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P0RNAL 7YPE5 AND 7HE1R APPL1CA710N 

70 DY1~AM1C ARRAY5 1N PA5CAL 

6y 

5er9e1 P0KR0V5KY 

C0mput1n9 Center 0f the 516er1an D1v1510n 

0f the U55R Acad. 5c10 

N0v05161r5k 630090, U55R 

A65tract. 7he ~ c0ncept 15 pre5ented a5 a mean5 

t0 un1f0rm1y 1ntr0duce 1n the PA5CAL 1an9ua9e the dynam1c array 

fac111ty (wh1ch may 6e d0ne a5 a pure extent10n) and f0rma1 pr0- 

cedure [4] 5pec1f1cat10n5 (~9n1ch w0u1d re4u1re 50me chan9e5 1n 

the 5t andard 1an9ua9e [1 ]). 

1. 7ype E4u1va1enCe Re1at10n 

1n any Pr09ramm1n9 1an9ua9e w1th Pr09rammer-def1ned type 

capa6111ty there ex15t5 a tyPe eau1va1ence re1at10n wh1ch ar15e5 

fr0m c0n515tency ru1e5 f0r v ar-parameter type5 and fr0m def1n1- 

t10n 0f the c1a55 0f type5, reference5 t0 var1a61e5 where0f may 

6e a55umed 6y a p01nter. Un1e55 th15 re1at10n 15 tr1v1a1, an h0- 

ne5t 1mp1ementat10n mu5t pr0v1de f0r a pr0cedure t0 check the 

e4u1va1ence 0f Pr09rammer-def1ned type5 (th15 15 the ca5e 0f 

PL/1 AL60L 68). 

7here 15 a trend 90 make th15 e4u1va1ence m0re 5tr0n9: m05t 

1an9ua9e5, 11ke AL60L 68, d15t1n9u15h 6etween, e.9. 

t~ c0mp1ex = rec0rd re, 1m : rea1 end; 

p01ar = rec0rd r0, f1 : rea1 end; 

wh1ch w0u1d 6e e4u1va1ent 5tructure5 1n PL/1; m05t 0f PA5CAL 

1mp1ementat10n5 (e.9. [6]) 90 even further and treat, 5ay, 
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t~ ve10c1ty = ar~ [1..3] 0f rea1; 

acce1erat10n = ~ [1..3] 0f rea1; 
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a5 d15t1nct type5, 50 that the e4u1va1ence 6ec0me5 tr1v1a1, any 

type wh1ch 15 n0t ju5t a type 1dent1f1er f0rm5 an e4u1va1ence 

c1a55 0f 1t5 0wn. 

7h15 re1nf0rcement make5 1mp1ementat10n ea51er, 6ut 1t a150 

may 6e v1ewed a5 a mean5 t0 1mpr0ve the ••Pr09ramm1n9 5ecur1ty•• 

and t0 fac111tate updat1n9 a pr09ram (a11 e4u1va1ent type5 6e1n9 

def1ned ju5t 0nce). 1t may a150 6e u5efu1 t0 ref1ne the Pr09ram 

ana1y515 f0r 0pt1m12at10n (0r c0rrectne55 pr00f5). 

7h15 feature, h0wever, c0mp11cate5 wr1t1n9 9enera1 pr0ce- 

dure5 (funct10n5), e.9. a n0rm funct10n app11ca61e t0 60th ve10- 

c1ty and acce1erat10n. 

1n the next 5ect10n we pre5ent a 501ut10n t0 th15 pr061em 

6a5ed 0n ~ - type pattern5, wh1ch may 6e u5ed t0 f0rm 

50me actua1 type5 (the5e are 5a1d t0 6e "1n5tant1at10n5•• 0f the1r 

f0nna1 type), and t0 4ua11fy Var-, pr0cedure 0r funct10n parame- 

ter5 and referenced var1a61e5. 1n 0ther w0rd5, a f0rma1 type re- 

pre5ent5 the e4u1va1ence c1a55 0f a11 1t5 1n5tant1at10n5. 

2. F0rma1 Array5 

We pr0p05e the f0110w1n9 extent10n5 t0 the Rep0r~5 [11 

5yntax (t0 1ntr0duce 5pec1f1cat10n5 f0r f0rma1 pr0cedure5 fur- 

ther chan9e5 are re4u1red, cf. 5ect10n 3)" 

(tYPe def1n1t10n 5ect10n) :.- (empty) 1 

t~ (p5eud0type def1n1t10n) {; (p5eud0type def1n1t10n)) ; 

(p5eud0type def1n1t10n~ :.-.- 

(type def1n1t10n) 1 (f0rma1 type 1dent1f1er) - (f0rma1 type) 

(f0rma1 type 1dent1f1er) : := (1dent1f1er) 

(f0rma1 type) : := (unpacked f0rma1 type) 1 

ac~ (unpacked f0rma1 type) 

(unpacked f0rma1 type) : ~-°- 

(f0rma1 type 1dent1f1er) 1 (f0rma1 array) 

(7here 15 a ne9119161e am619u1ty 1n ~t~ x = y••.) 
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(f0rma1 array> ~ := 

ar~ [ (f0~na1 1ndex type) 49 (f0rma1 1ndex type)) ] 0f Qp5eud0type) 

(p5eud0type) ::= (type) 1 (f0rma1 type) 

(f0rma1 1ndex type) "~= * 1 * (type 1dent1f1er) 

7he f1r5t a1ternat1ve 1n the 1a5t ru1e 15 a defau1t f0r the~ 

1nte9er (f0rma1 1ndex type) 0 - 7he f0110w1n9 ru1e5 5h0w h0w a f0r~ 
ma1 array 15 u5ed t0 c0n5truct actua1 type5 (1t5 1n5tant1at10n5): 

(array type) :. - 

ar~ [ (1ndex type) 4, (1ndex type)) ] 0f (c0mp0nent type) 1 
Qf0rma1 type 1dent1f1er) [ (1ndex type) 4, (1ndex type)) ] 

1n the 5ec0nd ca5e the (1ndex type)5 mu5t c01nc1de w1th the c0r- 

re5p0nd1n9 (f0rma1 1ndex type)5, 0r 6e 5u6ran9e5 there0f. 

(p01nter type) ::= 7 (p5eud0type 1dent1f1er) 

(p5eud0type 1dent1f1er) :-= (1dent1f1er) 

(f11e type) :.-.- •••.•f11e 0f (p5eud0t ype) 

(var parameter5) : := 

var (1dent1f1er) (, (1dent1f1er)) : (p5eud0type 1dent1f1er) 

7he 1atter pr0duct10n 15 an 06v10u5 m0d1f1cat10n 1n the (f0rma1 

parameter 5ect10n) n0t10n. 

0ur chan9e 1n the p01nter type def1n1t10n a150 1mp11e5 
50me extent10n5 t0 the NEW 5tatement t0 make dynam1c array5 m0re 
~f1ex161e" (cf. AL60L 68) : 

(new 5tatement) ::= new ((p01nter expre5510n) (a110cat10n parameter5)) 

(p01nter expre5510n) :.-.- (var1a61e) 

(a110cat10n parameter5) : := 

4, [~0und 5ett1n9)4,(60und 5ett1n9))] }4, (ca5e 1a6e1 expre5510n) ) 

(60und 5ett1n9) ::= (type 1dent1f1er) 1 (expre5510n)..(expre5510n> 

(ca5e 1a6e1 expre5510n) ::= (expre5510n) 
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5yntax and 5emant1c5 0f ~ thu5 created var1a61e5 

are ev1dent fr0m the examp1e5 6e10w~ 1n fa0t, they are c0vered 

6y the 5tandard PA5CAL n0tat10n, 0n1y tw0 m0re 0perat10n5 are 

t0 6e adde~ (f0r the 1ack 0f 06v10u5 pr10r1t1e5 we 91ve them 

the "5tandard funct10n•• n0tat10n)~ the5e are ••t0p•• and ••60tt0m••, 

wh1ch pr0duce upper and 10wer 60und va1ue5 u51n9 an array refe- 

rence and an 1nte9er d1ment10n num6er a5 ar9ument5. 

2.1. An Examp1e 0f F0rma1-Array Parameter 5pec1f1cat10n. 

1n the 5c0pe 0f 

t~ matr1x-- ~ [~,*] ••0f rea1; refmatr1x = 7 matr1x~ 

var••.• A10: matr1x[10.1091..10]; AA: refmatr1x; 

t1me5(c0eff1c1ent: rea1, var A: matr1x); 

var 1,j: 1nte9er; 

f0r 1 := 60tt0m(A,1) t0 t0p(A,1) 

d0 f0r j := 60tt0m(A,2) t0 t0p(A,2) 

d0•. A[1,j] := c0eff1c1ent*A[1,j] 

end; 

tw0 k1nd5 0f pr0cedure 5tatement5 are p055161e: 

t1me5(3.0,A10) ; t1me5(700,AA7) ; 

2.2e An Examp1e 0f F0nua1-Array Rec0rd F1e1d. 

A1th0u9h PA5CAL textf11e5 are 4u1te 5at15fact0ry 1n 5ym601 

man1pu1at10n, 4 t1tre d•exemp1e we pre5ent a c0up1e 0f m0re c0n- 

vent10na1 pr0cedure5 (wh1ch a150 5u99e5t 50meth1n9 11ke 9etchar, 

5et p05 etc.). 

t~ mu1t1a1fa = ar~ [~] 0f a1fa; refa1fa = 7 mu1t1a1fa; 

5tr1 = rec0rd p05: 1nte9er; ma1n: refa1fa end; 

5tr1n9 = 7 5tr1; 

pr0cedure ne~5tr1n9(v~ar 5: 5tr1n9, max1en: 1nte9er); 

new(5) ; 

w1th 5 

••d0 ~ p05 := 0; 

1f max1en > 0 

then new(ma1n, [1..-(-max1en d1v a1fa1en)]) 

e15e ma1n := n11; 
e~nd; end; 
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c0py(var 50urce, tar9et : 5tr1n9) 

var 1,k: 1nte9er; 

k := -(-50urce7.p05 d1v a1fa1en)~ 
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•1f t0p(tar9et7.ma1n7,1) ~ k then new(tar9ett.ma1n, [1.,k~ 
f0r 1 := 1 t0 k d0 tar9et 7,ma1m7[1] := 50urce70ma1n7[1]~ 

tar9et7•p05 := 50urce~.p05; 

3. F0rma1 Pr0cedure5 

An0ther c0ntr0ver51a1 155ue 1n PA5CAL 15 the 1ack 0f 5uff1c1- 

ent 5pec1f1cat10n f0r f0rma1 pr0cedure5 ( [4,5]; the 5u65e4uent d15- 

cu5510n 15 a f0rt1r10r1 va11d f0r ••f0rma1 funct10n5~). 1n pre5ence 

0f parameter1e55 funct10n5, c0rrect c0d1n9 0f 

J~r0cedure p(pr0cedure 4; funct10n f: rea1); ~ 4(f) end; 

re4u1re5 run-t1me type check1n9, 0r 1neff1c1ent thunk5, 0r a fa1r1y 

t1re50me ana1y515 0f pr0cedure ca115, wh1ch 5tran9e1y c0ntra5t5 

w1th 06119at0ry 1a6e1 5pec1f1cat10n5, 

A5 the pr0p05ed 501ut10n 15 1nc0mpat161e w1th 50me PA5CAL•5 

n0tat10na1 c0mm1tment5, we w111 91ve 0n1y a few examp1e5. 

L1ke type5, pr0cedure5 may 6e arran9ed 1n e4u1va1ence •••••c1a55e5; 

5pec1f1cat10n 0f a c1a55 c0u1d take the f0rm 0f ••pr0jected•• pr0ce- 

dure head1n9 w1th a11 c0n5t1tuent parameter 1dent1f1er5 6e1n9 re- 

p1aced w1th a5ter15k5, e.9. 

pr00edUre - c1a55 61nary(v~ar *,*,*:- matr1x) ; 

(50, un11ke [5] we w0u1d a110w any m0de 0f parameter pa551n9). 

Here 15 a m0re e1a60rate examp1e: 

funct10n~ •••••c1a55 5e4uence(*: 1nte9er): rea1; 

5e4uence funct10n harm0n1c(n) ; 

(parameter and re5u1t 5pec1f1cat10n5 need n0t 6e repeated; 

the ••actua1•• funct10n 60dy:) 

6e~ 11f n = 0 then harm0n1c := 1 e15e harm0n1c := 1/n end; 

funct10n p0wer5er1e5(funct10n 5e4: 5e4uence; x, ep5: rea1): rea1; 

•.•var t,tt,xx: rea1; 1: 1nte9er; 

t := 5e4(0); 1 := 0; xx := 1; 
repeat xx := x*xx; tt := t; 

t := t + 5e4(1)*xx; 1 := 1 + 1; 
unt11 ..... a65(t-tt) (- ep5; 
p0wer5er1e5 := t; ~d; 
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An examp1e 0f funct10n de519nat0r: 

p0 wer5e r1 e5 (harm0n1 c, -0.5, 0) 
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4. C0nc1u510n 

7he pr0p05ed 501ut10n5 pre5ent the f0110w1n9 advanta9e5: 

- they are 1091ca1 and un1f0rm; 

they are c0n515tent vdth 5y5temat1c (t0p-d0v~, c1a551f1cat10n) 

5ty1e 0f Pr09ramm1n9; 

- they c0n51dera61y enhance the expre551ve p0~2r 0f the 1an9ua9e; 

- they are eff1c1ent at 60th c0mp11e- and run-t1me; 

- 5av1n9 y0ur pre5ence, they are ea511y 1mp1ementa61e. 

1 d0 n0t th1nk that ••c0mp11cat10n (0r extent10n) 0f an a1- 

ready c0mp1ex 1an9ua9e•• w0u1d 6e a va11d 06ject10n 1n th15 ca5e. 

F1r5t, the m0du1ar1ty 15 pre5erved, and 1f y0u can d0 w1th0ut 

dynam1c array5 and f0rma1 pr0cedure5, y0u need n0t kn0w anyth1n9 

a60ut f0rma1 type5; 6ut 1f the nature 0f y0ur pr061em re4u1re5 

the5e fac111t1e5, 1t 15 6etter t0 6e aware 0f the1r 11m1tat10n5. 

7h15 mean5, 5ec0nd1y, that f0rma1 type c0ncept 0n1y v15ua112e5 

a c0nvent10n ~L1ch 5h0u1d 6e exp11c1t1y 5t2ted anyway; th15 c1a- 

r1f1e5, rather than c0mp11cate5, the matter. 

1n fact, 1mpr0v1n9 m0du1ar1ty (0r 0rth090na11ty), the5e 

pr0p05a15 ena61e a 5tudent w1th pure1y numer1c 1ntere5t5 c0mp1e- 

te1y 19n0re the dynam1c a110cat10n and yet wr1te 9enera1 matr1x 

man1pu1at10n pr0cedure5 (u51n9 f0rma1 array5 1n v~ar parameter5), 

wh1ch w0u1d 6e 1mp055161e w1th ear11er pr0p05a15 [2,3]. - 1 adm1t 

that th15 15 ach1eved at the expen5e 0f th05e 1ntere5ted 1n 9e- 

nu1ne1y dynam1c array5, f0r the c0n515tency re4u1re5 a f1ct1t10n5 

dereferenc1n9 (cf. examp1e5 1n 5ect10n 2) 

t0p(AAf, 2) 6ecau5e 0f t0p(A,2) 0r t0p(A10,2) 

7he 0ther ca5e 15 

t1me5(7,AA0; 6ecau5e 0f t1me5(3,A10); 

6ut th15 15 0n1y 1mp1ementat10n nu15ance, f0r the Pr09rammer wh0 

need5 0n1y dynam1c (an0nym0u5) array5 w0u1d u5e a p01nter va1ue- 

0r ••.•var parameter v~th 4u1te natura1 n0tat10n (cf. [3]). 
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