt
) ove ) print specified Lines
H
] nonc q quit (cxit the editor gracefully)
$
; o r read a file 1into the buffer (syntax: v
! {titename ]}
’ ote s substitute (syntax! s/chonge~this/to-this/Lp))
. “ve t transtit (syntax: t/from=range/to=range/lpl.
Charscters in the "from=range®™ arec converted to
thetr corresponding characters in the
. ®to~=range®,
Georgia Institute of Technology ~~ COBOL vorkbench
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un-substftute (restore Lines that were changed
by sudbstitution)
overlays oporint asll Llines In the given rangeq
Wattina at the end ot each line for text that
is to ve appended.

write buffer (syntax: w [filenamel)
exclucdel converse of
all Lines that do not
(syntax?

"a*$ perform tommand on

match a ogiven opattern
x/pattern/command)

copbys reproduce a

block of Lines {n another
plaoce (syntax?

from=hcreosto~here y after~here)

print value{ value of the {ine number
expression preceding the equails sian is printed
as a decimal integers (syntax: <cexpressiond=)

global on marky perform command on all Llines
having 3 atven mark name (syntax?
*¢namedcormand)

exclude on marki perform command on asll Lincs

that dc not have a given mark name (syntax:
t<namedcomamand)
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X
k i
Selel1742 Line Number Expressions 2
. j
§
Elenents of Line Nusber Expressions §
Fors Yalue 3 y
f
integer value of the integer., (Ex! 4&) i :
. numher of the current Line in the buffer §
s number of the last Line {n the butffer
» number of the previous Line in the buffer (.-
1}
/pattern/ number of the next Line in the buffer that

matches the given pattern (Ex? /february/)}
the sesrch procecdes to the end of the buffer,
then wraps around to the beginninag and back
to the current Line

\pattern\ number of the next Linc §n the buffer that
matches the given petterns search procecds n
reverses from the current LUine to Line 1,
then the Last Line back to the current Line.
(£x: \Ndanuary\)

dnane numoer of the next Liee having the atven mark
name (search wraps arounde Like //)

ALRDD I A 1Yol £y R WALAST IRV DO SIS 40 2720w SDBIE & 3 RN NCEL D S MR e L A2 Do T Turma 25 ek 52 A DL M 3.8 08

<nane number of the next Line having the given mark
name (search proceeds in reverscy in the same
) way as \\)

; §
- i . exoression Any of the above operands msy be combined ! ¥
: ‘ with plus or minus sfagns tc obroduce a Line é ¢
; number expressions Plus signs may be omitteu N i
i if desirad, (Ex: /parse/~5y /lexicall/ezy é A
: ; flexical/2e =53 o¢6) B
4? . E
&3 3
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1
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SelelT7e3 Pattern Eleaents

Suamary of Pattern Elements

N s

{ Llement ¥ganing
X Patches the nult string at the beginning of a
tinee Howevere 1f not the first element of &
i patterns s treated as a (iteral percent
sian,
? “atches any single <character other than
ncewline.
, s “atches the newline character at the ends of o

linee Howevere §f riot the Last element of a
natterns 1s treated as a Literal dollsr signe

(<eeld] Matches any single character that 4s a member
of the set specified by <ecldse <(ctcid> may be .
composed of single characters or of character
¢ ranges of the form <cld=<Cc2>, It character
ranges are useds <Ccl1d> and <c2> nmust both -
helony to the digitse the upper case alphabet
or the lower case alphabet.

{"<Keci>) “atches any single character that 48 not 3
member of the set gpecified by <celd.

§
H
{
4
24
&
{
3
§
A
it
£
3
q
X
3
4
i
.;EE
3%
$
4
¥
3
Z
W
%
1
¢
¥l
2

* In combination with the immediately preceed~
ing cattern elenmenty mnatches 2ero or more
charactters that are matched by that element,

mediately foliowing character. it that
character has no special meaninge this is
treated as 3 Literal “av, {

oy

g 2 Turns off ¢the sgpecial meaning of the im-
i

{<pattcrnd} Tags the text actually mstched by the sub-
pattern specifed by <patternd> for use in the
replaceaent part of a substitute commang.

Y 3
QYT e o

A Appearing in the replacement part 0f a sub-
stitute comsmandey represents the text actually
aatched by the pattern part of the commands

2{dioit> Appeirdny In  the replacement part of a sub-
stitute commandey represents the text actualtly
matched by the taggec¢ sub-pattern specivied
by <afgitd.

¥ Georgla Inutitute of Technology COBOL Workbench
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s.2, §E

works much like the reauiar editor %ed®y ucceptinoe the
same commands with a few differencess FPather than display-
ing only a sinale Lline from the file being edited (as %es?
doesd)y *se? always displays a "window®™ onto tnhe files In
orger to do thisy %se® must be run from o CRT termdnal and
must be told what sort ot terminal it is, This 4{s accon~-

plished through the specification of a particular parareter
when *se? {s invoked,

1500

Se2.1 Igrainala Suoporisd

*50% §{g capable of Leing used from a variety of diffecrent
teratnalse New terminal  types are easily auded by making
smole additions to the source codes In generaly all that is
reauirecd of a terminal s that it have the ability ¢to home
the cursor {(position it to the upper teft hond corner of the
screen) without erasina the screen'®s contentsy slthough bac~-
ksrzacingey » screen clear functione and arbitrary cursor
positioning are tremencdously helpfuls

The terminals currently supported ore the followtino?

adds ADDS Consul 980,

{This 4s the same as “"consul®

belows)

ade3a Lear-Siegler ADM-3A,

b1S0 jeehive International B150,

b2eo fleehive Internaticsnal 8200,

¢y Chromatics Color Graphics Tersinal.,

consul ADDS Consul 980.

fox Perkin-timser 1100,

haz Hazeltine 1500 seriese.

isc Intetligent Systenrsg Corporation 8001 Color
Terninal.

regent AODS Regent 100,

sbee Neehive International Superbecs

soi °rocessor Technology Sol cosouter with software to

erulate a2 Bechive B200,

tvt Scuthwest Technical Products TV Typewriter 11,

Georgia Institute of Technology COBOL Workbench,
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S.2.2 £di%in2 Qngicna

*Se® allows the user to set variocus opticns which control
the editing envrionment. To set an optiony the user must
specify the “option® (o) commands This consists of the Let-
ter %0 followed by one of the following strings of charace

ters:

R

dl<aird>)

L{<tloond>]

tl<tabs>])

causes absolute Line numbers to he displayed in
the Lleft-nand marain of the screen. Default
oehavior 4s to display upper-case letters with the
lctter ®™a" corresponding to the first Lire in the
windowe

inverts the case of all Lletters typed by the user
{1eCey <Converts upper-case to lower-case and vice
versale This option will cause commands to be
recognized only in upper-case and atphabetic Line
numbers to be displayed and recognized only 1n
lLower-case,

selects the placement of the current Line pointer
tollowing a "d* (delete) commande <dir> must be
cither ">® or =K%, 1f ">% 45 specifieds the
defoult behavior §s selected: the Lline following
the deleted Lines becomes the new current Lines
1t "¢" 45 specifiedy the Line immediately opreced=-
ing the delete Llines becomes the new current
(inee 1f netther 4s speciftiedsy the current value
of <dir> is displayed 4n the status lLine.

selects Fa=tran orfented optionse This (s
equivalent 4 specifying both the "¢" and *tea"
(see pelow) optionse

sets the line number disnlay opttion. Under
control of this optione ®se? will continuously
tisplay the value of one 0f three symbolic Line
numberse <lopd> may be any of the followinn?

¢« display the current {ine number

* display the number of the tsp Line on the
screen

35 display the number of the last line in the buf-
fer

it <top> 45 omittede the line number display is
disabled,

sets tab stops accordin {0 <tabsde <tabs>
consists of 3 scries cf nurbers indicating column
numbers in «hich tab stops are to be set, it o
numbor s preceded by a nlus sfan ("e")¢ it 4n~
Jicotes that the number 1s an increments stops are
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ul<chr>3]

e e 1

« — e

vi<int>1

wi{<int>]

«{<lnr>}

Georglia Institute of Technology

set at reyular intervals separated by that many
colusns, beginning with the most vrecently
specified absoclute coluan numbere If no such num-
ber precedes the first increment specificatione
the <stops are set relative to column 1, Hhy
defaulty tab stops are set 4n every theid column
startina with column le corresponding to a <tabs>
specification of ®e3®%, If Ctabs> §s omittede the

current tab spacino s displayed in the status
Linee

selocts the chsracter that *se? disploys in place
af unprintable characters, <chr> may be any
printable characters {1t {5 initfatly set to
hianke [t <chr> {5 omittedy *se? disploys the
current replacement character on the status Linc
at the bottom of the screen,

sets the default “overlay column®, This is the
cotlumn at which the cursor s initially positioned
by the "v" cozmann, <int> must be a positéve
inteqery or a dollar sfan (1) to ingicate the end
of the lines If <int> §s omittedsy the current
overlay column s displayed §n the status Lines

sets the "wornina threshold® to <intd which rust
be a positive integers Whenever the cursor s
positionea at or beyond this columne the column
number 1s disployed In the status Line at the bot-
tca of the screen and the terminalts bhell 4s soun-
dede 1¢ <intd> 43 onittedey the current warnino
threshotd 1s displayed on the status Line. The
default warning threshold 1s 749 corresponding to
the first column beyond the right edge ot the
screen on an By column crte

splits the screen at the Line specifiegs by <ined
which amust ne 5 3imple Line number within the
current windowe ALl Lenes above <lnr> renrmain
frozen on the screeny the Line gpecitiead by <lnsd
is replaced by a row of dashese and the space
rclow this row becomes the new window osn the
files Further editing commants do not affect the
lines displayed 4n the top part of the screen. If
Klner> s omittede the screen s reostored to its
futl size.

-

-

$
H

T PR T L L LA i

o R iR
et

s K

2 ana e TR A pRn? e G P YA
S et —

ol o

L

e s b AR b Ty ¥ L0 e Frec s e a2

“y s ta

CCARNTITIR S A SR T DA Sty v e e et S e S




tione

ctri-A

ctrl=C

ctrl=D

ctri=¢

etrl~F

ctri~G

ctri~H

ctri~1
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5¢23 Control Sharasiers for £diting and furaer Metien

Since %se® takes 1ts commancs directly from the terminale 1t
cannot be run from a script by using Subsystem 170 redirec-
and Subsystem erases kills and escape conventions do
not exactly applyes In facte *set has $ts own set of control

characters for c¢diting and tursor motton} thedr wmeaning is
as follows?

Togale 4dnsert modes The status of the fnsertion
indicotor 98 jnvertec. Insert modes when enpbled,
causes characters typed to be 4{nserted at the
current cursor position 4in the Line instead of
overwriting the characters that were there
oreviouslye When {nsert mode s 1n effecty
“INSERT™ gppears in the status Llire.

Insert Gianke The characters at ano to the right
of the <current cursor oosition are moved to the
right one cotume and a blank {is inserted to fill
the qape

Cursor upe The effect of this key depends on
*se?s current modes When n  command modes the
current Line pointer is moved to the previous line
without affectiny the contents oi the command
1L4inee 1f the current Line pointer §s at Line 1o
the Last Linc tn the tile becones the new current
Lines In coverlay mode (viza the ®y® command)e
the cursor 1s moves up onc Line while remaining in

thy sase columnes In append modes this key ts g~
noreds.

Tab Lefte The cursor {s woved to the nearest tab
stop to the Left of 1ts current positicne.

*"Funny® returns The effect of this key depends on
the editorts current modes In command modey the
current cosmand Line 4is entered as-iss but s not
erased upon completion of the commandd in append
so0dey the current line §s duplicated?: 1n overlay
aode (vize the "v™ command)e the current tine s
restored to i1ts orfainal state and command mode is

reentered (except 4f under control of a qlobatl
sroefix)e.

Cursor righte The cursor 4s moved one column to
the righte

Cursor lefts The cursor s moved one column to
the Llefts MNote that this does not erase any
characterst it simply moves the cursors

fab righte The cursor 41s moved to the next tab
stop to the right of its current posftione
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ctri-K Cursor downe As with the ctrl=0 kcye this keyts
cffect depends on the current ecditing mode. in
command modes the current Line pointer s moved to
the next Line without changling the contents of the
command Line, 1f the current Line pointer is at
the Last Linc in the files Line | becomes the new
current lines In overlay vode (vize the “v" conm~
mand)e the cursor 35 moved down one Lince white
remaining in the same column, In append modes
ctri=-K has no efrect,

ctri-L Scan Llefts The cursor s positioned accordinag to
the character typed immediately after the ctri=Le
In cftecte the currcent Line §s scannece storting
from the current cursor postition and moving Llefty,
for the first oczurrence of this character. I
none is found before the beginning of the line s
reachedsy the gcan resumes with the last character
dn the Lines It the Line does not contain the
character being Looked fore the mestage “NOY
FOUND™ is printed in the status Line ot the hottom
of the screen, *Se* remembers the Last character
that was scanned for using this keyt 4f the ctri-L
is hit twice in a rowe this rememdercd character
is searched for $nstead of a Literal ctri-L,

ctelem Newlines This key 4s identical to the NEWLINE key

. describad belowe

ctri-N Insert newlinese A nevidne character 4s dnsertea
hefore the current cursor positiony and the curser
is moved one position to the righte Thr newline
fs dispiayed according to the turrent nonprintable
replacement character (sce the "u® opntion).

ctri=0 Skip righte The cursor {is moved to the first
position beyond the current end of Line,

ctri-P Interrupt, If executing any command except “a%,
"eRy "§{® or WBy", fge? adborts the command and
reenters command modes The compand Line 1s not
eraseds

ctri=-Q Fix screens The screen 4§s reconstructed fror
'se®s internal representation of the screen.

ctrieR frase rights The character at the current cursor
position {3 erased and all characters %o its right
arec moved Leftt one position.

ctri-s Scon riohkts This key s {denticol to the ctri-L
key described abovey exctept that the scan proceeds
to the right from the current cursor positicn.

ctri~T KLl right. The charscter at the current cursor
position and all those to §ts right sre erasede
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ctri=u .rase tefle The charatter tiu tnhe Lleft of the
current cursor position s deieted and all charace-
ters t 1¢s right nce moved to the left to féLL
the gaps The  cursar s algo moved L\eft one
column.

ctel=y Sklp rignt and tersinates The curssr in roved to
the . curreat end ot Lline and the tine 1s
terstnateds

ctrlay Skip Lefte The cursor s postiticnea at column 1.

ctrl=Yy K4LL Left, ALYy characters to the Left of the cur=

sor are erased:s those oabove and to the right ct
the cursor arce moved tn the Lleft to f1ll  the
woide The cursor 1s Left n caslumn L.

ctri=2 Togiale <case ma2oping flage The status of the case
aapiing indicotor {8 invertedt 11 case mapeing was
ony 4t 1< tuzred cfte and <ice versa. Case wmap-
pinge when {n effezty causes all upper cagsc log-
ters to be z2onvarted to (ower casee onnd 518 lower
case Lletters to he converted tOo unper cases Motey
howevery that *se? coantinues to recoanize relalive
Line numbers {in wvpper case onlye in zontrast to
the case mapping option (see the description of
options aboved. When case mapping s one "CASEC"
appears in the status Lince.

NEJLINE 3Ll right and terminates The charanters o8¢ and
to the right of the current cursor posfition are
Jeletcde and the Line s terminoled. .

ocL 4Ll 3lle The entire Line ts erasede along with

any error megsaqe that appedrs 4n the status Line,

£s¢ Tscapes The ESC key orovices a means for entering
*sc?s control characters Literally as text into
the ftfles In tactey any choracter that "can be
qenerated from the keyboard {3 taken Literally
when 1t {smedistely tollows the E£S5SC key. 1¢ the
character s unprintable (as are all of *se's
¢tontrol characters)s 4t witl appcar on the screen
accordina the current nonorintable replacement
character (normally a blank).,

Th- set of control characters defined above tan L2 used ‘or
correcting mistekes while typing reqular editing commana: s
for correcting commands that have causcd an error message to
be disolayede for correcting Lines typed 4n append modes or
for intine editing using the "v*® conamand descrimyd belowe
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]
p
S.2.¢ 'Se* Command lnieraretation B
4
There are a tew differences in command interpretation é
betucen the reqular editor and the *sc®s The only effect of i
the "p* cozmand in *se® s to position the window so that as 4
zany au possible of the "printes™ Lines are diunlayed while §
including the Last Line in the range. In tacte the window i
is always oosftionecd so that the current Line is displayed. 4

Tyning a "o cormand with nc Line nuabers positions the win-
dow $o0 that ‘he Line previously at the top of the wincdow is
at the hottone. This can be used to ®"page" dDachwards trhrouch
the tilee lhe “:® commandy (which {n the reqular cditor
prints about o screenfull of text starting with a specified
Line)y positions the window s0 it begins a4t the specified
Lines and Leaves the current Line pointer ot this Line.
Thuse a “t* ¢an De used to page torward throuah the filee

PR SR

.

The "overloy” (4) coseand in the reqular editor ‘ed” only
allows the wuyser to add onto the enZ of Liness and can be
tercinated tefore the stated range of Lines has heen proces-
sed by entering a perdod by fttselfs as in the "append® come-
mand, HWut in ®tge?y this command allows arbitrary changes to

. ne =ade to the Llincse and the perfod has no special
meaning. 10 abort betore oll the lines dn the range have
ceen coveredy usce the “funny return® character (ctri=Fle
Doina this restores the Line contalining the cursor to the
state it was in before the "v" command was startede.

*Se? hags oextended line nueber syntaxe In generale whatever
appears in the Left margin on the screen 34s an acceptable
line onusber and refers to the Line displayed in that row on
the screens
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APPENDIX 6 .

FORMATTER
GEOARGIA TECH SOFTWARE TOOLS suasysTem

6e1s RASILS

6+1.1 Iniraduciion

*Fat® iy o proarams desiagned to facilitate the preparation of
neatly foraatted texte It provides many featureso such as
autonatic nmargin alignments paragraoph indentations hyphena-
tion and p3odnationes that are designed to ogreatly ease’ an
otherwise tedious job.

It is the intent of the next few sections to famiitarize the
usnr with the principles of automatic text formatting in
general and with the capabitities ond usage of *fat* 4§n
particular.

Gele? m

*Fat? takes as input o file containing text with formatting
jnstructionss It s 4nvoked by & comwand with varSous op~
tional parametersy discussed belowe The resultant output s
appreariately forsatted text suitable for a printer having
backspacinag capadbititics, The output of *fat® §g made
avatlable on {ts first standard output porte and so may be
placed §In a3 filees sent to a8 Line orintery or changed in any
¢f n nueher of wayse simply nDy applying stardard Software
Tools Subsystem 170 redirection.

When *fmtt §s Invoked from the Subsystemy there nre  zeveral
ontional nparameters that may be specified to control 4ts
operatione The full command Line syntsx is

fat [ =5 )1 0 =p<tfirstd>(=Clast>] J { <tile name> )

A rriet cxolanation of the rcryptic notztiond the {tenms
enclosed within square briackets {(*{ 1*) are optional =< they
may or zay not oe specifiedi items enclosed between hracees
(*{)") may occur any number of timesy including 20rot 1tens
enclosed {n angle Dbrackats ("<>") designate character
strinags whose sigrnificance 1% suggested L7 the text witain
the bracketst everything clse should he taken Literatiy.
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And now for an explanation of what thesc paramcters meon?

- 1f this option 1s selecteacey *fmt® will pause at
the top of each payey ring the pell or buzzer on
your tarminatle anda walit for a response. This
teature is for the benefit of people using hard~
copy termindls with paper not having pin-feed mar-
1inss The correct responsee to pe entercd atter
the paper s mountedy 1s 8 control=c (hold the
*control® key down and type *ce?).

“D eee This option oliows selection of which pages of the
formatted document will actually be orinted, Im=
mediately following the "-p"y without 2y inter~ {
& . vening soacess should be a nuaber idndicating the :
i f first page to be printed. Followina thise a i
f ' second nuaber may pe specifieds separated from the ]
3 tirst by a single dashe which $naijcates the Llast H
oage to be orinted. if this second numoer iz ﬂ
omittede all remaining pages will pe produceds ;
b, ctited Any number of file names may be specified on the :
: command Llines °*Fmt® will open the files in turn,

formatting the contents of each one as {f they

constituted one big file, ¥hen the Last named

tile s processedy *fmt? terminatese 1f no file

. nomes sre gpecifiedy standard tnput number one fig
used. In additione standard tnput may be

soecified explicitly on the command Line by using
a dash as a file nane,

e AT D kS 3 ¥ BTy XY AR P lT T G4

A

A o A P e e Bt A NS

6.143 Coamands and Isxl

. *Frtty Like almost cvery other text formatter ever written,
eperates on an  input stream that consists of a mixturce of
text and formatting commandss Fach command starts at the
veginning of a Line with 8 *control character®s usually »
periods followed by 8 two character namce in turn follnwed
by some optionai *parameters®s Theare must not be anything
else on the Line., For examples in

sta 11 21 31 4]

the zontrotl charscter §s a peritde the comsmand name s  taoe

e B e Gl

. and  there are four parasmeters: “11%e "21%e "31% and "alv, 3
i Notice that the cowmand name and all the paramerters must be el
B senarated from each other by one or more blankse 4inything 5
ey

not recognizable 3s & cosmand s treated as text,

BELY

$elger
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6¢2. EILLING AND NABGLN AQJUSIMENY

6+2+1 ESlled Ieat

'Fet? collects as many words as will fit on a singlc output
Line before actually writing 4t outse regardless of ({1ine
boundaries tn 1ts $nput streamse This {5 called *filling?
and s stzodard peractice for *fmt®. It ctaney howevere be
turned off with the *no-fill® command

ont

and lincs thenceforth will be copied from {input to output
unaltercds Vhen you want to turn filling back on aqatine you
may ¢o0 $0 with the *f4LL* command

ofd
and $fmte 2till resume {ts normal behavior,

1f there s a partially filied Line that has not yet been
written out when on nf command is encountereds the (in is
forced out nefore any other action 13 taken, This
phenomencn of forcing out a parttally tilled Line {s known
as 3 *hreak® and occurs iaplicitly with many formatting com~
aandse TO causce one expli.qitlys the *break® cosmand

odr

{9 avatladlce

6.2.2 Hypghgoatien

1fe¢ while filling an outoputl Lines it 14 discovered that the
next word witl not fitey an attempt s made to hyphenste {t.
Although *fmt® 4s usually quite good in 1ts chofce of where
to solit a worde it occasionally makes a gaffe or twoe giv-
ino reasson to want to turn the feature offe Automatic
hyphenation can be disabled with the *no-hyphenationt com-
rang

onnh

long enough for a iroublesome word to be processeds ang then
recnablec¢ with the *hyphenatz® command

-hy

Nelther cormand causes o breske. ]
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6.2.3 Margin Adiustsent

After fillino an output LULincy *fmt* inserts extra blanks
between words so that the Last word on the Line s flush
with the riaoht margine giving the text 2 ®"profcssional™ ap~
pearance.s This s one of several rmargin odjustment modes
that can be selected with the *adjust® coamand

o8d <moded

The optional parameter <moce> may be any one of four single
characters: “h%y ®c®y %" or "r®, If the pDarameter 1s "h*
or eissingey norzal behavior will prevail == both maroing
will be nade even by dnserting extra blanks botween wordse
This §s the default margin adjustment modes If "¢"® is
spezifiede Lines will be shitted to the right so that they
are centered betwsen the Lteft and right marpinse If the
parameter is "{"y no adjustment will be performed; the Linc
will start at the left margin and the right marqgin will ve
raggedes [t "r® §s specifieds Lines wil., be moved to the
richt so that the right margin is cvens Leaving the left
narqgin reqaec.

The *no=-acdjustuent® command
oNB

has exactly the same effect as the follouwing ‘*adjust? come~
23and:

88

No adjustaent will be performede leaving the Lleft margin
even angd the rioht margin raggede In no case does a chande
in the adjustment mode cause a breask,

6.2.4 Contecing

input tines aay bte centeredy without fililinae with the help
of the 'center® command

oCe H

The optional parameter N ts the numsber of subseaquent 4input
tincs to be centered between the left and right marginse 1f
the onramcter 4s omitteds only the next L4ne of 4tnput text
is centereds Typicallys onc would specify a Llarae numbers
83y 1000y to avoid having to count linest thens immecdiately
foltowing the Llines to be centeredes give a fcenter?® conmand
¥ith & oasrameter 0f 2erce For example?
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F ]
oce 1000
i more lines
i than 1 care )
; to count
% ete O
4
3 It is wort™ noting the difference between ‘
3 eCEC
i and
‘ «ad ¢
3 ¥
i e
b when tha forver s usede an implicit break occurs before
] each Line {s printede preventina filling of the centered
Lin2st when the Latter fs useds each Line 4s fitled with as
many words as possible before centering takes placc.
3 : 6.2.5 Summary = £iliing and Marain Adiuataszat
| X9 »
. Comsand Initial It no Cause
- Syntax Value Paraneter Break Explanation
N .
? edd ¢ both both no Set margin adjust-
b ment mode,
?’ . obr - - yes Force a breake
SN oo M NZU Nz yes Center N Ynput text
3 Liness
4 ot on - no Turn on filLL mode,
§ A ohy on - no Turn on  automatic
4 hyphenation. ?
g ona - - no Turn otf margin ad-
% fustment,
;; snt - - yes Turn ottt fill mode.
E . (Also {nhibits ac-
3 justment,)
%% onh - - no Turn off automatic
2 hyphenation,
4 e3h off - no Single blank sfter
3 end of sentence.
;” oxth on - no Extra blank after :
R and of sentenccee
= .
Ge2orgia Institute of Technology cOBOL Workbench
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6+3. 3JPACING AND PAGE CONIRQL

6e3.1 Line Soaging

*Fmt® usually oroduces single~spaced outpute but this can be
changedy without » breaks using the *line-spacinag® ctommand

ols N

The pargmcter N specifics how many Lincs on the page 3 sing-
le tine of text will use$ for douole spacinge 4 would be
twoe If N is omittede the default (single) spacing 1is
reinstoted.

Blank Lines may be produced with the ®*space® command
o8p H

the parameter & g the number of blank lines to produces if
omitteds a value of one s assumeds The sp command causes a
break?! 1f the current Line spacina s more than oney the
nreak will cause blank Lines to be outpute Then the blank
Lines generated by sp are outpute Thuse §f output §s teino
doudble-spaced and the command

o8p I

is giveny four blank Lines will be generatede 1f the valuc
of M talls for more blank Lines than there are rematining on
the current poaaee any extra ones ore discardeds This
ensurés thate normallye cach page begins at the sanme
distance from the top ot the paper.

6.3.2 Rage Rixisien

*Fet? automatically divides its ocutput $nto pagese Leaving
adecquatc room at the too and bottor of each nace for running
headinge and tootinase There are saveral commands thaot
facititate the control of page divisions when the normal
behavior 4s {nadequate.

The *begin-=page? command
edp N

tauses o bresk and a skip to the top of the next pages 1If 3
parameter is givens 1t serves to alter the page number and
so 1t must be numeric with an optional otus or minus signe.
1f the parameter {s omitteds the page number is {ncremented
by oneo. 1f the command occurs at the top of a page sefore
any text has been printed on {te the coamrand 1s fanoredy ex~
cent perhaps to set the page number, This s to prevent the
random occurrence of blank pages.

6eorgias Institute of Techrology COBOL Workbench
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?
The optionslly siagned numeric parameter {s a form of
parameter used DLy many formattinag commandss shen the sign N
is onftteds it indicates an absolute value to be used? when
the stgn is presenty 1t indicates an amount to be added to
or subtracted from the current value.
The page number may be set $ndependentiy of the *begin~page?
conmand with the *page=-number?® coamand
PN N
The next page after the current oney whern and 11 it occurs,
will ne numbered sNo No break is causcde
The Llength of e¢ach page produced by *tmt® g normally 66
linese This s standard for eleven inch opaper printed at
six Lines per inchs Howevers {f non-standard paper s useds
the printed Length of the puce may easily be changed with
the *page=lenath® command
opl N
which will set the tenoth of the page to M Lines without
causing a3 oreak, ~
Finallye 1* it {is necessary to be sure of having enouqh roor
on o pages tay for 3 figure or 3 graphy use the *need® com= .
sand
onhe ¥
*Fat® wilt cuuse o breaky check 1f there are N Lines left on
the current page ande {f soe witl do nothing more, Mther- !
wisee 1t will skip to the top of the next page where there
should be adequate room. ]

6+3¢3 fNozapase? Nade

*No=-space? rode 1s o feature that assists in preventing un~

wantcd blank Llines from sppearings usually at the top of a *
paneese when In cffecty certain commands that cause blank
tines to bte aeneratede such as bpe ne and spe are suppres-
Seits For the reost oarte *no-spacc' mode s manaqged
automaticallyt 1§t  §s turned on automatically at the top of
cach paage nefore 5o firgt text has appeareds and turrnied oft
again autonatically when the first Line on the page is writ-
tens this accounts for the suopresstion of bp commands at
the top of a paye and the discarding of excess blank iina-
in sp commandse
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*No-space® mode may he turned on explicitly with the *no-
space® command

oNE
and turned off explicitly with the trestore~spacinyg® command

ol'S

Neither command causes a brnake

6.3.4 Susmary - Spasing an¢ Bagse Lontrol

Command inttial 1t no Cause

Syntax Yalue Paraseter Break Explanstion

oebo N h=1 nexe ycs teqin a3 new paac,

els N N=t n=l yes Set Line spacinge.

enc N - L bAR Express 8 need for
contiquous Lines.

ens on - no Turn on *no-space?
NOGTe

spl 2N HN=66 NzZ66 no Set paue Lengthe

opn *N H=1 ignorest no Set page number,

«rs - - no Turn GTf "no-space?
LYo X Y

o8O N - LERY yes Put out N blank
Lines.

6e0. NARGINS AND INQENIAIIQN

64,1 Kargins

ALL formatting operations are performed within the framework
of a pagr whos> size s defined by four 2arqains! tooe bot-
tome Lottt end righte The top and bottom marains determing
tre nueber of lines that are ileft blank at the top and bot-
tom of each page, Lireuisey the Left and right margins
determine the first and Last columns across the page 1into
which text may be placed.
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6.4.2 Igon and fotion Haraina

8o0th the top and the bottos margins consist of two sub-
marains that fix the Llocation of the heacer and footer
tines, For the sake of clartitys the first and second sub-
marains of the top maragin witll be referred to os *maradin 19
anc¢  *aargin 2%, ana the first and sectond sub-margins of the
botton maraine *margin 3°* and *amargin 4,

The vatue of mar3gin 1 is the number of Lines to skip at the
top of each page before the neader Liney plus once Thuse
marain 1 includes the hcader line and alt the bhlank Linecs
preceding it  from the top of the paper. By defaulty its
valuc is threes “argin 2 {s the number of blank lines that
are  to agoear Setween the header Line and the first text on
the pagese *tormallye {1t has a3 value of tucs The two
together form a standard top margin of tive liness witn the
header Line riaght tn the wedddle,. It 4s easy enough to
thange these defaults it they prove unsatisfactory?! just use
the *margin=-1?' and *margin-2* commands

oM}
oMZ

Nl

|

1 Rl g

to sct efther or both sub-marains to sh,

The bottoa marain 1s completely analogous to the top marging §
with maorgin 5 being the number of blank Linecs between the o i
last text on a page and the footer Lines and murgin & beina
the nuhber of Uines fron the footer to the bottom of the
paoer tincluding the footer’s They may be set using the
*asargin=-3* and *2urqin~a® ccmmands

on3 o
B4 N

which w«ork fJust like their counterparts in the top marging
none cause 4 hreakr,

60403 Lefs and B8ight Barsins

The left and right margins define the first and last columns
into which text may be orintede They affect such things as
vdjustrment and centerings The left margin 4s normally set
at column onge thouah this is easily changed with the *left-
marain® commana

AR A T L LA AY AL DED LW B dherss A b Tal i W it A Ed 7 P e

olm oy

The right marqgine which s normally posftioned 4n column
sixtys can be set similarly with the *pright-marcin® command

’

U ST PR s ST I W LY VO

oA :“ 2

To eonsuve that the new maraoins apply only to subgrquent é
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texty each .ommand causes 2 break betore changing the margin
valuee

6.%.4 Indgntatien

It is often desirable to change the effective value of the
lett nmargin for indentations without actually cananging the
marcin Jtsolfe For instances all of the examples In  this
guide are indented fron the (eft margin in order to sct then

acart from the rest of the text. Indentation is easily

arranged using the *indcent® commancds
oin _Q__N

whose parameter specifies the number of columns ta indent
from the teft =emorgine The inftial indentation valuee and
the one assumed if no parameter {s qgiveny s zcro (dece
start in the left margin},

For the ourpose ot margin adjustmente the current insento-
tion vatue s added to the Lleft margin value to obtain the
ettective Lleft margine In this respecty the (m and in com=-
mands are gquite similar. Bute whereas the Lleft margin value
affects the placement of centered lines producesd by the ce
commande {indentation 1{s completely ignored when Llines are
centereds,

Poragraph indentation poses a sticky oroblem in that the in-
dentation must he applied only to the first Line of the
paragraphe and then noreal margins rust be resumede This
can't be done conveniently with the *indent® commsnde since
it causes & brceake Thereforee *tat® has 3 *temporary=
indent?® conmand

ot &b

whose function 4s to cause a breaks alter the current in-
dentation wvalue by eh until the next Uine of text is
producedy and then reset the Jdindentation to 1{ts oprevious
valuee So to begin a new parsuranh with a five column 4n-
dentatione one would say

otl o5

6.4.5 Pagg Qffagt

As {f control over the left margin position and 4{ndentation
were not enoughe there 43 yet a third mecans for controlling
the position of text on the page. The concept of a pace of-
fset involves nothing more thar oprepending a number of
t.anks to each ans every Line of outputs It §s prizarily
intended to aliow output to be easily positionesc on the
paper without having to adjust marqgins and indentation (with
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all their attendant cide effects) and without having to
ohysically move the paper, Although the page offset s
inftiatlly zerce other arrangements may be made with tne
*cyge~otfset® command

PO &N

which tauses a break.

6.4.6 Sumpaty = Harains and Indsntatien

Coenmand Initiel 1f no Cause

Syntax Value Parsneter B8resk Explanstion

oin oYy Nz Nz=Q yes Indent lett margin,

olm N N=1 N2t yes Set Left rargine.

ol ol h=3 1n=3 no Set top margin
pefore and including
page headinoe

o2 &M N=2 N=2 no Set too margin after
page heading.

on3 oN N=z2 =2 no Set vottom margin
before page footino.

o b o! H=3 ER no Set Dbottom margin
including oand after
page foatinge

eDO 2N N=0 Nz yecs Set page offsete

orm &N U] N6 yes Set riaht asrgin.

oti oM N=0 N=0 yes Temporardily indent

Lleft margine.

6e5. HEARINGS. EQQIINGS AND I1ILES

6+5.1 Ihege Bart Iitigs

A three part title 9s a Line of output constistine. of three
segrentcs The first scgment s left-Sustifiede tre second
{s centered between the Left and right marginse and the
third s riqght=-fustifieds For example

teft oort center part right oart
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is % three part title whose first seyaent s "left part®,
whose second seqgment §is “center part®™y and whose thir?d sec-
mernt is *rioght part®,

Te generate 3 title at the current position on the paagee the
*titieY coneand is svailable:

st /left part/center part/right part/

In tacte this command was uses to generate the crevious

example. The parameter to the titie commonce 1s rade up of

thr text of the three partey with cach segrent encloserd .
within o oalr of deliniter characterse teree the delimiter

fs a slasite but any other character can he usex as Lona  as

it 1s used consistently within the same ccmmande 1f one or

morc segmants oare to be omittedy indicpte this with two ac-

Jucent deiimiters at the desired positione Thus,

otl /7/Puce 1/ }W

specifies onty the third segeent and would nroguce something
Like this:

e

o

Pace 1
It is not necessary %0 include the trziidng delisiters,

To tacilizote opage numberinge you way include the sharp
character ("£2%) anywhere in the text of the titled when the
coxmant is actyually performeds *frt® wittl replace sil oc-
currences of the "2™ with the current pasge numrbere. To
produce 3 Literal sharp charocter in the headings 1t should
Le preceded by an "3

-
-

OIS D g0 I R ATt a gy LI R TN I SO IR R P Lty

&
s0 that it Loses (s special mecaning. K
The *“irst seugment 0F a tétle always starts at the left mar- i
gin 5y specificd by the Lm comsands dJhile the third scoment
normally onds at the riaght rarain as specified by the rw
tommance tnis can he changsd with the *lenqtheot-tilie® cor~
nang? ¥ ¢
i
i
y3
which changes the length of subsequence titles to ste still L
veninning at the lef! margine Nete that the title Llensth is ¥
automatically set by the (e and rm commands to colncide wiih i
the distance between the left and right marains, 14
g
5
%
-;}
¥
ﬁ
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L3l it

6+.5.2 Pagg Headinas and £eotings

The most coemon uscs tor three part titiles are poge headinas

ane  footinas, The header and footer Lines are inftially .
blanke Fither one or voth may be set at any timee without @

breaks My usina the *header® command

L4
L sl Nt b

ST

«he /lctt/center/riqht/

to set the page headings ang the *footer® comrand

S L I T

ofOo /left/Zeenter/riant/?

to set the ovaqe tootinie The change will become manifest
the next tiee the too or the bottom of a page s reschec.
As with the tl cosrmange the "8 may be used tc access the
current poyce nunbere 58 an fllustrations the tollowing cone
2ancs  whre usca tou qgenerate the page headinos anao tootinas
for tnis ouice:

LB D Ml 0 AN e TRE 55,

she /%Fnt® Uscr®s Gulide///
of0 f/=~ 1 =}/

6.5.3 Susmacx = Headinass Eogfers acd lities

{o=mund Inftial i1t no Cause
Syntex Value Parsmater Break Explanation
of0 *l% *r* blank blLank no Set running pagce
tooting. 3
i
ehe *{%cere  5lank blank no Set running page g
readinge. é
¥
ol ey Nzah Nz6U no Set Lenath ot §
headery footer and b
tittcs.
otl *{%cor®  H“lank blank yes Generate 3 three E
port titice g
£
ﬁ
606 IABNLALION 5
3
%
%
v
5
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6e6el labs

Just Ltike any qgood typewritere ftat® has facilities for
tabulation. when 1t encounters a srecicel gharacter in its
inout called the *tao character® {(analonous to the T'B key
on o tynewriteryy it automatically sdvanics td the nex. out-
put column In which a *tad stop® has oeer pr-viously scte
Tad stops oare always measured trom the effectiye Lets
agrgine that 15y the Llett margin plus the current innenta-
tion or temporary Ancentatton valuees Whatever colurmn the
teftt eargin ray actually be dne tt §s always assumed tc ve
colurn onc for thoe purpose of tadulation,

Ortginallyese o tob stop ts sct In every cighth columny stort-
ina with colunn nfnes This may ne changea using the *tgn?t
convIng

otd <cold> <cold see

Fach paraneter speciffied rust be a numbery and causes 1 tad
stoo to e set in the corrersponding outrut column. AlL
cxisting stops are cleared befeore sctting the now onese  onc
d stop is s~t in cvery columan thcyond the last one specificde.
This nmeans tkat {t no columns are speacifiede 3 ston it sect
in cvery column,

By defaulty *fat? reccognizes the ASCIL TARe control=3e s
the "tad charoacter®s usut since this is 3n dinvisibile charac~-
ter and $s quaranteed to be Interpreted differently by olf-
ferent terntinalse $t can be changed to any character with
the *tab-character?® command:?

ottt Cchard

dhile there s no restriction on what oarticular character
s spectticec for <char>e 1t §s wise to c¢hoose one that
doesn®t occur celsewhere in the text., 1t you omit the
vararmecters the tad choracter reverts to the detaulte.

When *fat® oxpands a tab charactere 1t norsally oputs out
enough blanks to get to the next tab stope In other worcdsoe
the default *replacerent?® character s the vlanks This too
may easily be changed with the *renlacement~character® cor-

mand

ore <cthar>

¢ with the te cozxmande Cchard may be any single character.
© 1t omittede the default §s used.

A comyon alternate replacement character s the perfody

which {5 freauently us2d in tables of contentse The follow-
frg exanple Yllustrates how one might ve constructed:
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ota 52

ote \

Section Name\fPage

olFC o

(3 1

ont

sta 5%

Jmastes\

F4lling and Margia Adjustaent\2
Spneing and Page Control\s
% 1)

oft

The result shoulu Look about Like this?

sectian Name
saqe

1uSi1CSevesssscossossvesovecosesssesssoscsnccsnssscscnnncsl

Fililing and Faraoin Adjustmentececsesceessesecssonsessens?
Spacting And Pode (oNtrolessseesssesecesscsosesssnsoned

6.6.2 Susmary = labylatigo

Conmand Initiatl 1t no Cause .
Syntax Value Paramgter Break Explsnation

ot N eee 717 eee  ali no Set tab stopse

st ¢ 148 Tag ng 5et tav charocters

afC C TLANK QL ANK no Set tab reolacement

choractere.

6e7o MIZCELLANEQUS GONMANQS

6.7+1 CoRasnia

It s rarc that a aotument survives {ts writing under the
pen of Just on2 author or editore Yore freguentlyse sever: i
¢ifferant perodle are Likely to put in their two cents worth
zoncerning its foruat or contente Soe {f tre author fis
particutlarly attached to something he has writtene he is
well advises to say soe TComments arc an idecal vehicle for
this onurpose and are vasily introduced vith the *coament?

S haw vatte .
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o Crommentary textd

Everything after the # up to ane including the next

newline
character s completely ifgnorea by *fste,

6+7.2 Boldtacing and Underiiniog

tF=t¢ makes oprovisions for boldfacing and ynderlining Lines

or parts thereo! with twn commands? T
oDt

holdfaccs tre next N Lincs of {input texty while
el M

unserlines the next % Lines of inputl texte In  toth cusese
11 % §s oritteds o value of one §s ossumede ‘“vither corranc
causes o brecake allowing sinagle woros or phrases to be bhole-

faced or underlinece without atftfectinc the rest of the output
l‘nfo

It s also possidble to wuse the two in compination. For
instances the scction headging at the beginning of this sec=

tion was oroduced by a seaquence of commands asne text similoar
to the following:

X4 4
bt
sUl
v“igcellancous Comranas

As  with the *center® com~anrdy therse two co®RaNQ3
conveniently used to bracket the lines to »e tfecteod, fce
specifying a huce parasrcter valut with the tiérct otcurrence
of the comwsnd and o value of zero =ith the second:?

1ire aften

obf 1000

sul 1000

lots of lines
to be
voldfaced

and
uncgerlined
oDt 0

sul 0
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PNt rr

6+7,3 Lontrel Sharasgials

As wentioned {n the first sectione command LULinegs are
distinguisned fro= text by the presence of a *eantrol
charactert §n column onee In all the examples c¢ited thus
tary a period bas neen used to represent the control charac-
ter, It is posstble to select any character for this
purposere In tacts several occasions arose in the writing of
this apoenduix which calted for use of an  alternate controtl
charactere porticularly 1{in the construction of the corroana
surmartes at the end of each section. The ‘*control-
choracter® comrand nay be used onywhere to select a new
value?

——

A € B NS e AN AL o V0 LN T 0 2L S S ot A 8 7 A £ A S

—

oCC CChiar)

The paraseter Cchardy which may bhe any single charactere
becomes the new control charactere 1t the parsmeter s
onfttnecs the farillar perdod s reinstater.

A 53 4 Ve AAEC o T IAIEEVD B2 A3 B h

* It k. s meen shawn that nany commands automatically cause &

bresk peiors thry opcerforn thede function, when  this
; nrecents a orablenae 1t can be altereds [ f dnstesd ot usinag
e, the bastce contrel character the *no=-bresi® control character
. fe wusece to Introuuce 0 commands the osutonatic hrend that ’
%, wouly norsaelly result s suppresseds The stoncard no-break
5 control character §s the grave accent ("*%)¢ nhut may casily
15 ne changed with the tollowing commanc:

4 R b e e ASY e AN i TR T Vsl W ST

e€2 <char>

As with the c¢ cosmands the parameter rmay be apny single
charactere or =2ay be o=mitted {1 the defoult value s
desired.

BT PSR uB St A e S

6+7.4 Propating

Ariafy one=line messaqes ~ay be written to the wuser®s
terminal using the *prompt?® conmand

PO F o RS I WV e T

ser <hricfe one-{ine messaged

The text that s sctually written to the terminat starts
with the ftrst non-nlank character followina the commana
nazees oné continues up toe but not incluiinoe the next ;
newline charactler. 1f a newline character shoult be K
inclucesd e the zessaunsy the estapre sequence ]

S8

ot
Gy gy SHATS
e et e ot e e s bt

SR

Sy

n

cay b0 uied. Lteadine onlanks may also ve fincluded in the
aps5s.:92 bDv nrecedina the nessage with a auote or an

p

¢

y

]

:

3

apostrothes it will discard this characters but will g
then print the rost of the message verbatine Cor instunce. .
E

%

é
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eer this s o messaqge with 3 leadine blanks

woulc «rite the followiny text on the terzminaly lecaving the
cursor or carriayge ot the ena of the messaoe

this is & message with 3 Leadinu vlanks
For & multiple=-Line messauqgre try
eer msultiple™linc3nmessagedn
The output should took Like this:?

multiple
{i{ne
*e5800¢0

Prompts are particularly useful fn fora Lletter applications
where there mzy be several pleces of Information thoat *fer?
hos to ask tor in the course of §ts worke The next section
describes how *fant? can dynomicolly odtaln inforration from
the user.

-

e

6.7.5 Prematurs lecainatien

1t *tet? should ever encounter on *cxit® co=mano
X

tn the course of doinqg tts jJobe it will couse a breank and
exit Ymrrediately to the Subsysten.

j

kY

}
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H
6«76 Sunsary = Miacgllangous Sommands
Command Inftial It no Cause .
Syntax Value Parsmeter Break Explanation
.8 - - no Introaguce 8 cormment.
oDf M=C Az no Roldface M input t
text Lines.
«C< ¢ * * no Set no~preak control
character,
oCC ¢ . . no Set basic control
charactere *
off text - fgnored no arite 2 rmessaqe to
the terminale
«€x -~ - yecs Exit tmmediately to
the Subsystoem,
ul N M= HED! no Undertiine N input
text Lines.,
608+ INPUT PROCESSING
6.8.1 lpput Eilg Seoirel
Jp to this pointe it has been assumed that *f2t® reads only ﬂ
fror its standard ifnput file or from files specified oas
poramcters on the cosmand Line, It ¥s also nossinle to §
¢ynamically include the contents of any file in the midst of ,
formattino anothere This atds oreatly in the rodulartzation
of Laracs othoradse unwicldy docutentse or fn the definition
ot trequently usce! secuences 0f comrands anst texts
The 'gource? coteana fs available to dynamically Snclucde the
contents of a fitle!
o880 <fited :
The pararcter <filed> {s zanaatorys §t may be oan arbitrary f
file systo=e pathnanes ore as with file names on the corvmany :
Lince 1y single cash ("=") to specify standarc {input nundber )
one. 7
- B
]
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The etfect of & *source® commandg is to temporarily preemot
the current input source and beain reading from the named
fitece ¥nhen  the eno of thot tile 1s reachedy the orfginal
source nf1 input {s resureds Files dncluded with *gource®
cormands may theasclves contain other *source® commandsi in
facte this *nestina® of input files may he ctarried out to
virtually any deoth.

*'Frt® provices one additional command for maniputlating input
filese the ?next file' communc

enx <file>

may o0e¢ usea for cither one of two purposess If you sonecify
a <file?> varamctersy all current input ftiles are closed
tincluding those opened with 80 comaands)s and the namcd
file becomes the neo dnout sources You can usce this for
rencatedly processing the same filece ase for coxampley with o
form Lleotterse It you omit the <tiled paramotere *fmt® stildl
closes atl of fts current input filesse DZut fnstcad of usina
a file nome you supply with the nx commande it uses the next
file narcd on the command Line that $nvoked *fatv, |f therc
1s no next *files then formatting terminates normally.

Neither the 80 conrand nor the nx command causes a breaks

6.8.2 Funstions and Yariabiss

Yhanever *fat* reacds a Line of inputs no matter what the
source nay bee there is a certain amount of *pre-processinet ‘
cone LHeforce any other formatting ooerstions take nlaces l
This ore=-processing consists of the interpretation of *tunc-
tions?® and *variables®e & *function® §s a3 orecdefinrd set of
actions that procduces a textual resulte possinly basco on H
sore user supplied textual ‘$noute. For osxzmple. one

hypothetical function might bDe namen ttime®y anc¢ its result
might be a textuasl representation of the current time of
day:

89:31:19 %

A *vardiable®s on the other hande is si=mply one of *tmtes
fnternal ovarameterse such as the curreat page length or ¢the
current tine-gpacing valuee The result of o varlable 145
Just A textual representation of the wvalue of that
parareter,

at Covel wgalary

From the standpoint of 3 usery tunctions and vartables are
very simitar, In facte they are invoked iagentically by
enclosing the aporopriate name in syuare brackets:

AT

Ctime] ]
{Ls) |
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tises everything {n between the

or variable in {ts olacce.

“2* preceasing the Lleft
acaninge.

arfthactic
fornatter

operations
specifically for the

lut  the teatures just cescribed are

Functions:?

1a0te Current
day Current
time Current

Yarianles:

cc Current

c? Currcent

in Current

L= Current

iln Current

is Current

-l Current

-1 CuLrrent

-2 Current

-2 Current

a4 Current

; ol Current
; on Current
' ne Current?

re Current

te Current

L Current

6+8.3 Supmacy = lopul Eresesaing

.

EA

Georqgia Institute of Technology

\
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v

3

v T R
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When *fat® sees such a construct in an {nput

The *numder reqisters® are ten accunlators on
tan he performed,

prebsbly remain so in future expanstions.
avatitable tunctions and variables are!

v -

TN

Page 242

itney it ex-

bracketsy inctuding the
brackets themselvess and fingserts the result of the

function

Naturallys anything not recoa-
' nizable as a vartaohle or a function s Left alonee.
‘ the string “[timel” 4in come texty just type

Teo place
“Ltimel"t the

bracket makes it lose its special

which simple
They exist in the
inplementation ot

autnsatically numbered scctions and paraarasphss

Lt t*4s writinge functions and variables are still cvolving.

rather stable sna will
At this pointe the

dated co.ae 09/28/779
day of the weeki cege friday
time of cdayi eege UI31:32

basic control character
no=-break control character
ingentation value

lett marain value

line nusber on the page
Line-spacinyg value

macrao invocation lcevel
margin 1 value

margin 2 value

margin * value

marqin A4 value

page Ltenath value

page number

page offset valur

right margin value

tab character

texporary Yndentoation value

Explanation

Move on to the next
input file.

; Command Inttial 1f no Cause

; Syntax Value Paraseter Break

; enx file - next arg 0o
es0 file - fonoreg no

Teapcrarily alter
the input source.

CoBOL Workbench
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6.9+ MACROS

6+9¢1 Magro Qgtinitign

& ancro is nothing rore thon o frequently used scauence of
commands and/or text that have teen aroupeo toacther under o
single name. This name nay then be usee just Like :n or-
dinary conmand to invoke the whole aroup {n one tell swoop.

The definition (or redgetinition) of a macro
tdefine? coramand

starts With o

ode xx

whose parameter s 5 one or two character string thot
vecones the name of the macros. The macro name muy consist
at any characters othee than blankse tabs or ncwxlines?! upper
an' Lower case are significunte The definition ot the macro
continues until a matching *teno® cormand

28N xx

is encountercde Anything may appear within 5 nmacro
definitionsy including other macro definitions. The only
processing that is cone durina acetinition is the interpreta~-
tion of varfables and tunctions (t.ee things surrounced by
square bracikets)s Jther than thise Lines are stored exactly
as they are rcod from the input sources To¢ dnctude a funce
tion call in the detfinttion of 3 macro so that dts
interpretation will be delayed until the macro s 4nvokeds
the opening bracket should t.e preceded by the cscape chiarac-
ter 3%, Tor cxamplcey

off tm ~== tinr of day
sde tr

fltinc]

N t™

woiuld produce the current time of day when invukeds whoteas

o t ~ew time of day

ode t=

{timn)

een tn
would nrocduce the time at which the macro definition was
processeds
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6+9.2 Magro loyegcaticn

Agains o mucro 1s invoked Like an ordinary comaand:
control <cnaracter at the .ceqginning of the Line 1nmed1ntely
follaowed by the name of the macros <0 to ftnvoke the above
*tire-of=day® macroy one might say

otm

ks with ordinary commandss macros may have paramcterss In
facte anytrina typed on the Line after the wacro name is
avaitlable to the contents of the macroe As usuale blanks
anu tabs scrye to seporate parameters from each other ano
from the macro namce It it {s rnecexsary to fnclude a hiank
or & tat within o parameaters $t may be enclosce n  quotese.

Thuuy . b
“paraneter one"
would constitute o single parameter ana would be passed to
the macro as
pararcter one
To include an actual quotation mark within the oparamcters
type two aquotes immediately adjacent to each others For .
instanca. L
"nequoter stringwne
would pe possed to the macro as the single paramoter
"auoter strinag®
¥ithin the =acros pirancters are accessed in a way simitar
to functicons and variablers:? the number of the desirec
parumeter is enclosed V¢ sguare brockets. Thuse H
B
would retricve the first paramcter,
i21] i
would fetch the secondsy and so ones 45 3 speclul cases the
na=e of the macro itself may bhe accessed with
N
Assunce therc fc o macro named *"mx" defined as follows? *
Georgia Institute of Technology €0BOL workbench
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o AxX === macro example

ede mx

“acro named {83ty invokey with two raurente?
011 ang *(21%,

sl Mx

Thene tyoning
eMX "Daranm 1% %“naram D°®
vould produce the same result as typing
1acro named *mx%y invoked with two arcuments:

*parae {* and ®parar 2%,

Macros are quite hanuoy for such conmmon operations us start-
ing a new paraasraphe or for such tedious tasks as the
construction of tables Like the ones anpearing at the end of
each section in this guides For some mxamples of frequently
) used Jacrose sce the applications notes $n the follawing
DAgGeSe

6+9.3 Sumnary = Masros

Command Initiatl If no Cause
. Syntax value Parameter Break Explanetion
ede xx - {3nored ro fegin vefinition or
redefinition ot 2
macroe
o AN - fgnored no fno ®acro

dgefinftion,

6+10. APPLICATIONS NOIES

The next few sections will ftlustrate the capobititics ot
*fmt? with some actual applicationse “ost of the exanples
arc macros that assist in common formatting operationse but
attentton ras also deen given to table constructione LU of
the macros presented here are avatlable for general wuse in
the file ‘*sextra/fercro/report®y which may be named on the
command line invokina *fmt?® or may bpe included with a *sour=-
ce® cormmand as follows:

e300 /extra/fmacro/report

Geasrgia Institute of Technolosyy CuUBOL Jorkbench
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6+10.1 Paragragha

One standard way of beatnning & new paragraph is to skip a

Line and iandent by a few spacese This can be done by civing *
an sp comnand followed Dy a t4 commandese A better way 4s to

detine a macroe This allows procrastination on deciding the

fornat of paraaraphs and facilitates change at some Loter

date without a majfor edittng efforts

/. 3
ey o G St ATOERY 2 AV

Fa8h s Y Pantrs R St LA Er AL D I e e S IARN ¥ I T

Here 15 an exampole of & parograph macreo? t

o8 pp === begin parapraoh
«de Dp

o3P

ene 2

otd ulinl

ot ot

onNg

N pL

fanss

oty

pap N

Firat a Ltine 1s skippee via the ?*space® commande Thens
after checking that there {s room on the current page for
the first twe Lines of the new pauralraphy 2 temporary in- ;
dentation {is sc€t up that is five colunns to the riaht of the <
runinin; tnaentation with the two t{1 commandse Finallys no- ;
spacd made ds turned on to supprese unwanted blank linrcse

o EN

6¢10.2 Sub-headings

sun-headings may be casily produced with the following
h3Cros

LA s

R IR

«¥# sn === gsup=-heacding

ode sh

o8P 2

ene &

ottt Hinl

obf .
{13 ’
oDP

o8N SN

v o

PR

“irste two dDlank Lines are put oute Then §t s determined
14 there are four contiguous lines on the current page: one
for the heading itsclfe one for the Hlank Line after the
hesdingy anc two for the first two Lines of the next
paranraghe The temporary indentation volue is thern set to
ceincide wi'h the current indentation value. vexte the
fidrst oaraszelrr passet to the macro (the text of fhe sub-
hcagino) 1s poldfaced snd a new paraaraph s Ddegune The

"no"™ tacro «ilL Insert the blank Line after the heading. *
H »
é
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6.10.3 Malor Headings

An  examplne of & =ascro to produce major headinas 15 the fol-
towing!

o8 nh <<= major bheadina
2d@ nmh
osp 3
oné
oCC
sul
bt
(1l

'} 3]
PP
eln mh

A

This i3 sinitar to the sub-heading macro! thrce blank Lines
are put outs a check for enocugh room s madel? the onparagucter
is centereds underlined and boldfaced’ another Llank Lline is
put out: and a new paragrapoh 1s begun.

6.10.4 Gyptations

Leanthy quotations arc often set apart from other text oy
alterinc the Lleft anc right marains to narrow the width of
the quoted texte Here $s a pair of mazros that may be used
to celimit the beainning and end of a direct quotation:

DAL N0

ol D0 =+= pegin direct cuote
o3 DG

3D

ane ? 3
eln 5 z
orm =% 5
oll +5 '
el DQC

o8 2 =~~~ end dircct gucte

¥ 4

ode co ’

8P ) é

eln -C ’

of® 45 3

N CG &

2

Notice the Lt cowmand in the first zacros To asvold affect- :
iny oa2ge headinas ang fontinasy the left 2arein 4s not ace v
Justed: rathery an adeitional indentation §s appliecd. But ;
to increase the right margtin ‘wiothy taere 43 no other alter~ H
native but to use the rm commands The *titic=-leugth® com=- 3
wand {s thus necessary to allow heedings and foefdnas to 3
reasin unaffected by the interis right marqgin, é

P
¥

LN
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6¢10.% Jtalics
Since wnost printers can®t eastly produce italicsy they are .
trequently simuloted by underlining. The following mycro
*{talicizes?® its parareter by underiining 1t.
o8 1t -== {talicize (vy underlining)
ode 1t
sul
1l
eln {1t
6.10.6 RBoldfacing
dhile ¥fmt? hag bduilt=in facilities tor bolafacinge thelr
Use ®ay de sosmewhat cusbersome §f there oare many short
ohrases or single words thot need boldfacing! each chrase or
word requires w0 input Lines: one for the bf command anc
onr for the actuatl textse The forlowing macro cuts the overe
heod in hatt by allowina the commano ana the text to appeor
on the same line.
ol ho === noldtace parameter
+de bo
obf
Ol
N N0
6.10.7 Lxangles
This aopensdix s peppered with exaxplese cach one set apart
froe octher text by surrounding olank Lines snd additional
indentation. The next two zacrose used Like the "bHa" ang )
"ea"™ macrose focilitate the production of exampless
o8 bx ~== bealn erample text :
ed® D1
'3 14
o€ ¢
ont
odn 10
N DX
o cx ~=« end exgmple text
ede o
[} 14
ot
odn -10
N Cx
Georgla Institute ¢¢ Technology COBOL Vorkbench
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6.10.8 Iable Soostrusgien

Cne paample of table construction (for a tabhle of contents)
has already been mentioneo in the section dealina with tabse
dnother type of table that occurs frequently is that uscc in
ths conmand sumearies in this appendixe fach entry ot such
o table conststs of a4 numper of *firilds®sy followex on  the
right by a body of explanatory text that neecs to be tilled
and sajusted. :

The easliest way to construct a tavble Like this involves wuse
ing e comhination of tabs und ingsentations as the tollowino
series ot cormands fllustrates:

oin ¢aQ
ot 16 24 34 4}
ote

The idea 9 to set n tad stop in each coluan thit begins o
fielcde ana one last one in the column that is to be the lett
earain tor the esplanatnory text. The cxtra incdentation
soves the cffective Lett marain to this columne To begin a
new entrys teaporartly undo the extra inagentation with 3 to
cormande and then type the text of the entryy seporoting the
fields fror one another with a tab character.:

oetd =D
field I\fteld 2\field 3\flela a\fxplanatory text

The tirst Line of the entry will start at the Llett margine
Then »ll subscquert Lines will be titled and aafustec
betweer coluan forty and the right rarqin,

R vy
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Appendix 6

6elle

Command Inftial
Syntax Value
% -

oAty C noth
f N N=¢
ohU :'i‘ S
DT -

2 Ce ¢ *

eCC C .

eCe M ¥ ¢
ofi¢ 31X -

«®N xR -

ecr text -

o -

.,‘ on
ofo *L?c?'r* olank

1%c%r?* Hlank

on
at; 1=
.} NES!

- e,

IR PSRN VT AR s B STLANRY R RET DS P M ESEINAGY S

men ko s e o a WE e e A % e e & vae¥ o A

FORMATTER

It no
Parsneter

Loth

next

fanored

{inored

fanored

viank

blank

Georalta Institute of Technology

Paqe 25¢C

SUNNARY QF COQMMANQS SQRIEQ ALZHABCIICALLY

Cause

Break Explanation

no Introduce a comment,

no Set morgin acjuste-
rnent moce.

no fotldface " input
text Liness

yes Aegin a new paice

yes Force o break.

no 3et no=break control
choracter,

no Set basic control
character,

yes Center N 4nput text
lincse

no Segin detinition or
redefinition of =&
23C T 0o

no fnd macro
detinitione

no write a messane to
the tersinal,

yes fadt dmrpcciately to
the Sutsyateme

no Turn on f4ll mode.

no Set running page
footina.

no Set running page
headinne

no Turn on autoratic
hyphenation.

yes Ingent left margine

ycs Set left morain,

COBOL workbench
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Command Infttal It no Cause

Syntax Value Paraneter Break Exptanstion

s N LIES EB] no set Line spaucin:e

olt o N=60 NzhO no Set lenath of
header, footer anc
‘1thS¢

em]l oH N=3 K= no Yot top Teroin

before und including
page headina,

el N Nz2 =2 no Set top margin after
page hcading,

o2 oN N=2 ‘=2 no Set bottom marcin
betore page footina,

oA oY K=3 N=3 no set bottonm rnaralin

including and atter

page fcotinqge g
oNo - - no furn ottt marqin ad-

justment,

ene N - kz} yes Cxpress a nced for
contiquous Lines,

ont - - yes Tuen ctf 1410 modge,
(Also finhinits ad-
justment,)

oNH - - no turn ot! automatic
hyphenrtion,

ons on - no Turn on *no~spaco?
£0CC, B
§ {
onx file - next arg no Move oh to thr neyxt
input tile.
el oM N=66 H2866 ho Set page tength, é .
oD 2N LD fanored no Set pane number.
spo 2N u=0 ER)] ycs Set vange vffset. .
o7 ¢ BLANK LLANK fo Set tab replacement ;
character, § !
;i
or= N N=60 NZ60 yes Set rioht margin, Lo
s - - ny Turn off *no~space? ;
roides :
;
i
5
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Command
Syntax

50
es0 fite

ot N

eta
ot €
ot oM
ol ®L0cop?

eul N

(% 11}

S E et Shalae - el sk o
wat

TR TR TS N R B S
AR o A R T O

Initiatl
Velue

off

917

TAD

blank

on

FORMATTER
It no Cause
Paraneter Break
- no
fgnored no
NSy yes
alt no
1408 no
Nz yes
bloank yes
LD no
- no

Georqta Institute of Technology
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Laplanation

Single blank after
end of sentence.

Temporarily alter
the input source.

Put out N blank
Linese
Set tab stoOnS

Set tab characters

Temporarily indent
left margin,
Generate o three
part title.
Underl ine N input
text Linese.
Ctxtra oblank after

end of sentence.

COBOL Workbench
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6.12. JUMNARY QF CONMANDS GRQUPEQ BY EUNCIIQN

6.12.1 Filling apnd Barain Adiuatagnt

Command Inttial 1t no Cause N
Syntax Value Parameter Break Explanation #
' edd ¢ both poth no Set wm.rgin aciust- :

ment mode.

ebF - - yes Force u nreuke

eCe N N=0 HES! yes Center & 3$nput text
Lines.

o f on - no Turn on 4Ll moce,

oy on - no Turn on automatic

hyphen.tion.

ona - - no Turn of! maraein ac~-
justment,

ent - - yes Turn ottt f4ll modes
(Also 4{nhibits ac-
justments)

enh - - no Turn ot? automatic
hyphenatione.

3] o't - no Single blank after
cnd of sentente,

XD on - no Cxtra blank after ;
end of sentence. i
H
3 :
:
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kRS

6.12.2 Spasing and Eaas Sentrel

Coanmand Initdal 1t no Cavse
Syntax value Parameter Break Explanation

—

*
PRI S O RN V)
—

obp ol N=1 next yes 8eqin »n new page.

A
s

els N Nzt N=1 no Set Line spacinag.

e
[T

sne & - ALR! yes fxpress a need for N
- cont tquous Lincs.

2 ens on - no Turn oONn *no-space?
,& H\Ode [ ]
<

o,
'«
V2o e = £

>
> s

oDl N Nz2&6 =66 no Set page Llengthe

- epn &% UES ignored  no S5et page number,

o fud £ s

Ade)

4 £ e 8 S e T A GV LDy

orS - - no Turn off *no-space!
. nodee.

oS N - N=) yes Put out N >lank
(10680

SRR
Y

LS

+

g d o et
seRigitiag,

e

R A B ¥4 D

5‘

4 :
, r i
A . %
T ¥
i I §
4 | )
e i ¢
3 § 4
o 2
) W i g
£ . 3
k H
1 . £
F- ‘3'
3 ! ®
‘ > i B
N y - . ‘2
1 i
,:;1 %
. 4
“ 3
34 »
£9 g
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6.12.3 Margins and lodsniatien
Coamand Initial 1t no Ceuse
Syntax Value Parameter Break Explanation
oin N Nz3D =0 yes Incent Lleft margin,
olm oy N=1 Ne yes Set Left marain,
«ml eN H=3 N=d no Set top nergin
before ana éncluding
vaqac headinaie.
onl ¢N K=2 =g no Set top margin ofter
page hcading.
o3 o N=2 %=2 no Set bottom rorgin
betfore page footina.
e o} =3 Mzl no et vottom narain
includina and after
paae footinac.
DO ¢N NS 4z yes Set page oftset,
o N N=60 H=60 yes Set riaht muraoine
oti oN %=0 H=9 yes Temporarily fndent
lett mirain, -
6.12.4 Headings+ £g9ti0ga and litiss
Cossand Inttiatl 1t ne Cause
Syntex Value Peraseter Break Explanation
ofo L% c%r* bloank blank no Set running paac
tootina, , !
she *L%c?r® bilank blank no Set runninag psac ;
heacdina, )
¢ 3
olt en N260 N260 no sct lenoth of :
headere focter ang :
titles, :
otl *L% :*r?* bnlank hlank yes Generate A  three %
part titiLes :
;
i
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6.12.5 Iakulatisn

Command
Syntax

eld N s
ot ¢

efC €

Inftiasl
Value

17 eee
T43

RLANK

v et a e ANRIRT Tl ¥ A e WEMIALIR PR S N Ry

FORMATTER
It no Cause
Parsmeter Break
all no
TAB no
BLANK no

6+12.6 Niggeilansgus Sommands

Command
Syntax

o

obf N

eCC ¢

ecr teat

«2Xx

eul %

6.12.7 logut Praoseasing

Command
Syntax

o> file

eso file

Inftial
Value

Inftial
Value

1t no
Parameter

ignored

11 no
Paranmeter

next ary

{anored

Gecrgia Institute of Technology
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sy

-

2

AR

e )

Cause
Break

no

no

no

no

yes

no

Cause
8resx

no

no

e o n

v

AT

2 i R N .

Page 246

Explanation
Set tah stopse.
Set tav charactere

Set tab replacement
characicte

Explanztion
Introduce 8 conmmente.

Bolutace N
text Llinese

input
S¢t no~treak control
ctharacter.

Set basic
chsracters

control
Vrite o emessuage O
the terminale

fxit f{imeediately to
the Subsystenm,

Underline N
text Lincs.

input

Explanstion

Yove on to the next
input file,

Temporaritly alter
the {nput source.
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Command Inttial 1t no Cause
Syntax Value Paraneter Break
ede xX - f{gnored no
N XX - ignored no

Georgta Institute of Technology
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Explanation

tegin defin
redefinition
racrOs

fnag
definition,.

Page 287

ition or
ot b]

ta3cry
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APPENDIX 7

) MACRO PROCESSOR
: GEORGIA TECH SOFTU BE TOGLS SUBSYSTEM

tMacro? Is an enhanced version of <ernighan ond Plauaer?®s
®acro preprocessor from Chapter & ot Sottwarc Toolse .
*Macro® Is an cxceedingly complex and powertul oprocgrami 4t )
1s possivlie to use 1t as & qgeneral programming Lanyuages A
coaplete descriotion of fts capabdlity is pbeyona the scope
of thkis docunenty but 8 few samples sre presenteac here to
help the user deceme proficient §in its usage,

Tole IHE EQRMAI QF A NACRQ DREINIXION

The dasic tormat ot & macro cgefinition s

, define(macro-nanes replacement-text)

*Hacro=-name® fs an identdfiery teee a scquence of Lletters
or cinfts bealnnina with a lettere “"Replacement=troxt® ig a
toossitly c¢mpty) seauence of characterssy which may be
speclally intcrorcted by *nacro®%,. -

:
2a¢ro ornusents are reterred to by 3 construct of tha torm ﬂ
"$<intcaer>™ in the replacexent texts The Cinteger> must be . :
o dialt from C to 9¢ inclusives (Oigits 1=2 represent the ]
f4r<t tnroush the ninth araurentss 4iqit 0 represents the :
nawe of the =zacro ftselt)e For examples the following macro i
could oe used to skip blanks and taes in a stringe starting
at a civen pasition:

o en g et

f detine(skipbly
while ($3 €32) == BLANK | $1 (32) == Ta8)
$2 =2 82 o}

) 3

Fad o, yastrl Bt

Here arc o few cxamples of the use of this macrod

-y

skipdltlines 1) , i
H sxioblistre §)

LA 0k

A SRy IR ENER, % soF v SN s

In orecr to orcvent preaature evaluation of a stringe the
string =ay be surrounded by square brackets, fFor examples
supoose we wishez to rcoefine an identifier. The following
sequence witi not work?

dgofincei{xey)
define(ce2)

This §s because "x" {n the setond definition will ©ose
reslaced by "y"y with the net resuit of defining "y* tc¢ be
mam, The correct sethog is .

Georala Institute of Technology CCBOL workbench
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define(xyy)
define({xJe2)

The square brackets prevent the premature evaluation of "x%,

Te2. RUILI-IN EUNCIIQNS

i *¢acro® provides several “"built-in® functions. These oare
’ given below:

} givert{tilename) or divert(tilenamesapprnd) or divert

) "Filename® {5 opened for output ance dts file adescriptar
i Is stacked, whenever *macro' produces ocutpute 1t i
; ocirecteo to the nazed Yiles 1f the second arqument s
]

presenty output (s appenuved to the namesd files rather
than overwriting 1t. It both aroument: are nissinag,
i the currernt output file is closed and outout reverts to
the Last osctive file (the one tn use when the *divert?
coxrand was recognized),

danl or enl(commentary inforsation)
45 sujgested by Kernighan and Plaugery, *cnl* may he
used to daslete all blonks and tabs up to the next
ncewlines and the newline tselty from the input
strean, lThere 1{4s no other way to prevent the newline
atter each *gefine® from being passed to the output,
. Any arouments present are {gnoredsy thus xllowing *dnlt
to be used to introguce commenis,

{felsetaebeced)
14 a and b are the same stringe then ¢ §s the value of
the expressiony otherwlisee d §s the value of the ex=
pressions Example: this macro reoturns “On" 41  the
. virlue of ¥ {s "1"y “ER® otherwise:

cgefine(statuseifelseliol sOKEBR))

-

fnciude(filenane?
"Fitlename™ {3 opened ang its fils descriptor 4s stace
kede The next time *pracro® requests inpute 4t ricedves
ingut from the narmed files When end=of=file s ceene
*macro® reverts to the last sctive trnput file (the one
containinc the 4nclude) and picks up where it left off,

fncrin)
increaent the value of the integer rcecpresented by oy
and return the fncremented values For instunces the
follosinn paltr of defines sot MAXCARD to fF 0 and MAXLIANE

to 81:
define(MiXCARDYAD)
define(HAXLIHE e incr(MAXCARD))
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;ii 3
4 suostr{semyn) ‘
? return a substring of string s starting at position m Q'
; with Llength ne substr(aocalel) is abi substriabce2el) .
g Is o3 substrtabeedsl) s cmpty. If n is omittedsy the =
! rest ot the string is used: substrtabcel) 1s bce
undetine(nimc)
‘itndefine® s uysed to remove the definition associated
with a names Aote that the name shoule bhe surrounded
by bhrachketse §f 1t §s supplied as a Literaly otherwise
it will ne evaluated nefore 4t can ne undcfinede Cxare-
plel
¥ undeffne({substrl)
undefine ({x))
- .
{
i
. i
{ 2‘
P ¥
5
H
4
4
3
i
;
2
>
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{

4 z

APPENDIX 8 i

A

4 THE PRIMOS FILE SYSTEM :
The PRIM0S operating sycsten for the Prime 4006 comouter

Sup- ®
ports 1s one ot {ts scrvices a flexinley hicrarchical file

system that provices users with the taciflity to maintain
large gquantities of aosta in an orderlys Logtcal manner,
These next few sections are indended to orovide a brief :
overview of the file system®s capabitities and featuress 1t 2
is somewhat tutorfel in nature and dces not atteampt to cover

all of the avaflable featurese nor to present the cetails of
implementation.

wakade rh raiabie sixv L

Sele QRDINARY EILES g

& tile §s o0 named collection of informatione preserved
som: storage mediume such as magnetic disk,
contain text as iIn an article or a bocky
binary data oroduced by or to be used as inout to some
pcrograne and stiitl others may contadin the onctual executable
instructions of the prosram f{tself. in other wordse no
partécular structure s forced upon ¢ ftéle by (he systen.

while some programs may operate on files with a definite ;
gstructurce 1t {s thedir responsibility to na2fntain this
structure and of no real concern to the system,

upon
Some files may
others may contain

DO YT

e n e DA

we mentioned above that a file hag a name; tnis
question of what are the acceptable names for filese 4
file name consists of 12 or fcwer characters chosen from the

Roman alphubete the Arabic digits and the followinu specinl
characters:

rafses the

Nl POk e fta A AR

o vs

18 AL Ty e

]
T T R T 4 :

$
The first charactery howevere must pgt be a digite '

ise of
the stash ("/") s strongly discouraned fcr rcasons which

will sovon become atparent, The ¢ase o0f the alphabetic

characters is fnsionificant since the system forces ther all :
to upper ciscs Thus

GEORGE Marry my_file YoureFile ftilel ©

are all teaal file namese while

(bad_file_name) naughty_file! 666

are note

TR A PRI L T SNTRRP BT (SLETIL AN LS LI B2 B

e

LN etk

el

1
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8.2+ QIBECIQRILS

F 1m0 agssociates the name of a fite with {ts contents
throuah the use of *directories®y which themselves are noth-
ina more than ordinary tiles that PRIMOS treats specially.
A Jircctory contains a nuader ot %entries®es eath of which
netds the name of a tile plus other information (which we
wil’, quet to later)y and the location on the storage volume
of the acttual contents of the file. Coch file with a
corresponding entry in a given directory {s said to ‘reside
within® that <cirectoryse and that directory s said to
teontain® pll files for which 4t holds an entrye Now there
{s nothing that prevents us from having within a directory a
file that 3 itself » directorye This phenomenon {s known
as *nestina® of cdirectories and may be carried out to any
gepthy afving rise to & hierarchical structure?

dir)
— i
! i | | |
gied tilel} tile2 dirs fileld
Y 1
| | |
tilea dirs dird files air?

i |
fited filed

1t should be noted thot while the names of oll files within
& viven directory must be untque ascng themselvese 1t s
ocrfectly tegal to havee in separate directoriese two dif-
ferent files wiiv the gsame names Sov in the example aboves
f4les that residexs within dirs is distinctly separate from
filed that resides within atr.

At the topaost Level of the hierarchy 4s the master file
directory (MFD)e which always begins at a fixed location on
a atven storage volume, In addition to several entrics
required by the systemy the MFD contains eny other direc-
tortes and/or ordinary files that an finstsilation may see
4t to e=aintain. (horsallye a directory s established
within the “FD for cach individual user of the systemes Each
suth directory s known as a user file directory or UFD4)

Now that we have a strutture containing aultiple nesied
direciories and opotentiolly duplicate file namese the
probiem arises as to how a specific files 3ay the one naged
"tiled™ 4n the exanples (3 refcrenced} or worses how one
file naeed "files” s rcferenced distinctly froe another by
the same name but in o different directory. Pathnsmes,
which we %take up 7. the next sectione are the solution.
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Appendix 8 THE PRIMOS FILE SYSTEM Page 263

8.3+ PAIHNANES

4 pathname s 3 syntax for unifquely specifying any tile

o contatned within the file systeme Dut before we coan no any

furthere o coudle of detatls should be brought to Lighte

§ Mhen a wuser Logs 4n to PRIMOSy he 13 sutomutically ‘at-

tached?® to a soecific directory whose name s usually the

sare as hig Llo9gin namce This directory is satd to he his

teurrent? or *default® directory and has a special sia-

{ niticance n the {interprztaticon of pathnames. There 4is 2

way to walk oround within the file systems changing the
current directorys but we won®t go int~ that heres

o ! As we saide a pathname allows you to uniquely specify any
b file anywhere in the hierarchy by describing a path to the
3 file from sorme known pointe Two such known points arc the
£ current direcctory and the KFD. A pathnamey thene constists

of & number of directory namesy separated by slashes (*/%, ;
4 recall our previous adwonition) and ending with the name of :

- the desired filee 1t the pathname starts with o slashe the {
E: path starts in the MFDS cothrruises it starts In the current :
i i directory. A sizple file name that contains no slashes :
3 . refers to 3 $ile within the current directory: a pathnanme .
' consisting only of a single slash refers to the MFD ftselfs
. CC and the emoty pathname refers to the current directory.

Thuse the pathnases

. /hin/cd

ramrs Ry v W miEres o Pt

i sydir/itte

5 / ;
;E (cepty string) ;
5. . :
3 refer to a file named “cd® within a directory naned "oin%™ ‘
A whizh 4s contained in the 2F2% a file named "file” within o §
. . directory named “sydir® which sprouts from the current R
- . directorys wherever that may bes the MFD{ and the current :
e ¢ ? directorye respectivelys §
o 0.0. PRQIECTION b
k- : : Uscrs have the optione 1t they so desiree to protect their y
E ; files from unwanted perusal or olteration vy other utcrre 3
S : Two mechanisas are finvolved in cprovidina this featur -. f
gm i Firste uwith each directory is nssoclated an T“owner™ and

fr. *nasswora®. The owner of a directory Yss by defaulte the

Y. user who created tte though this may be changede When @

?gé;% directory becomes & uscr®s current directorye cither of two

S conditions nay orevaill the user myy ve declared ‘owner® of

the cirectory 1f his loain name ratches that of the direc-
toryts creatore or failing thisy he {s declared o *non-

PN

» owner®, The password comes into play in this (astter cose.

) The awner 0f a directory may require that any non=owncr who
L wishes to wake 4t his current directory must first specify a
SN passworde 1t he is able to do thise then he 43 attached to

the dircctory as a non-owneri otherwigzes he s not allowed
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to attach to 1t.

Once attached to a directorye cither as owner or noneowner,
the second protection scchanism comes into plays As port of
the *other iInformatian® tnat we mentioned 4n the directory
eatry for a files the system keeps two sets of ‘*protection
keyx®e one that applics to the owner of the directorys and
the otheres 0 nen-ouMnerse These keyse which may be changed
on o per-tile basis by the directory®s ownery cuntrol the
kings of things that can be done to a files There are three
ooerations that may be individually allowed or denied to
both oaner and non-owners: readingy writing and truncating
(deletinad, 1t o user has read pernission for a tites he
29y resd the contents of 1t but may in no way alter them,
14 write permission s qrantede then the file ray be written
upon tpossivbly overwriting existing information or extending
the f4led)s but nothing mey de read from 1t It truncate
pernission s grantede the file may be shortened to any

Lenath or even removed completelysy but {ts contents may
neither de read nor written,

8.5.  SUBMARY

There are many more feaftures and subtleties in the PRIMOS
file systes that both enhance 1ts power and usefulnessy as
well a5 ode to ite awkwordnesse Those things we have talked
obout heree thoughe seem to be the most izportant tor o
general unierstanasinge Ffor further details on these other
tertures and  on the implexentation of the file systeme you
=ight wont to consult the Rcferenge Guldge Eilg Hapaggment

Sysle=e opunlished as PDRIIIOC DLy Prime Computers Inces
Framinagham, Macse
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Appendix 9

detining

the
features.

1.

reserveq

accert 0 CF 0 ;
ACCESS 12 cH 0 %
ACTUAL 0 CHARACTER 0 b
A00 136 CHARACTEHS 27 E
LODRESS 0 CLOCK-UNITS 0 z
ADVANCING o CLOSE 29 3
AFTER o coRoL 8 E
aLL 2 CODE 0 :
ALPHABETIC 1 CODE=-SET 0 3
ALSO 0 COLLATING 0 =
ALTER 0 COLUMN 0 §
ALTERNATE 6 CoMMA 0 3
AN 2 COMMON 0 '
AND 3% COMMUNICATION G § o7
APPLY 0 comp 94 . 3
ARE 22 COMPUTATIONAL o ¢ -
AREA 0 COMPUTE AT, 3
ARCAS 4 CONFIGURLTION 6, i
ASTENDING 0 CONTAINS ap’® !
ASSTGN al CONTROL 0 : %
At 54 CONTROLS 0 k
AUTHOR s coPY 0 7
BEFORE 0 CSRR 8 - |
BEGINNING 0 CORRESPONDING 0 2
BLANK 0 COUNT 0 .
BLOCK 20 CURRENCY v 2
8OTTOM e DATA 16 3
Y 269 CATE 9 i
caLL 53 DATE=COMPILED 1 2
CANCEL 0 OATE~WRITTEN 12 3
co 0 DAY 8 ) g

5

&
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This acoenaix contains some of the preliminary work

section provides some insignt into the treauency of the

of various fecatures of COBOLe while the second section shows
actual
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The Listing helow provides the freguency (static) of use
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Appendtix 9

o€
DEBUG-CONTENTS
QERUG-ITEM
0ERUS~LINE
DERUG-NHAME
prRyG-sUn-1
DERUG=SUR-2
JEPuG-Stig=~t
PERUGOING
QECIMAL-POINTY
DECLARATIVES
pELETE
DELIMITED
DELIMITER
DEPENDING
0ESCENDLING
DESTINATION
DEYALL
DlSABLE
DI5PLAY
DIVINE
JIvISIoNn
DoONN
IWPLICAIES
DYHARIC

£G1

ELsSE

£

ENABLE

END

END=OF -PAGE
ENDING
ENTER
ENVIRONUENT
£op

COUAL

ERROR

£S5

CVERY
EXAMNINE
EXCTRTION

[ S0

CXTEND

FD

FILE
FILE-CONTROLUL
FILE-LIxLTY
FILE-LIXITS
FILLER
FlryaL

F13st
FOOTING

Foa

FROY
GENERRTE
GIvInG
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Go 1243
GREATYER 148
GROUP 0
HEADING 0
HIGH~VALUE 0
HIGH=VALULS 27
I-0 3
1=-0=CONTROL 0
IDENTIFICATION 13
1£3 886
1y 0
iNDEX J
INDEXED 8?2
TNDICATE 0
INTTLIAL 0
INITI. € 0
InNPUY 14
INFUT-QUTPUT 13
TNSPECT 2
INSTALLATION 11
INTO 2
INVALID 35
1s 337
JUsS?T 0
JUSTIFIED 0
KEY 6y
XEYS 8
LABEL 41
LAsY 1
LEADING 1
LEFTY 0
LENGTH 0
LESS 27
LIMIY 0
LIMITS 0
LINAGE 0
LINAGE-COUNTER o
LINE 0
LINE-COUNTER 0
LIKES 0
LINKAGE 8
LOCK 9
LOV=VaLUL 7
LOW=YALUES 9
MEMORY 0
MERGE 0
»Z8SAGE 2
MO0E 22
HODULES . 2
MOVE 3364
BULTIPLE ]
MULTIPLY 3
NATIVE 0
NEGATIVE n
NEXT 583
NO 4
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&
NOT : 153
NOTE 0
NUMBER 0
NUMERTC 2
0BJECT-COOMPUTER 0
OBy 'T=PROGRAN 0
ocCt .8 104
oF 19
OFF 0
OMITTED 1
ON 23
OPEN 21
OPTIONAL 0
oR 162
ORGANIZATION
ouTPUT
ov
OVERFLOW
PAGE
PAGE=COUNTER
PERFORM
PF
PH
PIC a83
PICTURE
PLUS
POINTER
POSITION
POSITIVE
PRINTING
PROCEDURE
PROCEDURES
PROCEED
PROCESSING
PROGRAM
PROGRAM=T0
QUEUE
GUOTE
auoTES
RAHDON
R0
RTAD
RECETVE
RICORD
RECORDS
REDEFINES
REEL
REFERENCES
RELATIVE
RELEASE
REMAINGER
REMARKS
REMCVAL
AENANES
RENAMING
REFLACING

o>
ool

DO DOD IO OODPOODOODIULITODOODODL

>

- N

>

-
» oM
~ (5 >

OO OLDO O
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RLPORT
RCPORTING
RCPORTYS
RERUN
RESERVE
REgSLY
RETURN
REVERSED
REMINDG
REWR]TE 1
RF

]

SIGHY

ROUNDED

RUN

SA

SAME

30

SEARCH
SECTION
SECURITY

SEEK

SEGMENT
SEGMENT-LINIT
SELECT “
SEND
SENTENCE 58
SEPARATE
SEQUENCE
SCOUENCED
SCQUENTIAL
SETY 26
S1GN

512€

SORT

SORT=-MERGE
SOURCE
SOURCE-COMPUTLR
SPACE

SPACES
SPECTAL=NANES
STANDARD
STANDARD=1
STARTY

STATUS

sToP

STRING
SUB=OUEUE =1
$UB=QUEVE =2
SUB=QUEUE=3
SUBTRACT

SuM

SUPPRESS
SyMooLic

SYNC
SYNCHRONTZED

128

oo »
S OODDDON FODTTANOD OO0 PO NTOOCOHDDIDOODODTO O

n3
r 3 o -
[~ S B g

N

»

N
CLOAODOOCOOCIOIDIOC D

~ COBOL Workbench:» <%

o s

T PN

L - . L K e
T e e st

k)
X,

ARy

g

TSR S e TGRSR A Bt 2




P N

P S R R VNIRRT RO AR ETR TG RO, o 2%

@WE%WEﬁFmﬁ%ﬁﬁﬁ$ﬂﬁwm¥WW%EWWTW“WWWEEWﬂ@%@%Eﬁ@E@@W@%,%w‘

A OISR syt ity

E

oy »t‘éﬁ?;
Appendix 9 C0BCLewbC Page 268
TABLE 2 UNSTRING 0
TALLY 7 UKNTIL 86
TALLYING 2 up 1]
TAGRE 0 UPON 0
TERMINAL 0 USAGE ]
YERMINATE O] USE 8
TExt it USING %]
THAN 177 VALUE 1724
THEN [t} VALUES 0
THROUGH 2 VARYING 66
THRUY 4%6 WHEN 11
TIME ] WITH 0
TIMES ac WORDS [\
10 5091 WORKING=STORAGE 14
Top ] JRITE 21
TRATLING 1 ZERD 086
TYPE 0 ZERDES " c6
unlT 0 2EX0S R
%.2. SOMEARISON QE CQOQL EEAINBES

Soae Cxamples of the
Comparison of COBOL Features Offered by

the 74 COBOL Standarde POP-11 COBOLs and PRINE COBOL

The folleowing are excerns from a mcre comolete study of
dgifferences

machinese

AGCEPT Ydentifier=-1 [ ERQY

the

tound 1n various features of COBOL on severasl

14434

snesonic=nane )

ACQLET ddentdfier-1 EAQY ( DAIL | DAX | IINE?

1 764 £08CL

a) Sata ts transferred according to the rules of
HOVE,.

) *ncsonlc-n}ae must be specitied 4n the SPLCIAL~
HAMES poeagraphe

c) 1¢f the FHOK phrase s not glivens the device that
the ianploszentor specifies as standarc 3y used.

d) It the size of the dasta bdeinyg transferred is

Georuia Institute of Techneloay

1dentical to the size of fdentifier=1,s the data is
transferred and stored in tdentirtier~i.
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Appendix 9 COBOLewbe Paye 269

1f the size of identifier-1 is Less than the size
ot the data being transferreds the Leftemost
characters of the data being trunsferred are
stored in identifier-iy Lleft=justified? characters
to the right are ignorede.

) ; 1) It the size of tdentifier~! s qrcater than the
i 3 size of the dota oeting transferrede the data is
3 stored left-fustified ond additional cata is
{ requesteds For subscquent data transterse the
; si2ze of iddentifier-1 45 taken to be equsl to the
3 as yeot unfilied oortion of 4t
i
& ) DATE 1s feplicitly described as an elementary .data
ftem uwith PICTURE of S(6IVE 4t contains sar of
the centurye moninn of the yearsy and -day ot the
i vear in that order.
! | h) DAY §s $mplicitly described as an elementary date
4 : ftem with PICTURE of 9(5)V} 4t contains year of
4 - the century and the day of the year nuabered trown
(i 1 to 366,
Er
& 1 TIME §¢ Yaplicttily describea as an elermentsry data
b . {tem with PICTURE of 9(BIVS the value represents,
i in 3 23«nour systeasy the number of elansed hoursy
3N sfnutess secondse and hundreygths of seconds atter
: w b 2idntght In that order from left to righte
2) POP=11
a) As in 74 COBOL,
; b As In 74 CODOL.
{
1 ¢) 1¢ the FROM phrase 45 not olveny the data s
. transferred from the user®s tersinal, :
i d) As n 78 COBOL.
i e) A3 in TA £OBOL.
§ 1) It the slze of tdentifier-l 4s greater than the
sizc of the data being transferrede this data s
stored Lleft=-Justified and the remalning spate pade
ded with blankse
: a)  As in 74 COBOL.
3
h) This 13 identtical to DATE,
. H ks In 74 CUBOLe but the positions for the hune

Georata Institute of Technology

Jredths of & second are tilled with zeroes,
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Appendix 9 Page 278

3 PRINME -
al Characters are moved without change.
5} As §n T4 COROL.

c) 1t the FROM phrase s not qiveny the dats s
transferred from the user's teratinal,

d) As $n T4 COBOL..
e) Lg §n 74 COBOL

f) 1 the st2d of fdentifier-1 is less than the size
of the data being ‘transferreds the Lleftemost
characters gf the data veing transfered are stored

; in Ydentitier~1y left=fustifiede and the remsining

! space §s filled with blanks,

. q) s in 78 CORQL.
M M) Aag in 74 CO_uLe
LX) TIMNE §s fmplicitly described as an elementary data

ftem with PICTURE of 9¢6)VE 4t contalins hoursy
mstnutess ond seconds in that order,

e e )

AR

AQDD ( tdentifdicr=l | literal-1 ) C o ( i{dentifler~2 |
titeral=2 ) 3 eee 1§ tdentifier-a [ RQUNDEDR 2 C o
fdenttiter=n U RQUHDED ) J eee (3 UN SI2L ERRQR

) imperative=-statement 3

ARD ( ddentitier-l | Literal=l } o { ftdentifier-2 |. .
Literat=2 3 £ o { Ydentiftier~3 | Literal=l } ] ees
6lY1Ng tdentitier~n U BQUNQER J .0 o identifieren (
RIUNDEDR 2 1 ese [ ¢ ON S1ZL LARRQR iamperastive-staterent
p]

ADD € CORRESPONDING | GQRR ) 4dentifier-l IQ identiffer-2 [
RQUNRED 1 € ¢ ON SIZE ERROR 4mperative~statement 1

1) 74 COGOL

a) In forsats 1 anc¢ 2¢ each identifier nust refer to
an elenentary numerie itcomy except that 4n format
2 esch {dentifier following the word GIVING must
refer to elither an elementary numeric ites or an
elementary numeric edited 1tem§ in tormat 3¢ each
tdentifier maust refer to s group items
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Fach Literal must be s numeric Literale.

The coeposite of operands .must not excced 18
digitse

In tormat 14 values of operands preceoing the word
T0 are added togetheri then the sum s ndded to
the current value of {dentifier-n storing the
result imsealately into identifier~-m¢ and repeat-~
ing this process respectively for each operand
following the woro 10,

In format 24 the values of the onerands praceding
the word GIVING are added together: then the sum
is stored as the new valuc of each {dentifierem,
identifier=ne seee ti? resultant-icentifiers.

In format 3¢ the datas items in identitier-]l are ’

ndded to andg stored tn corresponding data ftems in
fdentitier=2s A pair of ocata {itemss onc from
identitier-]1 and one from identifier=-? correspond
£f (i) they are not designated by the word FILLER
and have the sane data-namc ond the sare
gquantitiers up toe but not tncludinge $dentifier-l
and Ydentifier=24 (2) both data items are
rlementary nuseric data itenms.

The compiler {insures that enough oplaces are
carried sc as not to Lose any significant digits
during executiane.

Size error condition:

1) A size error coxists whene nfter execu~
tion of the adoition and subscquent
deciral opoint alignamentsy the Integer
portion of the absolute value of the
rosutt §s too large to fit tnto the

recefving items This coes not apply to .

internediate results, 1t rounding §s
speciftiedy 4t occurs prior to the check
for the size ecrcror.

14) 1t & size error occurs and the S12E
EHROR phrase ts specifiede the values ot
the receiving dtens affected by 1sfizc
errors are not alterede After execution
of the statement, the {mperative
statement of the SI2C ERROR clause s
executed (it 4s executed only once per
statement executionla

$44) 1t A s¥2e error occturs asnd the S1ZE
ERROR phrase 4s not snecifiedy the
values of the {tems oaffected by size
errors are unpredictables
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2

N
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1 1t truncation has occurred and the ROUNDED option
is specifieds then {f the most significant digit
of the truncated part is tive or mores a one is
added to the absolute valuc of the resulte.

pOP=11

o) As in T4 COB0L.

n) 3s in 74 COBOL.

¢) 1y the size ot the intermrdiate recult tield s
qreater than 18y the excess high- ‘er digits are
truncateds

d) As §n 74 CCBOL.

¢) As in 74 COGOL.

) As 4n T4 COBOLs but a pair of data {itess

correspond §f they are elsmentary numeric data
itemsy and they have the same nase.

a) A maxisum of 18 digits are carrieds thus anything

over this 4s loste.

n) S4z2e error condition?
1) As 4n T4 COBOL.
£4) As in 76 COROLe
144) It a stze error occurs and the SI12E CRROR
phrase s not specifieds the high=~order
aigits are truncated,

1) As §n T4 COBOL,
PRIME

{identitier=1 | ALiteral=t ) (o ( dcentifier-2 |
titeral=~2 3 ] eee 10 tdentitier=n { RQUNDED 3 L ¢ ON
S$1ZE LRROR imperative~statement 3

{ Ydentitier-l | Literalel )Y ( 4 ( Vdentifier~-2 |
Litefal=2 32 ) [ o C ddentiffer~3 | (fiteral=3 1 oo
GlYING ‘aentifler-s [ RQUNDED ) € ON SIZ2E ERRQR

fmperative~statement )

3) A% fn 74 COBOLs but cannot hsve rultiple receiving
jdentitiers or ADD CORRESPONOCING. ;

b} As 4 74 COBOL
c) 3s 4n 74 COBOL

4) “% ¥n 74 COBGLy but can only have one {dentifier
atter the wora 10, ‘
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Appendix 9 COBOLewbe Page 273 f§
‘ 1
| 3
P ¢) As in 74 CO0B0Le but can only have on idenlifier B
g after the word GIVING, i
‘ Nt
;- 1) The CORRESPONDING festure i not availabte, B
t 1
f a)
hY 45 in T4 COBOL. '
1) As In T& COBGLe
SoMPUIL ;;
B COMPUIE tdéntitier-1 C RQUNDEQ ) € o+ tdentdifier-2 C BQUNDED g
8 Y J eee = arithmetic-expression £ t ON §$52€ KRRQR .
a4 {mperative-stotement 1 -
i 17 T4 cosOL o
Al tdentifier=ly tdentifler-2e¢ cov ruUst be elesentary 3
numeric iteas or clementory numeric ecites items. -
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