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~~. In your ol -In ion , and t aa e d  unon your
experience , have :.our uu~ ervisors been t e c h n i c a l i y

capable of reviewinU .-our work?

10. ~.hen arograuming , what reference dOtu—

ments do you use to assist you shoul i you have

; roblems?

11. Co you proCram for hardware indenendence?
12 . has any outside a.~cncy ever checked your

completed work?
13. l1o -~-: do you account for time spent pro ~rammi n~?
14. Are you ,~iven a restriction as to the

maximum allowable core size which you aa’;~ use?

15. CThen rro6ram:lin .., do ~~u use subroutines?

If so , how?
16. ho you have any comments concerninC

pro:ran 1an ,-~ua~,cs or documentation which ,ou would

like to make?

Certain data nrocessing terms, which are

imp ortan t for accurate understanding , are used
throughout the text 01’ this report. Definitions

are therefore provided below . Unless otherwise r

stated , definitions are from I:h-I ’s “Data Processing
1Glossary”.

ANSI: Ame rican ;Cational Standards Institute. -‘~fl

or~.anization sponsored by the Business Equipment

Manufacturers Association C;EI-IA) for the purpose

of establishing voluntary industry standardo.

Abb reviated AN SI.
Assembly: (assembler language) A source language
that includes symbolic machine language statements

in which there is a one—to—one correspondence

with the instruction formats and data fo rmats of
the computer.
BASIC: An algebra—l ike language used for problefi
solvind by engineers , scientists and others who

______ 
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~~~~~~~ •~~~~ .• .. ,~
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. -ro rn .:ain , eo ;:aul- i  .t : n c o n t r ol -h ~- i i c a t io :a . .

lA ut . or ’ s d e f in i t i o n )

1,inti: i .: (pr o  pa;.: l i nt i :  ) .‘ : r in t a u t , u n u al ly

prerared L~y a inn un c’ tr a r  :1 s :tor , t hat  i:~ U ’ L :’e

source lax :  un . 0 :;t at c : .:ents and c oa c o n t s  od a pro  - Pa;

Overla:~~ (1) dhn technique of rc:’eate5.,l- . ,n;~ n

the  n:i;..e t’locks oi internal storn e. .’ar in  d i d f cr c n - ~,

sta  ~es of a pPO pa; . ~:hen one r out i n e  i: no

lon~er needed in utora - e , another routine can

— re’lac c all or - ar t  of i t .  (n) A :‘ro rn: -. oc

or hasc tha t  in  loaded in to  m a i n s tora . c . It
re laces  al l  or ‘art .  ad  a nrev iously  loaded nc aen t .

PL/ 1:  A n i -h— l e v e l  pro : - rau:’. i fl~- inn  -un ‘e , ,i e:’I ‘nod

• .ior U :;e in a wide ran . . e 01’ co:.:nercj aj, and n c ien tj  f i r

computer  appl ica t ions .

hro~~rarn ~larrative : The de ta i ls  and ch ar ac t e r ist i cs

oC a rro n, ram or : ;u hr ou t in e  wh ich  would he of value

to a maintenance propr anmer  in unders tandin, , th e

6 
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IU -d : 1’~eport program generator.

Software: A set of programs, procedures , and possibl’~
associated documentation concerned ~,-ith the operation
of a data procensin, syster . For examp le , compilers ,
library routines , manuals, circuit ~iagrams.
Subroutine: A segment of coded instructions which

can be stored at one place and can be linked to
one or more other calling routines.

Variable Nam e: An aiphameric tern: that identifies

a data set , a control statement , a program , or a
procedure.

Uord: A sequence of bits or characters treated as

a unit and canable of being stored in one comnuter

location. Synonymous with machine word .

F.
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[‘he ist o r ,, 01’ p 1’0 ,. r , i l ; . , i : : , ,  i n :  L t . t  en ‘ana l l o i s
1 t(’ l o v e  I a - we n t  : ‘l i a se s  a:’ Li a’ 00 :- ~u t e r i L: ;o I C . On i nal
f ir st  ge n er a t i o n  cohiputex ’:: ~.‘ere n l o~i , had 11:1 ted

ca ne! 1. and vor:  little canatlil In. Cor con t ro l or
as;;! s tar ico to m o  x ’ ;u ,n :  I el t i ’  used • The - ro , raai ::er

C tin : to u ; cci f y it :  exac t and p a ln o t a k i n - ’, d e t a i l  each
f unct ion to be , -er i ’or ; e J  • In o r b :  to do so , the

n o ’  rat,u ;:e r used ci I -her  machine  or a: ;ncai ’l  v l a m : . ’ t i n  e

.-\ thorough k now l  cC e of I iax’ 5i ~.’are was r edui  rod ;tn b

;ro ,- - rails were co : :’i cx . AS an c ;- ; a , ;  ic , consider  t h e

— ste  s necc: ;nar~’ to keep track of an ox ~oi:ent ~-.‘I thou I

the aid o I ’ f .loat in -, n o in t  an L i - t ac t i c  110W 50 coit ; t o i t i  v

used .
As coi~ u I -er  c:t ail i 11 Lv j u ;u ;se d  into the second

and thin eticration , wo re machine au;. ;ls Lance

t ’ocai e ava i l ab le  • T h e  pro :. -, na Iu ; :er no I o n , or tad to

m o  ‘rat;: in an abstrac t form whi ch  ni -hi .  :‘ead
dd35. ’7PP (Move contents oC location CCC to location

2 7P and punch  a card . ) . [la ther , I:i ’h l eve l  1am ~ -u n  - en

we r’e ava i lab l< ~ • I i . ‘-h 1 eve I I Ull  ‘i n :  ‘0 :;  ar e  ma o re
Pn I m i— l i k e  or arc c l o n o l  :- r e l a ted  to : i ath n nt l cn l
.‘or .:ul an • r u e  i’O : - 1’~~ ,U. C 1’ COC:;  not have to k een
t rack  a C f i n i t e  dc La ! is and can no .‘, ran it: I no ~
t e r n —  • In turn , the compute r  use ;:  a .‘ ‘.o f t  \ . a re  r o u t i n e
cal  led a co m ; ’i let ’  to t rans I or; hi ph .1 eve I I :0: i i : :

in to  machine u s  i , , un : cn • The ‘O\ - .’O r 01’ t ! i Is  ca -aPi  i t ,

can b e  seen in the fac t that  one i:iH’i level I nn  t r u e —
Lion , ai’ter Pe in -: c o ; . ’! led , nay rez ul t in  a :  en Li no
subroutine o C i m ac h i lne  lan ; ’. ua -  e eado • F! i’ ;t

. e ::eration J.an ’,un- en ( as ne ip i\  ) rosul Led Iii a one

for one trans.~ation . I I i ” J i level i.an , ua en ;t i  no

have the major  a d v a m i  L a o  of a l iowln  LI to p rogrammer

to think in a lan ~ua c closel y r e l a ted  to no rua l

problem solvi n ‘ , • ‘ ‘ ‘ 011 known ex;u a .1 es are CO:~oi ,

-~~ ~~~~ —--~-- — -‘-~~~~~~~-- ~~~~~~~ — _
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and FORTRAN .

A new capability is being seen in the market

place today. This capability is high level language

which “designs” a system and is naturally referred

to as “system language”. Just as a COSOL statement

generates multiple machine language instructions,

system language instructions generate rnu lt ip l..~ H1

COBOL statements which then generate multiple
machine instructions. As one example , a system
lan.c:ua;;e program consisting of 162 instructions

generated a CODOL program of 570 statements! Not

only were the statements generated, but they were
error free. Estimates- also indicate that 75h of direct

programming t ime can be saved and of even greater

importance is the fact that a system language gene—

rates the total documentation necessary for support—

ing the sof tware .
To further illustrate the capability of this

type of high level language, a detailed description
— of one such language will be give. Through the

courtesy of Thorne Data Processing , Springfield ,

Virginia, SL/1 is described.

“SL/l is a very high—level language. As its

title implies, it is a systems language. It is

not a programming language, but rather a systems

language used to specify the data elements for

each input and output of a system. The language

is very powerful and permits the user to completely

define the total requirements of’ a system in
terms of elements associated with inputs and out-.

puts. These elements may be input elements or

generated elements for which the user must provide

the element formulas. Full arithmetic and condi—

tional logic may be used in specifing the element

10
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Co n an inn  • The 5\ Let : ; ci ei :m ent  ~ roy ! be t In ’  I ’ :u;ic

in . - r ed ient  for the hui i d ir t ’  , bloc!-: a ;-tp roach  t h a t  in

u se d ;  the ::u[ ordir i ;ito e lc i -t ent s ;  i n  t i m e  c i  emet ’ m t  f or—

m:t :m j am’; are used to bui 1.1 the  l as ic  e i e m - ~e m’ m t s  , the

basic el e;-~erits are used to hui I d  the  in 1 ~: m L : ;  a m i d

out p u t : ’ , afle tile inputs and ouL~ 01:3 arc  used to

build the sy;;tcr:i . Since SL/ 1 is a fa tn  an d e le: cu t —

fo rmula s pe c i f i c a t i o n  lan - t i n , o , i t  does not  con t a in  —

the ven [-s  and opera t ions  associate ! ‘ .‘ i th  conven t ions  I

pro .p rnnmin :  - lan - -u a ’, en , ! • C. , PEA l TO GO , etc • The

fl/i user in  never concerned w i t h  such pro , -, r a m a m ; u i n ’

details.

1)urini, :. the Ic ~uircments Stud’: I - l i e  a n a ly st

used the SL/ 1 lam’t’gi a ’,e to record m a t a  related to

each data i n p u t  ( i n i t i a l  i t i g u t s  ) and each ¼;at,;l

ou t put  (final pro du c t )  of the ropo~~cd ;;‘,- st e w.  Pa :’

Inputs , the analyst records the elements ( b y ‘ta ; io )

appearin :; on the i npu t s  along wi th element  charac—

ter i s t ics  ( ;;i sc’ , c lans , numb er  01’ d ec l m : a l .’; , .-n lJ

who thor  it. In: : :  a :;i n )  • Also , i ni’or;;:at ion re I n I -c d

to re ten t ion  ( w i -t e t h e r  or not t i - t o  e lement .  :;h oul  ii

be rctainc(. i in a master ~‘i ic)  0.1’ the e lem e nt s  is

recorded • For o u t p u ts , t il e  e l em e n t  u m n t i e ; ;  Cr :;! red

on each out-nut , their characteristics , a i i -  ;- .-h o m e

Lit~ ’- rin I. (both detail p r i n t  I m’ mfo n:aa I -iou a t i d

accumulated totals) i: recorded. deport Li t i e ,’ 
- 

-

[‘m eader h u e  constant;; an~I total l in e  id en t i f ic : : L l o i :

conEtants are also recorded. ‘I’ Ile Conu ,i:ul;-ts of

elements to be genera-Led b~ the system in associa-
tion wi th  e i t h e r  input :;  or out put s  arc i ve n.  d i t  I ,~
t h e :;japlc element u l ; u i e  rd a t l e m ’ t ; ; i - ’m i , ; ;  u n l u :  c on d i t I o na l

and/or ariti ’u.:ct ic logic are - ‘1 v u .
I r a , , i’ama ;  are not del ’iI led • Pt: -tcr .:u:d 5’OI ’I\ t’i 1 o::

are not d e f i n ed  • On l \  the sy stem i np u t : ;  and o ut , ’t m t : ;

11 
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are defined. While SL/1 takes care of the design

and programming details automatically, through train—

ing and application users learn how SL/1 implicitly

reacts to logical system specifications and are - 
-

able to predict or force resultant physical system

configurations. The analyst describes a data flow

pattern using the SL/1 language. The ariai~yst essen-
tially states at a very high level ~-JHAT is to he

accomplished and SL/1 does the burdensome detail work.
The SL/l language statements are free form. Therefore,

any 80 character coding sheet, such as a COBOL coding
form , may be used to record the statements.”

Documentation provided by SL/1 includes:

Input/Output system specifications
Report facsimilies
Documentation cover page

Table of contents
System description
List of system inputs
Expanded list of system inputs with descriptions
List of system out puts
Expanded list of system outputs with descri ptions
Master file(s) explanation

Master file(s)  general information
General narrative of programs

Detai l narrative of’ each program
Operation of system narrative

Production control sheet

Tape librarian guide
Key punch instructions

System flowchart

Run 1300k (operating documentation)
JCL cards

Generation data set control JCL

Program input/output record layouts

12
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clement to record layout cross—reference
Element dictionary
Element edit dict ionary
Element edit diagnostic dictionary
Master file re cor d (s)  COPOI.  ssecil’ications
Code Book (for elements that are codes)

11Appen dices

~3ource program listin p;

Master fi le puncl-’u out s

~li~
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In discuss!::. , the r’e~;ui rosemi  ~ :: ~U5 : accep t e d

pri nciples of documentation , a c lear  d i s t inc t ion
must be made b e tween sys tot: : documentat ion aflu so f t—
ware documentation.  The fi rst , and mos t obvious ,
dist inction L o i n :- that  software documentation is
a sub— element of sv:;tem docum enta t ion . doc umentat ion
for an API’ 5:.- :; to;.: include: :  I - l ie  i n f o rm a t i o n  and

instructions necessary for overall ~~~~tCfli usage and
understanding . As software in a narrow su b —se t  O f

an overall system , it follows that software (also

rcl’errcd to as a m o  ra in) documentation addresses
a much narrower area. The dep a r tm e n t  of ~efense

de scrib es ev :..;ten’m documentat ion as h e i m ’ i - n ecennar ’~
in order to:

“a. Provide managers wi th  documents to review

P at n i ’~nif ican t develosmental  m i l e —
stones to determine that  requi rem ents

— have been met and th at resources should

continue to be expanded.

b. llccord technical  in t ’ormation to a l l ow
coordination of la ter  dove lom;.ent and
use/modi f ica t ion  of  the AdS ,

c. Ensure that  authors of documents  and - ;

managers of p ro jec t  dov o lomment  have  a

;UI do to fo l low in p i ’c m a nin . - au ;d check in , : 
-

documentat ion.
d. Prov.de uniformitY of format and eontcnt

of Ab s documentation throuchout POD

components. U ”

Industr\ tends to narrow it’s definition of

system documentation somewhat , since it does not

have to worry about various components such a:;
those found within the 1’epartment of Pefense. One

definition of system documentation applicable to

i n d u s try  (and  other users as we ll ) roads:

15
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“5, s tem documenta t ion encompasses all informa—
t ion needed to de f ine  the :~ro; o:;ed data

processir: - - system to a level that  it can he
pro p rammed , tested , and Im; ’lemente~.i . Th e
major document is a system specif icat ion
which acts as the p ermanent  record of’ the
s t ruc ture, funct ions , f low , and control  of
the system. I t is the basic medium of’
communicat ion of information about the aro—
posed system between the systems design ,

:‘ro pra;;u ;:in ’, ,  and use r functions. System

documen tation thus spec i f i es  how a system
wil l  oi cra te. ”3 Contrast ing the above n\-ntem

documentation reasoniu-t , to the specif ics  of
software  documentat ion , a summary of software

P documentation can be exaressed as “documentat ion
comarises the records of the detailed lo s -- ic and

codin~ of the constituent mro , ,rai’ns of a

‘~i th  the distinction between sVatem and soft—
wa re documentation in mind , a closer look at

reasons fo r  software documentation should be n r o vi d c d.

Several reasons exist , hut most can be classed

either directly or indirectly into the broad area

of maintenance. 5aintenance , in this case , being

simply those ac tions , changes , modi f ica t ions  etc.
neccsnar~\ to keep an operational software ‘-ro ra;;;

current wi th  user needs or operatin ,: in a clian ‘in. ’

hardware en~ironmont. The exception to this class-

ification is documentation necessary to aid in

pro ram development and acce:-’tance. The considera-
tion in software maintenance therefore is, or
should be , dollar cost. The direct relationship bela ,-
a hi -,h cost when documentation is poor. Uhatevcr

the reason , time wasted  by a programmer or a n a ly st

‘5
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t ranslates into dol la rs.
P erhaps the :-:ost L’anic d o ;  out . o~’ mro ‘ran

maintenance i:t t rout  le ;thootin • lli: ;  can occur
when a sy st e m  in placed nre ; .;at u r e l y  i:i to an opera—
tional none , when data -..i is an ; - l ann e d  ara : .;e i iter :

becomes the nor ;:; , or ~-l ien  a s : :;t c ;  is d e in  t’ le Id
tested • Another main tenance  aS: oct occurs when
hardware is chan ed or conver t ed , as d i f f e rent
manufacturers have different no:’t-~’arc ca- abilitie s

built into their co;:imnterc . T h i s  is of ’ r out .  i s - f o r —
tance In the military coitununit’, as cc ;,;- e t :i t iv e
procurement is mand ated . Ho i li t y 01’ the :.;ilitar~
menDer also direct! ,- affects software :;aintenance .

Seldom , if ever, is the pro ‘rat:u:ler ’~: availabilit-

* 
the same as the life c:~cle of the software . i’o

the extent that documentation is accurate , another

programmer will be able to answer uention and mer—

form maintenance upon the pro- -. r;un . g ;iin , ocr

documentation results in later unnecesnar cost:..

Unfortunately these costs are normally tied to

“overhead” or “operati;:- - - costs” and are not :ittri— -

buted to the true cause.

Although different elements of in¼a:s t r ’~ have

d i f fe ren t  software document a t ion  nt a i i uar ~:s , most

~,er:erally follow the fol lowi n , outline :

1. System Flow Chart: shows re la t ion  of
s~eci1ic program to entire sy stem .
2 . System Narrative : si :.;ilar to stern
f low chart , but narrative rather than visual .
3. dro~ ram Flowchart: visual renresentation

of program logic and structure.

4. dro~ rafl: Narrative: same as sv:;Lein

narrative , hut pertainin~ onl~ to the :;OL’twarc .

5. Commented Listin:~~ a lintin - of computer

1~° 
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program instructions , produced I- ~ the computer ,

with ex;’lanations of all  varla l ies and methods .
It is often linked to specific areas of a

flow chart b , numbers.

u.  Fil e and Record L)escri p t ion: i n fo rma t ion
describing inpu t  and o u tau t  conf igura t ion.
7. Set—up and Run Procedures: information
d e s c r ih i n ’. how to load and operate the software
on a computer .  Also includes  ins t ruc t ions
for error conditions.

S . discussion of Val id  Data Ranges: an

explanat ion of any l im i t s  ex i s t in . - . w i t h i n  the
pro , ram . An exams , le m igh t  consist of’ a routine
which would check for maximum dollar value for
an order.

P . discussion of Alnorithms: used when

complex sor t in~~, formulas , or procedures ex i s t .
The composition of documentat ion for Army

software as expressed in Arm Regu la t ion  18—1 ,
is: Narra t ive  sys tem description , sy stem descri p t ion ,
system flow chart , equipment and software recuirernents,
list of mro . Tramn , ro g ram description, program

run dia n ram , inpu t  device document , out put form
la out and samples , f i l e  and record l ayou ts , de ta ined
program narrative, processing macro— 1o. ic chart ,
decision tables , t im ing  cr i ter ia, operating :
instructions , memor” layout , detail program

flowchart , program logic details , miscellaneous
information, program comp ilat ion o u tr u t , test
data and cri teria test output  results , and test
t iminq  results.

Although the Army ’s cr i ter ia  for software
documentation appears to be more detailed , a
closer examination reveals that severa l component s

15
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of the Army ’s standards are in fact expressed as

one industry standard . For example , the Army ’s H

requirement for: equipment and software require-

ments , program run diagram , input device document ,
output form layout , timing criteria, operating

instructions and miscellaneous Information might well

be components of industry ’s Set—up and Run Procedures.

In both cases, however, the intent is to insure - ‘

that sufficient information is provided .

Two differences exist and should be recognized.

Industry ’s requirement for comments within the

program listing and for a discussion of Algorithms

are not expressed in Army requirements. ~.iithout

such a stated requirement , complex routines may

have no recorded definition of logic used and

program listings can become a maze of’ unknown H

variable names (also called data items). The

Army ’s principle producer of large software systems,

Computer Systems Command, recognizes the importance

of this area and offers the following as a guide

but not as a directive. “Self documenting pro— ‘ I
grains aid in developing , maintaining and reusing

programs. The most important and , unfortunately,

the most neglected program documentation is the

description of the meaning and usage of data items.

How often have we questioned why a programmer

redefines an alphanumeric data item as numeric?

~;e wonder why the programmer did not choose one

class or the other; so we go tripping through the
program looking for the answer. The easy solution

to this problem is to provide a brief comment by

the data item description.”
6

To the extent that standaris are not clearly

stated and, most importan tly , understood, the

19
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unfor tunate  pro ‘ ra: :,ne r and su:-- ervisor are :laced
Into a ;-osltion 01’ as di n  : ‘~.hat so I record? , ‘-Then
do I record it? , d o - .- much detail? , and blow will it
be used~ For the ~\r:.;’., one other  I:- .; ortant sestion
must be answered. Thi s  , uestion , “-. 110 a proves the
-ro ran Jocunlentatiozi and Ucter’s:incs that it is
sufficient?” , has no apparent answer.
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comments and experiences about documentat ion , a;;
some languages are more self—d ocumentin g than others .
Also , knowledge of languages provides a b&sis for
discussing existinp . Army standards. Responses

indicated that  all  we re famil i a r  w i t h  COB OL , 60%
knew FORTRAN , 4u - could program in APPi-d .il :IY , 2sP.

in BASIC and 11PG , 2db were capable in i L l  and ift’.

in other languages $uch as PLC and JOVIAL . Only

~~~ of the programmers were knowledgab lo  in o n ly
one language , while 20H could use two langua ,:’es ,

4O~ were capable of programming in more than three
and 13H had the capability to program in mo re than
f i ve lan :, uages.

Question 4 . “Whe n p rogramming ,  how do you select
variable names?”

Responses to this question indicate the degree

to which standard conventions are used. Responses

indicate that selection was entirely up to the

programmer. All programmers , with one exception ,
indicated that the same basic process was used——
it Isein - -: the selection of “meaningful” or “lo’ical ”

names. The obvious problem bein , ’, that a name which

is meaning fu l  or logical to one person may or may
not he to another. The exception ment ioned above
Indicated that  he used’ “the Computer  Systems Command
Naming Convention as outl ined in their  manuals ” .

Question 5. “When programming,, how do you
determine the composition ot a data e lement?”

Command unique software often becomes the basis
for Department of the Army Standard Systems and it :

also frequently exported to other locations. To

the extent that standard data elements are used ,

as shown in the 18—12 series of’ Army Regu3.ations

(Cata log of Standard l)ata Elements  and Co d es) ,
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interface conditions are quarantee ti . As a simplistic
example , consider a program which has as required
Output military grades. Should “Captain” be

ex pressed as “CPT” , “Capt” , “03” or “Captain”. To

the extent that 18—12 is foil-owed , the potential for

rep ~~ grammin~; Ii ,; avoided. Obviousl y,  the longer the
pro gram , the m o  re repro grammin g/co st invo lved .
Resp onses to this question indicated that p~~~g r am t t e r s

are not aware of the 15—1 2 serie s of A rmy lieo. u l a tions
and that designers of command unique syatems often
leave details of data elements to the programmers

decision. Not one programmer indicated that

reference was made to formal publications when the

need to determine a data element arose. Rather,

a “meaningful term ” was used or a “whatever i;: logical”

type decision was made. These types of decisions

appear to be frequently made by programmers , as n7~
Indicated that specifics wore not provided by t i e s i ff l e r : : .
Expressed in terms 01’ the designer, only 3d” - provii.ic~1

details. In relat ion to the “Captain” example 5 -i vei:

earlier, the programmer might have detailed instruc-

tions on data manipulation , but only broad guidance

as to input/output data clement construction.

Question 6. “Who i~ responsible for documenta-

tion?”

This question relates to the specific area of

program documentation as Opposed to the brOader

aspect of system documentation. The question was
asked in order to determine the degree of programmer
independence. Responses indicated that the programmer
is lOOP responsible.

-
‘ 

Question 7. “I)oos your software documentation

contain a program narrative, comments throughout the

program, and a flowchart?”

24
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This is perhaps the most complex question

asked during the interviews and provoked the most
discussion of all questions. Accordingly, detailed

discussions of principles involved will be provided.

To the port ion of the question concerning a program
narrative , 87% responded that a narrative was used .
This figure can be further divided and indicates that

46% use a narrative within the program listing and

41% restrict narratives to the overall documentation

package. Comments were used by 46% of the programmers,
while 33% indicated that flowcharts were used.

Although somewhat lengthy, consider the fol lowing
example of a small subroutine coded in FORTRAN. \‘,ti th_

out comments or narrative, the code looks like:

30 SUBROUTINE ABLE(IARRAY,IROW,ICOL,ICSSEQ4SORT)
31 DIME NSION IARRAY ( 25,25),ICSSEQ(25),IOUT(20)
32 NTHRU=IROW—1
33 DO 20 ITIMES=1,NTNRU
34 IPOINT=ITIMES
35 ICARRY=ITIMES
36 DO 30 IR=ICARRY,IROW
37 DO 40 KOLUMN=1,ISORT
38 ICOLSB=IABS(ICSSEQ(KOLUMN))
39 IF(ICSSEQ(KOLIJMN).GT.O) GO TO 35
40 IF (IARRAy(IP0INT,IcoLsB).LT.IARRAy(IR,IcoLsB))

GO TO 45
41 IF(IARRAY ( IPOINT ,ICOLSI3).EQ.IARRAY(IR,ICOLSB))

GO TO 40
42 00 T0 30
43 35 IF(IARRAY ( IPOINT ,ICOLSB).GT.IARRAY(IR ,ICOLSB))

G0 T0 45
44 IF(IARRAY(IPOINT,ICOLSB).LT.IARRAY(I’R,ICOLSTI) )

GO TO 30
45 40 CONTINUE
46 45 IPOINT=IR
47 30 CONTINUE
48 DO 50 ISWITCH=l,ICOL
49 ISTORE=IAR RAY(IPOINT , IS W ICH) )
50 IARRAY(IPOINT ,ISWICH)=IARRAY(ITIMES ,ISWICH)
51 IARRAY(ITIMES,ISWICH)=ISTORE
52 50 CONTINUE
53 20 CONTINUE
54 RETURN
55 END

25
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Although the routine has but 26 instructions ,
it is extremely difficult to deci pher without
additional information.  One can easi ly  see the
difficulty facing a pros- rammer when izuthed to m o d i f y
such a program. The complex situation existing in

a 2000 -instruction code sequence would require

tremendous expenditures of time before modification

could begin. Now, consider the same sequence of

code when comments are added:

30 SUBROUTINE AIILE (IAIiRAY , IUO\-,’ , ICOL ,IcsS1-:Q, 15cn2r)
C
C Tills SUB ROUTINE I’ER FO RMS TILE ACTUAL SORT
C ROUTINE . T i LE COLU1-~N SORT SEQUENCE DETERM I~~’S 

p

C THE COLUI.INS TO SE SORTED AS WELL AS TIl E sE5~u 1:Uc~-: .
C A + INDICATES ASCENI)ING AND A — DE CEN1 ) ING
C VARIABLE NAI.IES
C NTURU—NUMJ3ER OF TIUES Th ROUGh 1Ui- ASS~AY
C ITI:-IES—CONTROLS MOVEMENT TILUOUsU DATA TO
C BE SWITCHED 7
C IPOINT—I3ASE COMPARE LOCATION
C ICARRY — ‘ SEARCH CO:-~rARE LOCATION
C ICOLSJ3—USED FOR COLUI-IN IDENTIFICATION I ’

C
C DO LOOP 20*****PETERMINUS 1k)’5-; MANY Ti~-3-~S
C TIlE SWITCHI N G ~-,ILL OCCUR.
C ( NUMBER OF LOPS TO PR SwITC31~~
C — 1)
C DO LOOP 30*****CONTROLS THE UO~ SELECTION
C FOR COMPARISON WI ’l’hl P OINTER .
C DO LOOP 40*****CONTROL S TILE COLU~-IN LEINS
C USED WIT!! TUE CO~IrA~E SE~,~SENCi ’:.
C DY MOVING T U R O U P I i  Th IS LOOP ,
C WITh OUT ENTERIi~ ; 1-’LOS LOOP 30 ,
C A FURTh ER ATTEMPT TO iB~SOi.V UC EQUAL SITUATION S CAN SE SAM:.
C DO LOOP 5O*****CONTROLS TUE ACTUAL SWITCh ING
C OF ARRAY ELEMENTS , ANI) 1)01:
C TO ITS LOOP CAPAI3ILITY , TIlL
C ULTIMATE SWITCHING OF’ E N T i t ’~E
c ROWS WITHIN- TUE ARRAY .

31 DIMENSION IARRAY(2b ,2~ ) ,IcssEQ(2b),IOur (~ o)32 NTLIRU.IROW—1
33 DO 20 ITIMES=1,NTF I 1W
34 IPOINT—ITI~-IEG35 ICARRY— ITI ME S
36 DO 30 IR—ICARRY ,IHOW
37 00 40 KOLUMN=l ,ISO h -LT

i
s I

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~
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C
C INSURE POSITIVE NUMBER
C

33 ICOLSL3=IABS (ICSSEQ(KOLUMN))
C
C CRI CK FOR ASCENDING ORDER—BRANCH TO 35 IF
C POSITIVE
C

39 IF(ICSSEQ(KOLUMN).GT.O) CO TO 35
C
C CHECK VALUES—BRANCH AS APPROPRIATE

• C
40 IF (IARrtAY (IPOINT ,ICOLs13).LT.IARRAY (IR,

ICOLSII ) )  CO TO 45
41 IF(IARRAY(IPOINT,ICOLSD).EQ.IARRAY(IR ,

ICOLSI3)) GO TO 40 5

42 GO TO 3O
c e
C CHECK VALUES—BRANCH AS APPROPRIATE
C

43 35 IF(IAIUtAY(IPOINT,IcOLSB).GT.IArrnAY(In,
ICOLS13))GO TO 45

44 IF(IARRAY(IPOINT,ICOLSB) .L’r.IARRAY(In,IcoLsI;))
GO TO 30

45 40 CONTINUE
‘ C

C RESET POINTE R
C

46 45 IPOINT~ IR
47 30 CONTINUE

C
C SWITC h ELEMENT S
C

48 DO 50 ISWICH=1,ICOL
49 ISTORE=IARRAY (IPOINT , ISWICH )
50 IARRAY(IPOINT ,ISWIC1I)=IARRAY(ITIMES,ISWI CU )
51 IARRAY (ITIMES , IswIchl)=ISTORE
52 50 CONTINUE
53 20 CONTINUE

RETURN
END

An observer need not be knowledgable of FORTRAN
to see that the addition of comments has greatly

added to the understanding of’ the subroutine. By

looking at oomments pertaining to the overal l program ,

further understanding can be achieved. In this

illustration, such comments might read: (Comments

would appear in the program listing.)

~ 1

27

___ _ _ _ _ _- -  

-
. 

1 ’ 

‘ 
-

~~ 
~~~~~~~~~~~~~

~~~~~~~~ ~~__.!~i& _ ~~~~~~~~~~ J’—~
l— —~~~ 

— ,,,i& ~ — —



~~~~~~~~ - --—- - - ~~~---~~~~~~~~~~ - — ~~~~• -~~-~~~~ -~~~~~~~~ -

C
C THI S IS A FORTRAN PLOGPLA ;- 1 ~J h i ICU CONTAINS
C A SUBPROGRAM, TLd-~ : URI OSE OF TUE PROGRAR ,
C THROUGH USE OF ‘~1LE ~JUSRO U TIflE , IS TO I ’ERFOUS
C A TWO DIMENSIONAL, SULTI—COLu:-IU ,VARIABLE
C SE QUENCE SORT. IT ALSO UT ILIZE S VARIABLE
C ~IN 1’UT AND OU TPUT FORMATS.(T1IE PROGRAI$ hAS
C NOT BEEN MODIFIED SINCE IT WAS WRI TT EL )
C PROG RMI VAI ;IABLES
C ALPh A—AL Ph ANUMERIC I i-OIP IAT ION
C ICSS tP~—CO LUMN SORT SE~~JEi -C E
C IN— INPU T FORMAT
C lOUT — OUTPUT FORE-tA T
C IARRAY—AR RAY FOR II OL I ) IN G DATA
C IROW — r -IU :-IL E R OF ROWS OF DATA
C ICOL—NUMBER OF COLUMNS OF DATA
C ISORT—NUMEEL OF COLUMNS TO BE SORTED
C

An overall relation has now been provided. Again , *

consider a complex 2000 instruction sequence of code
and consider the addition of’ a program narrative:

PROGRAM NARRATIVE DESCRIPTION
This is a Fortran program , which contains a main program

with a subroutine call. It performs a two—dimensional ,
mul t i—col umn , variab le sequence sort , and u t i l i zes
variable input and output formats. The maximum number

of rows and columns to Se sorted must he equal to or
less than 25. In o~dor for the program to function

proper ly ,  the f ollo~:in~; data must be supp lied:
Number of rows of data
Number of columns of data

Number of columns to be sorted

Problem descri p tion
Column sort sequence with indication of

nscendinp or deacending
Input format for data
Output format for data

Note: This program is an independent program , and
does not interface with any system.

- - ~~~~~~~~~~~~~~~~ ~~ —~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - •~~~
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The operations are as follow:
1. The number of rows and the number of co lumns
in the data set is read , along with the number
of column s to be sorted. Alphanumeric information
describing the problem is also ~~ ad.
2. Formats to be used for input and output
are read.

3. All of the information listed above is

prthted, with appropriate labelling information.

4. Data is read and printed in its original

sequence.

5. A subroutine (Able) is used to perform a

sort of the data , using the “Modified Cascade
method.

o. Data is printed in its sorted sequence.

7. If additional data is present , steps 1—P

are re—executed

8. The program terminates on an error condition

when additional data is not present.

A programmer or analyst with basic FORTRAN know-
ledge would now have a much better concept of t ropram r
logic and intent. To give a visual assist, a flowchart

(Figure 1) can be provided. From the above example ,

it can be seen that the absence of either narrative,
flowchart, or comments degrades the capability for

program maintenance. The absence of all three can

create an impossible situation.

Question 8. “Who approves your finished docu—

mentation?”
Answers to this question indicate the degree

to which documentation is reviewed for adequacy.

Opinions as to capabilities of those reviewin~ are
addressed in Question Nine. Seventy—three percent

responded that their supervi sor/section chief

29
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approved the documentation. The disturbing fact
remaining is that 27~ indicated that no approval was
required.

Question 9. “In your opinion, and based upon

your experience, have your supervisors been techni—

cally capable of reviewing your work?”

This question is significant in relation to

question eight and also provides insight into the
independence of programmers working in a command
unique environment. Fully 80~ expressed the opinion

that their supervisors were not technical ly capable
of providing assistance or evaluating work In the

area of programming. This perception related almost
exclusively to senior supervi sors in the grade of
E—7, E—8, E—9, and to all officers. The Inability
of ’  senior enlisted members to deal with details
of programming seems to stem from previous promotion
patterns. Although not a specific interview question ,

it seems that many enlisted supervisors reached their
present positions through the route of machine o;ierator.

It follows then , that their knowledge of crogramming —

would be limited. Lack of officer capability seems

linked to the wide background of those possessing

specialty code 53 (ADP). This specialty code is

used to identify officers possessing everything from
on job experience to doctorial degrees. Some may

well be qualified to deal with programming , but the

perception is that most are not.

Question 10. “When programming, what reference

documents do you use to assist you should you have

problems?”

Specific guidelines are available to programmers

in technical manuals published by the U. S. Army

Computer Systems Command, Use of these manuals 
•
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would insure maximum adherence to Arm ; and ANS I ~;tan—

dards and would impac t s~-ecifIcally upon the use of

manufacturers unique capabilities. The important
factor being that standards tend to Insure software
comp a t ibi l i t y  ano n - various hardware confi -u ra tions .
Some examples of manufacturer’s unique features

include Eurrough ’s casabilit y to index more than

two fields and the U8e of “vs” for Jesi ~natin--

li tera ls .  Contro l ~-at a  Cor~-o~’ation offers a six
character rather than a four character word confi ur n—
tion , and IS- I ’s “Transform ” verb is unique . i~~e
use of these ty:aT’s of unique capabilit y oSviou~ ly

tic a pro~-ra~ to specified hardware anR recui r e

ex:~enchItures of time and money ~-.-hen harLh:ar’e 15

changed. It was found that manufacturer ’s liters—

ture was used as the sole reference b y 73b of the

prograI i
~
icrs , 2L) ,~ use5i Ari :~y ~ublications, and

used a mix of Seth Ax~ yand manufac tu rer  su;~plIed

F documents.

L 

Question 11. “Ro you pro -r am for  hard’:arc $

indenendence?”

This ~‘uestion is related directly to question

ten and directly impacts upon the area of soft’.-are

conversion cost. The fac t that  57- of those inter—

viewed responded “no ” indicates that — ro - rn::siers

either are not aware of, or are not concerned with ,

possible conversion to different hardware at a lates

date.

Question 12. “Ras any outside a~ency t~ver

- checked ypur completed work .”
• In 93~ of the responses , the answer was no.

Considering that work may have been rcvie~-’es after

a programmer ’s departure , it could be ar:-~ued that
this figure is hii~ Ii . lowever, only 13: indicated

PP
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that. an outside a-cncv ¼1 n5- -ee tux’ ~~ea e r a j or ~~~~~~~~~~~~~~~~ -

~ana t’n~ nt- infoz’~.iat.ioii S~ ten .-) C~ tee ) had ev~- i’ cc:

observed to revie.. doe : ita~ ion. I dIc.itions are

that external revie~-.- a. encles :;imsly do not !Llve

the cnrnt ’i  ii. tv  to revic’~: docu ~:-.ent at !  on :ot’  a~ther ence

to requirements and “or ade~ uacy

-:uestiou 1P. “ho: ~o you accoun t for L i ’ .~- cnt —

aro-~ X’~~fl.i n- ‘‘‘

~h is  ~:uest. ion ~.-as desi ned t o  - i v e  an ins! ht-

into ho~. devei ‘mental ecs ~~ ar e ceumu I at e~. ~~~
co:m:and ut i l  g ue of t w  are • J ttiout an ace Lu ’a t t ’ account—

U

is 01’ time , a l a rge  ~ortion of cost \ . i  11 n o t  be

l e e  Led. Is tu rn , I t i’eeonc~. In:o~-sI Sic to dno~- 
~

‘ 

I
wt-e n Ve at ’Lt~e:i ’~ ~ ~

‘ the -‘kr- a st i a ra~- for  cc 

uni uc .~cf-~ ~-are/s\ s t o n — have  boon  o: \ceo5~es . .:e~ - -e~~cs

in~ l eat oh t~ ~a t S ~ had no re~~ui x’euent .  or no c : cot I

~~~ to kcer t rach of c r 0- i ’  .~uiu- - of torl evotch to

a v a r L icula~’ ~
- ~‘o • ra:~ or 5\ st em .

L 

5’uestion Id . “Ar c ~-os lyon a restriction as

to the ..tximum a l i o~ c core sine  which \ O U  may u s e?”

About half , d- ~- , st a t ed  that a restriction of

some sort ‘~-.-as lyon • .-\:~Ou:~t. o S core to o used

varied ~~~ was do ~o uPon t u: ‘0: total core ava! lat’ ~
:‘hosc intervi ewed , who re Si cc ~-eh no rest .  r i ot  ion ,
indicated t h a t  core ..as n ot  5i p rob 1 cu i - u t  t h a t  t he ’

programmed to use “as 1 it t  e core as ~os~- iSle ”. :hi

guestion is somewhat ro i n  Lcd  to ~‘uestion (‘1 e \ L ’u s ;u

provides another indication as to how st a :u a:’ds are

bela . observes.

~uestion 1 i • “~.‘heu propr uUmin~ so you use cut —

routinos’~ If so, ow?”
The use of subroutines • which 1 read I o~-ieal

secuencec of code into smaller stand alone ~o~it i1  es

has several advantages. Of nrime Importance is the

use 01’ th is  technlgue to control the size 01’ core

to be asc’d . hv us! m ~ sti ro t i t ines  o S a s -eel  t’j oh

— —- • - —— —-~~~~ ‘~~~~~ - - -~~
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si ne , m r  o pro ra;.~s can be :‘ro~:uc ’s - -hie. : -.1 1 ru ;

on both lar e and saall com~ utors . ( y  the usc of

“o v e r l a y  i n - ” , s ub rou t i ne s  are ca l led  in to  the core
01’ small machines only ~-Thos a oec l c d ,  ) Anc ’..- er s  to

this guos t i o n  r e v e a l e d  that SOL- 01’ pro rammers use
sni ro ’i Li  nec . 05 those usin - s u b rou t i nes  , tJ - - - used

them for  the reason stated above . The r em n i n i n  -

4% used subroutines only to avoid ‘-:ritiu- - r ep e t i t i o us

sec t io ns of code .
gu es t i on  id . ‘So you have any comments  concern —

i ;i ’~ ~‘r0 ran la:i ua~ es or documentation which ‘:ou
would like to make?”

~s could be expected , many comments were :a e ,

• I ‘-:i i i  , :~o-~ cver , reflect only those which have

ci nificance to this paper.

An E— 5 .‘rogrammer— — ”Iaternal document :ution

is critical , if it isn ’t in the  ;‘ro ra; : ‘.is t—
i n - ’ it won ’t be used. External doc um enta t ion
can never be trusted because no one is sure  i t
is current . ”
An 5— 0 005db ‘ ro ~rammcr—— ”.~r; -y - Lan da rdc are

too strict, hone of the supervisors know

cnou~ h to determine when they arc me t- .”

An E—b COSOL pr0~ rammor—- “we have a -Sol lar

cost which is hidden. It tied directly to

poor documentation. ”
An E— 6 supervisor—— ”~’uick ~‘ixes on s o f tw ar e

always occur under short fuses and i t  seems
to Sc always late at ni g h t .  If documentat ion
was in the program listin~., the job woul d he
easier , ”
An E—5 programiner—— ”Once you ’ve tried to

— modif y someone else ’ s pro~’ram, you understand
about documentat ion. ”

P.1
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A W—3 supervisor: “Most t osses j u st  want  the
program to be placed I r i an o~ e r’a Liona l  mode •
They have no concep t of the ion ~~ r an- -c importance
of documentation, lime is not allocated for
documenta t ion.  As soon as a pro - r am is runnin -.,
it’s on to the next ,-job!”

as
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• From the evidence presented in this paper,

several conclusions wil l  be wade and recommendations
• offered. In addition , the author reco--nizes that

this study it ; not conclusive and that several areas

deserve further study. These areas will also be

shown. It should be remembered that only the

command unique environment has been examined.
Conc lusion 1

High level larp uages are available which

offer significant advantages to the Army . To

adapt such a language would save programmin - time ,

provide more thorough documentation , and result in
long tern dollar savings.

Recommendation 1

A more detailed analysis of savin ,- :; to be

derived from the use of a system ]an:iia e should I-c

made. Supportive evidence hould then be presented
to the Department of 1)efense and anproval au thor i ty
for use aggressively pursued. r

Conclusion 2

Software documentation for command unique
systems is being accomplished in :1 very haphazard

manner. Standards are difficult to understand ,

incomplete , and without effective review or approval
authority,

Recommendation S

A more simplistic set of standards for command
unique software should be developed. These standards

should be published as a separate reference document

• and should recognize the l imi ted resources :ene ra l lv
available where comman d uni que systems e x i s t.  5~~cc1fi c
requirements should include mandatory use of commen ts

throughout the program listing and a goal of havin~
maximum documentation resident within the pro gram
listing.
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Recommendation 3
The Army should , in recognition 01’ inadequate

technical skills existing in the command unique
envi ronment , establish a central revi e~- and approval
authori t~ for software documentat ion.  Thi s review
of documentation ( revised per recommendation s)
would achieve several benefits:

A, Significant but unknown dollar savings

would accrue through reduced system maintenance

cost.
13. An effective and practical method of

enforcing standards would exist .  Ins pection
agencies would have only to ask for certifica-

tion of documentation when inspecting . Software

not having a “Certificate of Approval” woul d
be easily identified. In turn, software

reviewed by a central agency would presumably
meet all standards.

C.  As a by product of the review , in format ion
concerning ident i f ica t ion  and capabi l i ty  of
command unique systems could be extr acted. A
t ruly accurate central l ibrary  could then be
established.

D. Dy including cost as a criteri 5-i , an
incentive for accurate systems cout recording

would be generated.
E. The om pahais on documentation , generated

by a central review , would creat e an awareness

not now present in the command unique environ _
m on t .

Recommen dation 4
A review of Officers holdin g career f ie ld  53

specialties should be made . The object of such a
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I ‘ review would be to determi ne the validity of
assignment to thi s f ie ld.  The wi de variance
existing between hi gh and low degrees of technical
knowledge is unfair both to the Off icer  and to the
Army.

Recommendation 5

A review of software documentation and its
importance , as taught by the Army School System ,
should be made.

Recommendation 6

An effective way of reflecting the true cost r
of system maintenance should be developed. Thi s
cost is suspected to be hi gh , but data is not
recorded.

ft 
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FOOTNOTES

1. Internat ional Business Machines Corporation ,
Data Processing Glossary, 1972.

2 Department of Defense, Standard 7935.1—5,
Automated Data Systems Documentation Standa~ds, p. 2—1.

3. Keith R. London, Documentation Standards, p. 7.

4. Ibid.

5. Department of the Army , Regulation 18—1,
Management Information Systems Policies, Objectives,
Procedures and Responsibilities, pp. H—1,2.

6. U. S. Army Computer Systems Comm and , Automatic
Data Processing Systems Development , 1-lai ri tenance and
Dociim~ntation Standards and Proce dure s Manual 18—I ,
Volume I General, p . 4005. —
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