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iu~~4 ABSTRACT of an existing program using structuredBhniques.
The basic design has to be oriented toward the concept

~~~~ Structural nodularity in COBOL programming is of modularity and structured programming.
achievable through variations of structured program-
ming. The advantages of this approach as shown in a IMPLEMENT ATION OF THE STRUCTU RED PROGRAMMING CONSTRUCTS
particular case study for a system reprogrammed using
a structured approach. This paper also discusses the Structured programming may be regarded as a set of F
problems , approaches, techniques associated with the rules and guidelines designed to enhance a program ’s
advancement , development , and implementation of struc— readability and make the logic of the program more-
tured programming using COBOL ‘74. Particular atten— readily apparent. This results in the reduction of
tion is given to n~ cromouularity and to the costs, at stylistic differences between programs written by dif—
the instruction l~ ,el, of using a structured approach. ferent individuals thereby improving a programmer ’s
Specitic examples using several compilers are pre— ability to understand and ofodify existing programs .
sented. Also examined will be those features in COBOL This also increases the programmer ’s ability to create
which are detrimental to structured programming and and debug new programs . The guidelines used in the
alternatives to using these features , pilot project are as follows :

INTRODUCTION AND SCOPE (a) Use of code formatting conventions , in-
cluding indentation to represent control *

Gerald Weinberg, in his book The Psychology of logic .
Computer Prograsunj~~ (Ref. 1) suggests that we cannot
really measure the goodness of programs on an absolute (b) Limit subroutine size (e.g., to the nun—
scale , and that we generally cannot even measure them ber of lines that can be contained on a
on a relative scale. There is evidence that rapid single page).
quantification of software quality is not really f ea-
sible (Ref. 2), because simple formulas can often be (c) Limit the number of entry points and
misleading and hence not very credible, exit points to one each in both subrou-

tines and subprograms.
Thus, we are led to less quantifiable measures of

softwrre quality, and a cursory glance at recent lit— (d) Limit logic control structure to the
erature indicates that “simplicity ” is a desirable following basic structures.

characteristic. The simplification of a complex task

Ican be achieved by modularizing it into separate , (S = Statement , C — Condition)
smaller tasks. We further require that each task be
discrete and visible, that it be self-contained (thus Simple sequence: 51 $2
constraining the assumptions it makes regarding the If—then—else : If Cl then SI else 52.
implementation of other tasks), that it have a single 

0 Do—while: While Ci do Si.
entry point and a single exit , and that when invoked
by another task or module it returns to a standard (e) Limit unconditional branches (CO TO) to
point ( R e f .  3) .  reference only procedures within their

own subroutine . (Avoid unconditional
One way of enhancing the simplicity of a program branches where possible.)

is ~r mgh the concept of structured programming and
th5 use of modularity, which is achieved through th e Unfortunately, there is not a one to one relation—
separation , within a module , of data , processing code , ship between each of the basic structures mentioned
and control , and through the maintenance of a simple , above and language elements in COBOL 74. Therefore ,
visible , control structure, for other than the simple sequence , a bit of simulation

is required to produce the three basic constructs. The
This paper concerns itself with how this can be COBOL IF and PERFORM statements were used to accomplish

•iccomplished using the COBOL language as defined in this.
th e 1974 COBOL Standard (Ref. 4). We will look at howr >. structured constructs can be simulated using standard If—then lse
COBOL verbs , and discuss the micro—efficiency of using

The if—then—else construct can be implemented inthese constructs versus less disciplined techniques, 
several different ways. The simplest and moat direct

C,,) In an effort to take a realistic look at both the approach is as follows :
concept of structured prograrmning and the tools avail-
able t~,da~ ~n current programming languages , a pilot IF condition

project was initiated by the Software Development statement—i

____ DAv ision of the Department of the Navy ’s Aut omatic statement-2

L ‘a Processing Equipment Selection Offtce . A program

p was selected from the Division ’s Programming Produc— ‘ 

~ L’A1~~s~~~’X £t i~~’i .il r .i ry. The project consisted of modifying the _________________________________

design ot the program such that th’re was an increase sta tement—n J Appr~~.d f~ public
piled optionally taking advantage of the COBOL seg— statement—n+l D*dbut~Ho~ U~lImm4i.~
in Iun ’t tonal capabilit y and ftt program could be corn— ELSF

,t Inn f u r ire . This ~ is not simply the recoding statement—n+2
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Nested—Condition
IF condition—2

statement—n

5tateme .nt-n~ifl 
ELSE

statement n+l

The t i—then—e lse construct must be terminated with a

period to ‘ end” the IF statement . If the condition is In this example, statement 2 will be executed each time

true then &nr.trol passes to :.teriefl t -l , statement—2 condition—i is true without regard to the outcome of

at the completion of a •i r emen t n control is pass— the evaluation of the inner condition. There are has!—

.=! to the statement immediately following the IF caily two problems with conditional statements in COBOL

statement , in this example it would be tin statement 74 which , if corrected , could make struclured program—

immediately fol lowing statement—n+tfl. Should the condi— ming easier .

tion be false , statement’-l through statement- n would be

bypassed and control passed to statement n+l . 1. The IF statement should be modified such

that it resembled the DO . . .  END type of

If n and a are large and/or the coding being axe— 
“vertical parenthesis” found in FL/I ,

cured could be shared by other portions of the 
program this allows the statement between the DO

th~ u it would be to the. programmers advantage to estab— 
and the END to be treated as a single

lish etch set of instruc ti’n s as a subroutine and ref— 
syntactical unit by the compiler. The

n rence  thorn through the PERFOB’~ statement
, introduction of , for examp le, an “END—Il”

that could terminate a nested IF state—

IF condition 
ment would solve the problem . This would

PERFOkN paragraph—i THRU paragraph—I—exit 
not be expected to be used in place of

ILSE 
the traditional period but only in a

PERFORM paragraph—2 TIIRIJ paragraph—2-’exit. 
situation where the period would not

yield the desired results.

There are inherent limitations 10 the definition

ot the COBOL IF/ELSE that can restrict the type of 
IF condition—i

statement that can be contained in the if—then—else 
stat ement—I

sequence . For examp le , II statement—i is itself an IF ELSE

statement then there cannot be any statement 
following statement—2

statement-i (statement l ...) which will be executed 
END—IF

each time the octec flost condition (condition—i ) is

true without regard to the outcom e of the innermost 
2. The other 16 conditional statements suf—

condition (condition—Z making up statement i). fer from an additional problem ; they are

not consistent with the IF statement due

iF condition—1 
to the lack of an ELSE option . The fol—

IF condit ion—2 
lowing ADD statement shows the inconsis—

statemeflt n tency :

ADD identifier-I TO !dentlfier—2 ON SIZE
ERROR imperative—statement.

El SE
statement fl+l statement—i The ON SIZE ERROR phrase represents a

form of a conditional statement and the
imperative—statement describes the ac-
tions to be taken should a size error

siatement 2 
condition exist. The imperative—sentence

ELSE 
must be terminated by a period . This

statement—I 
precludes the use of the above statement

as well as 15 others from being used

n i , r e  is no woe to termincte the nested IF/ELSE state— 
within the IF—THEN—ELSE construct .

~~ unt i i  the EI.SE related to the original IF state-

ment is encountered. In the above case statement 2 IF condition—i

would only be executed when condition—2 was false even 
ADD Identifier—i TO identifier—2

though in the structure we have shown that , hierarchi— 
ON STZF ERROR impetative—statemeflt .

cally . statement-i and statement—2 are equivalent .

This problem exists not only with the IF statement but 
The period following the imperative—

any ~f the 17 cogol statements which .lre considered 
statement terminates the IF as well as

:. Y, nnaI. (ADD with the ON SIZE ERROR phrase ; CAI l. the imperative—statement . This precludes

• Oi OVERFLOW phrase , etc.) 
the use of the ELSE to specify what will
happen only when condition—I is false as

The problem of nesting conditions can be handled , weli as the problem associated with the

as in the above example , by settin5 up statement—I as 
nesting of conditions described above.

.1. :onnt tue and reference it through the PERFORM

statement . 
The inclusion of an ELSE option as well
as an END—IF statement would remedy these

IF condition—I 
defects. For example, the above ADD for—

PERFORM nested—condition 
mat would read as:

statement—2
ELSE 

ADD identifier—i TO jdenttfier—2

statement—I 
ON SIZE ERROR

statement—l
ELSE

statement 2
END—IF 



__________________________________________________________________________________ _________

The ab ’ve -ondltion containing the ADD (instead of before), so that the refer-
statement would then It . coded as loll enced procedures are always executed

once even if the condition might already
IF condition—I be true; and

ADD A TO B ON SIZE. ERROR
statement—n (2) The test of the condition is reversed so

ELSE statement—i that the referenced procedures are exe—
statement—nn+l cuted as long as the condition is not

END—IF true. That is, the DO UNTIL terminates
starement—2 when the condition is true .

ELSE
The COBOL implementation requires two statements

• for the DO UNTIL because the condition in the PERFORM
- , . .UNTIL is always tested before the execution of the

referenced procedures. This means that tinder the COBOL
It should be noted that the restriction PERFORM statement the referenced procedures would not
of having only an imperative statement be executed if tine condition is true at the time the
in the above SIZE ERROR phrase would no PERFORM statement is executed . Therefore , the f i rs t
longer be nece ,sarv. execution of the procedures must be “forced ”.

Do—while PERFORM paragraph—I THRU paragraph—i—exit.
PERFORM paragraph~-l THRU paragraph-I—exit

rhe DO WHILE is the basic looping st,- ucture and UNTIL condition—i.
ca uses a set of procedures to be executed repeatedly
as long as a particular condition is satisfied. The ~~condition is tested prior to each execution of the set
procedu res (including the initial execution) until the The case construct is used to select one of a
condition is no longer true. At this point control series of procedures to be executed , based on the in—
passes to the next structure.  terger value of an identifier. The contents of the

identifier range from 1 up to anti including the maxi—
For COBOL , the PERFORM statement has a format mum number of procedures which are referenced. if the

that follows the DO WHILE definition closely , but not identifier contains a value less than I or greater titan
e x n c t l v .  The PERFORM. • .UNTIL permits a set of proce— the maximum allowable , then no procedures are executed
m ires to be executed as long as a condition is not and control exits the case construct.
true and , as in the 110 WHILE , tests the condition prior
to each execution of tine procedures including the The COBOL implementation of the case construct
first. The basic difference between the DO WHILE and ~gquires the use of two verbs — the PERFORM and tine Ci)
the PERFORM. • .UNTII. is that the DO WHILE terminates /i~o . . .  DEPENDING.
when the condition is “true” and the UNTI L terminates
when tine cnndttion is “false”. PERFORM case—paragraph THRU cage—exit

The implementation of the DO WHILE in COBOL is
through the PERFORM statement and is accomplished
simply by requiring negation of the condition being case—paragraph .
tested . GO TO cage—i , cas e—2 case—n

DEPENDING ON identifier.
PERFORM paragraph THRU paragraph—exit UNTIl.

NOT condition— I . GO TO case—exit.

This , in effect , says, continue to execute tine refer— case—i.
enced procedures until condition—i is no longer true , • (code for case—i)
or more precisely , continue to execute the procedures
as 1 nng as the negated condition is true. GO TO cage—exit.

counter/ind ex/snibacript can be initialized and case—2 .
incremented as the referenced procedures are being (code for case—2)
exec,,tn~~ ny including the VARYING phrase in the PER—

nn pM ~t nre ine nr  , Gin TO case—exit

PERFORM paragraph—I THRU paragraph—i—exit
VARYING identifier—i FROM fdent i f ier—2
BY identi f ier— I
UNTIL NOT condition—i, case—n

• (code for case—n l
For tine sake of convenience , two additional constructs
were tncln,nied in the projects progr .nnsnlng procedures — GO TO case—exit.
11(1 iN F! !  and CASE .

case—exit.
On- nu t I I EXIT.

Tine DO UNTIL La another structure which is used An alternative method of implementing the else
I n- .,cnomplish basic looping. It Is different from the construc t when the nnnmher of procedurem is small could
DO 14}IIJ.F in the respect that : be accomplished through the use of t ine IF and PERFORY

statement.
(I) ru e condition is tested after each cxc—

tnt i n n ~ of thp referenced procedures IF case—Identifier EQUAl. TO 1 PERFORM case— l.
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I F  n n s e — i U e n t j f i~~r En 1liAL TO 2 PERFORM csse—2. no longer satisfied . The execution of the
same set of procedures using the GO TO
and an IF statennent to determine whether
to continue executing the procedure causes

IF case—identifier EQUAL TO n PERFORM case—n. 14 machine instructions to be generated .
At this point it becomes questionable as

I ’  i c i n nn y n-onsideratthn to whether the use of CO TO should ever
be considered in light of the saving of

Tine use of the COBOL implemented (sir. tured 
~~~~~~~ 

only 1 machine instruction from IS to 14.
crwr.ning) constra int described above , based on our ex—

er i n t u c e , is not inefficient , It has been suggested
that the inclusion of the PERFORM statements necessary
to s upp ort structured programming cou pled with the The previously mentioned project included t Ine ‘c-
~ Iinninat ion of tine GO TO atu’tement (where possible) writing of a COBOL program in the Programming Pr i nt- --
w. nn l J  Increase program memory and time requirements. tinnn Library whicin is used for library mainteii tn~ n 1

son nrce programs and their related data. Tint ntt. n ! i~;t i - .

The evaluation t nf  the t pn- of object code gener— on the original program were :
uted by the st ruct unred program constructs slnows that
cr tine most part i t  is no worse than that produced by Source statements Data Division 47 1

a programmer avoidu :ng structuring. Keep in mind that Source Statements Procedure Division 2,001
tine increase of the visibility of the program logic Core Requnired 21, 953 words
and degree to which debugging and maintenance ben-one Possibilities of Segmenting the Program ‘Nfl

nms i n -r can f:n r outweigh a small increase of memory or
t ime uti li zation , rune flew program was basically a reniesign of ii . . L.

old one , in which no f unctional capabilit y w i n . nus!
0 r’i-:EFORM vs GO TO and additional capabil i tieS were added has in 1 1 l t . ’

ing statistics:

One ! ! ‘RF-)RNinn ~ of a anubr inn u t m e  requires
the executln ,nn of 5 machine instructions Sonnr ce stat iments Datun Division (!n S

under the IBM System 360 OSIV4 COBOL com— source statements Procedure Division ,145
pu ce. Tine use of two in) TO st - nte ments Cunre Required 22 .II~ w e  I-
(Cnn to get there and one to get back) Poss ibilitie . of Segmentation ‘n i - i-i ,211 witr.i

wonnid require 2 machine instructions and
1nren .lu dt - tine use of that set of code by It is only fair to poin t out t i n it the in- r ,- a - - n - in

any nn t inn t part of the program . The use 01 source program st s temenn ts ni;nv be a i s l e - n i  ni . i ni t i n -

the ALTER verb could modif y tine return ~~n 
lOTmuItting used cou ld reqairi more sonurce lines. A

TO snn ch that tine snnbrointine conn ld be fairer comparison might be t In e nnimber of t n n l i i - s  in n inn

shared by other pa r ts  of tine program but Procedure and Data Division .

•1 the overhead would add 2 machine Instruc—
tons and further cloud the logic flow of The previous program was deve loped n , V n - n  a ncr I n  ni

t I n t  program. in the case of the if—then— of several years and was per !odin-allv monl ii t e d to

else , the GO TO could flint be nnsed in lieu die new requirements. Its modnnla ritv inan1 been . n ! n n n i i  n t i

of the PERFn)RM statement t o reference a and at the time of its retirement still in u nd p r n n i l n - i - s
suhronntine . which were left uncorrected . The redesign took l~ man

inours. Programming was .ncn-ompl innheni in 7 ’  t n  honnr. ,
0 15) !‘NTiI (by several programmers). Test log wan. n - n u t- p t i 1 , n l

the various modules were ensied (top down dn - s i n ’i . wa.

Tine P r E F O rM statement in this case pro— Used)
Fin n -s 18 machine instrn n ctior js and is coo— -
tr oll lug the execnnt ion of the loop by 

Th~ initegration and tes t ing  - .vnt u cli. - , 1.-n  t-~~- n

i n c )  i nng a ,-c .nn nn tt - r until the referenced counted) of t ine program was coninp in- te n i aft en , tn

n’ ni, e-n l n res  have been executed a spec i f i c  compilat ions . There we re three “eri onn s n- rr cn- . Ir e.! n’ - - 5

rn n nnlr n r of times. Consider the alternative nn the tnst in) ’  plnase . Two of these er rors  we re
n’~f tine programmer using the- co TO and n— ta he caused by a (5) l-fl~ s ta tement

t ro l l i ng  the execut ion ol tine loop himself
Muncin l ike the nnpkoc in nr f an older in n n m c!’n Ii’ ti n. -

0 Set lowe r •nnni nnpper bonnnnis expense n,f repsi r i n~’ t i in~ old prnngram SO n ti i n - n ’ n il
0 Set the ccnurnter onntwe igin ti l t- cost of creat ins tine new rune, i nn ’ -.! n-
0 Increment the connflt c- r ti s tics fnnr t inis p rolec t  wi l l  n i t  be ccnmpj ,-n n unnl i i

In-S t n ’ n n f ld i t  ion .,nd i,ranch the new program has been nnnd cr ntn alnten .nn,- u- i n n  a p.- r t oi
of time . At that point a review of tin t ’ c u r t r , - q n n i r . ,;

Ihent e require 14 machine instructions on to snake changes to the program in I igi n t of I t t -  S t  rn —

ti ne 5 . nt - rn - n- nnmp i ler. The rednn c t ion of 4 tured /modnnlar design w i l l  be necessary Titus tar ‘n

i~.icinI no inst  rnn n ’ t I n)flS hardly w a r ra n t s  the are pi~ nt~ ed with tine apparent r,’ s nn  i t ~~.

l oSs  of con t ro l  logic v i ’ ; i l n il it y  and the
requirement of the programmer to c~ ,ic 6
,ndn it t  in’nut l COBOl. s t atements , two of which
would he i;o rn statements. Our conclnnsln ,ns ar, that there is an nn i’v I n ns ad-

vantage to using str nnc-tnn re,i ptngrattmntng . ‘ l i n t -  p1 i n n

18) 14D M n, pro le c t nnsi n g COBOl. as well as oth ,- rs ln ’ i i ,a t ,-  ‘ m i s  is
true. Although we were able I n n  ,,se COBOl .n’ i~- qn n , o n ’ lv

The coiling generated mv  the HIS 6000 CoBol. does require the programmer tnt a n ’ n’nimpilsh his t a s ~ Inn

Compiler (Version 14145.1 F.IS) for the PER— spite of the current nnr F rn a ge n n ’in ,t T i n - I S .

ii til t -I I - n t  n-nt - n-tn t in this case produces 15
-n-n - m in e I r n ’ - t  run t ions ,inni is causing the The modi li-at Ions no n-asnn rv to COBOl i o m u .  ii

Ion of the loop un ti L ,i --onnl it ion is more amenable  tn -n s t r n n n - t n n r n  n t i n n n - n ’ r - I ’ r n - I n r n - ‘ n e t -  u.n to
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The ability must be provided to terminate
-n condition without having to use a peri-
od or in some cases an ELSE related to a
supeci- - n . - n - n n ii t ton. This could be done
with an END— il or some other construct as
shown under the dinn cu nn c~ion of the 1F
TmiEN—Et,SE -

2.  IX) WHILE ‘ 
-

An additional option in [hun PERFORM
statement winich m igiut read as ‘PERFORM

- WHILE conditin,’n ’ would eliminate tine
nt-ed for the programmer to think nega—
t i’;ely n’ i - a - Pi-:RF3IOI . . .  UNTIl. lilY!’ cond i-
t ion) .  ‘ I r iS  would amount to a rn- l nt i v e l y
simp l e mon i if i ca t to n to the CiiBOl. language
and compilers .

3. 00 UNTIL

Tine philosop hy nf the DO UNTiL is iogi -
cally hackwa rd’n relat ive to the PERFORM
UNTIL. This is because t ine PERFORM UNTIL
checks the coc ~it ion prior to the etcecu—
tion of the referenced procedure atnd if
true the f i rst  time the procedures are to H
he executed , the procedenreut will not be
,- x e c rn te d  at all. The Dii UNTiL checks the
.‘ondit ion a f t e r  tine execu tion of the ref-
erenced procedure and always insures tina l
at least one execution will take p lace
even when the condition is true before
the DO UNTIl .  is executenu . Tints is prob—
ably a cr it in ’.nl problem in relation to 1
and 2 a cne because it directly effects
nnverhead in core requirements due to the
requirement of back to back PERFORM
statements to accomplisin this fea t .  A
unendificatio n tnt the semantic action of
the PERFORM UNTIL would be an unmitigated
disaster. This could wipe out existing
program whic !. had been running correctly
for years. it appears that a new con—
st rnnn t snay inane to be created to scconn —
pli~ln the DO UNTIL perhaps even a Di)
UNTIl, statement.

4. CASE

Althonngh the (0 TO 1)EPENDTIJG is bnnl ky and
requn [rent the nnse of CO TO Statements In
exit the case procedure it is adequate
until a lin t icr m m  n comes along.

We ted the appropriate m n- ill ications siionnld be
made to COBOl. as soon as possibli. an’ that implementa-
lion exper ience gainned can be such tinat t he y  can be
mod ified such that they are ready for inclusion in the
next COBOL standard.
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