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A65tract 

A new c0ntr01 5tructure c0n5truct, the wh11e-unt11, 15 1ntr0duced 
a5 a 5yntact1c c0m61nat10n 0f the wh11e and the unt11. Examp1e5 are 
5h0wn 1nd1cat1n9 that u5e 0f the wh11e-unt11 can 1ead t0 5tructured 
pr09ram5 that are c0nceptua11y m0re mana9ea61e than th05e atta1na61e 
w1th0ut 1t. 7he wh11e-unt11 5tatement 15 then extended t0 a va1ue- 
return1n9 expre5510n wh1ch 15 5h0wn t0 6e m0re p0werfu1 than e1ther 
the wh11e 0r the unt11. 

A maj0r 5u99e5t10n 0f 5tructured Pr09ramm1n9 15 t0 emp10y 100p1n9 
c0ntr01 5tructure5 1n 0rder t0 6reak the pr09ram d0wn 1nt0 c0ncep- 
tua11y mana9ea61e un1t5. 7he purp05e 0f th15 paper 15 t0 pr0p05e an 
add1t10na1 100p1n9 c0ntr01 5tructure c0n5truct (the wh11e-unt11) that, 
1n certa1n 1n5tance5, y1e1d5 Pr09ram 100p5 that are c105er t0 the 
c0nceptua1 0r9an12at10n 0f the 5e9ment than 15 p055161e w1th the 
ex15t1n9 c0n5truct5. 7he wh11e-unt11 a5 a 5tatement w111 6e 5h0wn 
t0 6e e4u1va1ent t0 the ex15t1n9 100p1n9 c0ntr01 5tructure5. 7he 
wh11e-unt11 a5 a va1ue (8001ean) return1n9 expre5510n w111 6e 5h0wn 
t0 6e a m0re p0werfu1 c0ntr01 5tructure than the wh11e 0r unt11 5truc- 
ture5 d15cu55ed 6y D1Jk5tra [1]. 

7he ex15t1n9 c0n5truct5 that we are c0ncerned w1th are 

wh11e 6 repeat 5 
and 

repeat 5 unt11 8 

D1Jk5tra [1] pre5ent5 the5e 9raph1ca11y a5 1n F19ure5 1 and 2. 

r 1 ..... 

J 

F19. 1 wh11e 6 repeat 5 F19. 2 ~epeat 5 unt11 6 
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7he 5yntact1c c0n5truct we are pr0p051n9 15 

wh11e 81 ~ 5 unt11 82 

wh1ch 15 pre5ented 9raPh1ca11y 1n F19ure 30 

F19. 3 
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7he wh11e-unt1. ....1 d0e5 n0t 1nv01ve ne5t1n9, 6ut 15 50me 0ther c0m- 
61nat10n [••2] 0f the feature5 0f the wh11e and the unt11 100p5. 7he 
wh11e-unt11 may 6e rep1aced 6y the unt11 0r the wh11e a5 the 0n1y 
100p1n9 5tructure 51nce 

wh11e ~1 repeat. 5 unt11 ~2 
15 e4u1va1ent t0 

1f 81 then repeat 5 unt11 1f(82 then true e15e ~81) 

and a150 t0 

1f.81 then 6e91n 5; wh11e 1f(82 then fa15e e15e 81) repeat 5 Lnd 

1f e5cape (0r 6reak 0r ex1t) were emp10yed, an0ther e4u1va1ent f0rm 15 

A: wh11e 81 repeat 

5; 1f 82 then e5cape A Lnd 

end A 
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1n th05e ca5e5 where F19ure 3 15 the de51red c0ntr01 5tructure 1t 
appear5 that the wh11e-unt11 y1e1d5 c1earer, m0re under5tanda61e 
c0de than any 0f the a60ve a1ternat1ve5. We can paraphra5e the 
5emant1c c0ntent 0f the wh11e-unt11 a5: ••wh11e 1t 15 p055161e t0 
try, keep trY1n9 unt11 y0u 5ucceed.•• 7he wh11e and the unt11 100p5 
can 6e def1ned 1n term5 0f the wh11e-unt11 1n the f0110w1n9 way: 

wh11e 8 r e ~  5 = wh11e ~ repeat 5 unt11 fa15e 
and def 

5 unt11 8 = wh11e true repeat, 5 unt11 8 
def 

7he wh11e-unt11 15 a natura1 c0ntr01 5tructure f0r 5earch1n9, 
51nce every 5earch~term1nate5 e1ther 6y f1nd1n9 the de51red e1ement 
0r 6y determ1n1n9 that 1t 15 n0t pre5ent, A5 an examp1e, we 5h0w 
1t5 u5e f0r a 61nary 5earch: 

c0mment F1nd 1tem A 1n ta61e 7[1:N] ; 

10w :=0; 

h19h := N + 1; 

wh11e 10w < h19h - 1 repeat 

try := (10w + h19h) / 2; 

1f 7[try] < A then 10w := try e15e h19h := try 

unt11 7[try] = A; 

An appr0pr1ate app11cat10n f0r the wh11e-unt11 0ccur5 whenever a 100p 
1nc1ude5 tw0 0perat10n5, 0ne 0f wh1ch re4u1r1n9 a te5t pr10r t0 1t5 
execut10n and the 0ther re4u1r1n9 a te5t wh1ch can 0n1y 6e perf0rmed 
after 1t5 execut10n. An examp1e 0f th15 15: c0py a f11e up t0 and 
1nc1ud1n9 the end-0f-f11e mark 0nt0 an 0utput f11e, h0wever, n0th1n9 
may 6e wr1tten 0n the 0utput f11e un1e55 there 15 en0u9h 5pace f0r 
a rec0rd. 

c0mment C0py f11e 1NPU7 0nt0 the f11e 0U7PU7; 

wh11e 5pace1eft(0U7PU7) repeat 

1n6uffer(1NPU7, 6); 

0ut6uffer(0U7PU7, 6) 

unt11 E0f(1NPU7); 

1n 1an9ua9e5 1n wh1ch 5tatement5 are expre5510n5 hav1n9 va1ue5, 
f0r examp1e L15P [3]~ AL60L 68 [4] and 8L155 [5], the wh11e-unt11 
can 6e a5519ned a va1ue 1n an e5pec1a11y u5efu1 way. We def1ne the 
va1ue 0f the wh11e-unt11 expre5510n t0 6e the va1ue 0f the 1a5t eva1- 
uated 8001ean. 7hat 15, the va1ue 0f 

wh11e 81 repeat 5 unt11 82 

15 fa15e 1f and 0n1y 1f the 100p term1nate5 due t0 the eva1uat10n 0f 
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wh11e 81 

5 

unt11 8 2 

true fa15e 

F19. 4 va1ue return1n9 wh11e-unt11, 111u5trated a5 5tandard f10wchart5 
and a pr0p05a1 f0r 5tructured f10wchart [6]. 

7here are tw0 way5,1n wh1ch the 100p may 6e term1nated: the Pr09rammer 
w111 want t0 a5certa1n wh1ch 0f the tw0 8001ean5 cau5ed term1nat10n. 
7h15 15 prec15e1y the 1nf0rmat10n pr0v1ded 6y the va1ue 0f the wh11e- 
unt11. 

U51n9 the va1ue 0f the wh11e-unt11, we may ea511y 1nc0rp0rate the 
a60ve 5earch r0ut1ne 1nt0 an 1n5ert10n. 

c0mmef1t 7[1:M] 15 a ta61e c0nta1n1n9 N < M act1ve e1ement5. 
1n5ert A 1n 7 1f 1t 15 n0t a1ready pre5ent; 

10w := 0; 

h19h := N + 1; 

1f-,(wh11e 10w < h19h- 1 repeat. 

try := (10w + h19h) / 2 

1f 7[try] < A then 10w := try e15e h19h :- try 

unt11 7[try] - A) 

then 1n5ertafter(A,7,10w); 
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7he prev10u51y pre5ented c0py r0ut1ne can 6e 1nc0rp0rated 1nt0 an 
a190r1thm that u5e5 up t0 N 0utput f11e5, depend1n9 0n the 1en9th 0f 
the 1nput f11e: 

c0mment P1ace 0ne c0py 0f f11e 1NPU7 0nt0 0U7PU7[1:N] a5 needed; 

1 :~ 0 

wh11e 1 < N 

1f 1 > 0 then C105e(0U7PU7[1]); 

1 := 1 + 1 

0pen(0U7PU7[1]) 

unt11 (wh11e 5pace1eft(0utput[1]) 

1n6uffer(1NPU7, 6) 

0ut6uffer(0U7PU7[1], 6) 

unt11 E0f(1NPU7)); 

C105e(0U7PU7[1]) 

Ear11er, we 5h0wed that the wh11e-unt11 5tatement 15 def1na61e 
1n term5 0f Ju5t the Wh11e 0r Ju5t the unt11. 7h15 15 n0t true, 
h0wever, f0r the wh11e-unt11 expre5510n. Peter50n, Ka5am1, and 70kura 
[7], P. 506, have 5h0wn that ••7here ex15t f10wchart5 that cann0t 6e 
tran51ated 1nt0 [1f and unt11] Pr09ram5 w1th 51n91e-1eve1 ex1t5, even 
1f n0de 5p11tt1n9---15 a110wed.•• 7he1r examp1e 0f 5uch a f10wchart 15 
5h0wn 1n F19ure 5. 7he f0110w1n9 pr09ram u51n9 va1ue-return1n9 wh11e- 
unt11 and 1f expre5510n 15 a tran51at10n 0f th15 f10wchart. 

5; wh11e (1f A then 

(1f (wh11e ~rue repeat a 1 .unt11 true) 

then (1f (wh11e 8 re0eat 61 

unt11 (1f C then true 

e15e ~(wh11e true repeat c 2 unt11 true))) 

then (wh11e true repeat c 1 unt11 true) 

e15e w(wh11e true repeat 62 unt11 true)) 

e15e fa15e) 

e15e (wh11e true repeat a 2 unt11 true)) 

.~ea~ unt11 (1f D then ~(wh11e true repeat • d 1 unt11 true) 

e15e (wh11e true repeat d 2 Unt11 true)); 7 
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F19. 5 F10wchart fr0m Peter50n, Ka5am1, and 70kura [7]. 
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51m11ar1y, A5hcr0ft and Manna [8] have exh161ted a f10wchart, 5h0wn 
1n F19ure 6, wh1ch cann0t 6e tran51ated 1nt0 an 1f and wh11e Pr09ram. 
7he f0110w1n9 wh11e-unt11 Pr09ram, due t0 M. Wandmand D. W15e, 15 a 
tran51at10n 0f th15 f10wchart. 

1f (wh11e (1f (wh11e P repeat h unt11 fa15e) then true 

e15e Q) 

repeat h 

unt11 ~(wh11e (1f (wh11e Q repeat 9 unt11 fa15e) then true 

e15e P) 

repeat 9 unt11 true)) 

then 9 e15e h 

We have 1n~r0duced the wh11e-unt11 a5 an add1t10na1 c0ntr01 5truc- 
ture f0r 5tructured Pr09ramm1n9. We have dem0n5trated ca5e5 1n wh1ch 
u5e 0f the wh11e-unt11 re5u1t5 1n m0re reada61e Pr09ram5 and a110w5 
pr09rammer5 t0 pr09ram c105er t0 the way they th1nk. A1th0u9h the 
wh11e-unt11 5tatement can 6e def1ned 1n term5 0f the wh11e 0r the 
unt11, we have 5h0wn that the wh11e-unt11 expre5510n 15 a 5tr0n9er 
c0ntr01 5tructure than e1ther. 
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F19. 6 F10wchart fr0m A5hcr0ft and Manna [8]. 

Where te5t P mean5 ••15 ~ the 1eftm05t 1etter 1n ta11••; te5t 
Q mean5 ••15 •8• the 1eftm05t 1etter 1n ta11••; 0perat10n 9 
mean5 ••era5e the 1eftm05t 1etter 1n ta11 and add •9• 0n the 
r19ht 0f head••; and 0perat10n h mean5 ••era5e the 1eftm05t 
1etter 1n ta11 and add •h• 0n the r19ht 0f head". 


