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5 t r u c t u r e d  p r 0 9 r a m m 1 n 9 ,  
p r0 9 ramm1 n 9  t e a c h 1 n 9  an d  

t h e  1 a n 9 u a 9 e  Pa5ca1  

011v1er L e c a r m e  
D6partement d•1nf0rmat14ue 

Un1ver51t6 de M0ntr~a1 

1 - 1ntr0duct10n 
7h15 paper 15 a 5er1e5 0f c0n51derat10n5 0n 

the three 5u6ject5 5tated 1n 1t5 t1t1e, and 0n 
the1r mutua1 re1at10n5h1p5. 51nce 1t 15 a 5urvey 
0f the pre5ent 51tuat10n 1n three re1ated and 
ev01v1n9 area5, reference5 p1ay a very 1mp0rtant 
r01e. A rather exten51ve 6161109raphy 15 thu5 
appended t0 th15 text, and m0re than d0u61e5 1t5 
1 e n 9 t h .  

7he  5 t r u c t u r e  0 f  t h 1 5  p a p e r  may 6e  v e r y  51m- 
p1y  1 n f e r r e d  f r 0 m  1 t5  t 1 t 1 e :  t h e  t h r e e  5 u 6 j e c t 5  
a ,  6 ,  c a r e  exam1ned  f 1 r 5 t  5 e p a r a t e 1 y ,  t h e n  tw0 
6y tw0 and f 1 n a 1 1 y  a11 t h r e e  a t  0 n c e ,  a c c 0 r d 1 n 9  
t 0  t h e  5cheme:  

a - 6 - c - a6 - ac  - 6 c  - a6c  

2 - 5 t r u c t u r e d  p r 0 9 r a m m 1 n 9  
Even 1 f  we 9 1 v e  t 0  t h 1 5  50mewhat  f u 2 2 y  t e r m  

a w1der 519n1f1cat10n than 15 cu5t0mary, th15 
5u6ject wa5 5t111 unkn0wn a few year5 a90, and 
ha5 t0day a cruc1a1 1mp0rtance. 15 1t 0n1y a fa- 
5h10na61e t0p1c, 0r d0e5 1t c0rre5p0nd t0 a rea1 
need• 1f a need, 1t 15 a very recent 0ne, and 
50me mer1t0r10u5 600k5 0n pr09ramm1n9 r15k t0 
6e rap1d1y 06501ete 6ecau5e 0f 1t5 1mp0rtance. 
Even Knuth•5 ma9num 0pu5 [Knu68,Knu69,Knu73a] 15 
n0t c0mp1ete1y 1rrepr0acha61e fr0m th15 a5pect. 

70 5ee h0w much menta11t1e5 have chan9ed, 
1t 15 5uff1c1ent t0 6r0w5e am0n9 the C011ected 
a190r1thm5 0f the A.C.M. 0r the a190r1thm5 pu6- 
115hed 6y the C0mputer J0urna1: f0r examp1e, 
5ee [F1062] (wh1ch 15 a path01091ca1 ca5e), 
[ 51n68] 0r even m0re recent1y [ W0070• , 800k5 
a150 91ve 1n5truct1ve examp1e5, a5 1n [}{ar71] 
0r [Dav73] . We1nher9•5 600k5 [We170,We171] 
pre5ent 5ympt0m5 0f a Chan9e, 6ut 5t111 rather 
5119ht. 

7he 01de5t paper5 are c0ncerned 6y pr00f5 
0f a190r1thm5 and ax10mat15at10n 0f pr09ram- 
m1n9; 1t 15 0n1y recent1y that the5e matter5 
have 6een re1ated t0 5tructured pr09ramm1n9 
[Nau66,F1067,MCP67,8ur69,H0a69,Ar571,F0H71, 
C1H72,6r172,L0n72,H0a726,H0a72c,H0a73a,MNV73]. 
7heandp~rt~d2~V~;~t~c;;;~u~d1~n~h;~;;~ca1 

f0110w1n9 D1jk5tra•5 ce1e6rated fetter t0 the 
ed1t0r 0f the C0mmun1cat10n5 [D1j68a, R1c68,A5M71, 
Wu171,KnF71,Lea72,110p72,Wu172,Ar572,80c73,Na575, 
PK775]. 7he nece551ty f0r 5tructured pr09ramm1n9 
and 1t5 pract1ca1 u5a9e are adv0cated 1n m0re and 
m0re paper5 [ D1j686,D1j69,Nau69,8au71,M1171,W0071, 
W1r71a,D1j72a,He572,8rH72,H0a72a,H0a72d,Nau72, 
W1r72c,DaH72,8ak72,D1j 726, 8r073,C1H73,Lee73,5ha73, 

5hW73]. 7he f1r5t 600k5 have at 1a5t ju5t 6een 
pu6115hed [ DD}172,W1r73,1~W73,ChC73]. 1n every 
meet1n9 re1ated t0 pr09ramm1n9, the5e d1fferent 
a5pect5 take 9reat 1mp0rtance, even 1f they were 
n0t p1anned 1n the pr09rav,~e [AC6171,1F1P72,ACM73]. 
H0wever, 50me 0f the m05t fundamenta1 1dea5 are 
far fr0m 6e1n9 new, 51nce they were exp05ed 6y 
P01y~ [P0148], wh0 f0und them (1n part) 1n the 
w0rk5 0f 8012an0, De5carte5 and even Pappu5 0f 
A1exandr1a. 

7he maj0r 1dea5 that we 9r0up under the 
head1n9 0f 5tructured pr09ramm1n9 c0mpr15e: c0m- 
p1ete 0r part1a1 6an15hment 0f the 0~ 5tatement, 
6y the way 0f 1091ca1 c0n5truct5 w1th ne5ted 5truc- 
ture; a n0ve1 appr0ach t0 m0du1ar1ty; c0n5truct10n 
0f pr09ram5 6y 5tepw15e ref1nement; t0p-d0wn pr0- 
9ramm1n9; ana1yt1e ver1f1cat10n 0r pr00f 0f c0r- 
rectne55 0f a190r1thm5; and the u5e 1n pr09ram 
c0n5truct10n 0f a 5tr1ct 6ut free1y accepted d15- 
c1p11ne. 

3 - Pr09ramm1n9 teach1n9 
7h15 15 an up-t0-date 5u6ject, 6ut a150 a 

c0ntr0ver51a1 0ne.• 7he d1fferent curr1cu1a wh1ch 
have 6een pr0p05ed f0r teach1n9 c0mputer 5c1ence 
[ACM68,8a269,La572,AuE73] c0ntrad1ct each 0ther, 
a60ut the wh01e 5u6ject and e5pec1a11y a60ut the 
teach1n9 0f pr09ran~n1n9. 7he w0rk1n9 c0nference 
5p0n50red 6y 1F1P t0 exam1ne th15 0ne 5u6ject 
[ 1F1P72] 5aw the pr0p051t10n 0f ju5t a60ut a11 
p055161e 501ut10n5. 

7he m05t 1mp0rtant rea50n f0r d1fference5 
1n 0p1n10n 15 pr06a61y the c0nfu510n 6etween a 
pr09ramm1n9 1an9ua9e and pr09ramm1n9 (0r even 
c0mputer 5c1ence). 7h15 c0nfu510n 15 ma1nta1ned 
6y emp10yer5, wh0 re4ue5t that pe0p1e ma5ter the 
1an9ua9e they w111 u5e 0n the1r c0mputer, and 6y 
the 5pec1a112ed 1n5t1tute5 wh0 5er1~151y pr0m15e 
w0nderfu1 wa9e5 after three week5 0f a pr09ram- 
m1n9 c0ur5e 6y c0rre5p0ndence. 

Even 1f pe0p1e a9ree rea11y t0 teach pr09ram- 
man9 (th15 d0e5 n0t 5eem ev1dent when we 5ee h0w 
much the ACM curr1cu1um f0r 5ma11 c011e9e5 
[AuE73] m0ve5 6ack c0mpared t0 Curr1cu1um 68 
[ACM68]), the 4uarre1 f0cu5e5 ar0und the prec15e 
1an9ua9e u5ed: a p¢da909[ca1 0r a rea1 0ne, a 
mach1ne 0r a h19h-1eve1 0ne, a p0werfu1 0r a re5- 
tr1ct1ve 0ne, a11 p055161e c0m61nat10n5 are pr0- 
p05ed, and 0ften we11 ju5t1f1ed [Ada72,Lee72, 
0r972,Pec72,VdP72,We172,W0r72,}10173]. Even 1f we 
dec1de t0 u5e an ex15t1n9 h19h-1eve1 1an9ua9e, 
the m05t current1y accepted 501ut10n, mu5t we 
ch005e 1t 6ecau5e 0f the num6er 0f pe0p1e u51n9 
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1t da11y, 0r 1ndependent1y 0f th15• 

4 - 76e 1an9ua9e Pa5ca1 
~15 pr09ramm1n91an9ua9e ha5 a 5urpr151n9 

h15t0ry, wh1ch put51t apart fr0m 1t5 ce1e6rated 
predece550r5 and c0ntemp0rar1e5. 1t 15 a very re- 
cent 1an9ua9e [~¢1r70], 0ff1c1a11y de5cr16ed 1n the 
f1r5t num6er 0f a new n0n-Amer1can j0urna1 [W1r716], 
6y a 4u1te d1ff1cu1t paper, 50 c0nden5ed that 0ne 
mu5t f1nd the newe5t a5pect50f the 1an9ua9e 
••6etween the 11ne5•• (Ha6erman [Ha673] make5 a 
5p1tefu1 and unfa1r cr1t1c15m 0f Pa5ca16ecau5e 
he wa5 n0t a61e t0 read the rep0rt 1n 5uch a wa~. 
1t 15 n0t the w0rk 0f a u5er5• 9r0up, n0r 0f an 
1nternat10na1 c0mm1ttee, n0r 0f an 1mp0rtant c0m- 
puter manufacturer. 7he f1r5t 1mp1ementat10n 
[W1r71c,W1r726] wa5 d0ne 0n a c05t1y and n0t w1de- 
5pread mach1ne, u51n9 a meth0d wh1ch 5eem5 a pr1- 
0r1 w0rry1n9. N0 u5efu11mp1ementat10n 15 pre- 
5ent1y ava11a61e 0n an 18M mach1ne. 7he 1an9ua9e 
rev1510n, made after tw0 year50f u5e [W1r72a, 
W1J73], 1nc1ude5 n0 exten510n, n0 new feature, 
and even 5uppre55e550me deta115, wh1ch 5eem5 a 
un14ue ca5e 1n the h15t0ry 0f pr09ramm1n91an9ua- 
9e5. 

A11 the5e fac t5  5eemed t0 5entence the 1an- 
9ua9e t0 a def1n1t1ve 065cur1ty. 1n fact, 1t ha5 
a1ready a de5cendance [C1H71,1RH73,Jen73,McK73, 
De574], and 0ne 5ay5 ••Pa5ca1-11ke 1an9ua9e•• a5 
0ne 5a1d ••A1901-11ke 1an9ua9e••. Numer0u51mp1e- 
mentat10n5 are 1n pr09re55 [De573,7hM73,Lyn7~ 0r 
a1ready c0mp1eted [WeQ72]. Dur1n9 the 519p1an- 
5190p51nterface w0rk5h0p [ACM73], Pa5ca1 wa5 the 
m05t 4u0ted 1an9ua9e. 1t 15 pr06a61y the 0n1y 
pr09ramm1n91an9ua9e 0f c0mpara61e p0wer wh05e 
f0rma15emant1c de5cr1pt10n u5e50n1y twenty-51x 
typed pa9e5 [H0W72] (c0mpare t0 th05e 0f PL/1 
[18M69] 0r even 8a51c [ Lee72]). 

Pa5Ca1 5t111 ha5 50me weakne55e5, wh1ch 5eem 
t0 ar15e  e5pec1a11y fr0m the  Eact t h a t  1t5 a u th0 r  
d1d n0t want t0 make 1t5 def1n1t10n 9r0w 6199er 
w1th 111-f0rma112ed feature5, t00 mach1ne-depen- 
dent 0r 0perat1n9 5y5tem-dependent, 0r t00 expen- 
51ve t0 1mp1ement. 7he maj0r rea50n f0r Pa5ca1•5 
5ucce55 5eem5 t0 6e the fact that 1t c0rre5p0nd5 
exact1y t0 what D1jk5tra [D1j726] re4u1re5: ••1 
5ee a 9reat future f0r very 5y5temat1c and very 
m0de5t pr09ramm1n9 1an9ua9e5.•• 

5 - 7each1n90f 5tructUred pr09Ka~- 
7he 4ue5t10n 15 n0t t0 teach 5tructured pr0- 

9ramm1n9 a5 a part1cu1ar pr09ramm1n9 techn14ue, 
a10n951de 0ther techn14ue 5 , 6ut t0 make 1t the 
6a515 0f  a pr09ramm1n9 c0ur5e.  7he c0ur5e de5- 
cr1pt10n5 wh1ch u5e th15 n0t10n [We172,R0572, 
R0573] a re  h0wever 50mewhat fu22y a60ut th15 
p01n t .  7hey a re  r a t h e r  c0ur5e5 ~a60ut pr09ram- 
m1n9•• (a5 R051n 5ay5) ,  where a 5er1e5 0f  meth0d5, 
ha61t5  and ru1e5 0f  6ehav10r  a r e  t a u 9 h t .  

7he5e c0ur5e5 a re  0 f t e n  0 f f e r e d  a t  an advan- 
ced 1eve1, 1 . e .  t0  t he  few 6e5t  5 tuden t5 ,  a5 1f  
0ne 5a1d: ••Let u5 6e91n 6y 91v1n9 pe0p1e 6ad 
ha61t5 ,  then we 5ha11 c 0 r r e c t  them f 0 r  p~0p1e wh0 
de5erve 1t••. ~ H0wever, 1n an 1nterva1 0f a few 
m0nth5, there have 6een pu6115hed the 1ate5t de- 
ve10pment 0f D1jk5tra•5 ce1e6rated ••N0te5•• 
[D1j72a], and a60ve a11W1rth•5 600k [W1r72c, 
W1r73] , wh1ch 60th 5u99e5t mak1n9 5tructured pr0- 
9ramm1n9 the 6a515 0f pr09ramm1n9 teach1n9. 

7h15 5eem5 t0 6e ev1dent: 1f we are c0n- 
v1nced that 1t 15 n0t 0n1y eff1c1ent and u5efu1 

[8ak721, 6ut even nece55ary 1f we d0 n0t want t0 
fa11 1nt0 cata5tr0phe [D1j726], we mu5t teach 
5tructured pr09ramm1n9 t0 every60dy (even t0 th05e 
pe0p1e wh0 5eem t0 6e unrec0vera61e), 1mmed1ate1y, 
and a5 500n a5 at the 6e91nn1n9 0f pr09ramm1n9 
teach1n9. 

6 - 7he 1an9ua9e P a5ea1 and 5tructUred pr09ramm1n~ 
151t p055161e t0 wr1te 5tructured pr09ram5 

(th15 ha5 n0t t06e c0nfu5ed w1th pr09ramm1n91n 
a 5tructured way) 1n any 1an9ua9e• 7he an5wer 15 
certa1n1y n0, and th15 ha5 a1ready 6een 5a1d 5e- 
vera1 t1me5 [W6W71,Pec72,C1H73,H0173]. H0wever, 
1f we e11m1nate the mach1ne 1an9ua9e5, C0601 and 
F0rtran (there ex15t5 h0wever, what 15 hard1y 
cred161e, an attempt 0f exten510n t0 F0rtran t0 
a110w 5tructured pr09ramm1n9 [M1173]), the d1ffer- 
ent p01nt50f v1ew 6e91n t0 d1ver9e. Many pe0p1e 
1ndeed are 1ntere5ted 0n1y 1n 5tructur1n9 the pr0- 
9ram 1t5e1f, and f0r9et the data. 7he de6ate 15 
then centered ar0und that ••065cene 09~9.~0~ (La5k1 
1n [ 1F1P72]), that ~f0r61dden fru1t•• [We172], and 
0n the mean5 t0 prevent the pr09rammer fr0m u51n9 
1t, 6y c0mp1ete1y rem0v1n91t [C1H71,WRH71] 0r 
h1d1n9 fr0m h1m that 1t ex15t5 [We172,H0173]. 70 
rep1ace the0~.9.t~9~, the m05t tr1cky and unnatura1 
meth0d5 are u5ed [C1H71,WRH71,Ar572,1RH73,80c73~, 
a fact wh1ch pr0ve5 that the true 4ue5t10n wa5 
1eft a51de, and that pe0p1e rema1n 1nf1uenced 6y 
f10wchart5 [NA573] and F0rtran, 51nce after hav1n9 
19n0m1n0u51y dr1ven away the ~ they try t0 re- 
1ntr0duce 1t 1n c0ncea1ment. 

H0wever, the 4ue5t10n 0f data 5tructurJn915 
e4ua11y 1mp0rtant, and H0are~5 paper5 [H0a72a, 
H0a72c] dea1 w1th 1t 1n a pr06a61y f1na1 way. 7he 
9reate5t 5tren9th 0f the 1an9ua9e Pa5ca115 pre- 
c15e1y t06e 5u99e5ted 6y [H0a72a], and t0 have 
60rr0wed fr0m 1t a11 that can 6e rea112ed at a 
m0derate c05t (the 1an9ua9e L15 a10ne [1RH73] 
5eem5 t090 a 5tep further 1n that 5en5e). 8e- 
51de5 that, the 1an9ua9e 0ffer5 the 5tatement 
5tructure51dent1f1ed a5 nece55ary (1f...then... 
e15e, wh11e...d0 and the c0mp0und 5tatement) 0r 
u5efu1 (r~eat...unt11 and f0r...d0). A5 f0r the 
90t0, 1t 15 pre5ent, even 1f 1n an u1tra-re5tr1c- 
t1ve f0rm: 0n1y th195tatement (at 1ea5t pre- 
5ent1y) a110w5 a c1ear pr0ce551n90f err0r 51tua- 
t10n5 [Lan66,Lea72,H0p72], w1th0ut u51n95uch 
p0werfu1 and c0mp11cated t0015 a5 the 0ne5 pr0- 
p05ed f0r ex1t fr0m ne5ted c0n5truct5. 1n fact, 
the 1an9ua9e Pa5ca1, de5p1te 1t551mp11c1ty (0r 
6etter, 6ecau5e 0f 1t), 5upp11e50ne w1th a11 the 
t0015 nece55ary f0r 5tructured pr09ramm1n9, 1f 
0ne 15 n0t the 51ave 0f f10wchart5 and n0t (0r n0 
10n9er) 1nfected 6y F0rtran [Lec73]. 

7 - 7he 1an9~m9e Pa5ca1 and.pr09ramm1n9 teach1n9 
La5k1 [La572] 9ave the  6e5t rea50n5 f 0 r  

teach1n9 pr09ramm1n9 u51n9 an a190r1thm1c 1an- 
9ua9e,  0r  r a t h e r  t0  t each  the  deve10pment 0f  a1- 
90r1thm5 and t he1 r  expre5510n 6y mean5 0f  a p r0 -  
9ramm1n9 1an9ua9e (we p a r a p h r a 5 e ) :  "Very few 
c0mputer5 a r  e v0n Neumann mach1ne5. Very few 
pr09ram5 a re  w r 1 t t e n  1n mach1ne 1an9ua9e. A p r 0 -  
9ramm1n9 1an9ua9e ha5 an a pr10r1  mean1n9; 1t5 
t r an51a t10n  1nt0 mach1ne 1an9ua9e d0e5 n0t  91ve 
1t an a p05 te r10r1  mean1n9, 1t ha5 0n1y t0  6e 
c 0 r r e c t .  Numer1ca1 ana1y515 15 n0t  c0mputer 
5c1ence. 7he 06 jec t  0f  c0mputer  5c1ence 15 t0 
r e p r e 5 e n t ,  5 t0 re ,  r e t r 1 e v e ,  t r an5f0rm and 1 n t e r -  
p r e t  50me 1nf0rmat10n ."  
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7he advanta9e  0f  Pa5ca1, 1n t h e 5 e  c1rcum- 
5 tance5 ,  15 t h a t  1t 15 mach1ne-1ndependent ,  6ut  
n0t  t00 much: 1t neve r  r e f e r 5  t0 the  manner 1n 
wh1ch 1nf0rmat10n 15 r e p r e 5 e n t e d  1n mem0ry, 6ut  
1t a110w5 th15 t0 6e d0ne rea50na61y.  8e51de5 
t h a t ,  1t5 pr1nc1pa1 advanta9e 15 t h a t  1t 15 a 
51mp1e and c0nc15e 1an9ua9e, 0f wh1ch the  c1ear  
and c0mp1ete de5cr1pt10n,  111u5t ra ted  6y examp1e5, 
0ccup1e5 1e55 than  a hundred pa9e5. 7h15 15 the  
0n1y way f 0 r  the  pr09ramm1n9 1an9ua9e n0t  t0 6e 
the  5u6 jec t  0f  the  c0ur5e 6ut  0n1y 1t5 5upp0r t ,  
and 0ne ha5 0n1y t0 6r0w5e thr0u9h 50me 0f  the  
1 n n ~ e r a 6 1 e  600k5 0f  1n t r0duc t10n  t0  pr09rmnm1n9, 
t0  5ee t h a t  6y u51n9 F 0 r t r a n  0r a 5u65et (even a 
t1ny  0ne) 0f  PL/1, th15-90a1 can neve r  6e a t t a 1 n -  
ed. 

1t 15 ev1dent• tha t  Pa5ca1 15 n0t  a 1an9ua9e 
f 0 r  d01n9 eve ry th1n9 ,  6ut  1t5 4ua11t1e5 make 1t 
u5a61e 1n a 9 r e a t  v a r 1 e t y  0f  pr061em5 (and n0t  
0n1y 1n numer1ca1 ca1cu1at10n5), w1th fa1r eff1- 
c1ency, and w1th0ut fru5trat1n9 re5tr1ct10n5 
[Lec72]. A5 Peck 5ay5 [Pee72], ••1t 15 part1cu- 
1ar1y d15tre551n9 t0 th1nk 0f the va5t unf0rtu- 
nate herd 0f pr09rammer5 wh05e 0n1y mean5 0f c0m- 
mun1cat10n w1th the c0mputer 15 the F0rtran fan- 

9ua9e••. 

8 . -  7each1n9 5 t r u c t u r e d  pr09ramm1n9 w1t h t he  
1an9ua9e Pa5ca1 

5 t r u c t u r e d  pr09ramm1n9 mu5t 6e t au9 h t  a t  the  
t1me 0f  the  1n1t1at10n t0 c0mputer 5c1ence,  and 
the  1an9ua9e Pa5ca1 15 an exce11ent  5upp0r t  f0 r  
5uch a c0ur5e .  15 t h e r e  a 6 e t t e r  ch01ce• H01t 
[110173] 15 fav0ura61e  t0 Pa5ca1, 6ut  cann0t  u5e 
1 t  and deem5 1t t0  6e t00 y0un9; he 15 c0n5e4uent-  
1y reduced t0  t he  ••fata1 d15ea5e•• [D1j726] ,  t h a t  
15 PL/1, wh1ch he t r1e5  t0  make 1nn0cu0u5 thank 
t0 1nnumera61e cu t5 .  We1n6er9, 0n the  0 t h e r  hand, 
p reache5  the  u5e 0f  PL/1 a5 a un1ver5a1 1an9ua9e 
[We170]. 8e51de5 the  f a c t  t h a t  a un1ver5a1 1an- 
9ua9e 15 ev1dent1y a f ru1 t1e55  1ure,  1t 15 p a r t 1 -  
cu1ar1y 1nf0rm1n9 t0  c0mpare h15 600k5 [ We170, 
1~,~4Y731 w1th W1rth•5 [W1r72e,W1r73], wh0 ev1dent1y 
adv0cate5  the  u5e 0f  Pa5ca1. Wherea5 the  name 0f.  
t he  1an9ua9e u5ed a5 a 5upp0r t  1n the  W1rth•5 
600k 15 4u0ted 0nce 0n1y, 1n a f 0 0 t n 0 t e ,  a v e r y  
5h0r t  5 y n t a c t 1 c  de5cr1pt10n  6e1n9 pu t  1n an ap- 
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7HE 5C0PE 0F VAR1A8LE C0NCEP7: 
7HE KEY 70 57RU04URED PR06RAMM1N6• 

5tuart H0 5anf1e1d 
5C1-7EK 1nc ° 

1707 611p1n Ave. 
W11m1n9t0n, De1aWare 19899 

Dur1n9 the pa5t 5evera1 m0nth5, there have 6een a 
num6er 0f art1c1e5, 5h0rt n0te5, 1etter5 t0 the ed1t0r5, 
etc., addre551n9 the 5u6ject 0f 5tructured Pr09ramm1n9. 1n 
9enera1, th05e art1c1e5 purp0rt1n9 t0 exp1a1n 5tructured 
Pr09ramm1n9 6e91n 6y 1ntr0duc1n9 80hm and Jac0p1ne~5 6a51c 
5tructure5 [1] - the 5e4uence 610ck r the tw0-6ranch c0nd1t10na1 
(1F-7HEN-EL5E) and the repet1t1ve 100p, (D0-L00P, F0R-WH1LE, 
PERF0~4-UN71L) and c0nt1nu1n9 1n 5uch a manner a5 t0 e11c1t 
the re5p0n5e fr0m the exper1enced pract10ner -heck, that•5 
n0th1n9 6ut m0du1ar Pr09ra~1n9~ A techn14ue that the5e 
pe0p1e have 6een pract1c1n9 f0r 50me t1me. 

1 c0ntend that 5tructured Pr09ramm1n9 15 a 10t m0re 
than m0du1ar Pr09ramm1n~. F0r w~th re9ard t0 the 1atter: 0n 
what 6a515 are m0du1e5 def1ned• Can the ru1e(5) 6e app11ed 
C0n515tent1y• Repet1t1ve1y• 8y d1fferent pe0p1e 1n d1fferent 
C0mpan1e5 w1th e4u1va1ent re5u1t5• F0r 5tructured Pr09ramm1n9, 
a11 an5wer5 are ye5. 

1 pr0p05e that the key t0 under5tand1n9 5tructured 
Pr09ramm1n9 15 t0 under5tand the c0ncept 0f the ••5c0pe 0f the 
var1a61e••. 7he 5c0pe 0f a var1a61e may 6e def1ned t0 6e that 
9r0up 0f Pr09ramm1n9 5tatement5 0ver wh1ch the var1a61e ha5 a 
c0n5tant 1nterpretat10n. N0te that a var1a61e wh1ch 15 u5ed 
a5 a c0ntr01 var1a61e 1n tw0 d15j01nt 100p5, ha5 tw0 d15j01nt 
5c0pe5. 7h15 15 a 51tuat10n c0mm0n1y enc0untered 1n F0R7RAN 
and C080L. 7he 6a515 f0r th15 pr0p05a1 15 tw0-f01d: (1) 1t 
appear5 t0 w0rk n1ce1y, and (2) the ear11er w0rk 0f the tw0 
maj0r c0ntr16ut0r5: E. W. D1jk5tra and C. 80hm 1nv01ved 
Pr09ramm1n9 5y5tem5 1n wh1ch the 5c0pe 0f var1a61e c0ncept 
wa5 6a51c. 1t 15 d1ff1cu1t n0t t0 a55ume that th15 ear11er 
w0rk 1nf1uenced the1r appr0ach t0 5tructured pr09ramm1n9. 

1. E.W. D1jk5tra ha5 10n9 6een a550c1ated w1th 
the AL60L eff0rt. Rem0v1n9 the 6070 fr0m AL60L y1e1d5 a 
1an9Ua9e very 51m11ar t0 P. J. Land1n•5 15W1M 1an9ua9e. 
15W1M 15 a 11n9u15t1c treatment 0f Church•5 1am6da ca1cU1U5. 
1n the 1am6da ca1cu1u5, the 5c0pe 0f a11 var1a61e5 are 
exp11c1ty def1ned. [4, 5]. 

2. 7he three 6a51c 5tructure5 pr0p05ed 6y C. 80hm 
and 6. Jac0p1ne, when c0n51dered 1n term5 0f AL60L have the 
pr0perty that the 5C0pe 0f a11 var1a61e5 15 kn0wn Up0n entry 
1nt0 the 5tructure. 50me 0f 80hm•5 ear11er w0rk wa5 w1th h15 
CUCH 1an9ua9e, a 1an9ua9e 5tr0n91Y 1nf1uenced 6y the 1am6da 
Ca1CU1u5. [2]. 
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1t 15 ~nder5tanda61e that 1n 9enera1, we are un- 
aware 0f the 5c0pe 0f var1a61e c0ncept. 1 6e11eve that 1t 
15 5afe t0 5ay that w1th 6ut few expect10n5, Pr09ramm1n9 1n 
the U~5.A. 15 acc0mp115hed u51n9 e1ther F0R7RAN 0r C080L. 
1n 60th ca5e5, the ••5c0pe 0f var1a61e•• 15 n0 pr061em. A11 
var1a61e5 are 9106a1~ A5 a re5u1t, the avera9e Pr09rammer 
rare1y 91ve5 1t any th0u9ht. 

70 e5ta6115h the v1a6111ty 0f the c0ncept, p1ea5e 
re-cDn51der tw0 9enera112at10n5 0ffered 1n a recent art- 
1C1e [4]. (1) 7he 9enera112at10n 0f the 1F-7HEN-EL5E 
c0nd1t10na1 fr0m a tw0-va1ued t0 a mu1t1-va1ued 0perat10n 
and, (2) 7he 9enera112at10n t0 a110w a6n0rma1 term1nat10n 
(ex1t) fr0m a repet1t10n 100p 6y re1ax1n9 the 51n91e-entry/ 
51n91e-ex1t ru1e. 

1n the ca5e 0f the mu1t1-va1ued 0perat10n (ne5ted 
1F-7HEN-EL5E) the ••9enera112at10n•• can 6e v1ewed m0re 5tr0n91Y, 
5uch a5, a5 a the0rem. 7he var1a61e5 up0n wh1ch the 1f-c1au5e 
dec1510n 15 made 15 kn0wn up0n entry 1nt0 the 610ck and ex15t5 
f0r the 5c0pe 0f e1ther 7rue 0r Fa15e 610ck5. F19ure 1 15 
0ffered a5 a p1ct0r1a1 pr00f 0f the ••the0rem••. 

An 1ntere5t1n9 065ervat10n Can 6e made. 7he 
5tructured f10wchart need n0t 6e a dec1510n-f0r-dec1510n 
repre5entat10n 0f the pr09ram c0de. Rather, 1t can 6e a 
de5cr1pt10n 0f the appr0ach, 5uch a5 a ••61ack 60x•• d1a9ram 
1n en91neer1n9. L0ca1 c0nvent10n5 w0U1d e5ta6115h h0w the 
repre5entat10n w0u1d 6e enc0ded, 1.e. 1n F0R7RAN u51n9 the 
C0mputed 6070 a55um1n9 the ava11a6111ty 0f a 5u1ta61e 
funct10n 9(A), 0r u51n9 5e4uent1a1 1F 5tatement5, 5ee 
F19ure 2. 

7he re-exam1nat10n 0f the 9enera112at10n 0f the 
repet1t10n 610ck 1n wh1ch an a6n0rma1 ex1t 15 a110wed, e.9. 
re1ax1n9 the 51n91e-entry/51n91e-ex1t ru1e, cann0t 6e treated 
50 6r1ef1y. 

7w0 ca5e5 are 0f 1ntere5t: 

Ca5e 1: 7he 5u65e4uent pr0ce551n9 fr0m the a6n0rma1 
ex1t and the n0rma1 ex1t mer9e at 50me 1ater p01nt 1n the 
Pr09ram, 5ee F19ure 3. A 5pec1a1 ca5e 15 where they d0 n0t; 
a11 5u65e4uent pr0ce551n9 15 1ndependent. 5ee F19ure 3a. 

Ca5e 2: 5u65e4uent t0 the pr0ce551n9 fr0m the 
a6n0rma1 ex1t, c0ntr01 100p5 6ack t0 a p01nt, pr10r t0 the 
repet1t10n 610ck w1th0ut mer91n9 w1th the c0ntr01 5tream 
fr0m the n0rma1 ex1t. 5ee F19ure 5. 

F19ure 4 repre5ent5 an a1ternat1ve appr0ach t0 
the 1091c dep1cted 1n F19ure 3. 8y 1ntr0duc1n9 a c0ntr01 
var1a61e, 1n th15 ca5e C1, and 1nc1ud1n9 the 5u65e4uent 
pr0ce551n9 53 and 54, 1t 15 p055161e t0 rea112e the Pr09ram 
1091c 0f 3 u51n9 the 6a51c 610ck c0mp0nent5 0f 80hm and 
Jac0p1ne. 51nce the c0ntr01 var1a61e C1 ex15t5 0n1y 1n- 
terna1 t0 the 610ck, c0nta1n1n9 var1a61e5 A and 8, then t0 
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1mp1ement the 1091c 0f F19ure 3 1n term5 0f the 1091c 0f 
F19ure 4 m19ht 6e c0n51dered a5 ••academ1c••0 F19ure 4, then 
may 6e v1ewed a5 the ••pr00f•• 0f F19ure 3. 1t 15 1mp0rtant 
t0 n0te that the 610ck 0f F19ure 3 ha5 the pr0perty 0f 
51n91e-entry/51n91e-ex1t and that 1t 15 n0n-reduc161e. 
A1th0u9h c0mp1ex, 1t 15 a c0mp1ete, a16e1t 1rreduc161e 
m0du1e; the 610ck5: 51, 52, 53, and 54 are 1nte9ra1 mem6er5 
0f the ~repet1t10n w1th a6n0rma1 ex1t•• 610ck. 

F19ure 5 dep1ct5 the 5ec0nd ca5e where the a6n0rma1 
ex1t 100p5 6ack eventua11y t0 a p01nt pr10r t0 the repet1t10n 
610ck. F19ure 6 dep1ct5 the 1091c 0f F19ure 5 1n term5 0f 
the 6a51c 610ck5. 

A9a1n, a5 a60ve, 1t ha5 6een nece55ary t0 1ntr0- 
duce a new c0ntr01 var1a61e C2 a5 we11 a5 c0n51der the 
5u65e4uent pr0ce551n9 53 and 54. 1n add1t10n, 1t 15 n0w 
nece55ary t0 c0n51der the prev10u5 pr0ce551n9 55. N0te, 
h0wever, that wh11e the 5c0pe 0f the c0ntr01 var1a61e C1 
6e9an w1th the repet1t10n 610ck 1n the prev10u5 examp1e, 
1t c0nta1n5 the repet1t10n 610ck 1n the 5ec0nd. Further- 
m0re, the 1091c 5h0w5 ne5ted repet1t10n 610ck5: F19ure 6 
c0n5t1tute5 the ••pr00f•• 0f the 1091c 0f F19ure 5. 1t 5h0u1d 
6e n0ted that much 0f the Pr09ram 1091c 15 h1dden, name1y 
that the 5c0pe 0f the var1a61e C2 6e91n5 prev10u5 t0 the 
current 610ck, 1.e. 1t may c0nta1n the 5c0pe 0f the var- 
1a61e5 A and 8. 

7hu5, 1f the pr0pert1e5 0f 5tructured Pr09ramm1n9 are 
de51red t0 6e reta1ned 1t 15 n0t p055161e t0 9enera112e the 
repet1t10n 100p t0 a110w a6n0rma1 term1nat10n 51mp1y 6y re- 
1ax1n9 the 51n91e-entry/51n41e-ex1t ru1e. 0ne may 06ta1n the 
de51red eff1c1enc1e5 0n1y 6y def1n1n9 a m0re c0mp1ex, we11 
5tructured m0du1e. 

7he Pr09ram 1091c 0f F19ure 5 15 0ften enc0untered. 
F0r examp1e, 1n u51n9 50me 0f the packa9e 50ftware 5y5tem5 n0w 
ava11a61e, 5uch a5 9enera112ed data 6a5e mana9ement 5y5tem5, 
1t 15 nece55ary t0 te5t f0r a 5ucce55fu1 5y5tem 0perat10n pr10r 
t0 c0nt1nu1n9 the pr0ce551n9 0f the data. 1n ear11er year5, 
a 51m11ar examp1e wa5 the te5t1na f0r 5ucce55fu1 1/0 0perat10n. 
1n many ca5e5 the pr09ram 1091c f0r pr0ce551n9 the 5y5tem 
0perat10n 15 1nterm1xed w1th that f0r pr0ce551n9 the data. 70 
attemnt t0 d0 th15 1n 5tructured Pr09ramm1n9 w113 6e d1ff1cu1t 
(p055161y 1mp055161e, 6ut at 1ea5t very fru5trat1n9). ~1 
a1ternat1ve appr0ach 15 t0 part1t10n the pr09ram 1091c acc0rd1n9 
t0 the data and pr0ce551n9 06ject1ve5, 1.e. 5trat1fy the c0ntr01 
and Pr09ram 1091c. 7hen w1th1n each 1eve1 0f 5trat1f1cat10n, 
5tructured pr09ramm1n9 pr1nc1p1e5 can 6e app11ed. 

8y the5e examp1e5, 1t 15 h0ped that the r01e p1ayed 
6y the 5c0pe 0f var1a61e c0ncept 15 apparent. 8y the 1ntr0- 
duct10n 0f appr0pr1ate var1a61e5 any Pr09ram 5h0u1d 6e def1na61e 
1n term5 0f the 6a51c, ax10mat1c m0du1e5. 70 6e a61e t0 d0 1t, 
thu5 ••pr0ve5•• the 0r191na1 Pr09ram and an5wer5 aff1rmat1ve1y 
the 4ue5t10n5: 0n What 6a515 are m0du1e5 def1ned• Can the 
ru1e(5) 6e app11ed c0n515tent1y• Repet1t1ve1y• 8y d1fferent 
pe0p1e 1n d1fferent c0mpan1e5 w1th e4u1va1ent re5u1t5• 
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1n 9enera1, 5tr1ct adherence t0 the 5tructured 
Pr09ramm1n9 appr0ach w111 y1e1d tree-5tructured Pr09ram5. [6]. 
7he a60ve d15cu5510n 5h0w5 0ne meth0d f0r 51mp11fy1n9 the 
Pr09ramm1n9 and 9a1n1n9 a de9ree 0f eff1c1ency. An0ther 
meth0d 15 t0 rec09n12e and m1n1m12e the 0ccurrence 0f 1den- 
t1ca11y funct10na1 m0du1e5. 7w0 ca5e5 are 0f 1ntere5t: 

Ca5e 1. F0r a 91ven 5u65et 0f 0ccurrence5 0f the 
c0mm0n m0du1e, the 5u65e4uent Pr09ram t0 6e executed 15 
1dent1ca1. 1n th15 ca5e, the c0mm0n m0du1e and 5u65e4uent 
Pr09ram can 6e fact0red 0ut and 1dent1f1ed a5 a m0du1e t0 
wh1ch c0ntr01 15 tran5ferred. 

Ca5e 2. F0r a 91ven 5u65et 0f 0ccurrence5 0f the 
c0mm0n m0du1e, the 5u65e4uent Pr09ram 15 d1fferent. 1n th15 
ca5e, the c0mm0n m0du1e can 6e fact0red 0ut and 1dent1f1ed 
a5 a 5u6r0ut1ne. 

7he de9ree 0f app11cat10n 0f the5e ru1e5 appear 
t0 6e heur15t1c 1n a5 much a5 they repre5ent a c0mpr0m15e 
6etween Pr09ram 1en9th, execut10n 5peed and c0ntr01 path 
c0mp1ex1ty. 70 an extent, 1t w0u1d 5eem that they c0u1d 6e 
perf0rmed mechan1ca11y. 

Fr0m the a60ve d15cu5510n, 1t 15 p055161e t0 0ut- 
11ne a Pr09ramm1n9 appr0ach: 

1) 5ynthe512e a Pr09ram t0 501ve the def1ned 
pr061em, u51n9 prev10u51y def1ned 0r ax10mat1c m0du1e5, 
1nterc0nnect1n9 them f0110w1n9 5tructured pr09ramm1n9 c0n- 
cept5. 

2) 7e5t the 5ynthe512ed 50]ut10n ~9a1n5t the 06- 
ject1ve5 0f the def1ned pr061em. 

1t 6y: 
3) 1f the pr09ram 5at15f1e5 the pr061em, 51mp11fy 

a) def1n1n9 new m0du1e5 1n th05e Ca5e5 when 
tr1v1a1 u5e ha5 6een made 0f c0ntr01 
Var1a61e5. 

5) fact0r 0ut c0mm0n m0du1e5 e1ther a5 5u6- 
r0ut1ne5 0r a 5u65e4uent, 5e4uent1a11y 
executed m0du1e. 

7he extent t0 wh1ch the app11Cat10n 0f th15 appr0ach 
pr0V1de5 p051t1ve an5wer5 t0 the a60ve 4ue5t10n5 w0u1d appear 
t0 6e n0 1e55 than what 15 pr0V1ded 6y the trad1t10na1 
en91neer1n9 appr0ache5 1n the re5pect1ve d15c1p11ne5. 
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+ 
F16URE 1 

P1ct0r1a1 •pr00f• 0f the mu1t1-va1ued dec1510n 
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F16URE 2 
Var10u5 Pr09ram 1091c f0r the mu1t1-Va1ued deC1510n 
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