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W1th the advent 0f 5tructured pr09ramm1n9 and 6070-1e55 pr09ramm1n9 
a meth0d 15 8eeded t0 m0de1 c0mputat10n 1n 51mp1y 0rdered 5tructure5, 
each repre5ent1n9 a c0mp1ete th0u9ht p055161y def1ned 1n term5 0f 0ther 
th0u9ht5 a5 yet undef1ned. A m0de1 15 needed wh1ch prevent5 unre5tr1cted 
tran5fer5 0f c0ntr01 and ha5 a c0ntr01 5tructure c105er t0 1an9ua9e5 
amena61e t0 5tructured pr09ramm1n9. We pre5ent an attempt at 5uch a 
m0de1. 

7yp1ca11y, c0mputer pr09ram5 90 thr0u9h var10u5 pha5e5 

0f f0rmu1at10n and def1n1t10n. Dur1n9 0ne 0f the5e pha5e5 a f10w- 

chart may 6e drawn t0 de5cr16e the Pr09ram at a 1eve1 0f a65tract10n 

50mewhere 6etween the pr061e.n 5tatement and the c0de 0f the c0mp1eted 

pr09ram. 7he pr09rammer de519n5 the f10wchart 1n 5uch a way that 1t 

can 6e c0ded ea511y 1nt0 a c0nven1ent pr09ramm1n9 1an9ua9e, yet keep5 

the under1y1n9 a190r1thm 5uff1c1ent1y tran5parent t0 th1nk a60ut 1n 

m0du1ar term5. Unf0rtunate1y the c0nvent10na1 f10wchart 1an9ua9e 

ha5 a5pect5 that make 1t 60th t00 p0werfu1 and yet t00 51mp1e a 1an8ua9e 

t0 m0de1 current pr09ramm1n9 techn14ue5. 7he5e techn14ue5 tend t0ward 

a m0re re5tr1ct1ve c0ntr01 5tructure wh1ch the f10wchart cann0t de5cr16e 

n1ce1y. Certa1n c0ntr01 5tructure5 1n Pr09ramm1n9 1an9ua9e5, 
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5uch a5 1%erat10n, have n0 d1rect tran51at10n t0 f10wchart 1an- 

9ua9e a~d mu5t 5e 6u11t fr0m 51mp1er c0ntr01 5tructure5~ there6y 

1051n9 the f0re5t 1n the tree50 0n the 0ther hand, the p0wer the 

unre5tr1cted 6070 aff0rd5 pre5ent5 pr061em5 1n 1091ca1 ana1y515 0f 

pr09ram5 and Pr09ram ver1f1cat10n, 0pt1m12at10n, and de6u991n9. 7he 

tran51at10n fr0m f10wchart t0 c0mputer Pr09ram 15 a 0ne t0 many re1- 

at10n5h1p wh05e 0utput ran9e5 0ver pr09ram5 0n1y 50me 0f wh1ch are 

1e9161e, c0nc15e, and eff1c1ent. 

70p-d0Wn Pr09ramm1n~ a5 def1ned 6y M1115 (1) (0r the t0p- 

d0wnm0du1ar12at10n 0f Wu1f et a1 (2)) 15 the techn14ue 0f ana1y21n9 

an 1dea t0 f0rm 51mp1er 1dea5, and recur51ve1y app1Y1n9 the techn14ue. 

7he5e 1dea5 may take the f0rm 0f pr09ram5, 5u6r0ut1ne5, 

macr05, 11ne5 0f c0de, 0r 0ther m0du1ar f0rm5. D1jk5tra•5 5tructured 

pr09ramm1n9 (3) 0r9an12e5 pr09ram c0mp0nent5 1nt0 1eve15 wh1ch he ca115 

pear15, and 5tr1n95 them t09ether 1nt0 a neck1ace (read ••pr09ram5••). 

1n add1t10n, D1jk5tra pr0p05e5 a60115h1n9 the u5e 0f unre5tr1cted 60705 

t0 he1p prevent unw1e1dy pr09ram5 wh1ch are d1ff1cu1t t0 ana1y2e (4). 

7he the0ret1ca1 6a515 f0r 0ur repre5entat10n 0f 5tructured 

pr09ram5 wa5 91ven 6y 80hm and Jac0p1n1 (5). 7hey de5cr16ed a f10wchart 

1an9ua9e wh05e a1pha6et c0n515ted 0f 

J 
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and then pr0ceeded t0 pr0ve that any pr09ram wr1tten 1n that 1an9ua9e 

c0u1d a150 6e wr1tten 1n a m0d1f1ed 5u65et 0f that 1an9ua9e wh05e 

a1pha6et c0n515t5 0n1y 0f 

D 
~Np 

and 1nterpreted pr0ce55e5 0n a 8001ean 5tack: 

K(v,w) = w 

7(w) = (t,w) 

F(w) = (f,w) 

~v.~) ,v v, (~.~} . 

N0te that any pr09ram 1n the 5u65et 1an8ua8e 15 a pr09ram 1n the f10w- 
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chart 1an9ua9e~ and that n0 ar61trary tran5fer5 0f c0ntr01 are perm1tted 

0r even nece55ary, 

7he1r meth0d 0f n0r~a112at10n, a1th0u9h c0n5truct1ve~ 

5uffered fr0m the fact that 1t pr0duced 065cure pr09ram5 due t0 the 

1ntr0duct10n 0f 8001ean5 wh05e u5e wa5 5tr1ct1y 0verhead. 1t wa5 

ar9ued (4) that th15 50rt 0f n0rma112at10n 5h0u1d 6e an 1nte9ra1 part 

0f the th0u9ht pr0ce55e5 that c0ntr16ute t0 wr1t1n9 a Pr09ram, 1.e. 

1t 5h0u1d 6e d0ne a pr10r1. 

W1th the advent 0f 5tructured Pr09ramm1n9, t0p-d0wn 

Pr09ramm1n9, and 6070-free pr09ramm1n9, a meth0d 15 needed t0 m0de1 

C0mputat10n 1n 51mp1y 0rdered 5tructure5, each repre5ent1n9 a C0mp1ete 

th0u9ht p055161y def1ned 1n term5 0f 0ther th0u9ht5 a5 yet undef1ned. 

We pr0p05e a f10wchart 1an9ua9e wh05e c0ntr01 5truCture 

15 c105er t0 that 0f 1an9ua9e5 amena61e t0 5tructured Pr09ramm1n9. 1t5 

ma1n advanta9e5 0Ver the c0nvent10na1 f10wchart 1an9ua9e are: 

1. 7he 5c0pe 0f 1terat10n 15 we11-def1ned and v15161e 

2. 7he 5c0pe 0f 1F-7HEN-EL5E c1au5e5 15 we11-def1ned and 

v15161e; m0re0ver, the c0nd1t10n5 0n pr0ce55 60xe5 

em6edded w1th1n c0mp0und c0nd1t10na15 can 6e ea511y 5een 

fr0m the d1a9ram. 

3. 7he 5C0pe 0f 10ca1 and 9106a1 var1a61e5 15 1mmed1ate1y 

06v10u5. 

4. Ar61trary tran5fer5 0f c0ntr01 are 1mp055161e. 

5. C0mp1ete th0u9ht 5tructure5 can and 5h0u1d f1t 0n n0 m0re 

than 0ne pa9e (1.e. n0 0ff-pa9e C0nneCt0r5). 

6. ReCur510n ha5 a tr1V1a1 repre5entat10n. 

Any 5et 0f f10wchart 5ym6015 mu5t repre5ent the 6a51c 

c0ntr01 0perat10n5 that are ava11a61e t0 the Pr09rammer. Certa1n1y,~ 

the pr0ce55, 1terat10n, and dec1510n funct10n5 are 5uch 5a51c 0perat10n5. 
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5tructure c0u1d 6e put 1n 1t5 p1ace. 

a10ne 15 a 5tructure. 

1n add1t10n we 1nc1ude a 8E61N-END 5ym601 f0r repre5ent1n9 610ck 5truc- 

ture and f0r perf0rm1n9 50me 0f the funct10n5 0f the 57AR7 and END 610ck5 

1n ear11er f10wchart1n9 5y5tem5, 7he5e f0ur 5ym6015 pr0v1de a n0ta- 

t10na1 6a515 f0r repre5ent1n9 m05t 0perat10n5 6ut add1t10na1 5ym6015 

and c0ncept5 w111 6e 1ntr0duced 1ater t0 1mpr0ve the pract1ca11ty 

and 9enera11ty 0f the n0tat10n0 

C0m61nat10n5 0f the f0ur 6a51c 5ym6015 may 6e made t0 f0rm 

5tructure5, a11 0f wh1ch are 1a6e1ed and are rectan9u1ar 1n 5hape. 

7he a65ence 0f any repre5entat10n f0r the 6ranch 1n5truct10n f0rce5 the 

u5er t0 de519n Pr09ram5 1n a 5tructured manner free fr0m 6ranch 

1n5truct10n5. 

7he pr0ce55 5ym601 (f19ure 3) 15 u5ed t0 repre5ent a5519n- 

ment, 1nput/0utput 5tatement5 a5 we11 a5 pr0cedure ca115 and return5. 

Add1t10na1 n0tat10n may 6e 1ntr0duced t0 d15t1n9u15h 6etween the5e three 

c1a55e5 0f 5tatement5. 7he 5hape 0f the pr0ce55 5ym601 15 rectan9u1ar 

6ut 1t5 part1cu1ar d1men510n5 may 6e ch05en at the u5er•5 c0nven1ence. 

1t 5h0u1d 6e c1ear that whenever a pr0ce55 5ym601 0ccur5, an ent1re 

A 1a6e1ed pr0ce55 5ym601 5tand1n9 

EL F 

0L u5  

7 EN 
6L kLJ5E 

. 

1111 
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~ne dec1510n 57~601 (f19ure 4) 15 u5ed t0 repre5ent the 

1F-7HEN-EL5E 5tatement f0und 1n PL/1, AL60L, and 51m11ar 1an9ua9e5. 

7he centra1 tr1an91e c0nta1n5 a 8001ean expre5510n, the 1eft and r19ht 

tr1an91e5 c0nta1n a 7 0r an F (0r 0ther n0tat10n) t0 repre5ent the 

p055161e 0utc0me5 and the pr0ce55 5ym6015 c0nta1n the 5e4uence 0f 

0perat10n5 t0 6e perf0rmed depend1n9 0n the 0utc0me 0f the te5t. 

7he 1terat10n 5ym601 (f19ure 5) 15 u5ed t0 repre5ent 

100p1n9 5tatement5 5uch a5 the D0 WH1LE 5tatement 0f PL/1 0r the 

F0R 5tatement 0f AL60L. 7he 60dy 0f the 1terat10n 15 a 5tructure 

0f ar61trary c0mp1ex1ty. 7he f0rm 0f the 1terat10n 5ym601 ha5 the 

advanta9e that 1t c1ear1y 5h0w5 the 5c0pe 0f the 1terat10n. 7he 

1eft hand p0rt10n 0f the 5ym601 pr0v1de5 a path t0 f0110w 1f the 

re4u1red num6er 0f 1terat10n5 ha5 6een c0mp1eted (0r 50me c0nd1t10n 

term1nate5 the 1terat10n). Ne5ted 1terat10n5 are ea511y repre5ented 

6y ne5t1n9 the 5ym601 a5 many t1me5 a5 nece55ary (5ee Examp1e 2). 

D0 6L t5  18E61N 

P000Y 

/..=-N D 

F F10-. 6 
7he 8E61N-END 5ym601 (f19ure 6) 15 u5ed t0 repre5ent the 

8E61N-END 5tatement pa1r a5 f0und 1n AL60L 0r PL/1. 7h15 5ym601 15 

ak1n t0 the 6racket5 that many Pr09rammer5 draw 1n the 1eft mar91n 0f 

the1r Pr09ram5 t0 1nd1cat ne5ted 9r0up5 0f 5tatement5. 7h15 techn14ue 
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ene61e5 the Pr09rammer t0 ea511y rec09n12e the 5c0pe 0f h15 dec1arat10n5 

and the 1091ea1 5tructure5 1n h15 Pr09ram0 7he 60dy 0f the 8E61N-END 

5ym601 15 a 8tructure 0f ar61trary c0mp1ex1ty, 

~ e  1 7he 5tructure 1n f19ure 7 repre5ent5 a 51mp1e Pr09ram t0 

ca1cu1ate the fact0r1a1 0f a n0n-ne9at1ve 1nte9er N u51n9 

an 1terat1ve appr0ach. 

~ r,~07 ( ,x~ ~) 

11F~c1 ~ ;2 

14FAc~F = .1. 

F1 c,-1 

D0 ] ]~-8 ~ 0 N  

N F:~,~U-1 ~ 

1~ FA ( 4  -, ~.~ 

NFA(•7 

,.£ 

Examp1e 2 7he c0mp1ex ne5t1n9 0f a 5tandard matr1x mu1t1p11cat10n 

r0ut1ne 15 em60d1ed 1n the 5tructure 1n f19ure 8. 
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M A 7 H u a  
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3 U 6 4  = 0  ". 
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5 u M  -- 5 d r ~  e 

A5 wa5 ment10ned ear11er, a pr0ce55 5ym601 may repre5ent 

a ca11 t0 an0ther 5tructure. Recur510n may 6e repre5ented 4u1te 

natura11y 6y a pr0ce55 5ym601 c0nta1n1n9 the 1a6e1 0f the 5tructure 

1n wh1ch the pr0ce55 5ym601 15 10cated. 

Examp1e 3 F19ure 9 repre5ent5 a Pr09ram t0 ca1cu1ate the num6er 0f 

c0m61nat10n5 0f N 1tem5 taken K at a t1me. 7he ma1n 5tructure 

refer5 t0 an0ther 5tructure f0r a recur51ve ca1cu1at10n 0f 

fact0r1a1. 



516PLAN N0t1ce5 20 1975 Au9u5t 

:2 

C••,,.J • 
X/C•-•" 

-2 / 

2 

6 -  .~...,2 

-~7 L.L. 

11 

1-- 
<r•, 
6•... 

c8 

LL  

2 

2::> 
1---- 

~ 

,2• 

1 1 
-..---4 

c.P 

2 

2 

~<r~Lt- ~2u~ 2 L~:: 
2 ~ 

KJ 

2 
1 

7/ 

1L- 



516PLAN N0t1ce5 21 1973 Au9u5t 

E~amp1e 4 1%e de519n 0f the dec1510n 5ym601 f0rce5 the Pr09rammer 

t0 rec09n12e the 519n1f1cance 0f c0mp0und1n9 1F-7HEN-EL5E 

5tat~ment50 1n th15 examp1e (f19ure 10) the 1091ca1 

c0nd1t10n5 that h01d f0r each 0f the 5even pr0ce55 5ym6015 

15 v15ua11y determ1ned: 

1. n0t A 
2. n0t A and n0t 8 
3. n0t A and 8 
4. A and n0t C 
5. A and n0t C and n0t D 
6. A and n0t C and D 
7. A and C 

N0t 0n1y d0e8 th15 n0tat10n he1p the Pr09rammer t0 th1nk 

1n an 0rder1y manner, 1t f0rce5 h1m 0r her t0 d0 50. 

-1 A 
A• 

A 

1 

5 6 

10 
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7he a65ence 0f any repre5entat10n 0f the 6070 0r 6ranch 

5tatement re4u1re5 the pr09rammer t0 w0rk w1th0ut 1t: a ta5k 

wh1ch 6ec0me5 1nerea51n91y ea5y w1th pract1ce. Pr09ramMer5 wh0 

f1r5t ].earn t0 de519n pr09ram5 w1th the5e 5ym6015 never deve10p 

the 6ad ha61t5 wh1ch 0ther f10wchart n0tat10n 5y5tem5 perm1t. 

7he deve10pment 0f pr09ram5 w1th the5e 5ym6015 f0rce5 a 5tructured 

pr09ram and he1p5 prevent the pr09rammer fr0m deve10p1n9 a 

p00r1y 0r9an12ed pr09ram. 

51nce n0 m0re than f1fteen 0r twenty 5ym6015 can 6e drawn 

0n a 51n91e 5heet 0f paper, the Pr09rammer mu5t m0du1ar12e h15 

pr09ram 1nt0 mean1n9fu1 5ect10n5. 7he temptat10n t0 u5e 0ff-pa9e 

c0nnect0r5 wh1ch 1ead 0n1y t0 c0nfu510n, 15 e11m1nated. F1na11y, 

the ea5e w1th wh1ch a 5tructured f10wchart can 6e tran51ated 1nt0 

a 5tructured pr09ram 15 p1ea5ant1y 5urpr151n9. 

We 6e11eve that the c0ntr01 5tructure5 de5cr16ed a60ve 

are 5uff1c1ent t0 9et the f1av0r 0f the m0de1. H0wever, there 

are n0 5tr1ct ru1e5 re9ard1n9 the1r u5e. What we have de5cr16ed 

15 f0r the m05t part 1an9ua9e 1ndependant. 8ut 1n 0rder t0 make 

the tran51t10n fr0m f10wchart t0 c0mputer pr09ram m0re eff1c1ent, 

we need t0 expre55 m0re p0werfu1 1an9ua9e c0n5truct5 1n 0ur m0de1. 

8L155 (~6) and 8CPL (7) are tw0 1an9ua9e5 f0r 5y5tem5 

1mp1ementat10n. 7here 15 n0 6070 5tatement 1n 8L155 and 1t5 u5e 1n 

8CPL 15 d15c0ura9ed. 70 c0mpen5ate the de51re f0r 50me k1nd 0f 

11m1ted f0rward tran5fer, 8L155 u5e5 a c0n5truct Wh05e 5c0pe 15 11m1ted, 

name1y the EX17 c0n5truct (e.9. EX178L0CK, EX17L00P, etc.). 8CPL u5e5 

the 8REAK 5tatement t0 term1nate the 5ma11e5t textua11y enc1051n9 

1terat10n, and the L00P 5tatement t0 tran5fer c0ntr01 t0 the p01nt 

Ju5t 6ef0re the te5t (and p055161e 1ncrement 1f 1t 15 an 1ncrementa1 



516PLAN N0t1ce5 23 1973 Au9u5t 

1terat10n) 1n an 1terat10n0 70 u5e 5pec1f1c 1an9ua9e c0n5truct5 11ke 

the5e 0ne m19ht wr1te: 

F 16, ~J 
51nce a 8REAK 5 t a t e m e n t  0n1y make5 5en5e 1n a c0nd1 t10na1 ,  

8CPL 15 r1ch 1n c0nven1ent c0ntr01 and 1terat10n 5tructure5 

and pr0v1de5 f0r 100p te5t1n9 at the t0p (F0R, WH1LE, and UN71L), at 

the 60tt0m (REPEA7WH1LE, REPEA7UN71L) and at ar61trary p01nt5 w1th1n 

the 1terat10n (the REPEA7 and 8REAK c0m61nat10n). 7he f1r5t C0n5truct 

wa5 91ven ear11er: 

m m 

F1 8, ~2 ..... 
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7he 5ec0nd~ a5 0ne m19ht 9ue55 15: 

7he th1rd 15 n0t 50 natura1: 

8R[AK 

m 

Para11e1 pr0ce551n9 can 6e repre5ented 6y: 

x / 

1F15, 14 

F16-,1.E 
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7he CA5E 5tat~ent can 6e repre5ented a5: 

0 

A 
U 
L 

0cJkk- 
7he p01nt 15 that the m0de1 15 5uff1c1ent1y p0werfu1 t0 

a110w the Pr09rammer t0 6u11d h15 0wn 5tructure a5 he 1dent1f1e5 pattern5 

0f 0ther 5tructure5, 0r a5 the need ar15e5. 

A1th0u9h we have n0t made the Pr09rammer•5 j06 any 

ea51er, and 1n fact m0re f0reth0u2h~ may 6e re4u1red, we 6e11eve 

the 6enef1t5 1n de6u991n9, 5e1f-d0cumentat10n, and ma1ntenance 

9reat1y 0utwe19h the add1t10na1 c05t. 

Further exp10rat10n5 are rev01v1n9 a60ut the c0ntext- 

free nature 0f th15 1an9ua9e. We a150 n0te that wh11e the CQnt0ur 

M0de1 n1ce1y de5cr16e5 AL60L execut10n, 1t 15 even a n1cer de5cr1p- 

t10n 0f the execut10n 0f pr09ram5 wr1tten fr0m 5tructured f10wchart5, (8) 
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