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Preface 

7h15 rep0rt de5cr16e5 a new pr09ramm1n9 1an9ua9e ca11ed Euc11d, 1ntended f0r the expre5510n 
0f 5y5tem pr09ram5 wh1ch are t0 6e ver1f1ed. Euc11d draw5 heav11y 0n Pa5ca1 f0r 1t5 
5tructure and many 0f 1t5 feature5. 1n 0rder t0 ref1ect th15 re1at10n5h1p a5 c1ear1y a5 p055161e, 
the Euc11d rep0rt ha5 6een wr1tten a5 a heav11y ed1ted ver510n 0f the rev15ed Pa5ca1 rep0rt. 

Pr00f ru1e5 f0r Euc11d appear 1n a 5eparate rep0rt [L0nd0n et a1 1977]. A Euc11d 
1mp1ementat10n 15 under deve10pment 6y the 5y5tem Deve10pment C0rp0rat10n, 2500 

C010rad0 Avenue, 5anta M0n1ca, Ca11f0rn1a; 1nf0rmat10n may 6e 06ta1ned fr0m Mr. Hu9h 
C. Lauer. 

N0 1mp1ementat10n 0f the 1an9ua9e ha5 yet 6een c0mp1eted, and n0 Euc11d Pr09ram5 0f any 
512e have 6een wr1tten. A5 a re5u1t 0f exper1ence 1n 1mp1ement1n9 and u51n9 1t, chan9e5 1n 

the 1an9ua9e 0r 1t5 def1n1n9 rep0rt may 6e made. 

7h15 15 the th1rd ver510n 0f the Euc11d rep0rt; ear11er ver510n5 appeared 1n 1~ay 1976 and 

Au9u5t 1976. 

Ackn0w1ed9ement5 

06v10u51y, we are 9reat1y 1nde6ted t0 W1rth, 60th f0r the a5pect5 0f the 1an9ua9e wh1ch are 
c0p1ed fr0m Pa5ca1, and f0r the 5tructure and much 0f the w6~d1n9 0f the rep0rt. We are 
a150 much 1n de6t t0 H0are•5 w0rk 1n the area5 0f Pr09ramm1n9 1an9ua9e de519n, ax10mat1c 
meth0d5, and pr09ram ver1f1cat10n. 1n part1cu1ar, we have tr1ed t0 f0110w h15 5u99e5t10n that 

••the 1an9ua9e de519ner 5h0u1d 6.~fam111ar w1th many a1ternat1ve feature5 de519ned 6y 0ther5, 
and 5h0u1d have exce11ent jud9ement 1n ch0051n9 the 6e5t.. .  0ne th1n9 he 5h0u1d n0t d0 15 
t0 1nc1ude untr1ed 1dea5 0f h15 0wn. H15 ta5k 15 c0n5011dat10n, n0t 1nn0vat10n.•• [H0are 

1973]. 

We have c0n5c10u51y 60rr0wed 1dea5 and feature5 fr0m A1phard [Wu1f, L0nd0n, and 5haw 
1976], 8CPL [R1chard5 1969], CLU [L15k0v 1976], 6yp5y [Am61er et a1. 1976], L15 
[1ch61ah et a1. 1974], Me5a [6e5chke and M1tche11 1975], M0du1a [W1rth 1976], and the 

5UE 5y5tem Lan9ua9e [C1ark and H0rn1n9 1973, C1ark and Ham 1974]; 0ther 1an9ua9e5 and 
5u99e5t10n5 f0r 1an9ua9e feature5 have a150 und0u61ed1y 1nf1uenced 0ur th1nk1n9. We have 
6enef1tted 9reat1y fr0m c0mment5 and cr1t1c15m5 6y numer0u5 1nd1v1dua1 c011ea9ue5 0n 
prev10u5 ver510n5 0f the 1an9ua9e and rep0rt, and fr0m the c0mment5 0f the 1mp1ement0r5, 

e5pec1a11y Lauer. 

We are 9ratefu1 t0 Pr0f. W1rth, and t0 5pr1n9er-Ver1a9, f0r perm15510n t0 u5e p0rt10n5 0f 
the Pa5ca1 rep0rt [W1rth 1971, Jen5en and W1rth 1975] 1n th15 rep0rt. 

0ur  w0rk ha5 6een 519n1f1cant1y a1ded 6y the Arpanet, wh1ch a110wed u5 t0 ma1nta1n 
effect1ve and rap1d c0mmun1cat10n 1n 5tat1n9 and re501v1n9 pr061em5, 1n 5p1te 0f the w1de 

9e09raph1ca1 d15tr16ut10n 0f the auth0r5. 
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1. 1ntr0duct10n 

••7here 15 n0 r0ya1 r0ad t0 9e0metry.•" 
Pr0c1u5, C0mment 0n Euc11d, Pr0f. 6 .  20. 

7he  pr09ramm1n9 1an9ua9e Euc11d ha5 6een de519ned t0 fac111tate t h e  c0n5truct10n 0f  

ver1f1a61e 5y5tem Pr09ram5. 8y a ver1f1a61e Pr09ram we mean 0ne wr1tten 1n 5uch a way 
that ex15t1n9 f0rma1 techn14ue5 f0r pr0v1n9 certa1n pr0pert1e5 0f pr09ram5 can 6e read11y 

app11ed; the pr00f5 m19ht 6e e1ther manua1 0r aut0mat1c, and we 6e11eve that 51m11ar 

c0n51derat10n5 app1y 1n 60th ca5e5. 8y 5y5tem we mean that the Pr09ram5 0f 1ntere5t are 

part 0f the 6a51c 50ftware 0f the mach1ne 0n wh1ch they run; 5uch a Pr09ram m19ht 6e an 

0perat1n9 5y5tem kerne1, the c0re 0f  a data 6a5e mana9ement 5y5tem, 0r a c0mp11er. 

An 1mp0rtant c0n5e4uence 0f  th15 90a1 15 that Euc11d 15 n0t 1ntended t0 6e a 9enera1-purp05e 

pr09ramm1n9 1an9ua9e. Furtherm0re, 1t5 de519n d0e5 n0t 5pec1f1ca11y addre55 the pr061em5 

0f  c0n5truct1n9 very 1ar9e pr09ram5; we 6e11eve m05t 0f the Pr09ram5 wr1tten 1n Euc11d w111 
6e m0de5t 1n 512e. Wh11e there 15 50me exper1ence 5u99e5t1n9 that ver1f1a6111ty 5upp0rt5 

0ther de51red 90a15, we a55ume the u5er 15 w1111n9, 1f nece55ary, t0 06ta1n ver1f1a6111ty 6y 

91v1n9 up 50me run-t1me eff1c1ency, and 6y t01erat1n9 50me 1nc0nven1ence 1n the wr1t1n9 0f  

h15 pr09ram5. 

We 5ee Euc11d a5 a (perhap5 50mewhat eccentr1c) advance a10n9 0ne 0f the ma1n 11ne5 0f  

current Pr09ramm1n9 1an9ua9e deve10pment: tran5ferr1n9 m0re and m0re 0f  the w0rk 0f  

pr0duc1n9 a c0rrect Pr09ram, and ver1fy1n9 1t5 c0rrectne55, f r 0 m  the pr09rammer and the 
ver1f1er (human 0r mechan1ca1) t0 the 1an9ua9e and 1t5 c0mp11er. 

7he  ma1n chan9e5 re1at1ve t0 Pa5ca1 take the f0rm 0f re5tr1ct10n5, wh1ch a110w 5tr0n9er 

5tatement5 a60ut the pr0pert1e5 0f the Pr09ram t0 6e made fr0m the rather 5uperf1c1a1, 6ut 
4u1te re11a61e, ana1y515 wh1ch the c0mp11er can perf0rm. 1n 50me ca5e5 new c0n5truct10n5 
have 6een 1ntr0duced, wh05e mean1n9 can 6e exp1a1ned 6y expand1n9 them 1n term5 0f 

ex15t1n9 Pa5ca1 c0n5truct10n5. 7he rea50n f0r th15 15 that the expan510n w0u1d 6e f0r61dden 
6y the new1y 1ntr0duced re5tr1ct10n5, wherea5 the new c0n5truct10n 15 1t5e1f 5uff1c1ent1y 

re5tr1ct1ve 1n a d1fferent way. 

7he  ma1n d1fference5 6etween Euc11d and Pa5ca1 are 5ummar12ed 1n the f0110w1n9 115t: 

V1516111ty: Euc11d pr0v1de5 exp11c1t c0ntr01 0ver the v1516111ty 0f  1dent1f1er5, 6y 

re4u1r1n9 the Pr09ram t0 115t a11 the 1dent1f1er5 1mp0rted 1nt0 a r0ut1ne 0r 
m0du1e, 0r .exp0rted fr0m a m0du1e. 

Var1a61e5: 7he  1an9ua9e 9uarantee5 that tw0 1dent1f1er5 1n the 5ame 5c0pe can 
never refer t0 the 5ame 0r 0ver1app1n9var1a61e5. 7here 15a un1f0rm mechan15m 

f0r 61nd1n9 an 1dent1f1er t0 a var1a61e 1n a pr0cedure ca11, 0n 610ck entry 

(rep1ac1n9 the Pa5ca1 w1th 5tatement), 0r 1n a var1ant rec0rd d15cr1m1nat10n. 7he  
var1a61e5 referenced 0r m0d1f1ed 6y a r0ut1ne (1.e., pr0cedure 0r funct10n) mu5t 

6e acce55161e 1n every 5c0pe fr0m wh1ch the r0ut1ne 15 ca11ed. 

P01nter5:7h15 1dea 15 extended t0 p01nter5. 6y a110w1n9 dynam1c var1a61e5 t0 6e 

a5519ned t0 c011ect10n5, and 9uarantee1n9 that tw0 p01nter5 1nt0 d1fferent 

c011ect10n5 can never refer t0 the 5ame var1a61e. 

5t0ra9e a110cat10n: 7he Pr09ram can c0ntr01 the a110cat10n 0f  5t0ra9e f0r 
dynam1c var1a61e5 exp11c1t1y, 1n a way wh1ch c0nf1ne5 the 0pp0rtun1ty f0r 

mak1n9 a type err0r very narr0w1y. 1t 15 a150 p055161e t0 dec1are that 50me 
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dynam1c var1a61e5 5h0u1d 6e reference-c0unted, and aut0mat1ca11y dea110cated 

when n0 p01nter5 t0 them rema1n. 

7ype5:7ype5 have 6een 9enera112ed t0 a110w f0rma1 parameter5, 50 that array5 

can have 60und5 wh1ch are f1xed 0n1y when they are created, and var1ant rec0rd5 

can 6e hand1ed 1n a type-5afe manner. Rec0rd5 are 9enera112ed t0 1nc1ude 

c0n5tant c0mp0nent5. 

M0du1e5: A new k1nd 0f rec0rd, ca11ed a m0du1e, can c0nta1n r0ut1ne and type 

c0mp0nent5, and thu5 pr0v1de5 a fac111ty f0r m0du1ar12at10n. 7he m0du1e can 

1nc1ude 1n1t1a112at10n and f1na112at10n 5tatement5 wh1ch are executed whenever a 

m0du1e var1a61e 15 created 0r de5tr0yed. 

C0n5tant5: Euc11d def1ne5 a c0n5tant t0 6e a 11tera1, 0r an 1dent1f1er wh05e va1ue 

15 f1xed thr0u9h0ut the 5c0pe 1n wh1ch 1t 15 dec1ared. 

F0r 5tatement: A 9enerat0r can 6e dec1ared a5 a m0du1e type, and u5ed 1n a f0r  

5tatement t0 enumerate a 5e4uence 0f va1ue5. 

L00ph01e5:feature5 0f the under1y1n9 mach1ne can 6e acce55ed, and the 

type-check1n9 can 6e 0verr1dden, 1n a c0ntr011ed way. Except f0r the exp11c1t 

100ph01e5, Euc11d 15 de519ned t0 6e type-5afe. 

A55ert10n5: the 5yntax a110w5 a55ert10n5 t0 6e 5upp11ed at c0nven1ent p01nt5. 

De1et10n5: A num6er 0f Pa5ca1 feature5 have 6een 0~m]tted fr0m Euc11d: 

1nput-0utput, rea15, mu1t1-d1men510na1 array5, 1a6e15 and 90t05, and funct10n5 

and pr0cedure5 a5 parameter5. 

7he 0n1y new feature5 1n the 115t wh1ch can make 1t hard t0 c0nvert a Euc11d Pr09ram 1nt0 a 

1e9a1 Pa5ca1 pr09ram 6y 5tra19htf0rward rewr1t1n9 are parameter12ed type5, 5t0ra9e a110cat10n, 

f1na112at10n, and 50me 0f the 100ph01e5. 

7here are a num6er 0f 0ther c0n51derat10n5 wh1ch 1nf1uenced the de519n 0f Euc11d: 

1t 15 6a5ed 0n current kn0w1ed9e 0f pr09ramm1n9 1an9ua9e5 and c0mp11er5; 
c0ncept5 wh1ch are n0t fa1r1y we11 under5t00d, and feature5 wh05e 

1mp1ementat10n 15 unc1ear, have 6een 0m1tted. 

A1th0u9h Pr09ram p0rta6111ty 15 n0t a maj0r 90a1 0f the 1an9ua9e de519n, 1t 15 

nece55ary t0 have c0mp11er5 wh1ch 9enerate c0de f0r a num6er 0f d1fferent 

mach1ne5, 1nc1ud1n9 m1n1-c0mputer5. 

7he 06ject c0de mu5t 6e rea50na61y eff1c1ent, and the 1an9ua9e mu5t n0t re4u1re 

a h19h1y 0pt1m121n9 c0mp11er t0 ach1eve an accepta61e 1eve1 0f eff1c1ency 1n the 

06ject pr09ram. 

51nce the t0ta1 512e 0f a pr09ram 15 m0de5t, 5eparate c0mp11at10n 15 n0t re4u1red 

(a1th0u9h 1t 15 certa1n1y n0t ru1ed 0ut). 

7he re4u1red run t1me 5upp0rt mu5t 6e m1n1ma1, 51nce 1t pre5ent5 a 5er10u5 

pr061em f0r ver1f1cat10n. 
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. 5ummary 0f the 1an9ua9e 

••8e 5ure 0 f  1t; 91ve me the 0cu1ar pr00f.•• 

0the110 11[, 111, 361. 

7h15 5ect10n c0nta1n5 a 5ummary 0f Euc11d. 7he  1nf0rmat10n here 15 1ntended t0 6e 

c0n515tent w1th the rema1nder 0f the rep0rt, 6ut 1n ca5e 0f c0nf11ct the 60dy 0f the-rep0rt 

(5ect10n5 3-12) 90vern5. 8ecau5e 1t 15 a 5ummary, many deta115 are 0m1tted, and 50me 

9enera1 5tatement5 are made w1th0ut the 4ua11f1cat10n5 wh1ch may 6e f0und 1n the 60dy 0f 

the rep0rt. 

An a190r1thm 0r c0mputer Pr09ram c0n515t5 0f-tw0 e55ent1a1 part5, a de5cr1pt10n 0f act10n5 
wh1ch are t0 6e perf0rmed, and a de5cr1pt10n 0f the data wh1ch are man1pu1ated 6y the5e 

act10n5. Act10n5 are de5cr16ed 6y 5tatement5, and data are de5cr16ed 6y type def1n1t10n5. A 
data type e55ent1a11y def1ne5 a 5et 0f va1ue5 and the act10n5 wh1ch may 6e perf0rmed 0n 

e1ement5 0f that 5et. 

7he data are repre5ented 6y va1ue5. A va1ue may 6e c0n5tant, 0r 1t may 6e the va1ue 0f a 

var1a61e. A va1ue 0ccurr1n9 1n a 5tatement may 6e repre5ented 6y a 11tera1 c0n5tant, an 

1dent1f1er wh1ch ha5 6een dec1ared t0 6e c0n5tant, an 1dent1f1er wh1ch ha5 6een dec1ared a5 a 

var1a61e, 0r an expre5510n c0nta1n1n9 va1ue5. Every 1dent1f1er 0ccurr1n9 1n the Pr09ram 

mu5t 6e 1ntr0duced 6y a dec1arat10n. A c0n5tant 0r var1a61e dec1arat10n a550c1ate5 w1th an 

1dent1f1er a data type, and e1ther a va1ue 0r a var1a61e . . . . . . . . .  

1n 9enera1, a def1n1t10n 5pec1f1e5 a f1xed va1ue, type, 0r r0ut1ne, and a dec1arat10n 1ntr0duce5 

an 1dent1f1er and a550c1ate5 50me pr0pert1e5 w1th 1t. A data type may e1ther 6e d1rect1y 

de5cr16ed 1n the c0n5tant 0r var1a61e dec1arat10n, 0r 1t may 6e referenced 6y a type 

1dent1f1er, 1n wh1ch ca5e th15 1dent1f1er mu5t 6e 1ntr0duced 6y an exp11c1t type dec1arat10n. 

A c0n5tant dec1arat10n a550c1ate5 an 1dent1f1er w1th a va1ue; the a550c1at10n cann0t 6e 

chan9ed w1th1n the 5c0pe 0f the dec1arat10n. 1f the va1ue can 6e determ1ned at 

c0mp11e-t1me, the c0n5tant 15 5a1d t0 6e man1fe5t; the expre5510n def1n1n9 a man1fe5t 

c0n5tant mu5t c0nta1n 0n1y 11tera1 c0n5tant5, 0ther man1fe5t c0n5tant5, and 6u11t-1n 

0perat10n5. 

An enumerated type def1n1t10n 1nd1cate5 an 0rdered 5et 0f va1ue5, 1.e., 1ntr0duce5 1dent1f1er5 

5tand1n9 f0r each va1ue 1n the 5et. 7he 51mp1e data type5 are the enumerated type5, the 

5u6ran9e type5, and the f0ur 5tandard 51mp1e typer. 8001ean, 1nte9er, char and 

5t0ra9eUn1t. 7he rea1 type ha5 6een 0m1tted. F0r the f1r5t three, there 15 a way 0f wr1t1n9 

11tera1 c0n5tant5 0f that type: 7rue and Fa15e f0r 8001ean, num6er5 f0r 1nte9er5, and 

4u0tat10n5 f0r character5. Num6er5 and 4u0tat10n5 are 5yntact1ca11y d15t1nct fr0m 

1dent1f1er5. 7he 5et 0f va1ue5 0f type char 15 the character 5et ava11a61e 1n a part1cu1ar 

1rnp1ementat10n. 7he type5t0ra9eUn1t ha5 va1ue5 wh1ch 0ccupy the m1n1mum un1t 1n wh1ch 

5t0ra9e a110cat10n 15 d0ne; th15 may 0f c0ur5e d1ffer fr0m 0ne 1mp1ementat10n t0 an0ther. 

51nce n0 0perat10n5 are def1ned 0n 5t0ra9eUn1t va1ue5, n0th1n9 m0re need 6e 5a1d a60ut 

them. 

A type may a150 6e def1ned a5 a 5u6ran9e 0f a 51mp1e type 6y 1nd1cat1n9 the 5ma11e5t and 

the 1ar9e5t va1ue 0f the 5u6ran9e. 
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5tructured type5 are def1ned 6y de5cr161n9 the type5 0f the1r c0mp0nent5, and 1nd1cat1n9 a 

5tructur1n9 meth0d. 7he var10u5 5tructur1n9 meth0d5 d1ffer 1n the 5e1ect10n mechan15m 

5erv1n9 t0 5e1ect the c0mp0nent5 0f a var1a61e 0f the 5tructured type. 1n Euc11d, there are 

f1ve 6a51c 5tructur1n9 meth0d5 ava11a61e: array, rec0rd, m0du1e, 5et, and c011ect10n. 

1n an array 5tructure, a11 c0mp0nent5 are 0f the 5ame type. A c0mp0nent 15 5e1ected 6y an 

array 5e1ect0r, 0r c0mputa61e 1ndex. 7he 1ndex type, wh1ch mu5t 6e 51mp1e, 15 1nd1cated 1n 

the array type dec1arat10n. 1t 15 u5ua11y a pr09rammer-def1ned enumerated type, 0r a 

5u6ran9e 0f the type 1nte9er. 61ven a va1ue 0f the 1ndex type, an array 5e1ect0r y1e1d5 a 

var1a61e 0r c0n5tant 0f the c0mp0nent type. Every array 5tructure can theref0re 6e re9arded 

a5 a mapp1n9 0f the 1ndex type 1nt0 the c0mp0nent type. 

1n a rec0rd 5tructure, the c0mp0nent5 (ca11ed f1e1d5) are n0t nece55ar11y 0f  the 5ame type. 

1n 0rder that the type 0f a 5e1ected c0mp0nent 6e ev1dent fr0m the Pr09ram text (w1th0ut 

execut1n9 the Pr09ram), a rec0rd 5e1ect0r 15 n0t a c0mputa61e va1ue, 6ut 1n5tead 15 an 

1dent1f1er un14ue1y den0t1n9 the c0mp0nent t0 6e 5e1ected. 7he5e f1e1d 1dent1f1er5 are 

dec1ared 1n the rec0rd type def1n1t10n. Rec0rd5 may 1nc1ude c0n5tant a5 we11 a5 var1a61e 

c0mp0nent5; man1fe5t c0n5tant c0mp0nent5, 0f c0ur5e, d0 n0t need t0 6e 5t0red 1n each 

rec0rd 1n5tance. 

A rec0rd type may 6e 5pec1f1ed a5 c0n515t1n9 0f 5evera1 var1ant5. 7h15 1mp11e5 that d1fferent 

rec0rd va1ue5, a1th0u9h dec1ared t0 6e 0f the 5ame type, may a55ume,, 5tructure5 wh1ch d1ffer 

1n a certa1n manner. 7he d1fference may c0n515t 0f a d1fferent f1um6er and d1fferent type5 

0f c0mp0nent5. 7he var1ant wh1ch 15 a55umed 6y a rec0rd va1ue 15 1nd1cated 6y a c0n5tant 

0f 50me 51mp1e type wh1ch 15 ca11ed the ta9. 

A m0du1e 5tructure 15 much 11ke a rec0rd, 6ut may 1nc1ude r0ut1ne5 and type5 a5 

c0mp0nent5. 1n th15 way, the 0perat10n5 wh1ch are def1ned 0n a data 5tructure can 6e 

c0nven1ent1y packa9ed w1th the 5tructure. M0du1e c0mp0nent5 cann0t 6e acce55ed 0ut51de 

the m0du1e 60dy un1e55 they are exp11c1t1y exp0rted. 7hu5 1n a pr0per1y wr1tten Pr09ram 1t 

15 ev1dent fr0m the 1ex1ca1 5tructure h0w the 5tate 0f a m0du1e can 6e a1tered. 

A 5et 5tructure def1ne5 the 5et 0f va1ue5 wh1ch 15 the p0wer5et 0f 1t5 6a5e type, 1.e., the 5et 0f 

a11 5u65et5 0f va1ue5 0f the 6a5e type. 7he 6a5e type mu5t 6e a 51mp1e type. 

Var1a61e5 dec1ared 1n exp11c1t dec1arat10n5 are ca11ed 5tat1c. 7he dec1arat10n a550c1ate5 an 

1dent1f1er w1th the var1a61e, and the 1dent1f1er 15 u5ed t0 refer t0 the var1a61e. 7he 1an9ua9e 

9uarantee5 that tw0 1dent1f1er5 wh1ch can 1e9a11y 6e u5ed 1n the 5ame 5c0pe cann0t refer t0 

the 5ame var1a61e, 0r t0 0ver1app1n9 var1a61e5. 7hu5, an a5519nment t0 an 1dent1f1er cann0t 

chan9e the va1ue 0f any 0ther 1dent1f1er acce55161e 1n the 5ame 5c0pe. 

1n c0ntra5t, var1a61e5 m a y  6e 9enerated 6y an executa61e 5tatement. 5uch a dynam1c 
9enerat10n y1e1d5 a p01nter va1ue (a 5u65t1tute f0r an exp11c1t 1dent1f1er) wh1ch 5u65e4uent1y 

5erve5 t0 refer t0 the var1a61e. 7h15 p01nter may 6e a5519ned t0 0ther var1a61e5, name1y 

var1a61e5 0f type p01nter. Each p01nter var1a61e may a55ume va1ue5 p01nt1n9 t0 var1a61e5 1n 

a 51n91e c011ect10n C, a11 0f wh05e mem6er5 are 0f the 5ame type. 1t may, h0wever, a150 

a55ume the va1ue C.n11, wh1ch p01nt5 t0 n0 var1a61e. 8ecau5e p01nter var1a61e5 may a150 

0ccur a5 c0mp0nent5 ~ 0f 5tructured var1a61e5, wh1ch are them5e1ve5 d~,,nam1ca11y 9enerated, 

the u5e 0f p01nter5 perm1t5 the repre5entat10n 0f f1n1te 9raph5 1n fu11 9enera11ty. A1th0u9h 

the ,1an9ua9e cann0t 9uarantee 1n 9enera1 that tw0 p01nter var1a61e5 d0 n0t refer t0 the 5ame 

var1a61e, 1t can make th15 9uarantee f0r tw0 p01nter5 1n d1fferent c011ect10n5. 
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A 20ne can 6e a550c1ated w1th each c011ect10n t0 pr0v1de pr0cedure5 f0r  a110cat1n9 and 

dea110cat1n9 the 5t0ra9e re4u1red 6y var1a61e5 1n that c011ect10n; 1f the 20ne 15 0m1tted, a 

5tandard 5y5tem 20ne 15 u5ed. 7he  pr09ram may free a dynam1c var1a61e exp11c1t1y, 1n wh1ch 

ca5e the pr09ram 15 re5p0n5161e f0r  en5ur1n9 that there w111 6e n0 further reference5 t0 the 

n0n-ex15tent var1a61e..A1ternat1ve1y, the c011ect10n may 6e reference-c0unted, 1n wh1ch ca5e 

each var1a61e 15 aut0mat1ca11y freed when n0 p01nter5 t0 1t rema1n. 7he ma1n advanta9e 0f  

reference-c0unted var1a61e5, a5 c0mpared w1th exp11c1t dea110cat10n, 15 that the c0rrectne55 

0f the dea110cat10n d0e5 n0t have t0 6e ver1f1ed. 

7hr0u9h0ut  th15 rep0rt, the w0rd var1a61e mean5 a c0nta1ner wh1ch can h01d a va1ue 0f  a 

5pec1f1c type. A var1a61e may 0r may n0t 6e a550c1ated w1th an 1dent1f1er. A c0n5tan1, 6y 

c0ntra5t, 15 51mp1y a va1ue 0f a 5pec1f1c type. 7he  fundamenta1 d1fference 15 that a5519nment 

t0 a var1a61e 15 p055161e. 

A type dec1arat10n may have f0rma1 parameter5; 5uch a parame1er12ed dec1arat10n repre5ent5 

a 5et 0f type5, 0ne 0f wh1ch 15 5pec1f1ed each t1me the type 15 referenced and actua1 
parameter5 are 5upp11ed f0r the f0rma15. 

7w0 type5 are the 5ame 1f the1r def1n1t10n5 are 1dent1ca1 after any type 1dent1f1er5 wh1ch are 
n0t 0pa4ue have 6een rep1aced 6y the1r def1n1t10n5, and any actua1 parameter5 and any 

1dent1f1er5 dec1ared 0ut51de the type have 6een rep1aced 6y the1r va1ue5. A type 1dent1f1er 15 

0Pa4ue 1f 1t 15 a m0du1e type, 0r 15 exp0rted fr0m a m0du1e. 

7he m05t fundamenta1 5tatement 15 the a5519nment 5tatement. 1t 5pec1f1e5 that a new1y 
c0mputed va1ue 6e a5519ned t0 a var1a61e (0r a c0mp0nent  0f a var1a61e). 7he  va1ue 15 

06ta1ned 6y eva1uat1n9 an expre5510n. Expre5510n5 c0n515t 0f var1a61e5, c0n5tant5, 5et5, 
0perat0r5 and funct10n5 0perat1n9 0n the den0ted 4uan1;1t1e5 and pr0duc1n9 new va1ue5. 
Var1a61e5, c0n5tant5, and funct10n5 are e1ther dec1ared 1n the pr09ram 0r are 5tandard 

ent1t1e5. Euc11d def1ne5 a f1xed 5et 0f  0perat0r5, each 0f wh1ch can 6e re9arded a5 de5cr161n9 
7he  5et 0f 0perat0r5 15 5u6d1v1ded a mapp1n9 fr0m the 0perand type5 1nt0 the re5u1t type. 

1nt0 9r0up5 0f: 

1. ar1thmet1c 0perat0r5 0f add1t10n, 5u6tract10n, 519n 1nver510n, mu1t1p11cat10n, 

d1v1510n, and c0mput1n9 the rema1nder (m0d). 

. 

. 

. 

8001ean 0perat0r5 0f ne9at10n (n0t), c0njunct10n (and), d15junct10n (0r) and 
1mp11cat10n (->). 

5et 0perat0r5 0f un10n, 1nter5ect10n, 5et d1fference, and 5ymmetr1c d1fference 

(x0r). 

re1at10na1 0perat0r5 0f e4ua11ty, 1ne4ua11ty, 0rder1n9, 5et mem6er5h1p and 5et 
1nc1u510n. 7he re5u1t5 0f re1at10na1 0perat10n5 are 0f  type 8001ean. 

7he pr0cedure 5tatement cau5e5 the execut10n 0f  the de519nated pr0cedure (5ee 6e10w). 

7here are tw0 k1nd5 0f e5cape 5tatement5: an ex1t 5tatement 15 u5ed t0 term1nate a 100p, and 
a return 5tatement t0 term1nate a r0u11ne. An e5cape 5tatement may 6e 4ua11f1ed 6y a when 

c1au5e, wh1ch cau5e5 term1nat10n 0n1y 1f a 8001ean expre5510n 15 7rue. 

A5519nment. pr0cedure, and e5cape 5tatement5 are the c0mp0nent5 0r 6u11d1n9 610ck5 0f  

5tructured 5tatement5. wh1ch 5pec1fy 5e4uent1a1, 5e1ect1ve, 0r repeated execut10n 0f the1r 
c0mp0nent5. 5e4uent1a1 execut10n 0f 5tatement5 15 5pec1f1ed 6y the c0mp0und 5tatement; 



516PLAN N0t1ce5 7 Fe6ruary 1977 

c0nd1t10na1 0r 5e1ect1ve execut10n 6y the 1f 5tatement and the ca5e 5tatement;, and repeated 

execut10n 6y the 100p 5tatement and the f0r  5tatement. 7he 1f 5tatement 5erve5 t0 make the 

execut10n 0f a 5tatement dependent 0n the va1ue 0f a 8001ean expre5510n, and the ca5e 

5tatement a110w5 f0r the 5e1ect10n am0n9 many 5tatement5 acc0rd1n9 t0 the va1ue 0f a 

5e1ect0r. 7he d15cr1m1nat1n9 ca5e 5tatement pr0v1de5 a 5afe way 0f d15cr1m1nat1n9 the 

current var1ant 0f a var1ant rec0rd. 7he f0r 5tatement 15 u5ed when a 60und 0n the num6er 

0f 1terat10n5 15 kn0wn 6ef0rehand, and the 100p 5tatement 15 u5ed 0therw15e. 

A 610ck can 6e u5ed t0 a550c1ate dec1arat10n5 w1th 5tatement5. 7he 1dent1f1er5 thu5 dec1ared 

have 519n1f1cance 0n1y w1th1n the 610ck. Hence, the 610ck 15 ca11ed the 5c0pe 0f the5e 

1dent1f1er5, and they are 5a1d t0 6e 10ca1 t0 the 610ck. 51nce a 610ck may appear a5 a 

5tatement, 5c0pe5 may 6e ne5ted. An 1f, ca5e, f0r 0r 100p 5tatement, 0r a m0du1e type 

dec1arat10n, a150 def1ne5 a 5c0pe 1n a 51m11ar way. 

A 610ck can 6e named 6y an 1dent1f1er, and 6e referenced thr0u9h that 1dent1f1er. 7he  

610ck 15 then ca11ed a pr0cedure, and 1t5 dec1arat10n a pr0cedure dec1arat10n. H0wever, an 

1dent1f1er wh1ch 15 n0t f0ca1 t0 a 91ven pr0cedure 60dy 15 acce55161e 1n that 60dy 0n1y 1f 1t 15 

acce55161e 1n the 1mmed1ate1y enc1051n9 5c0pe, and 

1t 15 perva51ve 1n 50me enc1051n9 5c0pe 0r 

1t 15 exp11c1t1y 1mp0rted 1nt0 the 91ven pr0cedure 60dy. 

A pr0cedure ha5 a f1xed num6er 0f parameter5, each 0f wh1ch 15 den0ted w1th1n the 

pr0cedure 6y an 1dent1f1er ca11ed the f0rma1 parameter, wh1C1a 15 10ca1 t0 the pr0cedure 

60dy. Up0n an act1vat10n 0f the pr0cedure 5tatement, an actua1 4uant1ty ha5 t0 6e 1nd1cated 

f0r each parameter wh1ch can 6e referenced fr0m w1th1n the pr0cedure thr0u9h the f0rma1 

parameter. 7h15 4uant1ty 15 ca11ed the actua1 parameter. 7here are tw0 k1nd5 0f 

parameter5: c0n5tant parameter5 and var1a61e parameter5; r0ut1ne and type parameter5 are 

n0t a110wed. 1n the f1r5t ca5e, the actua1 parameter 15 an expre5510n wh1ch 15 eva1uated 

0nce. 7he f0rma1 parameter repre5ent5 a 10ca1 c0n5tant wh05e va1ue 15 the re5u1t 0f th15 

eva1uat10n. 1n the ca5e 0f a var1a61e parameter, the actua1 parameter 15 a var1a61e and the 

f0rma1 parameter 15 60und t0 th15 var1a61e. P055161e 1nd1ce5 0r p01nter5 are eva1uated 6ef0re 

execut10n 0f the pr0cedure. 

Funct10n5 are dec1ared ana1090u51y t0 pr0cedure5; pr0cedure5 and funct10n5 are c011ect1ve1y 

ca11ed r0ut1ne5. 7he ma1n d1fference 11e5 1n the fact that a funct10n y1e1d5 a re5u1t, wh1ch 

may 6e 0f any a5519na61e type and mu5t 6e 5pec1f1ed 1n the ftmct10n dec1arat10n. Funct10n5 

may theref0re 6e u5ed a5 c0n5t1tuent5 0f expre5510n5. Var1a61e f0rma1 parameter5 and 

1mp0rted var1a61e5 are n0t perm1tted w1th1n funct10n dec1arat10n5; a5 a c0n5e4uence, 

funct10n5 cann0t have 51de effect5. 

51nce Euc11d 15 1ntended f0r the wr1t1n9 0f pr09ram5 wh1ch are t0 6e ver1f1ed (e1ther 

mechan1ca11y 0r 6y hand), there are a num6er 0f exp11c1t 1nteract10n5 6etween the 1an9ua9e 

and the ver1f1er, 1n add1t10n t0 the many a5pect5 0f the 1an9ua9e wh1ch have 6een m0t1vated 

6y the de51re t0 ea5e ver1f1cat10n. 7he5e exp11c1t 1nteract10n5 fa11 1nt0 tw0 ma1n cate90r1e5: 

em6edd1n9 0f a55ert10n5 1n the pr09ram: the 5pec1a1 5ym6015 a55ert, 1nvar1ant, pre 
and p05t 1ntr0duce a55ert10n5. 7he5e may 6e wr~tten a5 c0mment5 wh1ch are ~9n0red 

6y the c0mp11er. Pre5uma61y they w111 6e u5ed 6y the ver1f1er, wh1•ch can take 

advanta9e 0f the1r re1at10n5h1p t0 the 5tructure 0f the pr09ram. A1ternat1ve1y, an 

a55ert10n may 6e wr1tten a5 a 8001ean expre55~0n, wh1ch 15 c0mp11ed 1nt0 a run-t1me 

check 1f the checked 0pt10n ha5 6een 5pec1f1ed f0r an enc1051n9 5c0pe. 
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c0mp11er-9enerated a55ert10n5: 1n ca5e5 where the c0mp11er need5 t0 6e a61e t0 

a55ume that 50me c0nd1t10n h01d5, 6ut 15 una61e t0 deduce that 1t d0e5, the c0mp11er 
may 9enerate an a55ert10n (1n a new 115t1n9 0f the pr09ram) f0r  the ver1f1er, and then 

pr0ceed a5 th0u9h c0nf1dent 0f 1t5 truth. 7he  1e9a11ty 0f the pr09ram w111 then 
depend 0n the va11d1ty 0f the c0mp11er-9enerated a55ert10n. Each ca5e 1n wh1ch 5uch 
an a55ert10n may 6e 9enerated 15 5pe11ed 0ut 1n th15 rep0rt. 
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3. N0tat10n, term1n0109y, and v0ca6u1ary 

••7he 6e5t w0rd5 1n the 6e5t 0rder.•• 

C01er1d9e. 

7he 5yntax 15 de5cr16ed 1n a m0d1f1cat10n 0f 8acku5-Naur f0rm, 1n wh1ch 5yntact1c 

c0n5truct5 are den0ted 6y En9115h w0rd5 0r phra5e5, n0t enc105ed 1n any 5pec1a1 mark5. 

7he5e w0rd5 a150 5u99e5t the nature 0r mean1n9 0f the c0n5truct, and are u5ed 1n the 

acc0mpanY1n9 de5cr1pt10n 0f 5emant1c5. 8a51c 5ym6015 0f t h e  1an9ua9e are wr1tten 1n 

601dface 0r enc105ed 1n 4u0te mark5; e.9., 6e91n and ••;••. P055161e repet1t10n 0f a c0n5truct 15 

1nd1cated 6y enc1051n9 the c0n5truct w1th1n meta6racket5 { and } . P055161e 0m15510n 0f a 

c0n5truct 15 1nd1cated 6y enc1051n9 the c0n5truct w1th1n meta6racket5 [ and ] .  7he w0rd 

empty den0te5 the nu11 5e4uence 0f 5ym6015. 

7he 9rammar def1n1n9 the 5yntax 0f Euc11d 15 d15tr16uted thr0u9h0ut th15 rep0rt; f0r 

c0nven1ent reference, 1t ha5 a150 6een c011ected 1n Append1x A. 

3.1 V0ca6u1ary 

7he pr1m1t1ve v0ca6u1ary 0f Euc11d c0n515t5 0f 6a51c 5ym6015 c1a551f1ed 1nt0 1etter5, d191t5, 

and 5pec1a1 5ym6015. N0te that th15 v0ca6u1ary 15 n0t the character 5et. 7he character 5et 15 

1mp1ementat10n dependent, and each 1mp1ementat10n mu5t def1ne, 1n 1t5 character 5et, 

d15t1nct repre5entat10n5 f0r a11 the 6a51c 5ym6015. 5u99e5t10n5 f0r d01n9 th15 1n 50me 

c0mm0n ca5e5 may 6e f0und 1n 5ect10n 13. 

Each 1mp1ementat10n mu5t 5pec1fy a 51n91e 6reak character wh1ch can 6e u5ed w1th1n an 

1dent1f1er. 7w0 1dent1f1er5 are 51m11ar 1f they are c0mp05ed 0f the 5ame 5e4uence 0f 

character5, except f0r chan9e5 fr0m upper t0 10wer ca5e 1etter5 0r v1ce ver5a, and f0r the 

pre5ence 0r a65ence 0f 6reak character5. 7he 1ntended u5e 0f the 6reak character 15 t0 

v15ua11y 5eparate an 1dent1f1er 1nt0 1t5 c0mp0nent part5. 1n an 1mp1ementat10n wh1ch can 

pr1nt upper and 10wer ca5e 1etter5. a tran51t10n fr0m 10wer t0 upper ca5e can a150 6e u5ed f0r 

th15 5eparat10n. 1t 15 rec0mmended that th15 c0nvent10n 6e u5ed when p055161e, 1n 

preference t0 the exp11c1t 6reak character, f0r 1mp1ementat10n5 wh1ch have 10wer ca5e 1etter5; 

06v10u51y 1t cann0t 6e u5ed 1f the ent1re 1dent1f1er 15 upper ca5e, f0r examp1e. 7hu5, an 

1dent1f1er m19ht 6e repre5ented a5 

a1pha8eta u51n9 96-character A5C11. w1th cap1ta112at10n a5 the 6reak. 

ALPHA 8E7A u51n9 the 18M PL/1 character 5et, w1th ~ a5 the 6reak. 

ALPHA•8E7A u51n9 the M0de1 33 7e1etype character 5et, w1th • a5 the 6reak. 

A11 0f the5e 1dent1f1er5 w0u1d 6e 51m11ar t0 the 1dent1f1er ALPHA8E7A. W1th the5e 

c0nvent10n5, ~t 15 p055161e t0 c0nvert fr0m 0ne repre5entat10n t0 an0ther ~n a rea50na61e way 

(5ee 13.). 

Each t1me an 1dent1f1er 15 u5ed, 1t mu5t 6e wr1tten 1n exact1y the 5ame way (1.e., w1th the 

5ame cap1ta112at10n and u5e 0f 6reak character5) a5 1t wa5 wr1tten when 1t wa5 dec1ared. 

H0wever, an0ther 1dent1f1er wh1ch 15 51m11ar acc0rd1n9 t0 the a60ve ru1e5 may n0t 6e 

dec1ared 1n any 5c0pe 1n wh1ch the f1r5t 1dent1f1er 15 acce55161e (5ee 7.3). 

7he f0110w1n9 cap1ta112at10n c0nvent10n 15 9enera11y u5ed 1n th15 rep0rt: type and r0ut1ne 

1dent1f1er5 6e91n w1th a cap1ta1 1etter (except f0r certa1n 5tandard type5); 0ther 1dent1f1er5 

6e91n w1th a 5ma11 1etter. 7h15 c0nvent10n 15 n0t part 0f the def1n1t10n 0f Euc11d, h0wever. 



516PLAN N0t1ce5 10 Fe6ruary 1977 

1etter ::= ••A•• 1 ••8•• 1 ••C•• 1 ••D•• 1 ••E•• 1 ••F•• 1 ••6•• 1 ••H•• 1 ••1•• 1 ••J•• 1 ••K•• 1 ••L•• 1 

••M•• 1 ••N•• 1 ••0•• 1 ••P" 1 ••Q•• 1 ••R•• 1 ••5•• 1 ••7•• 1 ••U•• 1 ••V•• 1 ••W•• 1 ••X•• 1 ••Y•• 1 

••2•• 1 "a•• 1 ••6•• 1 ••c•• 1 ••d•• 1 ••e•• 1 ••f•• 1 "9•• 1 ••h•• 1 •7• 1 ••j•• 1 ••k•• 1 •7• 1 ••m•• 1 ••n•• 1 
••0•• 1 ••p•• 1 ••4•• 1 ••r•• 1 ••5•• 1 ••t•• 1 ••u•• 1 ••v•• 1 ••w•• 1 ••x•• 1 ••y•• 1 ••2•• 

0cta1D191t::= ••0••1••1••1 ••2••1••Y•1••4••1••5••1••6••1 ••7" 

d191t ::= 0cta1D191t 1 ••8•• 1 ••9•• 

hexD191t ::= d191t 1 ••A•• 1 ••8•• 1 ••C•• 1 ••D•• 1 ••E•• 1 ••F•• 

6reakChar  ::= <50me 1mp1ementat10n-dependent  character  n0t  a 1etter 0r d191t> 

5pec1a15ym601 "•-..- 

••+•• 1 ••-•• 1 ••*" 1 ••=•• 1 ••<•• 1 ••>•• 1 ••<=•• 1 ••>=•• 1 ••->•• 1 ••(•• 1 ••)•• 1 
"{" 1 "}•• 1 ••:=•• 1 ••.•• 1 ••,•• 1 ";•• 1 ••:" 1 . . . . .  1 ••*•• 1 ••=>•• 1 ••<<=•• 1 ••$"1 ••#•• 1 
w0rd5ym601 

w0rd5ym601 ::= 
a65tract10n 1 a119ned 1 a11 1 and 1 any [ array 1 a55ert [ at [ 6e91n [ 61nd 1 61t5 1 
60und 1 ca5e 1 c h e c k e d  1 c0de  1 c011ect10n 1 c0n5t  1 c0unted  1 decrea51n9 1 
d e p e n d e n t  1 d15cr1m1nat1n9 1 d1v [ e15e [ e15e1f 1 end 1 ex1t 1 exp0rt5  1 f1na11y 1 
f0r  1 f0rward 1 fr0m 1 funct10n 1 1f [ 1mp0rt5 [ 1n 1 1nc1ude 1 1n1t1a11y 1 1n11ne 1 
1nvar1ant 1 100p 1 mach1ne  1 m0d 1 m0du1e 1 n 0  1 0f  1 0n 1 0r 1 0therw15e 1 
packed 1 parameter  [ perva51ve 1 p05t 1 pre 1 pr0¢edure 1 read0n1y 1 rec0rd 1 
return 1 return5 1 5et 1 then [ t0 1 type 1 u n k n 0 w n  1 var 1 when  1 w1th [ x0r  

7he  c0n5truct  

••{•• <any 5e4uence 0f  5ym6015 n0t c0nta1n1n9 ••}••> ••}•• 

may 6e 1n5erted 6etween any tw0 1dent1f1er5, 11tera1 c0n5tant5 (5ee 4.), 0r 5pec1a1 5ym6015. 
15 ca11ed a c0mment, and may 6e rem0ved f r0m the pr09ram text w1th0ut a1ter1n9 
mean1n9. 7 h e  5ym6015 ••{•• and ••}•• d0 n0t 0ccur 0therw15e 1n the 1an9ua9e. 

1t 
1t5 

Any ver1f1cat10n 5y5tem wh1ch accept5 Euc11d pr09ram5 a5 1nput may def1ne a c0nvent10n 
f0r d15t1n9u15h1n9 c0mment5  wh1ch have 5pec1a1 mean1n9 f0r  the ver1f1er. 0 n e  rea50na61e 
c0nvent10n 15 that every c 0 m m e n t  1n wh1ch a certa1n character  appear5 a5 the f1r5t character  

af ter  the { 15 1ntended f0r  the ver1f1er. 

7he  w0rd r0ut1ne 15 u5ed a5 a 5yn0nym f0r  the phra5e ••pr0cedure 0r ftmct10n.~ 

3.2 Le9a11ty a55ert10n5 

7hr0u9h0u t  th15 rep0rt, var10u5 re5tr1ct10n5 w111 6e p1aced 0n 1e9a1 Euc11d pr09ram5. Many 
0f the5e re5tr1ct10n5 cann0t  6e checked 5yntact1ca11y, and 1n 50me ca5e5 they 1nv01ve dynam1c 
c0nd1t10n5 that are d1ff1cu1t (0r 1mp055161e) t0 check 5tat1ca11y. Neverthe1e55, pr09ram5 that 
v101ate them are n0t  c0n51dered t0 6e mean1n9fu1 Euc11d pr09ram5. 1t 15 the re5p0n516111ty 
0f the c0mp11er t0 ver1fy a5 many 0f the5e pr0pert1e5 a5 1t can, and t0 pr0duce 8001ean 
expre5510n5 ca11ed 1e9a11ty a55ert10n5 f0r  th05e 1t cann0t.  7hu5,  any Pr09ram wh05e 1e9a11ty 
a55ert10n5 can a11 6e ver1f1ed 15 a 1e9a1 Euc11d Pr09ram, w1th we11-def1ned 5emant1c5. N0te 

that 1e9a11ty a55ert10n5 are pr0duced 0n1y f0r  c0nd1t10n5 5pec1f1ed 1n th15 rep0rt. 
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1f checked 15 5pec1f1ed f0r a 5c0pe and n0t 0verr1dden 6y an 1nner n0t checked(5ee 6.2.3 and 
9.2.1), a11 1e9a11ty a55ert10n5 1n the 610ck, and a11 Pr09rammer-5upp11ed a55ert10n5 wh1ch are 
8001ean expre5510n5, are c0mp11ed 1nt0 run-t1me check5, a5 an a1d 1n detect1n9 111e9a1 
Pr09ram5, even 6ef0re the ver1f1cat10n pr0ce55 15 c0mp1ete. 

3.3 Lex1ca1 5tructure 

7he text 0f  a Pr09ram 15 6u11t up 0ut 0f dec1arat10n5 and 5tatement5, c011ect1ve1y ca11ed 

un1t5, acc0rd1n9 t0 the 5yntax 5pec1f1ed 6e10w. 1n 9enera1 un1t5 are 5eparated 6y 5em1c010n5. 

7he  5yntax 15 c0n5tructed 1n 5uch a way that a un1t may a1way5 6e 1e9a11y f0110wed 6y a 
5em1c010n. 1n 0rder t0 make 1t unnece55ary t0 wr1te 5em1c010n5 6etween un1t5 wh1ch appear 

0n 5eparate 11ne5, a 5em1c010n 15 aut0mat1ca11y 1n5erted at the end 0f  a 11ne whenever the 1a5t 
t0ken 0f  the 11ne c0u1d 6e the end 0f  a un1t, name1y 0ne 0f: 

1dent1f1er, 11tera1 c0n5tant, ), , ,  ex1t, return, f0rward, 0r end p055161y f0110wed 6y 
1f, 100p, ca5e, rec0rd, 0r m0du1e. 

and the f1r5t t0ken 0f the next 11ne c0u1d 6e the 6e91nn1n9 0f a un1t, name1y 0ne 0f: 

1dent1f1er, 11tera1 c0n5tant, a65tract10n, a55ert, 6e91n, 61nd, ca5e, c0n5t, ex1t, 
f1na11y, f0r, funct10n, 1f, 1n1t1a11y, 1n11ne, 1nvar1ant, 100p, mach1ne, perva51ve, 
pr0cedure, return, type, var 0r w1th. 

C0mma5 are u5ed a5 5eparat0r5 1n enumerated type5, ca5e 1a6e1 115t5, e1ement 115t5, and 
parameter 115t5, and w1th1n dec1arat10n5 1n 1dent1f1er 115t5, 61nd 115t5, a n d  1mp0rt/exp0rt 115t5. 

7here are 5evera1 k1nd5 0f 6racket5 wh1ch are u5ed t0 9r0up dec1arat10n5 and 5tatement5 f0r 

var10u5 purp05e5. 7he f0110w1n9 115t 91ve5 the un14ue c1051n9 6racket f0r each 0pen1n9 
6racket. 

1f 

100p 

ca5e 

=> 

6e91n 

c0de 

rec0rd 

m0du1e 

end 1f 

end 100p 

end ca5e 

end ca5eLa6e1 

end, 0r end r0ut1ne1dent1f1er whenever the 610ck 15 the 60dy 0f  a 

r0ut1ne 

end r0ut1ne1dent1f1er. 

end rec0rd, 0r end type1dent1f1er whenever the rec0rd def1n1t10n 15 the 

dec1arat10n 0f a type 1dent1f1er. 

end m0du1e, 0r end type1dent1f1er whenever the m0du1e def1n1t10n 15 
the dec1arat10n 0f a type 1dent1f1er. 
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4. 1dent1f1er5, num6er5 and 5tr1n95 

••And twenty  m0re  5uch name5 a5 the5e 

Wh1ch never  were n0r n0 man  ever  5aw.•• 

7he  7am1n9 0 f  the 5hrew,  1nduct10n, 11, 95. 

1dent1f1er5 5erve t0 den0te c0n5tant5, var1a61e5, type5, and r0ut1ne5. 7he1r a550c1at10n mu5t 
6e un14ue w1th1n the1r 5c0pe 0f va11d1ty~ 1.e., w1th1n the 5c0pe 1n wh1ch they are dec1ared 
(5ee 6, 7.3). 

1dent1f1er ::= 1etter { 1etter0rD191t } 

1etter0rD191t ::= 1etter 1 d191t 1 6reakChar 

7he u5ua1 dec1ma1 n0tat10n 15 u5ed f0r num6er5, wh1ch are the 11tera1 c0n5tant5 0f the data 
type 1nte9er (5ee 6.1.2.). Num6er5 may a150 6e wr1tten 1n 0cta1 0r hexadec1ma1 n0tat10n. 

N0te that un519ned num6er5 are a1way5 p051t1ve; a ne9at1ve man1fe5t c0n5tant can 6e wr1tten 
a5 an expre5510n, e.9., -14. 

un519nedNum6er ::= d191t { d191t } 1 
0cta1D191t { 0cta1D191t } ••#8•• 1 
d191t { hexD191t } ••#16•• 

EXamp1e5: 

1 100 717#8 0CAD1#16 123#16 

5e4uence5 0f character5 enc105ed 6y 4u0te mark5 are ca11ed 11tera1 5tr1n9 c0n5tant5. 7hey 
are the 11tera1 c0n5tant5 0f the 5tandard type 5tr1n9 (5ee 6.2.2•. A character c0de, whether 0r 
n0t 1t 15 1n the pr1nt1n9 character 5et, can a150 6e repre5ented 1n a 11tera1 5tr1n9 c0n5tant a5 
f0110w5: 

$ d d d ,  where each d 5tand5 f0r a dec1ma1 d191t, repre5ent5 the character c0de w1th 
the dec1ma1 repre5entat10n ddd .  N0te: c h a r . 0 r d ( $ $ d d d )  = d d d  (5ee 6.1.2). 

F0r c0nven1ence, $5, 57, $N, $$, $• repre5ent 5pace, ta6, new11ne, $, and • re5pect1ve1y. 7he  

$ d d d  c0n5truct10n can 6e u5ed 0n1y 1n a mach1ne-dependent m0du1e (5ee 6.2.3). 

11tera15tr1n9 ::=• . . . .  { extendedCharacter } . . . . .  

extendedCharacter ::= character 1 ••$•• exten510n 

exten510n ::= 

Examp1e5: 

• • •A• 

•Euc11d• 

d191t d191t d191t 1 ••5•• 1 ••7•• 1 ••N•• 1 ••$•• 1 . . . . .  

. . . .  $•• •Here c0me5 a nu11:$000 and there 1t went• 
•H15 15 A 57R1N6• •7h15$515$5a$55tr1n9• 

A 51n91e character preceded 6y a d011ar 519n 15 a 11tera1 c0n5tant 0f the 5tandard type char 
(5ee 6.1.2). 7he  $ c0nvent10n may a150 6e u5ed 1n the5e c0n5tant5, 

11tera1Char ::= ••$•• extendedCharacter 

Exam p1e5: 

$a $$5 {5pace character} $$000 {the NUL character} $•• $$$ 
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50 Man1fe5t c0n5tant5 

••0ne here w111 c0n5tant 6e, 
C0me w1nd, c0me weather.•• 

P119r1m•5 Pr09re55 

A man1fe5t c0n5tant 15 a 11tera1 c0n5tant 0r an expre5510n wh1ch can 6e u5ed 1n p1ace 0f  a 

11tera1 c0n5tant. 7he va1ue 0f  a man1fe5tc0n5tant can 6e c0mputed 1n a 5tra19htf0rward way 
at c0mp11e t1me. 7hu5, a man1fe5t c0n5tant expre5510n may n0t 1nv01ve any funct10n5, 

except the 5tandard 0ne5 def1ned 1n th15 rep0rt. A 9enera1 c0n5tant, 6y c0ntra5t, ha5 a va1ue 

wh1ch 15 f1xed dur1n9 the 11fet1me 0f the 5c0pe 1n wh1ch 1t 15 def1ned, 6ut may 6e c0mputed 

1n an ar61trary way at the 6e91nn1n9 0f that 11fet1me. 

11tera1C0n5tant ::= un519nedNum6er 1 11tera15tr1n9 1 11tera1Char 1 enumeratedVa1ue1d 

man1fe5tC0n5tant ::= 11tera1C0n5tant 1 man1fe5tC0n5tantExpre5510n 

man1fe5tC0n5tantExpre5510n ::= expre5510n 

Examp1e5: 

-100 $a •Euc11d• red 3*C010r.0rd( C010r.1a5t) 
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6. Data type5 

••What 15 wr1tten w1th0ut ef f0rt  15 1n 9enera1 read w1th0ut p1ea5ure.•• 

J0hn50n 

A data type determ1ne5 the 5et 0f  va1ue5 wh1ch var1a61e5 and c0n5tant5 0f  that type may 

a55ume, and the 5et 0f  6a51c 0perat10n5 that may 6e perf0rmed 0n them. A type dec1arat10n 

a550c1ate5 an 1dent1f1er w1th the type. 7he  type 1dent1f1er 15 c0n51dered t0 den0te the 5ame 

type a5 1t5 def1n1t10n, un1e55 1t 15 dec1ared a5 a m0du1e type (5ee 6.2.3) 0r 15 exp0rted f r0m a 

m0du1e, 1n wh1ch ca5e the 1dent1f1er den0te5 a d1fferent type; type e4u1va1ence 15 d15cu55ed 
1n deta11 1n 6.4. Parameter12ed type5 are 1ntr0duced 1n 6.3. 

A type dec1arat10n 1ntr0duce5 a new 5c0pe 1n wh1ch the f0rma1 parameter5 0f the type, 1f 

any, are dec1ared (5ee 6.3). 1f the type def1n1t10n 15 a m0du1e type, the def1Mt10n 15 a 

5ec0nd, c105ed 5c0pe (5ee 7.3), and 1dent1f1er5 dec1ared 0ut51de 1t are 1nacce55161e un1e55 
1mp0rted. 1f the type def1n1t10n 15 n0t a m0du1e type, h0wever, 1t5 5c0pe 15 the 0pen 5c0pe 

0f  the dec1arat10n (0r p055161y a 5ec0nd, 0pen 5c0pe f0r a rec0rd def1n1t10n), and 1mp0rt1n9 
15 n0t nece55ary (0r p055161e). 

An 1dent1f1er mu5t 6e dec1ared 6ef0re 1t 15 u5ed. When there are mutua11y recur51ve 

r0ut1ne5 0r type5, h0wever, 1t 15 1mp055161e t0 91ve the def1n1t10n 0f every 1dent1f1er 6ef0re 

1t5 u5e. 1n th15 51tuat10n, a def1n1t10n 0f  f0rward may 6e 91ven 1n5tead, and 1ater an0ther 
dec1arat10n, 0f the f0rm type 7"--... (0r pr0cedure P= .... 0r funct10n F=...) mu5t appear t0 

pr0v1de the true def1n1t10n. 8etween 1t5 f0rward and true def1n1t10n5, 0r w1th1n 1t5 0wn 

def1n1t10n, a type may 0n1y 6e u5ed a5 the 06ject type 0f  a c011ect10n, 0r t0 dec1are a f0rma1 
parameter. 1f an 1dent1f1er dec1ared w1th f0rward ha5 parameter5, the5e mu5t appear 1n the 

f0rward def1n1t10n and mu5t n0t 6e repeated 1n the true •def1n1t10n. 

A type dec1arat10n may n0t c0nta1n var1a61e 1dent1f1er5 wh1ch are free, 1.e., dec1ared 0ut51de 

the type dec1arat10n, except that a m0du1e def1n1t10n may exp11c1t1y 1mp0rt var1a61e5. A5 a 

c0n5e4uence, an unparameter12ed type 1dent1f1er den0te5 the 5ame type thr0u9h0ut the 5c0pe 
1n wh1ch 1t 15 dec1ared, and the type den0ted 6y a parameter12ed type 1dent1f1er depend5 0n1y 

0n the va1ue5 0f the actua1 parameter5. N0te, h0wever, that the 5ame type 1dent1f1er may 

den0te d1fferent type5 1n d1fferent 5c0pe5, e.9., 1n d1fferent 1n5tant1at10n5 0f  a r0ut1ne 0r a 

m0du1e. 

A11 type5 (except 1nte9er) aut0mat1ca11y ac4u1re c0mp0nent5 when they are dec1ared. F0r 

examp1e, an array type 7 ha5 the c0mp0nent  7.1ndex7ype (5ee 6.2.1). Any c0mp0nent  0f  a 
type 15 aut0mat1ca11y a150 a c0mp0nent  0f every c0n5tant 0r var1a61e 0f that type. 7hu5 1f e 

15 a c0n5tant 0r var1a61e 0f  type 7, e.1ndex7ype 15 the 5ame a5 7.1ndex7ype. 

7h15 rep0rt 5pec1f1e5 the 5tandard repre5entat10n5, 1n term5 0f 61t5, f0r the va1ue5 0f certa1n 

type5. 7he5e 5pec1f1cat10n5 are 91ven 50 that mach1ne-dependent rec0rd5 and mach1ne-c0de 
pr0cedure5 can 6e 5en5161y def1ned, and 50 that the effect  0f an exp11c1t type c0nver510n can 

6e pred1cted. 7he f0110w1n9 c0ntext5 are def1ned a5 5en51t1ve: 

a var1a61e c0mp0nent 0f a mach1ne-dependent rec0rd (5ee 6.2.4) 

a var1a61e dec1ared at a f1xed addre55 (5ee 7.) 

an actua1 parameter 0r re5u1t 0f  a mach1ne-c0de r0ut1ne (5ee 10.) 
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the actua1 parameter 0r re5u1t 0f an exp11c1t type c0nver510n (5ee 6.5) 

A type may n0t appear 1n a 5en51t1ve c0ntext un1e55 1t5 5tandard repre5entat10n 15 5pec1f1ed, 
e1ther 1n th15 rep0rt, 0r exp11c1t1y 6y the 1mp1ementat10n. Except 1n the5e 5en51t1ve c0ntext5, 

there 15 n0 way f0r a Euc11d Pr09ram t0 determ1ne the 5tandard repre5entat10n 0f any va1ue, 
and an 1mp1ementat10n 15 theref0re free t0 U5e 0ther repre5entat10n5, pr0v1ded that 1t 

c0nvert5 each va1ue t0 the 5tandard repre5entat10n when 1t appear5 1n a 5en51t1ve c0ntext. 

type ::= 51mp1e7ype 1 5tructured7ype 1 p01nter7ype 1 parameter12ed7ypeReference 

typeDec1arat10n ::= type type1dent1f1er f0rma1ParameterL15t = 

preA55ert10n typeDef1n1t10n 

type1dent1f1er ::= 1dent1f1er 

typeDef1n1t10n ::= type 1 f0rward 

7here  are tw0 c0mp0nent5 1mp11c1t1y dec1ared f0r each type 0ther than 1nte9er: 

7.512e the re5u1t, 0f type 1nte9er, 15 the num6er 0f 5t0ra9eUn1t5 (5ee 
6.1.2) re4u1red f0r the repre5entat10n 0f a var1a61e 0f type 7. 

7.a119nment the re5u1t, 0f type 1nte9er, 15 the re4u1red a119nment 0f var1a61e5 
0f type 7, 1n 5t0ra9eUn1t5. 7 h u 5 ,  1f p : p7ype 15 a p01nter t0 5uch 
a var1a61e, then (Addre557ype< < =p7ype(p)) m0d 
p7ype.a119nment=0. 

7here  15 a c0mp0nent 1mp11c1tty dec1ared f0r each var1a61e 0r c0n5tant: 

x.1t57ype the type 0f x 

6.1. 51mp1e type5 

7here are n0 type var1a61e5 1n Euc11d. H0wever, a type may 6e a c0mp0nent 0f a m0du1e 
(5ee 6.2.3), and hence may 6e referenced 6y a f1e1d de519nat0r (5ee 7.2.2), a5 we11 a5 6y an 
1dent1f1er. 

51mp1e7ype ::= enumerated7ype [ 5tandard51mp1e7ype 1 5u6ran9e7Ype 1 
der1ved51mp1e7ype 

der1ved51mp1e7ype ::= [ c0nta1n1n9Var1a61e ••.•• ] 51mp1e7ype1dent1f1er 

51mp1e7ype1dent1f1er ::= 1dent1f1er 

6.1.1. Enumerated type5 

An enumerated type def1ne5 an 0rdered 5et 0f va1ue5 6y enumerat10n 0f the 1dent1f1er5 
wh1ch den0te the5e va1ve5. 7here mu5t 6e at 1ea5t tw0 5uch 1dent1f1er5. 7he 1dent1f1er5 are 
dec1ared a5 c0n5tant5 1n the current 5c0pe. 1f the current 5c0pe 15 a type dec1arat10n 0f type 
7, f0r wh1ch the enumerated type 15 the def1n1t10n, h0wever, the 1dent1f1er5 are dec1ared 1n 
the enc1051n9 5c0pe 1n5tead, 1.e., the 5c0pe 1n wh1ch 7 15 dec1ared. 1n any ca5e, the 1dent1f1er5 
may n0t 6e u5ed f0r any 01her purp05e 1n the 5c0pe 1n wh1ch they are dec1ared. 

7he  5tandard repre5entat10n 0f the 1th 1dent1f1er (c0unt1n9 fr0m 0) 1n the enumerat10n 15 
the 5ame a5 the repre5entat10n 0f the un519ned 1nte9er L 7hu5, 1f 7 15 an enumerated type, 
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7.f1r5t 15 repre5ented exact1y 11ke the 1nte9er 0. 

enumerated7ype ::= ••(•• enumeratedVa1ue~d { ••," enumeratedVa1udd } ••)•• 

enumeratedVa1ue1d ::= 1dent1f1er 

Examp1e5: 

type C010r = (red, 9reen, 61ue, 0ran9e, ye110w, purp1e) 
type 5u1t = (c1u6, d1am0nd, heart, 5pade) 
type Day = (M0nday, 7ue5day, Wedne5day, 7hur5day, Fr1day, 5aturday, 5unday) 
type 5ex7ype = (fema1e, ma1e) 
type C1a551f1cat10n = (c0nf1dent1a1, 5ecret, t0p5ecret) 
type Dev1ce = (d15k, d15p1ay, key60ard, pr1nter, tape) 

C0mp0nent5 1mp11c1t1y dec1ared f0r each enumerated and 5u6ran9e (5ee 6.1.3) type 7 are: 

7.f1r5t the f1r5t va1ue (1n the enumerat10n) 

7.1a5t the 1a5t va1ue (1n the enumerat10n) 

7.5ucc(x) the va1ue 5ucceed1n9 x (1n the enumerat10n). 7.5ucc(7.1a5t) 15 
undef1ned 1f 7 15 an enumerated type, 0r 7 15 a 5u6ran9e 0f  an 
enumerated type U and 7.1a5t=U.1a5t. 

7.Pred(x) the va1ue preced1n9 x (1n the enumerat10n). 7.Pred(7.f1r5t) 15 
undef1ned 1f 7 15 an enumerated type, 0r 7" 15 a 5u6ran9e 0f an 
enumerated type U and 7.f1r5t=U.f1r5t. ...... 

7 .0rd(x)  an un519ned1nt wh1ch 15 the 0rd1na1 num6er 0f the va1ue x 1n the 
eut, merat10n 0f 7. 7hu5, 7.0rd(7.f1r5t)=0. 

F0r 1n5tance, 5u1t.1a5t 15 5pade, and Day.f1r5t 15 M0nday. 

6.1.2. 5tandard 51mp1e type5 

7he f0110w1n9 type5 are 5tandard 1n Euc11d, and are perva51ve thr0u9h0ut a11 pr09ram5 (5ee 
7.3): 

1nte9er 1t5 va1ue5 are the p051t1ve and ne9at1ve 1nte9er5, 1n the mathemat1ca1 5en5e. 1t 
15 n0t p055161e t0 dec1are a var1a61e t0 6e 0f type 1nte9er. 1n5tead, var1a61e5 
can 6e dec1ared t0 6e 0f 50me 5u1ta61e 5u6ran9e type. C0n5tant5 0f type 
1nte9er may 6e dec1ared, h0wever, and num6er5 are 11tera1 c0n5tant5 0f type 

1 n te9e r. 

519ned1nt, 

un519ned1nt Every 1mp1ementat10n ha5 tw0 5tandard type5, 519ned1nt and un519ned1nt; 
they are 0rd1nary 5u6ran9e5 0f 1nte9er wh1ch are pre-def1ned f0r 
c0nven1ence. 7he5e are 1mp1ementat10n-def1ned; the 1ntent10n 15 that they 

5h0u1d 6e 1ar9e 5u6ran9e5 0f 1nte9er type wh1ch can 6e hand1ed eff1c1ent1y 6y 
the mach1ne, and wh1ch c0nta1n: 

f0r 519ned1nt. e4ua1 nt,n6er5 0f p051t1ve and ne9at1ve num6er5, 
0r perhap5 0ne m0re ne9at1ve num6er. 

f0r  un519ned1nt, 0 and n0 ne9at1ve num6er5. 
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8001ean 

char 

5t0ra9eUn 1t 

An 0perat10n 15 ca11ed we11-6ehaved 1f 1t5 0perand5 are 1n the ran9e 

519ned1nt, 0r un519ned1nt, and 1t y1e1d5 an 1nte9er re5u1t 1n the 5ame ran9e. 
An 1mp1ementat10n mu5t 5upp0rt the eva1uat10n 0f any expre5510n 1n wh1ch 

a11 the 0perat10n5 are we11-6ehaved (5ee 8.1). An 1mp1ementat10n may a150 

5upp0rt the eva1uat10n 0f expre5510n5 1nv01v1n9 1ar9er 1nte9er5 (e.9., 
d0u61e-prec1510n 1nte9er5), 6ut th15 15 n0t re4u1red. 1t 15 rec0mmended, 

h0wever, that 0n mach1ne5 wh1ch have un519ned1nt=0..216-1, at 1ea5t 

d0u61e-prec1510n 1nte9er55h0u1d 6e 5upp0rted. 

1f 7 15 def1ned 6y type 7 = m .. n, f0r any man1fe5t c0n5tant5 m, n>=0, and 1 

15 a va1ue 0f type 7, the 5tandard repre5entat10n 0f 1 15 the 0rd1nary 61nary 
repre5entat10n 0f the 1nte9er 1, f111ed 0ut 0n the 1eft w1th any num6er 0f 

extra 2er05. 7he 5tandard repre5entat10n 0f a 519ned 1nte9er mu5t 6e def1ned 
6y the 1mp1ementat10n, 6ut  15 n0t def1ned 1n th15 rep0rt. 

7here are tw0 5tandard funct10n5 def1ned 0n any 5u6ran9e 0f 1nte9er: 

A65(x) return5 an 1nte9er wh1ch 15 the a6501ute va1ue 0f x. 

0dd(x)  return5 a 8001ean wh1ch 15 7rue  1f and 0n1y 1f x 15 0dd. 

1t5 va1ue5 are the truth va1ue5 den0ted 6y the 1dent1f1er5 Fa15e and 7rue. 
def1ned 6y type 8001ean = (Fa15e, 7rue). 

[t 15 

1t 15 an enumerated type wh05e va1ue5 are a 5et~15f character5 determ1ned 6y 

the 1mp1ementat16n. 7hey are den0ted 6y the character5 them5e1ve5 preceded 
6y a d011ar 519n (5ee 4.). 

7here 15 a 5tandard funct10n Chr(a-. 0..char.0rd(char.1a5t)) w1th the pr0perty 
that char.0rd(Chr(x))=x, 

Warn1n9: the 0rder1n9 0f t h e  va1ue5 0f  type char 15 1mp1ementat10n 

dependent. U5e 0f  th15 0rder1n9 1n c0mpar150n5 0f char5, 5u6ran9e5 0f  char5, 
0r the Chr and char.0rd funct10n5, w111 1n 9enera1 re5u1t 1n n0n-p0rta61e 
Pr09ram5. Un11ke m05t 0ther mach1ne-dependent feature5 0f  Euc11d, th15 0ne 
15 n0t re5tr1cted t0 mach1ne-dependent m0dt,1e5. 

1•h15 15 the 6a51c un1t f0r 5t0ra9e a110cat10n (5ee 6.3). 7here are n0 

d15t1n9u15ha61e va1ue5 0f th15 type, and n0 0perat10n5 are def1ned 0n th15 
type. 7hu5, a 5t0ra9eUn1t var1a61e 51mp1y 5erve5 t0 0ccupy a kn0wn am0unt  

0f  5pace. 7he 5tandard repre5entat10n 0f a 5t0ra9eUn1t 15 n0t def1ned. 

7here are tw0 5tandard c0mp0nent5 0f  the type 5t0ra9eUn1t: 

512e1n81t5, an 1nte9er c0n5tant wh1ch def1ne5 the num6er 0 f  61t5 1n a 

5t0ra9eUn1t. 

Addre55. a funct10n dec1ared 6y 
[•unct10n Addre55 (A:array 0..n 0f 5t0ra9eUn1t) return5 

Add re557y pe, 
wh1ch return5 the mach1ne addre55 0f  A(0). 1t may 0n1y 6e u5ed 1n a 

mach1ne-dependent m0du1e. 
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Addre557ype 7h15 15 an un519ned 5u6ran9e 0f 1nte9er, 1ar9e en0u9h t0 h01d a fu11 mach1ne 
addre55; 1.e., a va1ue returned 6y the funct10n 5t0ra9eUn1t.Addre55. 

6.1.3. 5u6ran9e type5 

A type may 6e def1ned a5 a 5u6ran9e 0f an0ther 51mp1e type 6y 1nd1cat10n 0f the 5ma11e5t 
and the 1ar9e5t va1ue 1n the 5u6ran9e. 7he  f1r5t c0n5tant 5pec1f1e5 the 10wer 60und, and the 
5ec0nd the upper 60und. 1f type ,4 15 a 5u6ran9e 0f type 8, and type 8 15 a 5u6ran9e 0f type 

C, we 5ay that .4 15 a150 a 5u6ran9e 0f C. 7he 5ucc, Pred, f1r5t and 1a5t c0mp0nent5 are 
def1ned f0r a11 5u6ran9e type5. 1f +4 15 a 5u6ran9e 0f 8, and a 15 0f type ,4 and 6 15 0f type 
8, and a=6, and the 5tandard repre5entat10n 0f 6 15 def1ned, then the 5tandard repre5entat10n 
0f  a 15 the 5ame a5 the 5tandard repre5entat10n 0f 6. 

5u6ran9e7ype ::= c0n5tant5um ••..•• c0n5tant5um 

c0n5tant5um ::= 5um 

Examp1e5: 

type 0ne700neHundred = 1 .. 100 
type 5ymmetr1cRan9e -- -10 .. 10 

type Pr1mary = red .. 61ue {the va1ue5 0f a Pr1mary are red, 9reen, and 61ue} 
type 5creenP051t10n -- 1 .. 525 {y c00rd1nate f0r  d15p1ay 5creen} 

6.2. 5tructured type5 

A 5tructured type 15 character12ed 6y the type(5) 0f 1t5 c0mp0nent5 and 6y 1t5 5tructur1n9 
meth0d. M0re0ver, a 5tructured type def1n1t10n may c0nta1n an 1nd1cat10n 0f the preferred 
data repre5entat10n: 1f a def1n1t10n 15 pref1xed w1th the 5ym601 packed, th15 15 a h1nt t0 the 
c0mp11er that 5t0ra9e 5h0u1d 6e ec0n0m12ed even at the pr1ce 0f 50me 1055 1n eff1c1ency 0f 
acce55, and even 1f th15 may expand the c0de nece55ary f0r acce551n9 c0mp0nent5 0f the 
5tructure. 

Add1n9 0ccurrence5 0f packed may make a 1e9a1 pr09ram 1nt0 an 111e9a1 0ne (6ecau5e 0f type 
c0mpat16111ty (5ee 6.4) 0r 1f a c0mp0nent  0f the 5tructure ha5 6een renamed a5 an ent1re 
var1a61e (5ee 7.4)), 6ut w111 n0t 0therw15e chan9e the mean1n9 0f the pr09ram. 

5tructured7ype ::= [ packed ] unpacked5tructured7ype 1 der1ved5tructured7ype 

unpacked5tructured7ype ::-- array7ype 1 rec0rd7ype 1 m0du1e7ype 1 
mdRec0rd7ype 1 5et7ype 1 c011ect10n7ype 

der1ved5tructured7ype ::•- [c0nta1n1n9Var1a61e ••.••] 5tructured7ype1dent1f1er 

5tructured7ype1dent1f1er ::= 1dent1f1er 

6.2.1. Array type5 

An array type 15 a 5tructure c0n515t1n9 0f a f1xed num6er 0f c0mp0nent5 wh1ch are a11 0f the 

5ame type, ca11ed the c0mp0nent type. 7he e1ement5 0f the array are de519nated 6y 1nd1ce5, 
va1ue5 6e10n91n9 t0 the 1ndex type. 7he array type def1n1t10n 5pec1f1e5 60th the c0mp0nent  
type and the 1ndex type. 
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7he  5tandard repre5entat10n 0f an unpacked array A 0f type array 1 0f C 15 def1ned a5 
f0110w5. Let t=C.512e+(C.a119nment-1), and 5=t-(t m0d C.a119nment). 7hen 5ucce551ve 
c0mp0nent5 0f A 0ccupy 5ucce551ve 9r0up5 0f 5 5t0ra9eUn1t5, w1th n0 un0ccup1ed 
5t0ra9eUn1t5 1n 6etween. A(1.f1r5t) 0ccup1e5 the f1r5t 5 5t0ra9eUn1t5, 1.e., the 0ne5 w1th the 
5ma11e5t mach1ne addre55e5, and A(1.1a5t) 0ccup1e5 the fa5t 5 5t0ra9eUn1t5, 1.e., the 0ne5 w1th 
the 1ar9e5t mach1ne addre55e5. Each c0mp0nent 15 a119ned 1n the 5ame way a5 a var1a61e 0f 
type C. 7he  ent1re array thu5 0ccup1e5 max(0,5*(1.1a5t - /.f1r5t + 1)) 5t0ra9eUn1t5. 7he 
5tandard repre5entat10n 0f a packed array 15 n0t def1ned. 

array7ype ::--- array 1ndex7ype 0f c0mp0nent7ype 

1ndex7ype ::-- 51mp1e7ype 

c0mp0nent7ype ::= type 

7here  are tw0 5tandard c0mp0nent5 0f an array type 7: 

7.1ndex7ype the 1ndex type 

7.C0mp0nent7ype the c0mp0nent type 

L1ke 0ther c0mp0nent5 0f type5, they are a150 c0mp0nent5 0f any var1a61e 0r c0n5tant 0f  the 
type (5ee 6.). 7hu5 1f a 15 a var1a61e 0f type 7, then a.1ndex7ype 15 the 5ame a5 
7.1ndex7ype, and 11kew15e f0r C0mp0nent7ype. 

Examp1e5: 

typetype ArraY04rray 1 : arrayarray ~0....1000f0f ~)19..ne~11nt 

type Array2 - array 8001ean 0f C010r 
type Name7a61e = array 0ne700neHundred 0f 5tr1n9(50) 

6.2.2. Rec0rd type5 

A rec0rd type 15 a 5tructure c0n515t1n9 0f a f1xed num6er 0f c0mp0nent5, p055161y 0f 
d1fferent type5. 7he rec0rd type def1n1t10n 5pec1f1e5 f0r each c0mp0nent, ca11ed a f1e1d, 1t5 
type and an 1dent1f1er wh1ch den0te5 1t. 7he 5c0pe 0f the5e f1e1d 1dent1f1er5 15 the rec0rd 
def1n1t10n 1t5e1f. 7hey are a150 acce55161e w1th1n a f1e1d de519nat0r (cf. 7.2) referr1n9 t0 a 
rec0rd var1a61e 0r c0n5tant 0f th15 type. Rec0rd c0mp0nent5 may 6e c0n5tant5 0r var1a61e5. 
C0mp0nent5 0 the r thanva r1a61e5  are acce55161e w1th1n a f1e1d de519nat0r referr1n9 t0 the 
type 1t5e1f, a5 we11 a5 1n a de519nat0r referr1n9 t0 a var1a61e. 

F0r the 5yntax 0f c0n5tant and var1a61e dec1arat10n5, 5ee 7. 1f the rec0rd type appear5 a5 the 
def1n1t10n 0f a type 1dent1f1er, 1t mu5t end w1th the c1au5e end 1dent1f1er; 0therw15e 1t mu5t 
end w1th end rec0rd. 

7he  512e 0f  a rec0rd c0nta1n1n9 an unpacked array 
1ndependent 0f the array 512e, p1u5 the 512e 0f the array. 
rec0rd 15 n0t def1ned. 

rec0rd7ype ::= rec0rd f1e1dL15t endRec0rd 

endRec0rd ::-- end rec0rd 1 end 1dent1f1er 

f1e1dL15t ::= [ rec0rdDec1arat10n 1-••;••] ] 1- var1antPart ] [ ••;•• ] 

rec0rdDec1arat10n ::= perva51ve rec0rdDec1arat10nPart 
{ ••," per~¢a51ve rec0rdDec1arat10nPart } 

rec0rdDec1arat10nPart ::•" c0n5tantDec1arat10n 1 var1a61eDec1arat10n 

15 e4ua1 t0 50me c0n5tant va1ue, 
7he 5tandard repre5entat10n 0f a 

perva51ve ::= perva51ve 1 empty 
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A rec0rd type may have 5evera1 var1ant5. 1n th15 ca5e a c0n5tant 0f  50me 51mp1e type mu5t 

6e u5ed a5 a 5e1ect0r 1n a ea5e c0n5truct10n wh1ch enumerate5 the p055161e var1ant5. 7h15 

c0n5tant 15 ca11ed the ta9, and 1t5 va1ue 1nd1cate5 wh1ch var1ant 15 a55umed 6y the rec0rd 

var1a61e at a 91ven t1me. Each var1ant 5tructure 15 1dent1f1ed 6y a ca5e 1a6e1 wh1ch 15 a 5et 0f  

man1fe5t c0n5tant5 0f  the type 0f  the ta9. U5ua11y the ta9 w111 6e a f0rma1 parameter 0f  the 

type dec1arat10n 1n wh1ch the ea5e appear5 (5ee 6.3). When a var1a61e 0f  the rec0rd type ~5 

dec1ared, h0wever, the ta9 mu5t 6e a man1fe5t c0n5tant, 0r any. 

7he  ca5e 1a6e1 115t5 mu5t 6e d15j01nt. Furtherm0re, the un10n 0f  the 115t5 mu5t exhau5t the 

enumerated type 0f  the ta9, un1e55 there 15 an 0therw15e var1ant, 1n wh1ch ca5e a11 the ta9 

va1ue5 n0t ment10ned exp11c1t1y are 1umped under that var1ant. 7he  ca5e 1a6e1 f0110w1n9 the 

end 0f the var1ant mu5t 6e 0ne 0f  the 1a6e15 5pec1f1ed 6y the ca5e 1a6e1 1151= 

var1antPart ::= ca5e ta9 0f var1ant { ••;•• var1ant } [ 0therw15eVar1ant ] [ ••;•• ] end ca5e 

var1ant ::•- ca5eLa6e1L15t ••=>•• f1e1dL15t end ca5eLa6e1 1 empty 

ca5eLa6e1L15t ::= ca5eLa6e1 { ••,•• ca5eLa6e1 } 

ca5eLa6e1 ::= man1fe5tC0n5tant 1 5u6ran9e7Ype 

ta9 ::- c0n5tant 

0therw15eVar1ant ::= 0therw15e ••=>•• f1e1dL15t 

Examp1e5: 

type  Date : rec0rd 

var day:. 1 .. 31 
var m0nth: (Jan, Fe6, Mar, Apr, May, Jun, Ju1, Au9, 5ep, 0ct, N0v, Dec) 
var year:. 1900 .. 2100 
end Date 

type 5tream (dev:. Dev1ce) -- rec0rd 

ca5e dev 0 f  

d15p1ay --> 
var 

, v a r  

Var  

e n d  

tape, d15k 
¥ar  

var 

var 

f1r5t, 1a5t: D15p1ayC0ntr01810ck {n0t def1ned 1n th15 rep0rt} 
he19ht: 5creenP051t10n := 5creenP051t10n.f1r5t 
nL1ne~ 0 .. (5creenP051t10n.1a5t)/8 
d15p1ay 

=> 

f11e:. F11eHand1e {n0t def1ned 1n th15 rep0rt} 
p051t10n:, un519ned1nt := 0 
6uffer. array 0 .. 255 0f  char 

end tape 
key60ard => 

var 6uffer. array 0 .. 20 0f  char 
var 6ufF1r5t, 6ufLa5t: 6uffer.1ndex7ype := 6uffer.1ndex7ype.f1r5t 
end key60ard 

0therw15e => {nu11 f1e1dL15t} 
end ca5e 

end 5tream 
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7here  are three perva51ve 5tandard type5 hav1n9 t0 d0 w1th 5tr1n95, dec1ared a5 f0110w5. 

type 5tr1n91ndex = 1 .. 5tr1n9MaxLen9th 
type 5tr1n9Len9th = 0 .. 5tr1n9MaxLen9th 
type 5tr1n9(maxLen9t1r. 5tr1n91ndex) = rec0rd 

var 1en9t12. 0 .. maxLen9th := 0; 
var text: packed array 1 .. maxLen9th 0f char 
end 5tr1n9 

L1tera1 5tr1n9 c0n5tant5 are 0f type 5tr1n9, w1th 1en9th e4ua1 t0 the num6er 0f  character5. 
7he  maxLen9th 0f  a 11tera1 5tr1n9 c0n5tant 15 ch05en t0 make 1t5 type 5u1ta61e f0r the c0ntext 

1n wh1ch 1t appear5; 1t mu5t n0t 6e 1e55 than the 1en9th, h0wever. R0ut1ne5 can read11y 6e 

def1ned t0 extract 5u65tr1n95, d0 pattern match1n9, 0r perf0rm any 0ther de51red 0perat10n5 
0n 5tr1n95 (5ee 10. and 11. f0r examp1e5). Furtherm0re, the5e r0ut1ne5 m19ht 6e 

mach1ne-c0ded f0r  eff1c1ency. 7he  va1ue 0f  the perva51ve man1fe5t c0n5tant 

5tr1n9MaxLen9th 15 1mp1ementat10n-def1ned. 

6.2.3 M0du1e type5 

A m0du1e type 15 a 9enera112at10n 0f a rec0rd type. M0du1e c0mp0nent5 may 6e dec1ared a5 
c0n5tant5, var1a61e5, r0ut1ne5, 0r type5. 7he5e dec1arat10n5 have the 5ame f0rm and the 5ame 

mean1n9 a5 the dec1arat10n5 1n a 610ck. 7hu5, a m0du1e 5erve5 a5 a packa9e f0r a c011ect10n 

0f  re1ated 06ject5. A m0du1e type 15 a1way5 0Pa4ue; 1.e., 1t 15 n0t the 5ame a5 any 0ther type 
(5ee 6.4). 7hu5, tw0 d1fferent m0du1e def1n1t10n5 a1way5 def1ne d1ff~1~nt type5, even 1f the 

def1n1t10n5 are textua11y 1dent1ca1. 

1dent1f1er5 dec1ared 1n a m0du1e are n0t kn0wn 0ut51de un1e55 they are exp0rted exp11c1t1y, 

50 the packa91n9 5upp11ed 6y the m0du1e a150 pr0v1de5 pr0tect10n a9a1n5t 1mpr0per u5e 0f 
c0mp0nent5 wh1ch are 1ntended t0 6e kn0wn 0n1y w1th1n the m0du1e def1n1t10n. An 

exp0rted 1dent1f1er x 15 acce55161e (6ut 0n1y w1th1n a 5u1ta61e f1e1d de519nat0r) 1n any 5c0pe 
1n wh1ch the m0du1e type 15 acce55161e. A c0n5tant 1dent1f1er 15 a1way5 exp0rted a5 a 
c0n5tant; th15 may 6e 5pec1f1ed 6y a 61nd1n9 c0nd1t10n 0f  c0n5t, 0r the 61nd1n9 c0nd1t10n 

may 6e 0m1tted. A var1a61e 1dent1f1er may 6e exp0rted a5 a var1a61e, u51n9 the 61nd1n9 
c0nd1t10n var, 0r a5 a read0n1y var1a61e, u51n9 the 61nd1n9 c0nd1t10n read0n1y 0r 0m1tt1n9 

the 61nd1n9 c0nd1t10n (5ee 7). A var1a61e may n0t 6e exp0rted a5 a c0n5tant. N0 tw0 
var1a61e5 1n the un10n 0f the 1mp0rt and the exp0rt 115t5 0f  a m0du1e may 0ver1ap (5ee 7.4). 

A c0n5tant 0r var1a61e 1dent1f1er may n0t 6e exp0rted un1e55 1t5 type 15 exp0rted, 0r 15 

acce55161e 1n the 5c0pe 5 enc1051n9 the m0du1e def1n1t10n: the 1t57ype c0mp0nent 0f  an 
exp0rted c0n5tant 0r var1a61e 15 aut0mat1ca11y exp0rted. 51m11ar1y, a r0ut1ne 1dent1f1er may 
n0t 6e exp0rted un1e55 the type5 0f  1t5 parameter5 and re5u1t5 are exp0rted 0r acce55161e 1n 5. 

When a type 7 15 exp0rted fr0m a m0du1e M, 1t 15 a1way5 0pa4ue 0ut51de 1t5 def1n1n9 

m0du1e; 1.e., 1t 15 n0t the 5ame a5 any 0ther type (5ee 6.4). 7hu5 a11 0perat10n5 0n va1ue5 0f 

type 7", 0ther than p055161y a5519nment and e4ua11ty te5t5, mu5t 6e perf0rmed 6y r0ut1ne5 
def1ned 1n M. 7he  exp0rt 1tem f0r a type may 5pec1fy, 1n an appended w1th c1au5e, that 1t 15 

t0 6e exp0rted w1th a5519nment, e4ua11ty 0r 60th: an 0perat10n n0t 5pec1f1ed 15 n0t exp0rted. 

1f a5519nment 15 n0t exp0rted, then 7 15 n0t a5519na61e; 1.e., 0ut51de M c0n5tant5 0r c0n5tant 
parameter5 0f  type 7 cann0t 6e dec1ared, and var1a61e5 0f type 7 cann0t appear 0n the 1eft 

51de 0f an a5519nment 5tatement. Furtherm0re, 7•5 f1e1d 1dent1f1er5 (1nc1ud1n9 5tandard 

0ne5, 11ke 512e) are n0t acce55161e 0ut51de M, un1e55 the w1th c1au5e 5pec1f1e5 that they 5h0u1d 

6e exp0rted. 1f 7 15 an array type, 5u65cr1pt1n9 15 exp0rted 1f and 0n1y 1f the 1ndex7ype 
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c0mp0nen t  15 exp0rted. 1f 7 15 an enumerated type, 1t5 enumerated va1ue 1dent1f1er5 are n0t  
exp0rted un1e55 they are ment10ned exp11c1t1y 1n 7% w1th c1au5e; 5u6ran9e7Ype 15 perm1tted 
1n an exp0rt1tem t0 fac111tate th15. 0n1y an exp0rted type 1dent1f1er may have a w1th c1au5e. 

Va1ue5 0f the m0du1e type 1t5e1f may n0t  6e a5519ned 0r c0mpared f0r  e4ua11ty un1e55 := 0r 
=, re5pect1ve1y, appear 1n the exp0rt  115t. Furtherm0re,  := and = may n0t  appear 1n the 
exp0rt f15t 1f the m0du1e 1mp0rt5 any var1a61e5. 

7he  1dent1f1er5 wh1ch may 6e exp0rted f r0m a m0du1e are th05e wh1ch are acce55161e 1n the 
5c0pe 6etween the end 0f the m0du1e•5 dec1arat10n5 and the end 0f the m0du1e; 1005e1y, the5e 
are ju5t the 1dent1f1er5-dec1ared at the 0uterm05t 1eve1 1n the m0du1e. 

A m0du1e 15 a c105ed 5c0pe; 1.e., 1dent1f1er5 dec1ared 0ut51de the m0du1e are n0t  kn0wn 1n51de 
un1e55 they are kn0wn 1n the 1mmed1ate1y enc1051n9 5c0pe, and e1ther are perva51ve 0r are 
exp11c1t1y 1mp0rted 1nt0 the m0du1e (6y the 1mp0rt5 c1au5e 1n the m0du1e def1n1t10n, 0r 
6ecau5e they appear 1n the f0rma1 parameter 115t 0f the m0du1e dec1arat10n). 1mp0rt1n9 15 
d15cu55ed 1n deta11 1n 7.3. 

7he  0pt10na1 1dent1f1er f0110w1n9 m0du1e 1n the type def1n1t10n may 6e u5ed w1th1n the 
def1n1t10n t0 name the ent1re va1ue, 1.e., f0r  5e1f-referenc1n9. 

A m0du1e type may 6e pref1xed w1th the 5ym6015 mach1ne dependent, wh1ch 51mp1y mean5 
that 1t may c0nta1n 0ther mach1ne-dependent  m0du1e and rec0rd dec1arat10n5, f1xed 
addre55e5 1n var1a61e dec1arat10n5 (5ee 7.), extended character5 0f the f 0 r m  $ddd (5ee 4.), 
type c0nverter5 1nv01v1n9 type5 w1th 1mp1ementat10n-dependent repre5entat10n5 (5ee 6.5), 
u5e5 0f 5t0ra9eUn1t.Addre55 (5ee 6.1.2), and mach1ne-c0de pr0cedure dec1arat10n5 (5ee 10.); a 
m0du1e wh1ch 15 n0t  mach1ne-dependent  may n0t  c0nta1n any 0f the5e th1n95. 7hu5 1t 15 
p055161e t0 te11 f r0m the head1n9 0f a m0du1e type whether 1t c0nta1n5 any mach1ne 
dependenc1e5 0r n0t. N0te that  mach1ne-dependent  1dent1f1er5 exp0rted f r0m a 
mach1ne-dependent  m0du1e, a5 we11 a5 the mach1ne-dependent  m0du1e type 1t5e1f, may 6e 
u5ed 1n 0ther m0du1e5 wh1ch are n0t  mach1ne-dependent .  51nce exp0rted type5 can 0n1y 6e 
man1pu1ated 6y exp0rted r0ut1ne5, the r0ut1ne5 5erve t0 encap5u1ate the 
mach1ne-dependenc1e5. 

7he  5tandard repre5entat10n 0f a m0du1e 15 n0t  def1ned. 

m0du1e7ype ::- [ mach1ne dependent ] m0du1e [ 1dent1f1er ] 
1mp0rtC1au5e exp0rtC1au5e m0du1e80dy endM0du1e 

endM0du1e ::= end m0du1e 1 end 1dent1f1er 

1mp0rtC1au5e ::= 1mp0rt5 ••(•• 1mp0rt1tem { ••,•• 1mp0rt1tem } ")•• 1 empty 

1mp0rt1tem ::= perva51ve 61nd1n9C0nd1t10n 1dent1f1er 1 typeC0nver ter  

exp0rtC1au5e ::= exp0rt5 exp0rtL15t [••;••] 1 empty 

exp0rtL15t ::-- ••(•• exp0rt1tem { ••,•• exp0rt1tem} ••)•• 

exp0rt1tem ::= 61nd1n9C0nd1t10n 1dent1f1er [ w1th exp0rtL15t ] 1 ••:=•• 1 ••=•• 1 
5u6ran9e7Ype 

61nd1n9C0nd1t10n ::= c0n5t 1 read0n1y 1 var 1 empty 

A m0du1e may 1nc1ude an 1n1t1a1 act10n wh1ch 15 executed whenever a new var1a61e 0f  the 
m0du1e type 15 created, and a f1na1 act10n wh1ch 15 executed whenever 5uch a var1a61e 15 
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de5tr0yed. N0te that 1f 5evera1 m0du1e var1a61e5 are dec1ared, a5 1n the pr09ram fra9ment  

6e91n x:M1; y:.M2; 2;M1; ... end 

the 0rder 0f  creat10n 15 x, y, 2, and the 0rder 0f  de5truct10n 15 2, y, x. 7h15 f0110w5 fr0m the 

fact that the three dec1arat10n5 5tart three ne5ted 5c0pe5, a11 0f  wh1ch end at the end (5ee 7.3). 

A m0du1e may a150 5pec1fy an 1nvar1ant wh1ch 15 5upp05ed t0 6e true dur1n9 the 11fet1me 0f 
the m0du1e var1a61e (1.e., after the execut10n 0f  the 1n1t1a1 act10n and 6ef0re the execut10n 

0f  the f1na1 act10n), except perhap5 when 0ne 0f the pr0cedure5 0f  the m0du1e ha5 6een 

ca11ed and ha5 n0t yet returned. L1ke 0ther a55ert10n5, th15 0ne may 6e empty 0r a 8001ean 

expre5510n. 1n the f0rmer ca5e the c0ntent 0f the a55ert10n 15 5upp11ed 1n a c0mment. 7h15 

c0mment  15 0f c0ur5e 19n0red 6y the c0mp11er, 6ut pre5uma61y 15 1nterpreted 6y the 
ver1f1er. 1n the fatter ca5e the a55ert10n mu5t 6e a 1e9a1 8001ean expre5510n, 6ut 1t 9enerate5 

c0de 0n1y 1f the checked 0pt10n 15 ena61ed f0r the enc1051n9 5c0pe. 

7he  a65tract10n ftmct10n, nece55ary f0r 0ne appr0ach t0 the ver1f1cat10n 0f  m0du1e5 [H0are  
1972, L0nd0n et a1. 1977], map5 the var1a61e5 1n51de the m0du1e 1nt0 a va1ue 0f the m0du1e 

type. 7he need f0r  th15 mapp1n9 1n ver1f1Cat10n ar15e5 6ecau5e a var1a61e 0f  the m0du1e type 
15 repre5ented 1n51de the m0du1e 6y d1fferent var1a61e5. 7he  60dy 0f  the a65tract10n 

funct10n may c0nta1n c0n5truct5 0ut51de Euc11d 1n the 5ame way that a55ert10n5 may, 1.e., 

w1th1n c0mment5. 7he a65tract10n funct10n 15 n0t ca11a61e fr0m a Euc11d pr09ram. 

m0du1e80dy ::= checkedC1au5e dec1arat10n [ ••;•• ] 1n1t1a1Act10n 1nvar1ant f1na1Act10n 

checkedC1au5e ::= checked 1 n0t checked 1 empty .............. 

dec1arat10n ::= empty 1 perva51ve dec1arat10nPart { ";•• perva51ve dec1arat10nPart } 

dec1arat10nPart ::= c0n5tantDec1arat10n 1 var1a61eDec1arat10n 1 typeDec1arat10n 1 

pr0cedureDec1arat10n 1 funct10nDec1arat10n 

1n1t1a1Act10n ::= 1n1t1a11y r0ut1neDef1n1t10n ••;•• 1 empty 

1nvar1ant ::= 1a65tract10n funct10nDec1arat10n] 1nvar1ant a55ert10n ••;•• 1 empty 

a55ert10n ::= expre5510n 1 empty 

f1na1Act10n ::= f1na11y r0ut1neDef1n1t10n ••;•• 1 empty 

7he  f0110w1n9 examp1e 0ut11ne5 h0w 0ne m19ht packa9e f10at1n9-p01nt num6er5 and 
0perat10n5 0n them 1n a m0du1e. Examp1e5 0f  c0mp1ete m0du1e5 may 6e f0und 1n 5ect10n 

12 and Append1x 8. 

var Rea1: mach1ne dependent m0du1e 

exp0rt5 (Add, 5u6tract, 71me5, D1v, 6reater, c0n5t 2er0, num6er, 

Va1ue w1th (:=, =, 519n, exp0nent, mant155a)) 

type Exp = -80#16  .. 7F#16;  type Mant = 0 .. 0 F F F F F F # 1 6  

type Va1ue -- mach1ne dependent rec0rd 

var 519n (at 0 61t5 0 .. 0): 0 .. 1 := 0 

var exp0nent (at 0 61t5 1 .. 7): Exp := 0 

var mant155a (at 0 61t5 8 .. 31): Mant := 0 

end Va1ue 

c0n5t 2er0: Va1ue := (0,0,0) 

1n11ne funct10n num6er (rrc. 519ned1nt, ex: Exp) return5 nunr. Va1ue-  
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1mp0rt5 (Man1) 

6e91n 

1f m < 0 then num.519n := 0 e15e num.5t9n := 1 end 1f 

num.mant155a := A65(m); num.exp0nen1 := ex 

end num6er 

funct10n Add (c0n5t 1, r:. Va1ue) return5 5um Va1ue = 

c0de ... end Add  

1n11ne funct10n 6reater  (c0n5t 1, r:. Va1ue) return5 8001ean - 

1mp0rt5 (519ned1nt< <=Va1ue) 

6e91n {u5e type c0nverter5 t0 c0mpare 1 • r a5 519ned1nt5} 

return 7rue when (519ned1nt<<=Va1ue(1)) > (519ned1nt<<=Va1ue (r)) 

return Fa15e 

end 6reater  

~ , ,  

end Rea1 

6.2.4 Mach1ne-dependent rec0rd5 

A mach1ne-dependent rec0rd type 15 a re5tr1cted k1nd 0f rec0rd~type wh1ch a110w5 the 
pr09rammer t0.5pec1fy the exact p051t10n and 512e 0f each var1a61e f1e1d. 7he p051t10n 15 
5pec1f1ed 1n 5t0ra9eUn1t5, where the f1r5t 5t0ra9eUn1t 0f the rec0rd 15 num6ered 0, and then 
1n 61t5, where the f1r5t 61t 0f the 5pec1f1ed 5t0ra9eUn1t 15 num6ered 0, and the 61t 
num6er1n9 c0nt1nue5 t0 5ucce551ve 5t0ra9eUn1t5 1n the 06v10u5 way. 7he 0rder1n9 0f 61t5 1n 
a 5t0ra9eUn1t 15 1mp1ementat10n-def1ned. 1f the 61t5 c1au5e 15 0m1tted, the f1e1d 0ccup1e5 an 
1nte9ra1 num6er 0f 5t0ra9eUn1t5, and 1t5 512e 15 c0mputed fr0m the 512e 0f 1t5 type; the va1ue 
15 r19ht-ju5t1f1ed 1n the f1e1d. 7he c0mp11er•5 re5p0n516111ty 15 t0 check that f1e1d5 d0 n0t 
0ver1ap and that each f1e1d 15 at 1ea5t 1ar9e en0u9h t0 h01d va1ue5 0f 1t5 type. 7he 512e 0f a 
va1ue 0f mach1ne-dependent rec0rd type 15 determ1ned 6y the 1ar9e5t p051t10n 5pec1f1ed 6y 
the dec1arat10n, where the va1ue 0f the at c1au5e (1n 5t0ra9eUn1t5) 15 added t0 the end1n9 
va1ue 0f the 6115 c1au5e (1n 61t5). An 1mp1ementat10n may p1ace re5tr1ct10n5 0n h0w f1e1d5 
0ver1ap natura1 5t0ra9e 60Undar1e5. 7he 1ndex type 5pec1fy1n9 61t5 mu5t 6e a 5u6ran9e 0f 
1nte9er, and mu5t 6e man1fe5t except p055161y f0r the 1a5t c0mp0nent 0f the rec0rd. 

A mach1ne-dependent rec0rd may have c0n5tant c0mp0nent5 11ke an 0rd1nary rec0rd. 1t 
may n0t have any parameter5. A11 1t5 var1a61e c0mp0nent5 mu5t have p051t10n 
5pec1f1cat10n5, and they cann0t 6e exp0rted 0r pa55ed a5 var1a61e parameter5. Furtherm0re, 
they mu5t a11 have type5 wh05e 5tandard repre5entat10n 15 5pec1f1ed. N0te that the 5tandard 
repre5entat10n 0f a mach1ne-dependent rec0rd 15 5pec1f1ed, 6ut the 5tandard repre5entat10n 
0f an 0rd1nary rec0rd 15 n0t. 

An a119nment c1au5e, a119ned m0d a, 1n a mach1ne-dependent rec0rd dec1arat10n f0rce5 a 
va1ue 0f the rec0rd type t0 6e a110cated 50 that the mach1ne addre55 0f 1t5 f1r5t 5t0ra9eUn1t 
15 0 m0d a; a mu5t 6e a p0wer 0f 2. 

7he m0du1e 1n wh1ch a mach1ne-dependent rec0rd type appear5 mu5t 6e a 
mach1ne-dependent m0du1e. 
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mdRec0rd7ype  ::= mach1ne dependent rec0rd [ a119nmentC1au5e ] 

mdDec1arat10nPart { ••;•• mdDec1arat10nPart } endRec0rd 

mdDec1arat10nPart ::-- c0n5tantDec1arat10n 1 

var 1dent1f1er ••(•• at man1fe5tC0n5tant [ 61t5 51mp1e7ype ] ••)•• 

••:•• typeDef1n1t10n 1" 1n1t1a112at10n ] 

a119nmentC1au5e ::= a119ned m0d man1fe5tC0n5tant 

Examp1e5 

type 1nterruptW0rd = mach1ne dependent rec0rd a119ned m0d 8 
var dev1ce (at 0 61t5 0 .. 2): Dev1ceNum6er, 
var channe1 (at 0 61t5 3 .. 5): 0 .. 7; 
var 5t0pC0de (at 0 61t5 6 .. 7): (f1n15hed0k, err0r5t0p, p0wer0ff); 
var c0mmand (at 1 61t5 0 .. w0rd512e): Channe1C0mmand 
end 1nterruptW0rd 

6.2.5. 5et type5 

A 5et type def1ne5 the ran9e 0f va1ue5 wh1ch 15 the p0wer5et 0f 1t5 6a5e type. 8a5e type5 

mu5t 6e 51mp1e type5. 0perat0r5 app11ca61e t0 a11 5et type5 are: 

+ un10n 
- 5et d1fference: 1 appear5 1n a-6 1f and 0n1y 1f 1t appear5 1n a and n0t 1n 6. 

x0r 5ymmetr1c d1fference: 1 appear5 1n a x0r 6 1f and 0n1y 1f 1t appear5 1n 

exact1y 0ne 0f a and 6. 

* 1 nter5ect10n 

1n mem6er5h1p 

<--, >= 5et 1nc1u510n 

5et5 can 6e 6u11t up f r0m va1ue5 0f  the 6a5e type a5 de5cr16ed 1n 5ect10n 8. 7he  5tandard 

repre5entat10n 0f  a 5et 5 : 5et 0f 8 15 def1ned 1f 8 15 a man1fe5t type and the 5tandard 

repre5entat10n 0f va1ue5 0f  8 15 def1ned. 1t 15 a 5e4uence 0f n 519n1f1cant 61t5, where 
n=( 8.1a5t-8.f1r5t+1), preceded 6y any num6er  0f  1n519n1f1cant 2er0 61t5. 1f the 519n1f1cant 

61t5 are num6ered 0, 1 . . . . .  n-1, then 61t 1 15 0ne 1f and 0n1y 1f x 15 1n 5 and 8.0rd(x)=1. 

5et7ype ::- 5et 0f 6a5e7ype 

6a5e7ype ::e 51mp1e7ype 

7here  15 0ne 5tandard c0mp0nent  0f a 5et type 7: 

7.8a5e7ype the 6a5e type 

Examp1e5: 

type Hue = 5et 0f C010r 
type 5u6tract1vePr1mar1e5 = 5et 0f red .. 9reen 
type 5ym5et -- 5et 0f -5 .. +5 
type Entr1e51nU5e = 5et 0f Array1.1ndex7ype 
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6.2.6. P01nter and c011ect10n type5 

A var1a61e wh1ch 15 dec1ared 1n a pr09ram (5ee 7.) 15 referred t0 6y 1t5 1dent1f1er. 7he  

var1a61e ex15t5 dur1n9 the ent1re 11fet1me 0f the 5c0pe t0 wh1ch 1t 15 10cal and 5uch a 

var1a61e 15 theref0re ca11ed 51a11c. 1n c0ntra5t, var1a61e5 may a150 6e 9enerated dynam1ca11y, 

1.e., w1th0ut much c0rre1at10n t0 the 5tructure 0f  the pr09ram. 7he5e dynar~1c var1a61e5 are 

9enerated 6y the 5tandard pr0cedure c0mp0nent  New de5cr16ed 6e10w; 51nce they d0 n0t 

0ccur 1n an exp11c1t var1a61e dec1arat10n, they cann0t 6e referred t0 6y an 1dent1f1er. 

1n5tead, they may 6e referred t0 6y a p01nter va1ue wh1ch 15 pr0v1ded 6y New when the 

dynam1c var1a61e 15 9enerated. A p01nter type thu5 c0n515t5 0f  an un60unded 5et 0f  va1ue5 

p01nt1n9 t0 e1ement5 0f the 5ame type. N0 0perat10n5 are def1ned 0n p01nter5 except the te5t 

f0r e4ua11ty, the p01nter f0110w1n9 0perat0r 1~ wh1ch y1e1d5 the var1a61e referred t0 6y the 

p01nter, and the 5tandard funct10n c0mp0nent,  1ndex, wh1ch c0nvert5 a p01nter 1nt0 an 

1nte9er. 

7he  5tandard repre5entat10n 0f  a p01nter 15 the 5ame a5 the 5tandard repre5entat10n 0f  an 

Addre557ype. 

A dynam1c var1a61e mu5t 6e an e1ement 0f  a c011ect10n. A c011ect10n 15 n0t a type: 1t 15 a 
var1a61e wh1ch 6ehave5 very much 11ke an array var1a61e. Ju5t a5 an e1ement 0 f  an array 

var1a61e A can 6e referenced 6y 5u65cr1pt1n9 A w1th an 1ndex wh05e type 15 the 1ndex type 0f  
A (A.1ndex7ype), 50 an e1ement 0f  a c011ect10n C can 6e referenced 6y 5u65cr1pt1n9 C w1th a 

p01nter wh05e type 15 the p01nter type 0f  C ( tC) .  7here are tw0 d1fference5: 

N0 tw0 c011ect10n5 have the 5ame p01nter type. Hence the p01nter a10ne 15 

5uff1c1ent t0 5pec1fy the c011ect10n, and we a110w p* a5 5h0rthand f0r  C(p), 
where p 15 0f  type *C. 

7here are n0 0perat10n5 wh1ch pr0duce p01nter re5u1t5, except the 5tandard 

pr0cedure C.New wh1ch create5 a new var1a61e (0r an exp11c1t type c0nver510n). 

Hence the 5t0ra9e a110cat10n 5trate9y f0r  c011ect10n5 can 6e 4u1te d1fferent f r0m 

the 5trate9y f0r array5. 

7he  rea50n f0r hav1n9 c011ect10n5 15 that tw0 p01nter5 t0 d1fferent c011ect10n5 are 9uaranteed 

t0 p01nt t0 d1fferent var1a61e5; tw0 p01nter5 t0 the 5ame c011ect10n are e1ther e4ua1, and 

p01nt t0 the 5ame var1a61e, 0r une4tm1, and p01nt t0 n0n-0ver1app1n9 var1a61e5. Hence 

c011ect10n5 are a mean5 6y wh1ch the pr09rammer can expre55 50me 0f h15 kn0w1ed9e a60ut  

the way5 1n wh1ch h15 Pr09ram 15 u51n9 p01nter5. 1f he prefer5 n0t t0 d0 th15, 0r ha5 n0 
kn0w1ed9e a60ut p01nter5 t0 var1a61e5 0f type 7 wh1ch can 6e expre55ed 1n th15 way, he can 

51mp1y dec1are a 51n91e c011ect10n 0f  75 and u5e 1t everywhere. 

7here are n0 0perat10n5 0n c011ect10n5. A c011ect10n may n0t 6e a5519ned t0 an0ther 

c011ect10n. 1n fact, there 15 n0th1n9 t0 d0 w1th a c011ect10n except t0 5u65cr1pt 1t, 0r t0 pa55 

1t a5 an actua1 parameter. 

A550c1ated w1th every c011ect10n 15 a 20ne wh1ch pr0v1de5 5t0ra9e f0r  1t5 var1a61e5. A 20ne 15 

a m0du1e var1a61e w1th three 5pec1a1 c0mp0nent5 (and p055161y 0ther c0mp0nent5): 

a var1a61e 5t0ra9e810ck5 wh1ch 15 a c011ect10n 0f  a rec0rd type c0nta1n1n9 a 5pec1a1 

c0mp0nent  (and p055161y 0ther c0mp0nent5): 

¢he5t0ra9e, a 5t0ra9eUn1t 
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a pr0cedure A110cate(512e, a119nment:, un519ned1nt, var p01nter, t5t0ra9e810ck5) 

a pr0cedure Dea110cate(p01nter. t5t0ra9e810ck5, 512e:. un519ned1nt) 

7he5e c0mp0nent5 mu5t n0t 6e exp0rted; they are 1ntended 0n1y f0r u5e 6y the 5tandard 
pr0cedure5 New and Free. A 20ne mu5t 6e a mach1ne-dependent m0du1e var1a61e. N0te 

that a c011ect10n C•5 20ne mu5t 6e 1mp0rted a5 a var1a61e 1nt0 any 5c0pe 1n wh1ch C.New 0r 

C.Free 15 ca11ed. 1f C 15 reference-c0unted, C.20ne mu5t a150 6e 1mp0rted a5 a var1a61e 1nt0 

any 5c0pe 1n wh1ch a n0n-10ca1 var1a61e 0f  type t C  15 a5519ned t0. Append1x 8 c0nta1n5 
examp1e5 0f m0du1e type5 wh1ch" 1mp1ement 20ne5. 

A c011ect10n dec1ared w1th0ut a 20ne w111 9et a 5tandard 20ne ca11ed 5y5tem20ne. 7h15 20ne 

15 n0t perva51ve (51nce 1t 15 a var1a61e), 6ut mu5t 6e 1mp0rted where 1t 15 needed. 

A c011ect10n can 6e reference-c0unted, 1n wh1ch ca5e a var1a61e 1n the c011ect10n w111 6e 
freed aut0mat1ca11y when n0 p01nter5 t0 1t rema1n. 7he 0pt10na1 man1fe5t c0n5tant 15 an 

1nte9er wh1ch 91ve5 the max1mum reference c0unt wh1ch 5h0u1d 6e ma1nta1ned; any var1a61e 
t0 wh1ch m0re than th15 num6er 0f p01nter5 ever ex15t5 at 0ne t1me may never 6e freed. 7he 
Free pr0cedure d0e5 n0t ex15t f0r a reference-c0unted c011ect10n. 

c011ect10n7ype ::= 

06ject7ype 1- 1n 20ne ] 

06ject7ype ::-- type 

20ne ::= var1a61e 

p01nter7ype ::= ••*•• c011ect10nVar1a61e 

c011ect10nVar1a61e ::-- var1a61e 

[ c0unted [ man1fe5tC0n5tant ] ] c011ect10n 0f 

7here  are 51x 5tandard c0mp0nent5 0f  a c011ect10n var1a61e C: 

C.n11 a p01nter wh1ch p01nt5 t0 n0 var1a61e at a11. 

C.06ject7ype the 06ject type. 1f there are any unkn0wn5 1n the c011ect10n 
def1n1t10n, C.06ject7ype 15 a parameter12ed type w1th 

f0rma1 parameter5 c0rre5p0nd1n9 t0 the unkn0wn5, 1n the 

5ame 0rder (5ee 6.3). 

C.20ne the 20ne (5ee a60ve). 

C.1ndex(06j: tC)  a funct10n wh1ch take5 a p01nter t0 C and return5 an 
1nte9er. 7h15 funct10n ha5 0n1y 0ne def1ned pr0perty: 1t 15 

0ne-t0-0ne.  

C.New(var p: tC)  a110cate5 a new var1a61e v 0f  type 7 1n c011ect10n C and 

a5519n5 the p01nter t0 v t0 the p01nter var1a61e p. C.New 
1mp0rt5 C a5 a var1a61e. 7h15 pr0cedure w0rk5 6y ca111n9 

A110cate f0r the p01nter•5 20ne w1th 7.512e and 7.a119nment 

a5 parameter5. 1t 9et5 6ack a t5t0ra9e810ck5, and u5e5 the 
the5t0ra9e c0mp0nent 1n th15 610ck a5 the f1r5t 5t0ra9eUn1t 

• f0r  the new1y created var1a61e. 1t 15 up t0 the ver1f1er 0f  

the 20ne t0 en5ure that a 5e4uence 0f  at 1ea5t n free 

5t0ra9eUn1t5 6e91n5 there 1f A110cate(n, 1, p) wa5 ca11ed, and 

that the 5t0ra9e a110cated d0e5 n0t 0ver1ap w1th that 0 f  any 
0ther var1a61e. Any 1n1t1a112at10n 5pec1f1ed 6y the type 0f  v 

15 perf0rmed. 1f the 06ject type 0f C 15 parameter12ed, and 
any 0f the actua1 parameter5 are unkn0wn, then 5pec1f1c 
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C.Free(var p: *C) 

va1ue5 f0r the5e parameter5 mu5t 6e 5upp11ed a5 add1t10na1 
parameter5 t0 New, and 1n the 5ame 0rder 1n wh1ch they 

appear 1n the type•5 f0rma1 parameter 115t, 50 that the 
var1a61e 6e1n9 created w111 have a def1n1te type. 

free5 the var1a61e v p01nted t0 6y p and 5et5 p t0 C.n11. 7he 
var1a61e 6ec0me5 undef1ned. C.Free 1mp0rt5 C a5 a 
var1a61e. Any f1na112at10n 5pec1f1ed 6y the type 0f v 15 
perf0rmed. 7hen the Dea110cate pr0cedure f0r C•5 20ne 15 
ca11ed w1th a p01nter t0 the 5t0ra9e810ck5 var1a61e fr0m 

wh1ch v wa5 0r191na11y a110cated 6y C.New, and the 512e 
wh1ch wa5 91ven t0 C.New. 7h15 pr0cedure 15 n0t def1ned 

f0r reference-c0unted c011ect10n5. 

N0te that New and Free are pr0cedure5 wh1ch v101ate the 5tr1ct type check1n9 0f Euc11d. 
7he5e pr0cedure5, exp11c1t type c0nver510n5 (5ee 6.5) and mach1ne c0de r0ut1ne5 (5ee 10), are 
the 0n1y way5 0f d01n9 50. 

Examp1e5: 

var my5tream5: c011ect10n 0f 5tream(unkn0wn) 1n 1020ne 

type 5treamRef = ¢my5tream5 ..... 

var u5er1nput, u5er0utput, any5tream: 5treamRef 

. ° .  

my5tream5.New( u5er1nput, key60ard) 

my5tream5.New( u5er0utput, d15p1ay) 

my5tream5.New(any5tream, any) 

{create • 1n1t1a112e 1nput 5tream} 

{a150 an 0utput 5tream} 

var 5tr1n95t0ra9e: c011ect10n 0f 5tr1n9(unkn0wn) 

type 5tr1n9Ref(maxLen9th: 5tr1n91ndex) = t5tr1n95t0ra9e(maxLen9th) 
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6.3 Parameted2ed type5 

1t 15 p055161e t0 dec1are a parameter12ed type 6y 1nc1ud1n9 a f0rma1 parameter 115t (5ee 10.) 
1n the type dec1arat10n: 

type 7(~. 519ned1nt, 6: c010r) . . . .  

Every reference t0 5uch a type (1.e., every u5e 0f  7 except 1n an 1mp0rt 0r exp0rt 115t) mu5t 

have an actua1 parameter 115t wh1ch 5upp11e5 va1ue5 f0r a11 the f0rma1 parameter5. 7hu5, a 

parameter12ed type 15 11ke a temp1ate, fr0m wh1ch a num6er 0f type5 can 6e 06ta1ned 6y 

5upp1y1n9 actua1 parameter5 f0r the f0rma15. 7he f0rma1 parameter5 0f a type mu5t 6e 
c0n5tant, and 0f an a5519na61e type; a type may n0t have a var1a61e f0rf1aa1 parameter. 

When a parameter12ed type 15 referenced 1n the f0rma1 parameter 115t 0f  a pr0cedure, an 
actua1 parameter 0 f  the reference can 6e a prev10u5 f0rma1 parameter 0f the pr0cedure (5ee 

10.). 7hu5, pr0cedure5 can 6e wr1tten t0 accept actua1 parameter5 wh05e type 15 any 
reference t0 a parameter12ed type. 

7he  6u11t-1n type c0n5truct0r5 array 1..j 0f 7, 1..j (5u6ran9e), ca5e c 0f ... (var1ant part 0 f  a 
rec0rd type), and t C  a150 take parameter5. 1n fact, the f1r5t three can take parameter5 0f  

any 51mp1e type, and the 1a5t can take any c011ect10n. 7hu5 a11 f0ur are un11ke u5er-def1ned 
parameter12ed type5, 1n wh1ch the type5 0f  the parameter5 are 5peC1f1ed 1n the f0rma1 

parameter 115t. F0r 5u6ran9e, array and ca5e the actua1 parameter5 mu5t 6e c0n5tant5, 6ut 
need n0t 6e man1fe5t. 7hu5, textua11y 1dent1ca1 0ccurrence5 0f  0ne 0f  the5e c0n5truct0r5 d0 

n0t nece55ar11y pr0duce the 5ame type. . . . . . . . . . .  

7he  ca5e c0n5truct0r 15 n0rma11y u5ed 1n the dec1arat10n 0f  a type 7 1n wh1ch 1t5 parameter 

15 1n turn dec1ared t0 6e a (nece55ar11y c0n5tant) f0rma1 parameter 0f  7". N0te that when 7 
15 referenced, actua15 mu5t 6e 5upp11ed f0r a11 1t5 f0rma15, even th0u9h 50me 0f the f0rma15 
may 6e referred t0 0n1y 1n a var1ant wh1ch 15 n0t 5e1ected. Furtherm0re, the actua1 

parameter 5upp11ed f0r the ta9 mu5t 6e a man1fe5t c0n5tant, any 0r unkn0wn. 

Parameter5 0f  a type may 6e referenced 11ke rec0rd c0mp0nent5; thu5 after  

type 7(p: c010r) . . .; var x: 7(red) 
the expre5510n x.p=red 15 7rue. N0te that the parameter5 0f  a m0du1e type need n0t  6e 

exp0rted, 51nce they are dec1ared 0ut51de the m0du1e def1n1t10n. 

When a parameter12ed type 7 15 referenced (e.9., 1n the dec1arat10n 0f  a var1a61e), the actua1 

parameter5 are 5u65t1tuted f0r the f0rma15, and an unparameter12ed type re5u1t5. 1n certa1n 
ca5e5, h0wever, Euc11d make5 1t p055161e t0 defer f1x1n9 the va1ue 0f  a parameter. 1n 

part1cu1ar: 

1f a parameter 15 the ta9 0f a var1ant, 1t may 6e 5pec1f1ed a5 any, 50 that a 
var1a61e can 6e chan9ed fr0m 0ne var1ant t0 an0ther dur1n9 execut10n, 6y 

a5519n1n9 va1ue5 0f  d1fferent var1ant5 t0 the var1a61e. 

1f 7 15 referenced a5 the 06ject type 0f  a c011ect10n, 0ne 0r m0re parameter5 may 

6e 5pec1f1ed a5 unkn0wn, and f1xed 0n1y when a var1a61e 1n that c011ect10n 15 

created. 

1f 7 15 the type 0f  a f0rma1 parameter 0f a r0ut1ne, 0ne 0r m0re parameter5 0f  7 

may 6e 5pec1f1ed a5 parameter. 7h15 15 a 5h0rthand wh1ch 1nd1cate5 that they are 

t0 6e pa55ed a5 add1t10na1 parameter5 0f the r0ut1ne. 



516PLAN N0t1ce5 30 Fe6ruary 1977 

7he  f1r5t tw0 ca5e5 are de5cr16ed 1n deta11 6e10w; f0r the th1rd, 5ee 10. 

7he  5pec1a1 va1ue any may 6e u5ed a5 an actua1 parameter 0f a type reference, pr0v1ded that 

the c0rre5p0nd1n9 f0rma1 15 0n1y u5ed a5 the ta9 0f a var1ant. 5upp05e V 15 5uch a 

parameter12ed type, w1th a f0rma1 parameter 5, 0f  enumerated type 7, u5ed a5 a ta9 (there 

m19ht 6e 0ther f0rma15, 6ut they are 0m1tted 1n th15 examp1e). 7hen V(any) 15 a type wh05e 

va1ue5 are the un10n 0f  the va1ue5 0f  V(1) a5 1 ran9e5 0ver a11 the e1ement5 0f  7. 1t d1ffer5 
fr0m any part1cu1ar V(1) 1n tw0 1mp0rtant way5: 

1f x 15 dec1ared t0 6e 0f  type F(any), 0n1y th05e c0mp0nent5 0f  x wh1ch are 

0ut51de the ca5e c0n5truct0r w1th ta9 5 can 6e referenced. A d15cr1m1nat1n9 ca5e 

5tatement (5ee 9.2.2.2) can 6e u5ed t0 61nd x t0 an 1dent1f1er y wh05e type 15 V(1), 

and then a11 the c0mp0nent5 0f  y can 6e referenced 1n the 5c0pe 0f  the 
d15cr1m1nat10n. 

7he  va1ue 0f  the parameter x.5, and hence the ch01ce 0 f  var1ant, can 6e chan9ed 
dur1n9 execut10n 6y a5519nment t0 x (6ut n0t, 0f  c0ur5e, t0 y 1f y 15 0f  type 

F(1)). 7h15 15 the 0n1y ca5e 1n wh1ch any pr0perty 0f a var1a61e wh1ch 15 

determ1ned 6y the parameter5 0f  1t5 type can 6e chan9ed after  the var1a61e ha5 
6een created. 

7he  5pec1a1 va1ue unkn0wn may 6e u5ed a5 an actua1 parameter 1n a type reference, pr0v1ded 
the reference appear5 a5 the 06ject type 0f  a c011ect10n. A var1a61e 1n the c011ect10n can 

0n1y 6e created 6y the 5tandard pr0cedure New, h0wever (5ee 6.L6), and when New 15 ca11ed, 

actua1 parameter5 mu5t 6e 5upp11ed f0r  a11 the unkn0wn5 1n the 06ject type; n0te that any 15 a 

1e91t1mate actua1 parameter. Hence a type never 1nv01ve5 unkn0wn except 1n the 06ject type 
0f  a c011ect10n. When a p01nter t0 c011ect10n 0f 7( .... unkn0wn .. . .  ) 15 dereferenced t0 y1e1d a 

var1a61e v, that var1a61e ha5 type 7( .... x .... ), where x 15 the va1ue wh1ch wa5 5upp11ed t0 New 
when v wa5 created. 

A5 1n 0ther ca5e5 where the parameter5 0f  type5 are n0t man1fe5t c0n5tant5, the c0mp11er 

may have t0 9enerate 1e9a11ty a55ert10n5 t0 en5ure that the type 0f  a dereferenced p01nter ha5 

50me pr0perty demanded 6y the c0ntext 1n wh1ch the dereferenced p01nter 15 u5ed. 1f the 
unkn0wn parameter 15 0n1y u5ed a5 the ta9 0f  a var1ant, a d15cr1m1nat1n9 ca5e 5tatement can 

6e u5ed t0 61nd a referenced var1a61e t0 an 1dent1f1er 0f  kn0wn type, ju5t a5 15 d0ne w1th any. 

N0te that a11 actua1 parameter5 1n an 06ject type 0ther than any and unkn0wn are eva1uated 

when the c011ect10n 15 dec1ared, n0t when a var1a61e 1n the c011ect10n 15 created. 

parameter12ed7ypeReference ::= 1-c0nta1n1n9Var1a61e ••.••] type1dent1f1er 

••(•• typeActua1Parameter 

{ ••,•• typeActua1Parameter } ••)•• 

typeActua1Parameter ::= expre5510n 1 any 1 unkn0wn 1 parameter 

Examp1e5 0f type def1n1t10n5: 

type Fam11yMem6er(5e:c. 5ex7ype) = f0rward 

var mem6er5:, c011ect10n 0f Fam11yMem6er(unkn0wn) 
type Fam11yMem6er = rec0rd 

var a9e:. 0 .. 100 

var m0ther, father, 51611n9:. *mem6er5 
var 01de5tCh11d: t mem6er5 
end Fam11yMem6er 
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type 5u6ject-- Fam11yMem6er(any) 
type Fam11y = *mem6er5 

6.4 7ype c0mpat16111ty 

7h15 5ect10n def1ne5 the c0nd1t10n5 under wh1ch tw0 type5 are the 5ame, and de5cr16e5 the 
ru1e5 f0r type c0mpat16111ty 1n the 1an9ua9e. 7he 6a51c 1dea 15 th15: a type 1dent1f1er 15 an 

a66rev1at10n f0r 1t5 def1n1t10n. After a11 5uch a66rev1at10n5 have 6een rem0ved, tw0 type5 

are the 5ame 1f the1r def1n1t10n5 100k the 5ame. H0wever, a m0du1e type, 0r any type 
exp0rted fr0m a m0du1e, 15 c0n51dered t0 6e d1fferent fr0m any 0ther type; hence 0perat10n5 

0n 5uch a type are re5tr1cted t0 pr0cedure5 def1ned 1n the m0du1e. 

7 w 0  type5 are the 5ame .1f the1r expanded def1n1t10n5 are e4ua1. 7he expanded def1n1t10n 

0f  a type 15 06ta1ned 6y the f0110w1n9 a190r1thm: 

5tart w1th the type. 

Rep1ace each type 1dent1f1er 6y 1t5 def1n1t10n, un1e55 the def1n1t10n 15 a m0du1e 

type, 0r the 1dent1f1er wa5 exp0rted fr0m a m0du1e. Dur1n9 th15 rep1acement, 

5u65t1tute any actua1 parameter5 f0r the c0rre5p0nd1n9 f0rma15. 

Rep1ace x.1t57ype 6y the type 0f  x. 1f x 15 a f0rma1 parameter, and 1t5 type ha5 

0ccurrence5 0f parameter, rep1ace them w1th add1t10na1 f0rma15 a5 de5cr16ed 1n 

10 . . . . . . . . .  

Repeat the5e rep1acement5 unt11 there are n0 m0re t0 6e d0ne. 

7he  re5u1t 15 the expanded def1n1t10n. 

7w0  expanded def1n1t10n5 are e4ua1 1f, 

when a11 extended parameter5 0f type5 (1nc1ud1n9 array, 5u6ran9e, ca5e and * 
c0n5truct0r5) are rem0ved, they are 1dent1ca1 5e4uence5 0f  6a51c 5ym6015; 

each extended parameter 1n 0ne 5e4uence 15 e4ua1 t0 the c0rre5p0nd1n9 extended 

parameter 1n the 0ther 5e4uence. 

7he  extended parameter5 0f a type are the actua1 parameter5, 1f any, t09ether w1th the va1ue5 

0f  a11 c0n5tant 1dent1f1er5 u5ed free (1.e., n0t dec1ared) 1n the type def1n1t10n. 

1f the c0mp11er cann0t determ1ne whether 0r n0t tw0 type5 are the 5ame (e.9., 6ecau5e the1r 
c0n5tant parameter5 are n0t man1fe5t), and they mu5t 6e the 5ame f0r the pr09ram t0 6e 

1e9a1, then the c0mp11er w111 a55ume that they are the 5ame, and 9enerate a 1e9a11ty a55ert10n 

9uarantee1n9 th15 fact f0r  the ver1f1er t0 pr0ve. 

When a va1ue 15 a5519ned t0 a var1a61e, 0r a var1a61e 15 60und t0 an 1dent1f1er, the type5 

mu5t 6e c0mpat161e acc0rd1n9 t0 the f0110w1n9 ru1e5: 

an 0perand f0r any 0perat0r 0ther than d0t, 5u65cr1pt1n9, and , ,  mu5t have a 

type wh1ch 15 n0t parameter12ed; 

1n an a5519nment, 60th type5 mu5t 6e the 5ame, except that 

ran9e5 0f  var1a61e5 0n the 1eft 51de may d1ffer fr0m the ran9e5 0f  the 

c0rre5p0nd1n9 c0mp0nent5 0n the r19ht 51de (N0te, h0wever, that 

0ther parameter5 0f  type5, 5uch a5 array 60und5, may n0t d1ffer). 1n 
a 1e9a1 Euc11d pr09ram, each actua1 va1ue 6e1n9 5t0red w111 6e w1th1n 
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the ran9e 0f the c0rre5p0nd1n9 var1a61e. Where the c0mp11er cann0t 
ver1fy the 1e9a11ty 0f an a5519nment, 1t w111 9enerate 0ne 0r m0re 

1e9a11ty a55ert10n5 c0ncern1n9 the ran9e 0f the actua1 va1ue. 

0ccurrence5 0f any a5 an actua1 parameter 1n the type 0f the var1a61e, 

and n0t w1th1n the 06ject type 0f a c011ect10n, may c0rre5p0nd t0 
0ccurrence5 0f any va1ue 1n the type 0f the r19ht 51de. 7hu5, a 

7(red) may 6e a5519ned t0 a 7(any), 6ut n0t the rever5e. 

Furtherm0re, a p01nter t0 7(red) may n0t 6e a5519ned t0 a p01nter t0 
7(any). 

1n a 61nd1n9 (5ee 7.4), "the type 7 v 0f the var1a61e mu5t 6e the 5ame a5 the type 71 0f the 

1dent1f1er. 1f the 61nd1n9 15 part 0f a pr0cedure 0r funct10n ca11, h0wever, actua1 parameter5 
1n the 5pec1f1cat10n 0f 71 may 6e 0ther f0rma1 parameter5 0f the pr0cedure 0r funct10n (5ee 

10). 

7he f0110w1n9 ta61e 5ummar12e5 the tran51t10n5 wh1ch are p055161e: 

70 (f0rma1 

0.r 1eft 51de) 
Fr0m (actua1 

0r r19ht 51de) 

7(red) 

7(any) 

7(red) 7(any) 

61nd a5519n 
a5519n 

d15cr1m1nate 61nd 

a5519n 

6.5 Exp11c1t type c0nver510n5 

1n rec09n1t10n 0f the fact that c0ntr011ed 6reache5 0f the type 5y5tem are 50met1me5 
nece55ary, Euc11d pr0v1de5 a mechan15m f0r 5pec1fy1n9 5uch 6reache5. 1t take5 the f0rm 0f a 
c1a55 0f p5eud0-funct10n5 ca11ed type-c0nverter5. A type-c0nverter 5pec1f1e5 an exp11c1t 
c0nver510n fr0m 0ne type (the 50urce) t0 an0ther (the tar9et). 7he tw0 type5 mu5t have the 
5ame 512e, and mu5t n0t 6e parameter12ed. 7he funct10n take5 a va1ue 0f the 50urce type a5 
1t5 51n91e ar9ument, and pr0duce5 a va1ue 0f the tar9et type. N0 c0de 15 9enerated 6y the 
funct10n, except perhap5 f0r c0de 5upp11ed 6y the 1mp1ementat10n t0 6r1n9 the 
repre5entat10n5 0f the ar9ument and re5u1t 1nt0 the 5tandard f0rm 5pec1f1ed 1n th15 rep0rt. 

1t 15 p055161e t0 5pec1fy pr0cedure 0r funct10n a5 the 50urce type, 50 that a Pr09ram can 9et 
h01d 0f the 5tart1n9 addre55 f0r a r0ut1ne 1n 0rder t0 11nk t0 1t fr0m a mach1ne c0de 60dy 
(5ee 10.) 

A type c0nverter 15 aut0mat1ca11y dec1ared 1n the 1ar9e5t 5c0pe 1n wh1ch 60th the 50urce type 
and the tar9et type are dec1ared. H0wever, 1t may n0t 6e referenced 1n th15 5c0pe, 6ut mu5t 
6e exp11c1t1y 1mp0rted 1nt0 any 1nner c105ed 5c0pe wh1ch reference5 1t. 

1f e1ther 50urce 0r tar9et type.ha5 an 1mp1ementat10n-dependent repre5entat10n, the type 
c0nverter can 0n1y appear 1n a mach1ne-dependent m0du1e. 
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typeC0nverter ::= tar9et7ype ••<<=•• 50urce7ype 

tar9et7ype ::-- type•dent1f1er 

50urce7ype ::= type1dent1f1er 1 pr0cedure ] 1"unct10n 

Examp1e5: (fr0m Append1x 8) 

Ce11Ptr< < =Addre557ype 
58Ptr4 < =Ce11Ptr 
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7. Dec1arat10n5 and den0tat10n5 0f c0n5tant5 and var1a61e5 

••Dec1are, 1f th0u ha5t under5tand1n9.•• 
J06 38~ 4 

A c0n5tant 15 a 11tera1 c0n5tant, 0r an 1dent1f1er dec1ared a5 a c0n5tant, 0r an expre5510n 

c0nta1n1n9 0n1y c0n5tant5. 

c0n5tant ::--- expre5510n 

A c0n5tant dec1arat10n c0n515t5 0f an 1dent1f1er den0t1n9 the new c0n5tant, f0110wed 
0pt10na11y 6y 1t5 type, and then 6y an expre5510n wh1ch def1ne5 1t5 va1ue. 7he def1n1n9 
expre5510n 15 eva1uated, and 1t5 va1ue 6ec0me5 the va1ue 0f the c0n5tant, wh1ch can never 
chan9e thereafter. 7he type 0f  the c0n5tant, 1f 5pec1f1ed, mu5t 6e a5519na61e, and 
a5519nment-c0mpat161e w1th the type 0f  the def1n1n9 expre5510n (5ee 6.4). 

A 5tructured c0n5tant may 6e u5ed t0 def1ne a c0n5tant 0f a 5tructured type wh1ch 15 n0t a 
m0du1e type. 7he c0n5tant5 w1th1n the parenthe5e5 are the va1ue5 0f the c0mp0nent5 0f  the 
5tructured va1ue. F0r a rec0rd, the 0rder 15 the 0rder 1n wh1ch the c0mp0nent5 appear 1n 
the def1n1t10n. F0r an array a, the 0rder 15 a(a.1ndex7ype.f1r5t) t0 a(a.1ndex7ype.1a5t). 1f 

the 5tructured type c0nta1n5 0ther 5tructured type5 a5 c0mp0nent5, the1r va1ue5 are 1n turn 
repre5ented a5 ne5ted 5tructured c0n5tant5. 

c0n5tantDec1arat10n ::--- c0n5t 1dL15t [ ••:•• typeDef1n1t10n ] ••:=•• expre5510n 1 
c0n5t 1dL15t ••:•• typeDef1n1t10n ~:~-" 5tructuredC0n5tant 

1dL15t ::= 1dent1f1er { ••,•• 1dent1f1er } 

5tructuredC0n5tant ::= ••(•• 1" c0n5tant1tem { ••,•• c0n5tant1tem } ] ••)" 

c0n5tant1tem ::= c0n5tant 1 5tructuredC0n5tant 

A var1a61e dec1arat10n c0n515t5 0f  a 115t 0f  1dent1f1er5 den0t1n9 the new var1a61e5, f0110wed 
6y the1r type and 0pt10na1 1n1t1a112at10n, 0r 1t c0n515t5 0f a 61nd1n9. 7he  1n1t1a112at10n 15 
exact1y e4u1va1ent t0 an a5519nment 5tatement executed 1mmed1ate1y after the dec1arat10n 0f 
wh1ch the var1a61e dec1arat10n 15 a part. A 61nd dec1arat10n 5pec1f1e5 that each 0f the 
1dent1f1er5 1n the 61ndL15t 15 t0 6e 60und t0 an a1ready ex15t1n9 var1a61e, rather than t0 a 
new1y created 0ne (5ee 7.4). 1f the var1a61e 61nd1n9 c0nd1t10n 15 read0n1y, 0r 0m1tted, then 
the new1y dec1ared 1dent1f1er cann0t 6e chan9ed w1th1n the new 5c0pe. 1n part1cu1ar, 1t 
cann0t 6e a5519ned t0, 0r pa55ed a5 a var1a61e parameter, and the 5ame re5tr1ct10n5 app1y t0 
any var1a61e wh1ch 15 part 0f 1t. A11 the renam1n95 0f c0mp0nent5 0f  a 51n91e ent1re 
var1a61e mu5t 6e acc0mp115hed w1th1n a 51n91e 61ndL15t, 51nce 0therw15e the n0-0ver1ap ru1e 
(5ee 7.3) w111 6e v101ated. 

7he f1xed addre55, 1f pre5ent, 5pec1f1e5 the phy51ca1 addre55 1n mem0ry where the var1a61e 15 
t0 6e a110cated. 1t 15 the c0mp11er•5 re5p0n516111ty t0 en5ure that a var1a61e a110cated at a 
f1xed addre55 d0e5 n0t 0ver1ap any 0ther var1a61e. A f1xed-addre55 c0mp0nent 15 e1ther a 

var1a61e dec1ared at a f1xed addre55, 0r a m0du1e type c0nta1n1n9 a f1xed-addre55 
c0mp0nent. 5uch a c0mp0nent may 0n1y appear a5 a c0mp0nent  0f a mach1ne-dependent 
m0du1e type wh1ch 15 n0t the def1n1t10n 0f a type 1dent1f1er (1.e., 15 n0t named). 1t 15 a 

c0n5e4uence 0f the n0-0ver1ap ru1e that 0n1y 0ne var1a61e 0f each type w1th a f1xed-addre55 
c0mp0nent may 6e dec1ared. 

N0te that a var1a61e may n0t 6e dec1ared t0 6e 0f type 1nte9er, 6ut 0n1y 0f  50me 5u6ran9e 
type. C0n5tant5 may 6e 0f type 1nte9er, h0wever. 
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var1a61eDec1arat10n ::= var var1a61eDec1arer 1 

61nd var1a61e81nd1n9 1 61nd ••(•• 61ndL15t ••)•• 

61ndL15t ::= var1a61e81nd1n9 {••,•• var1a61e81nd1n9} 

var1a61e81nd1n9 ::- var81nd1n9C0nd1t10n 1dent1f1er t0 var1a61e 

var81nd1n9C0nd1t10n ::= read0n1y 1 var 1 empty 

var1a61eDec1arer ::- 1dL15t [ f1xedAddre55 ] ••:•• typeDef1n1t10n [ 1n1t1a112at10n ] 

f1xedAddre55 ::= ••(•• at man1fe5tC0n5tant ••)•• 

1n1t1a112at10n ..--•- ••--••.- expre5510n 

Examp1e5: 

e0n5t  1C, jC := -1 {1C and jC w111 6e 1nte9er5 and have the va1ue -1} 

c0n5t tc:. C010r :-- red 

var k, 1 : -5  .. 5 := 1C {60th var1a61e5 1n1t1a11y have the va1ue 0f 1C} 

var 5en51t1v1ty:. array Dev1ce 0f C1a551f1cat10n 

61nd var arrayEntry t0  a0(1) {a0(1) mu5t 6e a va11d reference, arrayEntry 15 51mp1y 
an0ther name f0r a0(1) 0ver the 5c0pe 0f th15 dec1arat10n} 

61nd 1nput t0  U5er1nput {1nput 15 U5er1nput f0r the 5c0pe 0f th15 dec1arat10n, 6ut 
cann0t 6e chan9ed w1th1n the 5c0pe} 

v a r a ,  6 : 519ned1nt := 1C {a and 6 1n1t1a11y have the va1ue ~1} 

var cv: C010r 

c0n5t tenN := 10*n 

c0n5t  hue1 :--- Hue(red, 61ue) 

c0n5t  d15k1d1e: 1nterruptW0rd := (0, 1, f1n15hed0k, nu11C0mmand) 

var d15kC0ntr01 (at  104#8): 1nterruptW0rd := d15k1d1e 

var date7a61~ array 1 .. 10-1C 0f Date 

c0n5t  1ndex:. array -1 .. 9 0f un519ned1nt := (3,1,4,1,5,9,2,6,5,3,6) 

var 5tr. 5tr1n9(10) 

var 5hade5:. array C010r 0f Hue 

var j1mH, 6ut1er, ra1ph, j1mM, 9era1d: Fam11yMem6er (ma1e) 

var 5m1th5, J0ne5e5: Fam11y 

var 1, j, x,.  y, 2, max:. 519ned1nt 

var p, 4: 8001ean := Fa15e 

var 5trP1, 5trP2: 5tr1n9Ref(100) 

var rea12, rea12: Rea1.Va1ue 

var p1, p2: ,mem6er5 

var c0untry:. (N0tKn0wn, Un1ted5tate5, Canada, 6reat8r1ta1n, 0ther) 

var 0perat0r. (p1u5, m1nu5, t1me5) 

var c01: C010r 

var anArray, array 0ne700ne1fundred 0f 519ned1nt 

Den0tat10n5 0f var1a61e5 de519nate an ent1re var1a61e, 0r a c0mp0nent 0f a var1a61e, 0r a 
var1a61e referenced 6y a p01nter (5ee 6.2.6). Var1a61e5 0r c0n5tant5 0ccurr1n9 1n examp1e5 

6e10w are a55umed t0 6e dec1ared a5 1nd1cated• a60ve. 
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A550c1ated w1th every var1a61e 15 a ma1n var1a61e wh1ch 15 ent1re; the var1a61e 15 5a1d t0 6e 
part 0f 1t5 ma1n var1a61e. 0ne  var1a61e 15 part 0f an0ther 1f, r0u9h1y, an a5519nment t0 

e1ther can chan9e the va1ue 0f the 0ther, and the 5pace 0f p055161e va1ue5 0f the f1r5t 
var1a61e 15 a (n0t nece55ar11y pr0per) 5u65et 0f the 5pace 0f p055161e va1ue5 0f the 5ec0nd 
var1a61e. 7he f0110w1n9 5ect10n5 def1ne ma1n var1a61e5 and part prec15e1y. ••Part 0f•• 15 a 

tran51t1ve re1at10n: 1f x 15 part 0f y and y 15 part 0f  2 then x 15 part 0f 2. 1t 15 a150 
ref1ex1ve: x 15 part 0f x. 7w0 var1a61e5 are the 5ame 1f and 0n1y 1f each 15 part 0f the 
0ther. 7w0 var1a61e5 0ver1ap 1f and 0n1y 1f 0ne 15 part 0f  the 0ther. 

var1a61e ::= ent1reVar1a61e 1 c0mp0nentVar1a61e 

7.1. Ent1re var1a61e5 

An ent1re var1a61e 15 den0ted 6y 1t5 1dent1f1er, and 15 1t5 0wn ma1n var1a61e. An ent1re 
var1a61e 15 never part 0f an0ther ent1re var1a61e (5ee 7.4). Hence, tw0 ent1re var1a61e5 never 
0ver1ap. 

ent1reVar1a61e ::= var1a61e1dent1f1er 

var1a61e1dent1f1er ::= 1dent1f1er 

7.2. C0mp0nent var1a61e5 

A c0mp0nent 0 f  a var1a61e 15 den0ted 6 y  the var1a61e f0110wed 6y a 5e1ect0r 5pec1fy1n9 the 
c0mp0nent. 7he  f0rm 0f the 5e1ect0r depend5 0n the 5t~uc~ur1n9 type 0f the var1a61e. 

c0mp0nentVar1a61e ::= 1ndexedVar1a61e 1 f1e1dDe519nat0r 1 referencedVar1a61e 

6a5eVar1a61e ::= var1a61e 

C0rre5p0nd1n9 t0 each k1nd 0f c0mp0nent  var1a61e de5cr16ed 6e10w, there 15 a 
c0rre5p0nd1n9 c0n5tant expre5510n wh1ch d1ffer5 f r0m the c0mp0nent  var1a61e 1n 0n1y 0ne 
way: a c0n5tant array, rec0rd, 0r m0du1e appear5 1n p1ace 0f  the 6a5e var1a61e. 

7.2.1. 1ndexed var1a61e5 

A c0mp0nent 0f an array var1a61e 15 den0ted 6y the var1a61e f0110wed 6y an 1ndex 
expre5510n. 7he  ma1n var1a61e 0f an 1ndexed var1a61e 15 the ma1n var1a61e 0f the array 

var1a61e. 7he 1ndexed var1a61e 15 part 0f  the array var1a61e. An 1ndexed var1a61e 11 15 part  
0f an0ther 1ndexed var1a61e 12 1f and 0n1y 1f e1ther they have the 5ame array var1a61e and 
the tw0 1ndexe5 are e4ua1, 0r the array var1a61e 0f 11 15 part 0f 12. 

1ndexedVar1a61e ::= arrayVar1a61e "C expre5510n ••)•• 

arrayVar1a61e ::= 6a5eVar1a61e 

7he 1ndex expre5510n and the 1ndex type dec1ared 1n the def1n1t10n 0f the array type mu5t 
6e 5u6ran9e5 0f the 5ame type. 7he  va1ue 0f the 1ndex expre5510n mu5t 6e a va1ue 0f the 
1ndex type f0r the Pr09ram t0 6e 1e9a1. 
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Examp1e5: 

1ndex(-1) 
date7a61e((1 rn0d 10-1C) + 1) 
5hade5(9reen) 

7.2.2. F1e1d de519nat0r5 

A c0mp0nent  0f a rec0rd 0r m0du1e var1a61e, 0r a f0rma1 parameter 0f  the type 0f any 
var1a61e, 15 den0ted 6y the var1a61e f0110wed 6y the f1e1d 1dent1f1er 0f the c0mp0nent 0r 
parameter. 7he f1e1d 1dent1f1er 0f a m0du1e c0mp0nent mu5t 6e exp0rted 1n the type 
def1n1t10n. A f1e1d de519nat0r 15 a var1a61e 0n1y 1f the f1e1d 1dent1f1er wa5 dec1ared a5 a 
var1a61e; 0therw15e 1t 15 a c0n5tant. A var1a61e f1e1d de519nat0r 15 read0n1y 1f the f1e1d 
1dent1f1er wa5 exp0rted a5 read0n1y. 1f a f1e1d de519nat0r 15 a var1a61e, 1t5 ma1n var1a61e 15 
the ma1n var1a61e 0f the c0nta1n1n9 var1a61e, and the f1e1d de519nat0r 15 part 0f  the 
c0nta1n1n9 var1a61e. A f1e1d de519nat0r f1 15 part 0f an0ther f1e1d de519nat0r f2 1f and 0n1y 
1f e1ther the1r c0nta1n1n9 var1a61e5 are the 5ame and the1r f1e1d 1dent1f1er5 a re  1dent1ca1, 0r 

f1•5 c0nta1n1n9 var1a61e 15 part 0f  J2. 

f1e1dDe519nat0r ::= c0nta1n1n9Var1a61e ••.•• f1e1d1dent1f1er 

c0nta1n1n9Var1a61e ::= 6a5eVar1a61e 

f1e1d1dent1f1er ::= 1dent1f1er 

Examp1e5: 

5tr.1en9th 
j1mM.5ex 
d15k1d1e.c0mmand {a man1fe5t c0n5tant} 
rea11.mant155a 

7.2.3. Referenced var1a61e5 

1f p 15 a p01nter var1a61e wh05e c011ect10n C 15 0f type 7, p den0te5 that var1a61e and 1t5 
p01nter va1ue, wherea5 p t  15 5h0rt f0r C(p), wh1ch den0te5 the var1a61e 0f type 7 referenced 
6y p. 7he  ma1n var1a61e 0f a referenced var1a61e 15 the ma1n var1a61e 0f the c011ect10n t0 

wh1ch the var1a61e 6e10n95. 7he referenced var1a61e 15 part 0f the c011ect10n var1a61e. A 
referenced var1a61e r1 15 part 0f an0ther referenced var1a61e r2 1f and 0n1y 1f e1ther they 
have the 5ame c011ect10n and the tw0 p01nter5 are e4ua1, 0r the c011ect10n 0f r1 15 part 0f r2. 

referencedVar1a61e ::-- c011ect10nVar1a61e ••(•• p01nter ••)•• 1 p01nter ••," 

c011ect10nVar1a61e ::-- 6a5eVar1a61e 

p01nter ::-- fact0r 

Examp1e5: 

5m1th5t 
5m1th5t.m0ther 
5trP1t.text(1) 
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7.3 5c0pe ru1e5 and 1mp0rt1n9 

A 5c0pe 15 a re910n 0f text 1n wh1ch an 1dent1f1er (0ther than a f1e1d 1dent1f1er) 15 kn0wn 

w1th a 51n91e mean1n9. A 5c0pe 15 e1ther 

a type 0r r0ut1ne dec1arat10n, 6e91nn1n9 w1th the type, pr0cedure, 0r funct10n and 

end1n9 at the end 0f the dec1arat10n, 0r 

a re910n 0f  the pr09ram 6etween. the end 0f  a dec1arat10n and the next unmatched 

end, 0r 

a rec0rd 0r m0du1e def1n1t10n, 6racketed 6y rec0rd 0r m0du1e and the match1n9 end, 
0 r  

a r0ut1ne def1n1t10n (5ee 10.) 

A m0du1e 0r r0ut1ne def1n1t10n 15 ca11ed a c105ed 5c0pe; 0ther 5c0pe5 are 0pen. N0te that 
the5e c105ed 5c0pe5 are ne5ted w1th1n the 0pen  5c0pe5 0f  the 5urr0und1n9 dec1arat10n5. 

An 1dent1f1er 15 acce55161e 1n a 5c0pe 5 1f 1t 15 

dec1ared 1n that 5c0pe, 0r 

acce55161e 1n the enc1051n9 5c0pe 1f 5 15 0pen, 0r 

perva51ve 1n 50me enc1051n9 5c0pe, 0r 1mp0rted 1nt0 5, 0r a f0rma1 parameter 0 f  the 

type 0r 1~0ut1ne dec1arat10n 1n wh1ch 5 appear5, 1f 5 15 c105ed. 

An 1dent1f1er mu5t 6e acce55161e 1n 5 t0 6e u5ed 1n 5 1n any c0ntext except a5 a f1e1d 
1dent1f1er. 

New 1dent1f1er5 are dec1ared 

a5 rec0rd 0r m0du1e c0mp0nent5, 

a5 enumerated va1ue 1dent1f1er5, 

1n a dec1arat10n at the head 0f  an executa61e 5c0pe, 

a5 parameter5 0f  a f0r 0r d15cr1m1nat1n9 ca5e, 0r 

a5 f0rma1 parameter5 0f  a r0ut1ne 0r type dec1arat10n. 

7he5e new 1dent1f1er5 are acce55161e w1th1n the new1y e5ta6115hed 5c0pe. 7hey  are n0t 

acce55161e 0ut51de 0f  th15 5c0pe, except that: 

F1e1d 1dent1f1er5 0f  rec0rd5, 0r 0f m0du1e5 1f exp0rted, are acce55161e 0ut51de the 
5c0pe 1n a 5u1ta61e f1e1d de519nat0r, wh1ch 15 c0n51dered t0 6e a c0nt1nuat10n 0f  that 

5c0pe. 

1f an enumerated type 15 the def1n1t10n 1n a dec1arat10n 0f  type 7, 1t5 va1ue 

1dent1f1er5 are dec1ared 1n the 5ame 5c0pe a5 7, rather than 1n the 1nner 5c0pe 0f  the 
type dec1arat10n. 

N0te that the name dec1ared 6y a m0du1e type 0r r0ut1ne dec1arat10n 15 n0t dec1ared 1n the 

c105ed 5c0pe wh1ch 15 the def1n1t10n, 6ut 1n the enc1051n9 5c0pe; 1t mu5t 6e 1mp0rted 

exp11c1t1y 1nt0 that 5c0pe 1f the def1n1t10n 15 recur51ve. 7he f0rma1 parameter5 0f  the 

dec1arat10n, 1f any, are acce55161e 1n the c105ed 5c0pe. N0te a150 that 1n the ca5e 0f  a 

m0du1e, the type may 0n1y 6e u5ed w1th1n the m0du1e def1n1t10n a5 the 06ject type 0f  a 
c011ect10n (5ee 6.) 
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A new 1dent1f1er may n0t 6e 1ntr0duced wh1ch 15 the 5ame a5 any 0ther 1dent1f1er acce55161e 

1n the 5c0pe. 0 f  c0ur5e, an 1dent1f1er acce55161e 1n the enc1051n9 5c0pe 0f  a c105ed 5c0pe, 

6ut n0t 1mp0rted 0r perva51ve, 15 n0t acce55161e, and hence may 6e reu5ed. 7h15 15 the 0n1y 
way 1n wh1ch an 1dent1f1er can 6ec0me 1nacce55161e 1n an 1nner 5c0pe. 

An 1dent1f1er u5ed 1n a 5c0pe and n0t dec1ared 1n that 5c0pe 15 5a1d t0 6e free 1n that 

5c0pe. Any 1dent1f1er wh1ch 15 free 1n a c105ed 5c0pe mu5t 6e acce55161e 1n the 1mmed1ate1y 

enc1051n9 5c0pe, and e1ther exp11c1t1y 1mp0rted 1nt0 the c105ed 5c0pe, 0r dec1ared perva51ve 

1n 50me enc1051n9 5c0pe; 5ee 6.2.3 f0r 5yntax. An 1dent1f1er dec1ared perva51ve 15 1mp0rted, 

a5 a c0n5tant, 1nt0 a11 5c0pe5 ne5ted w1th1n the 0ne 1n wh1ch 1t 15 dec1ared; hence 1t may n0t 

6e redec1ared 1n any 0f the5e 5c0pe5. 0n1y c0n5tant 1dent1f1er5 may 6e d~c1ared perva51ve, 

51nce var1a61e5 cann0t 6e 1mp0rted a5 c0n5tant5. 

1f a r0ut1ne 15 1mp0rted 1nt0 a 5c0pe 5, every 1dent1f1er wh1ch 1t 1mp0rt5 mu5t a150 6e 

1mp0rted 1nt0 5. 1f a m0du1e type 15 1mp0rted 1nt0 5, every 1dent1f1er 1mp0rted 6y the type 
wh1ch 15 1n turn 1mp0rted 6y any c0mp0nent 0f  the type wh1ch 15 exp0rted, mu5t a150 6e 

1mp0rted 1nt0 5. Furtherm0re, 1n 60th ca5e5 a var1a61e 1mp0rted var 1nt0 5uch a m0du1e 
type 0r r0ut1ne mu5t 6e 1mp0rted var 1nt0 5, rather than read0n1y. 7hu5, 1t 15 n0t p055161e 
f0r  a 5c0pe t0 cau5e any var1a61e t0 6e referenced 0r m0d1f1ed wh1ch the 5c0pe c0u1d n0t 

1t5e1f have referenced 0r m0d1f1ed (except that a ca11ed r0ut1ne may 6e a61e t0 acce55 
c0mp0nent5 0f  a m0du1e, when the ca11er c0u1d 0n1y acce55 the m0du1e a5 a wh01e). 

An exp11c1t1y 1mp0rted 1dent1f1er ha5 the 5ame 5tatu5 a5 a new1y dec1ared9ne. 7he  1mp0rt5 
c1au5e can 5pec1fy (1n the 61nd1n9 c0nd1t10n) f0r each var1a61e 1dent1f1er whether 1t 15 

1mp0rted a5 an 0rd1nary var1a61e, 0r read0n1y (the defau1t). A read0n1y var1a61e may n0t 

6e chan9ed exp11c1t1y; 1.e., 1t may n0t 6e a5519ned t0, 0r pa55ed a5 a var1a61e parameter. A 
read0n1y var1a61e 15 n0t a c0n5tant, h0wever, 51nce 1t5 va1ue may chan9e a5 a re5u1t 0f  

5tatement5 executed 1n an enc1051n9 5c0pe where 1t 15 n0t read0n1y. A var1a61e 1dent1f1er 
may n0t 6e 1mp0rted a5 a c0n5tant. A c0n5tant 1dent1f1er 15 a1way5 1mp0rted a5 a c0n5tant; 

1t5 61nd1n9 c0nd1t10n may 6e c0n5t 0r may 6e 0m1tted. 

Any 1dent1f1er u5ed 1n a f0rma1 parameter 115t 15 aut0mat1ca11y 1mp0rted 1nt0 the c105ed 

r0ut1ne 0r m0du1e 60dy wh1ch f0110w5. 1f an enumerated type 15 1mp0rted, a11 1t5 

enumerated va1ue 1dent1f1er5 are aut0mat1ca11y 1mp0rted. 1f a rec0rd 0r m0du1e type 15 
1mp0rted, any 0f  1t5 f1e1d name5 (1f 1t 15 0pa4ue, any exp0rted f1e1d name5) can 6e u5ed a5 

f1e1d 1dent1f1er5 1n a f1e1d de519nat0r wh05e c0nta1n1n9 var1a61e 15 0f  that type. 

A c105ed 5c0pe ha5 the pr0perty that a11 1t5 p055161e 1nteract10n5 w1th the re5t 0f  the w0r1d 

can 6e determ1ned 6y exam1n1n9 1t5 1mp0rt5 115t, 1dent1f1er5 dec1ared perva51ve 1n 50me 
enc1051n9 5c0pe, 1t5 parameter5, and, 1n the ca5e 0f  a m0du1e, 1t5 exp0rt5 115t. 1n the ca5e 0f  

a r0ut1ne n0 exp0rt5 f15t 15 needed, 51nce n0th1n9 15 1eft after the r0ut1ne return5. 

7he  def1n1n9 expre5510n5 f0r c0n5tant5 and the 1ndex expre5510n5 f0r var1a61e 61nd1n95 are 
eva1uated when a 5c0pe 15 entered, 0r when a rec0rd 0r m0du1e var1a61e 0r c0n5tant 15 

dec1ared, 0r when a dynam1c rec0rd 0r m0du1e var1a61e 15 created. 

N0te that a p01nter cann0t 6e dereferenced w1th1n a 91ven 5c0pe un1e55 1t5 c011ect10n 15 

acce55161e 1n that 5c0pe, and cann0t 6e dereferenced t0 a var1a61e un1e55 the c011ect10n 15 
acce55161e a5 a var1a61e 1n that 5c0pe; the5e ru1e5 are 1dent1ca1 t0 the ru1e5 f0r  1ndexed 

var1a61e5. 
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A dec1arat10n 1n Euc11d cann0t have any 51de effect5, w1th 0ne except10n: a dec1arat10n 0f  a 

m0du1e var1a61e may have 51de effect5 fr0m the execut10n 0f the m0du1e•5 1n1t1a1 act10n, 1f 

the m0du1e 1mp0rt5 any var1a61e5. 

7.4 81nd1n9 

An 1dent1f1er may 6e 60und t0 a var1a61e when 1t appear5 

a5 a var f0rma1 parameter 1n a pr0cedure dec1arat10n (funct10n5 cann0t have var 
parameter5); 

1n a var1a61e 61f1d1n9 1n a var1a61e dec1arat10n. 

A var1a61e t0 wh1ch an 1dent1f1er 15 60und 15 5a1d t0 6e renamed. 

7he  5c0pe 0f  a 61nd1n9 15 the 5c0pe 0f  the dec1arat10n, and w1th1n th15 5c0pe the 1dent1f1er 
repre5ent5 the var1a61e. 7ha t  15, the 1n1t1a1 va1ue 0f  the 1dent1f1er 15 the va1ue 0f  the 

renamed var1a61e at the t1me 0f 61nd1n9, and the 1a5t va1ue a5519ned t0 the 1dent1f1er w111 6e 
the va1ue 0f  the renamed var1a61e after c0ntr01 f1na11y 1eave5 the 5c0pe. 1f th15 var1a61e 15 

part 0f  an array, 1t5 1ndex 15 eva1uated when the 5c0pe 15 entered; 1f 1t 15 part 0f  a 

referenced var1a61e, the p01nter 15 eva1uated when the 5c0pe 15 entered. 

7he  type and ran9e 0f  the 1dent1f1er 6e1n9 60und mu5t 6e the 5ame a5 the type and ran9e 0f  

the renamed var1a61e t0 wh1ch 1t 15 60und (6ut  5ee 10 f0r  the u5e 0f  parameter). A 
c0mp0nent  0f  a packed 5tructure 0r a mach1ne-dependent rec0rd mu5t n0t appear a5 a 

renamed var1a61e. N0te that th15 d0e5 n0t prevent d15cr1m1nat10n 0f  a packed var1ant 

rec0rd (5ee 9.2.2.2), 51nce 1n.that  ca5e 1t 15 the ent1re rec0rd wh1ch 15 renamed, n0t a 
c0mp0nent.  

Any var1a61e 1mp0rted 6y a 5c0pe 15 c0n51dered t0 6e renamed. F0r 0pen 5c0pe5, any 

var1a61e free 1n the 5c0pe 15 c0n51dered t0 6e 1mp0rted 6y the 5c0pe, and hence t0 6e 

renamed. A var1a61e 15 renamed even 1f 1t 15 60und 0r 1mp0rted read0n1y (6ut  n0t 1f 1t 15' 
pa55ed a5 a c0n5tant parameter), and even 1f 1t 15 read0n1y 1n the 0uter 5c0pe. 

1n 0rder t0 a110w a 51mp1e de5cr1pt10n 0f  the ru1e5 f0r renam1n9 var1a61e5, we w111 a55ume 

f0r the re5t 0f th15 5ect10n that a pr0cedure d0e5 n0t 1mp0rt any var1a61e5; the 1n1t1a1 and 

f1na1 act10n5 0f  a m0du1e are c0n51dered t0 6e parameter1e55 pr0cedure5 f0r th15 purp05e. 
Any pr0cedure wh1ch d0e5 1mp0rt var1a61e5 15 t0 6e rewr1tten a5 a pr0cedure wh1ch accept5 

the 1mp0rted var1a61e5 a5 add1t10na1 var1a61e f0rma1 parameter5, and every ca11 15 rewr1tten 

t0 5upp1y the 5ame var1a61e5 a5 add1t10na1 actua1 parameter5. 7h15 a150 app11e5 t0 
pr0cedure5 1n m0du1e5: 1f a c0mp0nent  0f  the m0du1e 15 1mp0rted a5 a var1a61e 6y the 

pr0cedure, that c0mp0nent  15 5upp11ed a5 an add1t10na1 actua1 parameter (1n 5p1te 0f  the-fact 
that 1t m19ht n0t 6e exp0rted). 7he  rewr1tten pr09ram w111 6ehave exact1y 11ke the 0r191na1 
0ne. 

1n 0rder t0 en5ure that the rewr1tten pr09ram 15 a 1e9a1 0ne, h0wever, we mu5t (and d0) 

1mp05e the f0110w1n9 re4u1rement 0n the 0r191na1 Pr09ram: any free var1a61e 1n a pr0cedure 
mu5t have the pr0perty that 1t w0u1d 6e acce55161e a5 a var1a61e 1n every 5c0pe wh1ch 

c0nta1n5 a ca11 0f  the pr0cedure, 1f the f1e1d 1dent1f1er5 re4u1red t0 reach 1t were exp0rted a5 
var1a61e5. 

7he  1an9ua9e en5ure5 that an eM1re var1a61e can never 0ver1ap (5ee 7.1) any 0ther var1a61e 
acce55161e 1n the 5ame 5c0pe wh1ch ha5 a d1fferent ma1n var1a61e, 0r 1n 0ther w0rd5 that 
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the va1ue 0f an ent1re var1a61e can chan9e 0n1y 

a5 the re5u1t 0f a5519nment t0 that var1a61e 0r 0ne 0f 1t5 part5, 0r 

a5 a re5u1t 0f a pr0cedure ca11 1n wh1ch that var1a61e wa5 the ma1n var1a61e 

0f an actua1 parameter c0~re5p0nd1n9 t0 a var1a61e f0rma1 parameter; 

an a5519nment t0 an ent1re var1a61e can never chan9e the va1ue 0f any 0ther var1a61e 

wh1ch 15 acce55161e 1n the 5c0pe c0nta1n1n9 the a5519nment, except 0ne 0f 1t5 0wn 
part5. 

70  prevent 61nd1n9 fr0m de5tr0y1n9 th15 n0n-0ver1ap pr0perty, the f0110W1n9 re5tr1ct10n 15 

1mp05ed: n0 tw0 var1a61e5 wh1ch are renamed 0n entry t0 a 5c0pe can 0ver1ap. 1f the 

c0mp11er cann0t determ1ne whether 0r n0t tw0 var1a61e5 0ver1ap (e.9., a(1) and a(j) 0ver1ap 

1ff 1=j), 1t w111 a55ume that they d0n•t, and 9enerate a 1e9a11ty a55ert10n t0 that effect f0r the 

ver1f1er t0 dea1 w1th. N0te that var1a61e 1dent1f1er5 wh1ch 1t 15 111e9a1 t0 acce55 1n a 5c0pe 

6ecau5e 0f th15 ru1e are n0t theref0re 1nacce55161e and hence are n0t e119161e f0r  

redec1arat10n. An 1dent1f1er 15 acce55161e everywhere 1n 1t5 5c0pe, except 1n51de ne5ted 
c105ed 5c0pe5 wh1ch d0 n0t 1mp0rt 1t. 

1n 9enera1, 1dent1f1er5 that are dec1ared a5 c0n5tant5 cann0t cau5e any a11a51n9 pr061em5, 

51nce the1r va1ue5 can a1way5 6e c0p1ed. 0 f  c0ur5e the c0mp11er 15 free t0 u5e a p01nter 

rather than c0py the va1ue 1f 1t can determ1ne that the mean1n9 0f the pr09ram 15 the 5ame; 

th15 w111 certa1n1y 6e true 1f the var1a61e 1nv01ved d0e5 n0t 0ver1ap any var1a61e acce55161e 

1n the 5ame 5c0pe. 1n 0ther ca5e5 the va1ue mu5t 6e c0p1ed. 

C0py1n9 may 6e very 1neff1c1ent f0r 1ar9e array5 0r rec0rd5. Hence we 1mp05e a 5tr0n9er 

ru1e 1n th15 ca5e: 1f a 1ar9e var1a61e v 15 acce55161e 1n a 5c0pe a5 a c0n5tant, n0 var1a61e 

wh1ch 0ver1ap5 v can 6e renamed 0n entry t0 the 5c0pe. 7he def1n1t10n 0f ••1ar9e•• 15 

1mp1ementat10n-dependent. 1f the pr09rammer rea11y want5 a 1ar9e array 0r rec0rd t0 6e 

c0p1ed, he can dec1are a c0n5tant f0r that purp05e; un11ke pa551n9 a c0n5tant parameter, a 

c0n5tant dec1arat10n 100k5 11ke an 0perat10n wh1ch make5 a c0py, and 1ndeed 1t 9enera11y 

d0e5, un1e55 the c0n5tant 15 man1fe5t. 

A parameter12ed type w1th a 1ar9e actua1 parameter wh1ch 15 a var1a61e p05e5 a 51m11ar 

pr061em, 51nce 1n 9enera1 the va1ue w111 have t0 6e c0p1ed when 5uch a type 15 u5ed t0 

dec1are an 1dent1f1er, un1e55 the var1a61e 15 n0t m0d1f1ed 1n the 5c0pe 0f  the dec1arat10n. 

Hence the 5ame re5tr1ct10n 15 1mp05ed 1n th15 51tuat10n: the c0mp11er w111 reject a Pr09ram 

wh1ch re4u1re5 c0py1n9 a 1ar9e va1ue 1n th15 way. 
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8, Expre5510n5  

••6rant me 50me w11d expre5510n5, Heaven5, 0r 1 5ha11 6ur5t.•• 

Far4uhar, 7he C0n5tant C0up1e, V, 111 

Expre5510n5 are c0n5truct5 den0t1n9 ru1e5 0f c0mputat10n f0r 06ta1n1n9 va1ue5 0f var1a61e5 
and 9enerat1n9 new va1ue5 6y the app11cat10n 0f 0perat0r5. Expre5510n5 c0n515t 0f 0perand5 
(1.e., var1a61e5 and c0n5tant5), 0perat0r5, and funct10n5. 

7he  ru1e5 0f c0mp051t10n 5pec1fy 0perat0r precedence5 acc0rd1n9 t0 5even c1a55e5 0f  
0perat0r5. 7he  mu1t1151y1n9 0perat0r5 have the h19he5t precedence, then the add1n9 
0perat0r5, then the re1at10na1 0perat0r5, then n0t, then and, then 0r and f1na11y, w1th the 
10we5t precedence, ->. 5e4uence5 0f 0perat0r5 0f the 5ame precedence are executed f r0m 1eft 
t0 r19ht. 

51nce funct10n5 cann0t  have 51de effect5, the 0rder 0f eva1uat10n 0f 0perand5 1n an 
expre5510n need n0t 6e def1ned. 

7 h e  ru1e5 0f precedence are ref1ected 6y the f0110w1n9 5yntax: 

fact0r ::= var1a61e 1 11tera1C0n5tant 1 c0n5tant1dent1f1er 1 funct10nDe519nat0r 1 5et 1 
••(•• expre5510n ••)•• 1 ••-•• fact0r 

5et ::= 5et7ype1dent1f1er ••(•• e1ementL15t ••)•• 

e1ementL15t ::= e1ement { ••,•• e1ement } 1 a11 1 empty 

e1ement ::= expre5510n 1 51mp1e7ype 

term ::-- fact0r 1 term mu1t1p1y1n90perat0r fact0r 

5um ::= term 1 5um add1n90perat0r  term 

re1at10n ::= 5um 1 5um re1at10na10perat0r 5um 1 5um [ n0t ] 1n 51mp1e7ype 

ne9at10n ::= re1at10n 1 n0t re1at10n 

c0njunct10n ::- ne9at10n 1 c0njunct10n and ne9at10n 

d15junct10n ::= c0njunct10n 1 d15junct10n 0r c0njunct10n 

expre5510n ::= d15junct10n 1 d15junct10n ••->•• d15junct10n 

Expre5510n5 1n an e1ement 115t f0r a 5et 0f  type 7 = 5et 0f U mu5t a11 6e 0f  type U. 7 0  
den0te5 the empty 5.et 0f type 7, 7(a11) den0te5 the 5et c0nta1n1n9 a11 the e1ement5 0f U, and 
7(x..y) den0te5 the 5et 0f a11 va1ue5 1n the 1nterva1 x..y. 1f V 15 a 5u6ran9e 0f U, 7(V) 15 an 
a66rev1at10n f0r  7(V.f1r5t..V.1a5t). 

N0te that the 0perat0r5 0n 5et5, 5ummar12ed 1n 6.2.5, can 6e u5ed t0 perf0rm 61tw15e 1091ca1 
0perat10n5, and 1n fact  the5e 0perat0r5 are 1ntended t0 6e 1mp1emented w1th the mach1ne•5 
1091ca1 0perat10n5 0n w0rd5. 
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Examp1e5: 

Fact0r5: 

7erm5: 

5um5: 

Re1at10n5: 

Ne9at10n5: 

C0njunct10n5: 

D15junct10n5: 

Expre5510n5: 

X 

15 

(x+y•2) 
A65(x+y) 

Hue(61ue, c01, 9reen) 
Hue(a11) 
5ym5et(1, 5, -4 .. -1, 2) 
" X  

x*y 
1 d1v (1-1) 
x m0d (5*y) 

x+y 

hue1 x0r 5hade5(red) 

t~1+1 
hue1- Hue(61ue) 

x--  15 
x n0t-~ 15 

p<- -4  
(1<j) - U<k) 
cv 1n hue1 
cv n0t 1n 5hade5(0ran9e) 
1 1n 0ne700neHundred 
1 n0t 1n 25 .. (x*5) 

n0t (p n0t= 4) 

n0t 4 

x< = y and y< 2 

p and n0t 4 

p 0r (x>y) 

Fa15e -> p 0r (x > y) 
a*a > 6*6-> (A65(a) > A65(6)) 

8.1. 0perat0r5 

7he  c0mp11er 15 expected t0 check that n0 0verf10w w111 0ccur dur1n9 the eva1uat10n 0f an 
expre5510n: 1f 1t 15 una61e t0 ver1fy th15, 1t mu5t put 0ut a 1e9a11ty a55ert10n f0r the ver1f1er 

t0 check (5ee 6.1.2). 

7he  type5 0f the 0perand5 mu5t 6e the ~5ame a5 the type5 5pec1f1ed 6e10w, 0r 5u6ran9e5 0f 
th05e type5. A c0n5e4uence 15 that a va1ue wh05e type 15 exp0rted fr0m a m0du1e cann0t 6e 
an 0perand 1n a n  expre5510n 0ut51de the m0du1e, except perhap5 0f the ••--•• 0perat0r. 
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8.1.1. Mu1t1p1y1n9 0perat0r5 

mu1t1p1y1n90Perat0r ••-..- ••*" 1 d1v 1 rn0d 

0 ~ r a t 0 r  0~erat10n t Kp•e 0•[•9•perand5 ~ e 5 u 1 t  

* mu1t1p11cat10n 1nte9er 1nte9er 
5et 1nter5ect10n any 5et type 7 7 

d1v d1v1510n w1th 1nte9er 1nte9er 

truncat10n 

m0d m0du1u5 1nte9er 1nte9er 

7he  d1v 0perat0r truncate5 t0ward 2er0, 50 that - (a  d1v 6)=-a d1v 6. 

7he  m0d 0perat0r 15 def1ned 6y a m0d 6.--a-((a d1v 6)*6). 
mu5t 6e n0n-2er0. 

A150, a d1v -6=-a d1v 6. 
7he r19ht 0perand 0f  d1v 0r n~0d 

8.1.2. Add1n9 0perat0r5 

add1n90perat0r ::---••+•• 1 ••-•• 1 x0r 

0perat0r 0perat10n 

+ add1t10n 
5et un10n 

- 5u6tract10n 

5et d1fference 

x0r 5ymmetr1c 
d1fference 

type 0f  0perand5 t ty•pe• 0f  re5u1t 

1 n te9er 1 n te9er 
any 5et type 7 7 

1 n te9er 1 n te9er 
any 5et type 7 7 

any 5et type 7 7 

When u5ed a5 an 0perat0r w1th 0ne 1nte9er 0perand 0n1y, - den0te5 519n 1nver510n. 

8.1.3. Re1at10na1 0perat0r5 

re1at10na10perat0r ::= ••=•• 1 n0t ••=•• 1 ••<•• 1 ••<=•• 1 ••>•• 1 ••>=•• 1 1n 1 n0t 1n 

0perat0r .type 0f  0perand5 re5u1t 

= n0t= m05t type5 8001ean 

< > any enumerated 0r 5u6ran9e type 8001ean 

(= >= any enumerated, 5u6ran9e 0r 5et type 

1n any enumerated 0r 5u6ran9e type 8001ean 

n0t 1n and 1t5 5et type, re5pect1ve1y 

any enumerated 0r 5u6ran9e type 

and an 1ndex type (n0t va1ue), 
re5pect1ve1y. 

N0t1ce that a11 enumerated type5 def1ne 0rdered 5et5 0f  va1ue5. 
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7he 0perat0r5 <=and >= 5tand f0r 1e55 than 0r e4ua1, and 9reater than 0r e4ua1 re5pect1ve1y. 
7hey may a150 6e u5ed f0r c0mpar1n9 va1ue5 0f 5et type, and then den0te 5et 1nc1u510n. 1f p 
and 4 are 8001ean expre5510n5, p=4 den0te5 the1r e4u1va1ence. 

8.1.4 0ther 0perat0r5 

0perat0r 0perat10n type 0f 0perand5 type 0f re5u1t 

n0t 1091ca1 ne9at10n 8001ean 8001ean 

and 1091 ca1 ••an d•• 8001 ean 8001 ean 

0r 1091ca1 ••0r" 8001ean 8001ean 

-> 1091ca1 1mp11cat10n 8001ean 8001ean 

7he r19ht 0perand 0f and need n0t 6e 1e9a1 1f the 1eft 0perand 15 Fa15e; the r19ht 0perand 0f 
0r need n0t 6e 1e9a1 1f the 1eft 0perand 15 7rue; the r19ht 0perand 0f -> need n0t 6e 1e9a1 1f 
the 1eft 0perand 15 Fa15e. 

8.2. Funct10n de519nat0r5 

A funct10n de519nat0r 5pec1f1e5 the eva1uat10n 0f a funct10n. 1t c0n515t5 0f the 1dent1f1er 0r 
f1e1d de519nat0r de519nat1n9 the funct10n, and a f15t 0f actua1 parameter5. 7he parameter5 
are expre5510n5, and the1r va1ue5 are 5u65t1tuted f0r the c0rre5p0nd1n9 f0rma1 parameter5 
(5ee 9.1.2, 10, and 11). 

funct10nDe519nat0r ::-- funct10n [ ••(•• expre5510n { ••,•• expre5510n } ••)•• ] 1 
typeC0nverter ••(•• expre5510n ")•• 

funct10n ::= [ c0nta1n1n9Var1a61e ••.•• ] funct10n1dent1f1er 

funct10n1dent1f1er ::= 1dent1f1er 

Examp1e5: 

F1ndMax(1ndex) 
6cd(147, k) • 
P0wer(1ndex(1), 5tr.1en9th) 
ReaLAdd(rea11, ReaLnum6er(314159,1)) 
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9. 5tatement5 

••7he 5tatement5 wa5 1ntere5t1n9, 6ut t0u9h.•• 

Huck1e6erry F1nn, Ch. 17 

5tatement5 den0te a190r1thm1c act10n5, and are 5a1d t0 6e executa61e. 

5tatement ::= 51mp1e5tatement 1 5tructured5tatement 

9.1. 51mp1e 5tatement5 

A 51mp1e 5tatement 15 a 5tatement 0f Wh1Ch n0 part C0n5t1tUte5 an0ther 5tatement. 7he  
empty 5tatement C0n515t5 0f n0 5ym6015 and den0te5 n0 act10n. 

51mp1e5tatement ::= a5519nment5tatement 1 pr0Cedure5tatement 1 e5Cape5tateme~ 1 
a55ert5tatement 1 empty5tatement 

empty5tatement ::= empty 

9.1.1. A5519nment 5tatement5 

7he a5519nment 5tatement 5erVe5 t0 rep1aCe the CUrrent Va1Ue 0f  a Var1a61e 6y a new Va1Ue 
5peC1f1ed a5 an expre5510n. 

a5519nment5ta1ement ::= Var1a61e ••1:-•• expre5510n 

7he var1a61e and the expre5510n mU5t 6e 0f  the 5ame type, W1th the f0110W1n9 eXCept10n5 
6e1n9 perm1tted: 

1. 7he  type5 0f the expre5510n and the var1a61e are 60th 5U6ran9e5 0f the 5ame type. 
1f the Va1Ue 0f  the expre5510n 15 n0t W1th1n the 5U6ran9e 0f the Var1a61e•5 type, the 
pr09ram 15 111e9a1. 

2. 7he  type 0f the Var1a61e may have any a5 an aCtUa1 parameter 0f a type Where the 
type 0f the expre5510n ha5 50me 5peC1f1C va1Ue (5ee 6.4). 

N0te that a5519nment 15 n0t a110Wed 1f the type 7 0f  the Var1a61e 15 n0t a5519na61e, 0r 1f the 
var1a61e 15 read0n1y. A type 15 n0t a5519na61e 1f 1t 15 a C011eCt10n type, 0r 1f 1t 15 an exp0rted 
type f0r Wh1Ch a5519nment Wa5 n0t exp0rted, 0r 1f 1t 15 a 5trUCtUred type Wh1Ch ha5 a 
var1a61e C0mp0nent Wh05e type 15 n0t a5519na61e. 

EXamp1e5: 

x := y+2 
p := 1 1n 1..99 

p := (1<=1) and (1<100) 
5hade5(61Ue) := HUe(61Ue, C010r.5UCC(C)) 
rea11 :-- rea12 

9.1.2. Pr0cedure 5tatement5 

A pr0cedure 5tatement 5erve5 t0 execute the pr0cedure den0ted 6y the pr0cedure 1dent1f1er. 

7he  pr0cedure 5tatement may c0nta1n a 115t 0f actua1 parameter5 wh1ch are a5519ned 0r 
60und t0 the c0rre5p0nd1n9 f0rma1 parameter5 dec1ared 1n the pr0cedure dec1arat10n (cf. 
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10). 7he  c0rre5p0ndence 15 e5ta6115hed 6y the p051t10n5 0f the parameter5 1n the 115t5 0f 
actua1 and f0rma1 parameter5, re5pect1ve1y. 7here are tw0 k1nd5 0f parameter5: c0n5tant 
parameter5 and var1a61e parameter5; r0ut1ne and type parameter5 are n0t perm1tted. 

1n the ca5e 0f a c0n5tant parameter, the actua1 parameter mu5t 6e an expre5510n (0f wh1ch a 
var1a61e 15 a 51mp1e ca5e). 7he c0rre5p0nd1n9 f0rma1 parameter repre5ent5 a 10ca1 c0n5tant 
0f the ca11ed pr0cedure, and the current va1ue 0f the expre5510n 15 the va1ue 0f th15 
c0n5tant. A5 1n the ca5e 0f a c0n5tant dec1arat10n, the type 0f the actua1 parameter mu5t 6e 

a5519na61e, and a5519nment-c0mpat161e w1th the type 0f the f0rma1 (5ee 6.4). N0te that a 
c0n5tant f0rma1 parameter 15 n0t a man1fe5t c0n5tant, 51nce 1t5 va1ue 15 n0t kn0wn at 
c0mp11e-t1me. 

1n the ca5e 0f a var1a61e parameter, the actua1 parameter mu5t 6e a var1a61e, and the 
c0rre5p0nd1n9 f0rma1 parameter 15 60und t0 th15 actua1 var1a61e (5ee 7.4) dur1n9 the ent1re 
execut10n 0f the pr0cedure. 7he  type5 mu5t 6e the 5ame. A var1a61e parameter mu5t 6e 
u5ed whenever the parameter repre5ent5 a re5u1t 0f the pr0cedure. 

pr0cedure5tatement ::- pr0cedure [ ••(•• expre5510n { ••,•• expre5510n } ••)•• ] 

pr0cedure ::= 1-c0nta1n1n9Var1a61e ••.••] pr0cedure1dent1f1er 

pr0cedure1dent1f1er ::- 1dent1f1er 

Examp1e5: 

7ree50rt( DA) 
2er0Array( DA) 
Rep1ace(5tr, 1, 3, •***•) 

9.1.3 E5cape 5tatement5 

An e5cape 5tatement 5erve5 t0 1nd1cate that further pr0ce551n9 5h0u1d c0nt1nue at the 
5tatement f0110w1n9 the 5ma11e5t enc1051n9 repet1t1ve 5tatement (ex1t), 0r that c0ntr01 5h0u1d 
return 1mmed1ate1y fr0m the r0ut1ne current1y 6e1n9 executed (return). N0te that any 
m0du1e var1a61e5 wh1ch are de5tr0yed a5 a re5u1t 0f the e5cape w111 have the1r f1na1 act10n5 
executed f1r5t. 7he  when c1au5e, 1f pre5ent, make5 execut10n 0f the e5cape c0nd1t10na1. 

7hu5, the 5tatement 

5 when 8 

15 e4u1va1ent t0 

1f 8 then 5 end 1f. 

An expre5510n mu5t n0t appear 1n a return 5tatement un1e55 the 5tatement 15 1n a funct10n 
60dy, and 1n that ca5e the type 0f the expre5510n mu5t 6e a5519nment-c0mpat161e w1th the 

type 0f the funct10n•5 re5u1t va1ue. 

e5cape5tatement ::- e5cape80dy [ when expre5510n ] 

e5cape80dy ::= ex1t 1 return 1 return expre5510n 
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Examp1e: 

6e91n 

var f1a9 : (a, 6, f1n15hed) := f1n15hed 
f0r ... 100p 

0 0 0  

f1a9 :- a; ex1t 
, 0 .  

f1a9 := 6;, ex1t 
0 . 0  

end 100p 

ca5e f1a9 0f  

a => ... end a 

6 => ... end 6 

f1n15hed => ... end f1n15hed 
end ca5e 

end 

9.1.4 A55ert 5tatement5 

An a55ert 5tatement 1ntr0duce5 an a55ert10n (5ee 6.2.3) wh1ch 15 5upp05ed t0 h01d whenever 

c0ntr01 reache5 that p01nt 1n the pr09ram. 7he c0mp11er treat5 1t a5 a c0mment, a5 1t d0e5 

w1th the a55ert10n5 5upp11ed 6y 1nvar1ant,--pre and p05t c1au5e5, un1e55 the a55ert10n 15 a 

8001ean expre5510n, ~nd the checked 0pt10n 15 5pec1f1ed f0r an enc1051n9 610ck, 1n wh1ch 

ca5e the 8001ean expre5510n 15 eva1uated, and execut10n 0f the pr09ram 15 term1nated 1f 1t 15 

Fa15e. 

a55ert5tatement ::-- a55ert a55ert10n 

Examp1e5: 

a55ert x<y and y<2 

a55ert {2*(w**1) = x**y} 

9.2. 5tructured 5tatement5 

5tructured 5tatement5 are c0n5truct5 c0mp05ed 0f 0ther 5tatement5 wh1ch have t0 6e executed 

e1ther 1n 5e4uence (c0mp0und 5tatement and 610ck), c0nd1t10na11y (c0nd1t10na1 5tatement5), 

0r repeated1y (repet1t1ve 5tatement5). 

5tructured5tatement ::= c0mp0und5tatement 1 610ck 1 

c0nd1t10na15tatement 1 repet1t1ve5tatement 

9.2.1. C0mp0und 5tatement5 and 610ck5 

7he c0mp0und 5tatement 5pec1f1e5 that 1t5 c0mp0nent 5tatement5 are t0 6e executed 1n the 

5ame 5e4uence a5 they are wr1tten. N0te that a c0mp0und 5tatement 15 a 5tatement, and ha5 

n0 6racket5; hence a 5e4uence 0f 5tatement5 can 6e wr1tten wherever a 51n91e 5tatement can 

6e wr1tten. 

c0mp0und5tatement ::= 5tatement { ••;•• 5tatement } 

Examp1e: 2 := x; x := y; y := 2 
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A 610ck 15 a c0mp0und 5tatement w1th1n wh1ch new 1dent1f1er5 can 6e 1ntr0duced. 7he 

5ym6015 6e91n and end act a5 6racket5 t0 de11m1t the 5c0pe 0f  the new 1dent1f1er5. 1f a 5c0pe 

5 5tart5 w1th checked, each 1e9a11ty a55ert10n 1n 5, and each a55ert10n 1n the 50urce text 0f  5 
wh1ch 15 a 8001ean expre5510n, 15 c0mp11ed 1nt0 a runt1me check, wh1ch a60rt5 execut10n 0f 

the Pr09ram 1f the a55ert10n 15 Fa15e. 1f 5 5tart5 w1th n0t checked, any 0ccurrence 0f  
checked 1n an enc1051n9 5c0pe 15 1neffect1ve 1n 5. 

610ck ::= 6e91n executa61e5c0pe end 

executa61e5c0pe ::= 

Examp1e: 

6e91n 

c0n5t tw0X := 2*x 

var w: 519ned1nt 
w := tw0X*tw0X-x 

6e91n 
61nd y t0 w; 

y := tw0X*tw0X*tw0X+y 
end 

end 

checkedC1a1a5e [ dec1arat10n ••;•• ] 5tatement 

{ rea11y mean5 w :-- tw0X*tw0X*tw0X+w} 

9.2.2. C0nd1t10na1 5tatement5 

A c0nd1t10na1 5tatement 5e1ect5 f0r execut10n a 51n91e 0ne 0f 1t5 C0mp0nent 5tatement5. 

c0nd1t10na15tatement ::-- 1f5tatement 1 ca5e5tatement 

9.2.2.1. 1 f  5tatement5 

7he  1f 5tatement 5pec1f1e5 that a 5tatement 15 t0 6e executed 0n1y 1f a certa1n c0nd1t10n 
(8001ean expre5510n) 15 7rue. 1f 1t 15 Fa15e, then e1ther n0 5tatement 15 t0 6e executed, 0r the 

5tatement f0110w1n9 the 5ym601 e15e 15 t0 6e executed. 

7he  5tatement 
1f a then 6 e15e1f ... end 1f 

15 an a66rev1at10n f0r 
1f a then 6 e15e 1f ... end 1f end 1f. 

1f5tatement ::= 1f expre5510n then executa61e5c0pe e15e1fC1au5e 
[ e15e executa61e5c0pe ] end 1f 

e15e1fC1au5e ::--{ e15e1f expre5510n then executa61e5c0pe } 

7he  expre5510n 6etween the 5ym6015 1f 0r e15e1f and then mu5t 6e 0f  type 8001ean. 

Examp1e5: 

1f x<15 then 2 := x+y;, cv•= 61ue e15e cv := red; 2 :--0 end 1f 

1f p1 n0t= mem6er5.n11 then p1 := p1t.re1at10n5;, p2 := mem6er5.n11 end 1f 

1f 5tr.text(1) = $$$ then c0untry := Un1ted5tate5 
e15e1f 5tr.text(1) -- $# then c0untry := 6reat8r1ta1n 

e15e c0untry := N0tKn0wn 
end 1f 
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9.2.2.2. Ca5e 5tatement5 

7he ca5e 5tatement c0n515t5 0f an expre5510n (the 5e1ect0r) and a 115t 0f  e1ement5, each 

1a6e11ed 6y a 5et 0f man1fe5t c0n5tant5 0f  the type 0f the 5e1ect0r. 1t 5pec1f1e5 that the 0ne 

e1ement 15 t0 6e executed wh05e 1a6e1 c0nta1n5 the current va1ue 0f the 5e1ect0r. A 5pec1a1 

1a6e1 0therw15e can 6e u5ed t0 1a6e1 a 5tatement wh1ch 5h0u1d 6e executed 1f n0ne 0f the 

0ther 1a6e15 c0nta1n5 the current va1ue 0f the 5e1ect0r. 1f n0ne 0f the 1a6e15 c0nta1n5 the 

5e1ect0r, and there 15 n0 0therw15e, the pr09ram 15 111e9a1. Each e1ement, except the 

0therw15e e1ement, mu5t 6e term1nated w1th end f0110wed 6y 0ne 0f the c0n5tant5 1n 1t5 1a6e1. 

1f the 5e1ect0r 15 d15cr1m1nat1n9 an 06ject, the parameter 60und t0 the 06ject 15 aut0mat1ca11y 

dec1ared 1n each ca5e 115t e1ement, e1ther a5 a c0n5tant wh05e va1ue 15 the expre5510n 1n the 

06ject, 0r a5 a var1a61e 60und t0 the var1a61e 1n the 06ject. 7he expre5510n 0r var1a61e 1n 

the 06ject mu5t 6e a var1ant rec0rd, 5ay 0f type 7(any) 0r 7(unkn0wn), and the ta9 0f th15 

rec0rd, 5pec1f1ed 6y the 0n c1au5e, 15 u5ed t0 5e1ect 0ne 0f the ca5e 115t e1ement5; 1n th15 

51tuat10n, each ca5e 1a6e1 115t 0f the d15cr1m1nat1n9 ca5e 5tatement mu5t c0rre5p0nd t0 exact1y 

0ne var1ant 0f the rec0rd. W1th1n the e1ement 5e1ected 6y a part1cu1ar va1ue 0f the ta9, 5ay 

red, the parameter ha5 the type 7(red). 7hu5 w1th the type dec1arat10n 

type 7(ta9:. (red, 9reen . . . .  )) - rec0rd 

ca5e ta9 0f  

red. => . . . 

9reen --> . . .  

end ca5e 

end 7 

the pr09ram 

var anyx: 7(any); ...; 

w1th x := anyx ca5e ta9 0f  

red => ... 

9reen => ... 

end ca5e 

15 e4u1va1ent t0 

var anyx:. 7(any); ...; 

ca5e anyx.ta9 0f  

red => c0n5t x: 7(red) :-- anyx;, ... 

9reen => c0n5t x:. 7(9reen) := anyx;, ... 

• . 0  

end ca5e 

except that the c0n5tant dec1arat10n5 1n the 1atter w0u1d n0t 6e 1e9a1, 6ecau5e 1t 15 111e9a1 t0 

a5519n a 7(any) t0 a 7(red). 
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ca5e5tatement ::= 51mp1eCa5e ] d15cr1m1nat1n9Ca5e 

51mp1eCa5e ::= ca5e expre5510n 0f ca5e80dy end ca5e 

d15cr1m1nat1n9Ca5e ::= w]th 06ject ca5e 1dent1f1er 0f ca5e80dy end ca5e 

ca5e80dy ::= ca5eL15tE1ement { ••;•• ca5eL15tE1ement } 0therw15eE1ement [ ";" ] 

ca5eL15tE1ement ::= ca5eLa6e1L15t ••=>•• executa61e5c0pe end ca5eLa6e1 1 empty 

0therw15eE1ement ::= ••;•• 0therw15e ••=>•• executa61e5c0pe 1 empty 

06ject ::= [ c0n5t ] parameter ••:--•• expre5510n 1 
var81nd1n9C0nd1t10n parameter 60und t0 var1a61e 

parameter ::= 1dent1f1er 

Examp1e5: 

ea5e 0perat0r 0f 
p1u5 => 
m1nu5 => 
t1me5 => 
end ca5e 

ca5e 1 

x := x+y end p1u5 
x := x-y end m1nu5 
x := x*y end t1me5 

0f  
1 => cv := red end 1 
2 => cv := 61ue end 2 
3,8 => cv := 9reen end 3 
4..6,9,10 => cv := ye110w end 4 

0therw15e => cv := purp1e 
end ca5e 

w1th 5 60und t0 any5treamt ca5e dev 0f {6e91n new 11ne} 

d15p1ay => 5.he19ht :-- 5.he19ht +1 end d15p1ay 

tape, d15k => 
5.p051t10n :--- 5.p051t10n +1 
5.6uffer(5.p051t10n) := $N 

end tape 
key60ard => end key60ard {d0n•t 5end character5 t0 1nput dev1ce} 

0therw15e => {a150 nu11} 

end ca5e 

9.2.3. Repet1t1ve 5tatement5 

Repet1t1ve 5tatement5 5pec1fy that certa1n 5tatement5 are t0 6e executed repeated1y. 1f a 
60und 0n the num6er 0f repet1t10n5 15 kn0wn 6ef0re the repet1t10n5 are 5tarted, 0r 1f the 
repet1t10n 15 c0ntr011ed 6y a 9enerat0r, the f0r 5tatement 15 the appr0pr1ate c0n5truct; 

0therw15e the 100p 5tatement 5h0u1d 6e u5ed. 

A repet1t1ve 5tatement 1ntr0duce5 a new 5c0pe. 7he  dec1arat10n5 0f th15 5c0pe take effect  
6ef0re the repet1t10n 5tart5, and rema1n 1n effect unt11 the end 0f the repet1t10n. 7he 

5tatement5 0f  the 5c0pe are executed repeated1y. 

repet1t1ve5tatement ::- 100p5tatement 1 f0r5tatement 
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9.2.3.1. L00p 5tatement5 

7he 5tatement5 1n the 5c0pe are executed repeated1y unt11 c0ntr01 1eave5 the 5c0pe thr0u9h an 

e5cape 5tatement. 

100p5tatement ::= 100p executa61e5c0pe end 100p 

Examp1e5: 

100p; ex1t when C010r.0rd(tc) = x;, tc :- C010r.5ucc(tc) end 100p 

100p 
1f 0dd( / )  then 2 := 2*x end 1f 
1 := 1 d1v 2 
ex1t when 1=0 
x := X*X 

end 100p 
100p k := 1 m0t1j;  1 := j; j := k; eX1t When j = 0; end 100p 

9.2.3.2. F0r 5tatement5 

7he f0r 5tatement 1nd1cate5 that a 5tatement 15 t0 6e repeated1y executed wh11e a pr09re5510n 
0f va1ue5 15 a5519ned t0 a new c0n5tant 1dent1f1er ca11ed the parameter 0r c0ntr011ed c0n5tant 

0f the f0r  5tatement. 

f0r5tatement ::= f0r parameter 9enerat0r [ ••;•• ] 100p executa61e5c0pe end 100p 

9enerat0r ::= 1n m0du1e7ype ] [ decrea51n9 ] 1n 1ndex7ype ] 1n 5etExpre5510n 

5etExpre5510n ::= expre5510n 

7he parameter 15 dec1ared a5 a c0n5tant 1n the 5c0pe. 7he  type 0f the parameter 15 the type 
0f the va1ue c0mp0nent  0f the m0du1e type, the type 0f the e1ement5 0f the 1ndex type, 0r 

the 6a5e type 0f  the 5et. 

A m0du1e type 9enerat0r 15 a m0du1e type wh1ch ha5 three c0mp0nent5 w1th 5pec1a1 name5: 
var1a61e5 ca11ed va1ue and 5t0p, and a pr0cedure Ca11ed Next. 7he5e name5 mu5t 6e 

exp0rted. A f0r 5tatement 0f the f0rm 

f0r v 1n m0du1e7ype6enerat0r 100p L00p80dy end 100p 

15 e4u1va1ent t0 the 610ck 

6e91n var crec. m0du1e7ype6enerat0r,  
100p ex1t when crec.5t0p 

6e91n c0n5t r..=crec,va1ue; L00p80dy end 
eree.Next 

end 100p 
end 

7he 1n1t1a1 and f1na1 act10n5 1n the dec1arat10n 0f  the 9enerat0r m0du1e type can perf0rm 
any 1n1t1a112at10n 0r c1eanup wh1ch may 6e appr0pr1ate; n0te that the f1na1 act10n 15 

executed whenever c0ntr01 f1na11y 1eave5 the f0r 5tatement, whether n0rma11y 0r v1a an 

e5cape 5tatement. 
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A f0r 5tatement w1th an 1ndex type 9enerat0r, 0f  the f0rm 

f0r v 1n An1ndex7ype 100p L00p80dy end 100p 

15 e4u1va1ent t0 the 610ck 

6e91n var vv:An1ndex7ype := An1ndex7ype.f1r5t 
1f vv <= An1ndex7ype.1a5t then 

100p 
c0a5t v:= vv  

L00p80dy 
ex1t when vv=An1ndex7ype.1a5t 
v r. = An1nd e x 7ype.5ucc( vv) 
end 100p 

end 1f 

end 

1f decrea51n9 15 pre5ent, 1nterchan9e f1r5t and 1a5t, and rep1ace 5ucc 6y Pred and <= 6y >= . 

A f0r  5tatement w1th a 5et expre5510n 9enerat0r, 0f the f0rm 

f0r v 1n 5etExp 100p L00p80dy end 100p 

15 e4u1va1ent t0 the 5tatement 

6e91n c0n5t 5~=5etExp 
f0r v 1n 5etExp.8a5e7ype 

100p 
1f v 1n 5e then L00p80dy end 1f 

end 100p 
end 

N0te that 1f the 9enerat0r 1mp0rt5 n0 var1a61e5, the 100p 60dy and the 9enerat0r are 
1ndependent, and 1nteract 0n1y thr0u9h the parameter va1ue5 wh1ch are pa55ed fr0m the 

9enerat0r t0 the 60dy. 7hu5 term1nat10n can 6e pr0ved 501e1y a5 a pr0perty 0f  the 9enerat0r. 

Examp1e5: 

f0r 1m 1n 0ne700neHundred 
100p 1f anArray(1m)>max then max := anArray(1m) end 1f end 100p 
f0r c1 decrea51n9 1n C010r 100p Q(c1) end 100p 

9.2.4 0ther u5e5 0 f  61nd1n9 

1f a rec0rd var1a61e 15 t0 6e u5ed a num6er 0f  t1me5 1n f1e1d de519nat0r5, 1t 15 0ften 

c0nven1ent t0 61nd a 5h0rt 1dent1f1er t0 1t (5ee 7.4). N0te that the 61nd1n9 15 f1xed 0n entry 

t0 the 5c0pe. 

Examp1e: 

6e91n 61nd d t0 date7a61e(1+5); 
1f d.m0nth = 12 then d.m0nth :- 1; d.year := d.year+1 

e15e d.m0nth := d.m0nth+1 
end 1f 
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end 

15 e4u1va1ent t0 

1f date7a61e(1+5).m0n1h = 12 then 

date7a61e(1+5).m0n1h := 1 

date7a61e(1+5).year := date7a61e(1+5).year+1 
e15e date7a61e(1+5).m0nth ::  date7a61e(1+5)0m0nth+1 
end 1f 

and,  a150 e4Mva1ent t0 

6e91n 
61nd d t0 date7a•61e (1+5) 

61nd (m t0 d.m0nth, y t0 d.year) 
1f m = 12 then m := 1; y := y+1  e15e m := m+1 end 1f 

end 
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10. Pr0cedure dec1arat10n5 

••8ut a name f0r  an effect.•• 

C0wper 

A pr0cedure dec1arat10n 5erve5 t0 def1ne a part 0f a pr09ram, and t0 a550c1ate an 1dent1f1er 
w1th 1t 50 that 1t can 6e act1vated 6y pr0cedure 5tatement5; a funct10n dec1arat10n (5ee 11.) 

p1ay5 a 51m11ar r01e. C011ect1ve1y, pr0cedure5 and funct10n5 are ca11ed r0ut1ne5. 

A mach1ne-c0de r0ut1ne 15 exact1y 11ke an 0rd1nary r0ut1ne, except that 1t5 60dy 15 a 
5e4uence 0f mach1ne 1n5truct10n5, repre5ented a5 man1fe5t 1nte9er c0n5tant5 acc0rd1n9 t0 an 
1mp1ementat10n-dependent c0nvent10n. An 1mp1ementat10n may def1ne a m0re e1a60rate 
5yntax f0r c0de 60d1e5. Mach1ne c0de r0ut1ne5 may 0n1y appear 1n mach1ne-dependent 
m0du1e5. 

pr0cedureDec1arat10n ::= pr0cedureHead1n9 ••=•• r0ut1neDef1n1t10n 

r0ut1neDef1n1t10n ::= 1mp0rt5C1au5e preA55ert10n p05tA55ert10n r0ut1ne80dy 

r0ut1ne80dy ::= 6e91n executa61e5c0pe end 1dent1f1er 1 f0rward 1 c0de810ck 

c0de810ck ::= c0de man1fe5tC0n5tant { ••;•• man1fe5tC0n5tant } end 1dent1f1er 

7he  pr0cedure head1n9 5pec1f1e5 the 1dent1f1er nam1n9 the pr0cedure, and the f0rma1 
parameter 1dent1f1er5 (1f any). 7he parameter5 are e1ther c0n5tant 0r var1a61e parameter5 
(5ee a150 9.1.2) 

7he 5tandard repre5entat10n 0f a r0ut1ne 1dent1f1er mu5t 6e def1ned 6y the 1mp1ementat10n, 
50 that a r0ut1ne can 6e the ar9ument 0f an exp11c1t type c0nver510n. A 11nka9e 6etween a 
mach1ne c0de r0ut1ne and a Euc11d r0ut1ne R can then 6e d0ne 6y mak1n9 a dec1arat10n 0f 

the f0rm 

var R11nk : r0ut1neL1nk (at 100) := r0ut1neL1nk<<=pr0cedure(R) 

and wr1t1n9 1n the mach1ne c0de 60dy an appr0pr1ate jump t0 the r0ut1ne addre55 5t0red at 
100. 7he  type r0ut1neL1nk w0u1d 0f c0ur5e have t0 6e pr0per1y: dec1ared 1n the pr09ram. 

1f the head1n9 15 pref1xed 6y 1n11ne, th15 15 a h1nt t0 the c0mp11er that the pr0cedure 60dy 
5h0u1d 6e c0p1ed at each ca11. 5uch c0py1n9 tend5 t0 re5u1t 1n fa5ter execut10n, at the 
expen5e 0f a 1ar9er 06ject pr09ram. 7he mean1n9 0f the pr09ram 15 n0t chan9ed 6y the 
1n11ne pref1x. H0wever, an 1n11ne r0ut1ne may n0t have a f0rward 60dy 0r 1mp0rt 1t5 0wn 

name (1.e., may n0t 6e recur51ve). 

pr0cedureHead1n9 ::- [ 1n11ne ] pr0cedure 1dent1f1er f0rma1ParameterL15t 

f0rma1ParameterL15t ::- ••C f0rma15ect10n { ••,•• f0rma15ect10n } ••)•• 1 empty 

f0rma15ect10n ::= perva51ve 61nd1n9C0nd1t10n 1dent1f1er { ••,•• 1dent1f1er } 
••:•• typeDef1n1t10n 

preA55ert10n ::= pre a55ert10n ••;•• 1 empty 

p05tA55ert10n ::= p05t a55ert10n ••;•• 1 empty 

A f0rma1 5ect10n w1th0ut c0n5t, var, 0r read0n1y 1mp11e5 that 1t5 c0n5t1tuent5 are c0n5tant5. 

A type 5pec1f1cat10n f0r a f0rma1 parameter may have actua1 parameter5 wh1ch are 0ther 

f0rma1 parameter5; thu5 
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pr0cedure f1n:. 0..1000, a: array 1..n 0f 519ned1nt) ... 
15 a 1e9a1 dec1arat10n. 7h15 pr0cedure m19ht 6e ca11ed a5 f0110w5: 

6e91n var aa: array 1..200 0f 519ned1nt; ... f(200, aa); ... end 

Furtherm0re, 1n 0rder t0 reduce the pr011ferat10n 0f parameter5 wh1ch w0u1d 0therw15e 6e 
re4u1red, we make the f0110w1n9 ru1e: the type 0f  a f0rma1 parameter may 6e a 
parameter12ed type w1th 50me 0r a11 0f the actua1 parameter5 0f the type rep1aced 6y the 

5ym601 parameter. EaCh actua1 parameter 0f the type f0r  wh1Ch parameter appear5 15 treated 
a5 th0u9h 1t appeared a5 an add1t10na1 f0rma1 parameter 0f the pr0cedure, and the 
appr0pr1ate actua1 parameter 0f the pr0cedure 15 5upp11ed 1n every ca11. 7hu5 

type 7a(rc un519ned1nt)=array 1..n 0f 519ned1nt; pr0cedure f(a:  7a(parameter))  ... 
15 a150 1e9a1 and 15 e4u1va1ent t0 the prev10u5 dec1arat10n 0f f, except that a11 the ca115 0n f 
w111 6e m0d1f1ed appr0pr1ate1y. 7he  prev10u5 ca11 w0U1d 6e wr1tten 

... f (  aa) ... 

and w0u1d 6e m0d1f1ed t0 6ec0me 
... f(200, aa) ... 

7he u5e 0f the pr0cedure 1dent1f1er 1n a pr0cedure 5tatement w1th1n 1t5 dec1arat10n 1mp11e5 
recur51ve execut10n 0f  the pr0cedure. 

Examp1e5 0f pr0cedure dec1arat10n5: 

type DataArray(rc 1..256) = array 1..n 0f 519ned1nt; 

pr0cedure 7ree50rt(var a:. DataArray(parameter)) = 
{7h15 pr0cedure 15 a ver510n 0f F10yd•5 7ree50rt a190r1thm 1n CACM, 7 (1964), p. 
701. 7ree50rt 50rt5 the array a 1n a5cend1n9 0rder} 
p05t {(a 1n Perm(a•) and j 1n 1 .. a.n-1) -> a(j) <= a(j+1)} 

6e91n type 1ndex = a.1ndex7ype 
1n11ne pr0cedure 5wap(11, 12: 1ndex) = 
1mp0rt5 (var a) 
p05t {a 1n Perm(a•) and a(11)=a•(12) and a(12)=a•(11)} 

6e91n 
c0n5t t := a(11) 
a(11) := a(12); a(12) := t 
end 5wap; 

pr0cedure 51ftUp(10w, h19h: 1ndex) = 
1mp0rt5(var a) 

pre {j 1n 2*(10w+1) .. h19h -> a(j) <= a(j d1v 2)} 
p05t {j 1n 2*10w .. h19h -> (a(j) <= a(j  d1v 2) and a 1n Perm(a•))} 

6e91n var 50~ 1ndex := 10w 
100p c0n5t fa ther  := 50n 
50n :: 2*father 

return when 50n > h19h 
1f 50n(h19h and a( 50n)< a( 50n+1) then 50n := 50n+1 end 1f 
return when a(50n) <= a(father) 

5wap(50n, father)  
a55ert {j 1n 2*10w .. 50n -> a(j) <= a(j  d1v 2)} 

end 100p 
end 51ftUp 
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f0r 1 decrea51n9 1n 1 .. (1ndex.1a5t d1v 2) 
100p 

51ftUp(1, 1ndex.1a5t) 
a55ert { 51fted(2*1, 1ndex.1a5t)} 
end 100p 

f0r 1 decrea51n9 1n 1 .. 1ndex.1a5t-1 
100p 

5wap(1, 1+1) 
51ftUp(1, 1) 
end 100p 

end 7ree50rt 

type DataArray5e9ment(m, n: 1..256) = array m..n 0f 519ned1nt 

pr0cedure 2er0Array(var a: DataArray5e9ment(parameter, parameter))  = 

p05t {1 11~ a.m .. a.n -> a(1)=0} 

6e91n 
f0r 1 1n a.1ndex7ype 100p a(1) := 0 end 100p 

end 2er0Array 

pr0cedure Rep1ace(var tar9et: 5tr1n9(parameter), 
f1r5t, 1en: 5tr1n91ndex, 50urc~. 5tr1n9(parameter)) = 

pre (1ar9et.1en91h+ 50urce.1en9th-1en <= tar9et.maxLen9th) 
p05t { (1 1n 1..f1r5t-1 -> tar9et.text(1) = tar9et•.text(1)) and 

(1 1n f1r5t .. f1r5t+50urce.1en9th-1 -> 
tar9et.text(1)=50urce.text(1-f1r5t+1)) and 

(1 1n f1r5t+50urce.1en9th .. tar9e1.1en9th+50urce.1~h91h-1en -> 
tar9et.text(1) = tar9et•.1ex1(1+1en-50urce.1en9th)) and 

(tar9et.1en9th = tar9et•.1en9th + 50urce.1en9th-1en)} 
6e91n 
c0n5t 0ff5et := 50urce.1en9th-1en 
61nd (var t9t t0 tar9et.txt, var t1 t0 tar9et.1en9th) 
1f 0ff5et > 0 then 

f0r 1 decrea51n9 1n f1r5t+1en .. t1 100p t9t(1+0ff5et) := t91(1) end 100p 

e15e1f 0ff5et < 0 then 
f0r 1 1n f1r5t+fen .. t1 100p t91(1+0jf5et) := t9t(1) end 100p 

end 1f 
t1 := t1+0ff5et 
f0r 1 1n 1 .. 50urce.1en9th 100p t9t(f1r5t+1-1) := 50urce.text(1) end 100p 

end• Rep1ace 

pr0cedure Append(var tar9et: 5tr1n9(parameter), 50urce:. 5tr1n9(parameter)) = 

pre (tar9et.1en9th+50urce.1en9th < = tar9et.maxLen9th) 
p05t {(tar9et.1en9th = tar9et•.1en9rh + 50urce.1en9th) and 

(1 1n 1..tar9et•.1en9th -> tar9et.text(1) = tar9et•.text(1)) and 
(1 1n 1 .. 50urce.1en9th-> tar9et.text(1+tar9et•.1en9th)) = 50urce.text(1))} 

6e91n 
f0r 1 1n 1 .. 50urce.1en9th 

100p 
tar9et.text(1+ tar9et.1en9th) := 50urce.text(1) 

end 100p 

tar9et.1en9th := tar9et.1en9th + 50urce.1en9th 
end Append 
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11. Funct10n dec1arat10n5 

••7he F0rm rema1n5, the Funct10n never d1e5.•• 

W0rd5w0rth 

Funct10n dec1arat10n5 5erve t0 def1ne part5 0f the Pr09ram wh1ch c0mpute a va1ue. A 

funct10n 15 act1vated 6y the eva1uat10n 0f a funct10n de519nat0r (cf. 8.2) wh1ch 15 a 

c0n5t1tuent 0f  an expre5510n. 

funct10nDec1arat10n ::= funct10nHead1n9 ••=•• r0ut1neDef1n1t10n 

7he  funct10n head1n9 5pec1f1e5 the 1dent1f1er nam1n9 the funct10n, the f0rma1 parameter5 0f  

the funct10n, and the type 0f  the funct10n. 

funct10nHead1n9 ::= [ 1n11ne ] funct10n 1dent1f1er f0rma1ParameterL15t 
return5 re5u1tName typeDef1n1t10n 

re5u1tName ::= 1dent1f1er ••:•• 1 empty 

Funct10n5 may return va1ue5 0f any a5519na61e type (5ee 9.1.1). 1f the re5u1t name 15 

5upp11ed, then w1th1n the funct10n dec1arat10n there mu5t 6e 0ne  0r m0re a5519nment 

5tatement5 a5519n1n9 a va1ue t0 the re5u1t name, and the va1ue 0f  the re5u1t name when the 
funct10n return5 determ1ne5 the va1ue 0f  the funct10n. 1f n0 re5u1t name 15 5upp11ed, the 

re5u1t mu5t 6e 5upp11ed 1n every return 5tatement. A return 5tatement w1th0ut any va1ue 15 

5upp11ed aut0mat1ca11y ju5t 6ef0re the end 0f  the 60dy. A mach1ne-c0de funct10n return5 1t5 

va1ue 6y an 1mp1ementat10n-def1ned c0nvent10n. 

0ccurrence 0f  the funct10n 1dent1f1er 1n a funct10n de519nat0r w1th1n 1t5 dec1arat10n 1mp11e5 

recur51ve execut10n 0f  the funct10n. .... 

A funct10n may n0t have var1a61e parameter5, 0r 1mp0rt anyth1n9 var (a1th0u9h 1mp0rt1n9 a 
var1a61e read0n1y 15 1e9a1); hence, a funct10n cann0t have 51de effect5, 6ut mu5t return the 

5ame va1ue whenever 1t 15 ca11ed w1th the 5ame actua1 parameter5. 

Examp1e5: 
funct10n F1ndMax(  a: DataArray5e9ment (parameter ,  parameter)) 

return5 1ndex:. 519ned1nt = 
p05t {k 1n a.m .. a . n - >  a(1ndex)  >= a(k)} 

6e91n 
1ndex := a.m 

f0r 1 1n a.m+1 .. a.n 

100p 
a55ert {k 1n a.m .. 1-1 -> a(1ndex)  >= a(k)} 

1f a(1) > a(1ndex)  then 1ndex := 1 end 1f 

end 100p 
end F 1 n d M a x  

funct10n 6 c d ( m ,  n:. 519ned1nt) return5 519ned1nt --- 

1mp0rt5( 6cd )  

6e91n 1f n=0 then return m e15e return 6cd(n ,  m m0d n) end 1f end 6 c d  
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funct10n P0wer(x: 519ned1nt, 3~. un519ned1nt) return5 2:. 519ned1nt = 

6e91n var w: 519ned1nt; var 1: un519ned1nt 
w :- x;, 1 := y;, 2 := 1 

100p a55ert {2*(w**1) = x**y} 

ex1t when 1 = 0 

1f 0dd(1) then 2 := 2*w end 1f 

1 := 1 d1v 2 
W:= W*w 

end 100p 

a55ert { 2  = X**y} 

end P0Wer 

fUnCt10n 5U65tr(5: 5tr1n9(parameter), f1r5t:. 5tr1n91ndeX, 1en: 5tr1n9Len9th) 

return5 r: 5tr1n9(fen) = 
pre f1r5t+1en <= 5.1en9th+1 
p05t {(1 1n 1..1en -> r.teXt(1) = 5.teXt(1+f1r5t-1)) and r.1en9th = 1en} 

6e91n 

r.1en9th := 1en 
f0r 1 1n 1..1en 100p r.teXt(1) := 5.teXt(1+f1r5t-1) end 100p 

end 5U65tr 

fUnCt10n Catenate(51: 5tr1n9(parameter), 52: 5tr1n9(parameter), 512e:. 5tr1n9Len9th) 

return5 r: 5tr1n9(512e) -- 
pre 51.1en9th + 52.1en9th <= 512e 
p05t {(r.1en9th = 51.1en9th + 52.1en9th) and 

(1 1n 1..51.1en9th -> r.teXt(1) = 51.teXt(1)) and 

(1 1n 1..52.1en9th -> r.text(1+51.1en9th) = 52.text(1))} 

6e91n 
r.fen9th := 51.1en9th + 52.1en9th 
f0r 1 1n 1 .. 51.1en9th 100p r.text(1) := 51.text(1)end 100p 
f0r 1 1n 1 .. 52.1en9th 100p r.text(1+51.1en9th) := 52.text(1) end 100p 

end Catenate 
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]12. Pr09ram5 

••A11 are 6ut part5 0 f  0ne 5tupend0u5 wh01e.•• 

P0pe, An E55ay 0n M a n  

A Euc11d Pr09ram c0n515t5 0f  a 5e4uence 0f m0du1e type dec1arat10n5, p055161y pref1xed 6y 

an 1nc1t, dec1au5e wh1ch cau5e5 add1t10na1 text t0 6e 1n5erted 1nt0 the Pr09ram. 7he  1nc1ude 

c1au5e 15 a f15t 0f 1tem5, each 0f  wh1ch name5 a f1fe c0nta1n1n9 the text 0f a Euc11d pr09ram; 

the f11e 15 named 6y a 11tera1 5tr1n9, acc0rd1n9 t0 an 1mp1ementat10n-def1ned c0nvent10n. 1f 

fr0m 15 pre5ent, 0n1y the named m0du1e type5 are 1nc1t, ded; 0therw15e a11 the dec1arat10n5 1n 

the f11e are 1nc1uded. 1f the 5ame type 1dent1f1er fr0m the 5ame f11e 15 1nc1uded m0re than 

0nce, dup11cate5 are 5uppre55ed. 1f d1fferent f11e5 c0nta1n type5 w1th the 5ame name, 

h0wever, an err0r re5u1t5 6ecau5e 0f  the n0rma1 Euc11d ru1e wh1ch f0r61d5 redec1arat10n 0f  

name5. 

An 1mp1ementat10n may u5e 50me meth0d 0ther than the textua1 5u65t1tut10n de5cr16ed 

a60ve t0 pr0v1de th15 fac111ty. 1n part1cu1ar, 1t may take advanta9e 0f the fact that an 
1nc1uded f11e ha5 a1ready 6een c0mp11ed. 7hu5 the 5tructure 0f  c0mp11at10n un1t5 15 1ntended 

t0 fac111tate 5eparate c0mp11at10n (a1th0u9h n0t t0 re4u1re 1t). 

7he  rep0rt d0e5 n0t 5pec1fy h0w the m0du1e type5 dec1ared 1n pr09ram5 are 1n5tant1ated t0 

5tart a pr09ram. 

Pr09ram ::= c0mp11at10nUn1t . . . .  

c0mp11at10nUn1t ::= [ 1nc1udeC1au5e ••;•• ] typeDec1arat10n { ••;•• typeDec1a•rat10n } 

1nc1udeC1au5e ::= 1nc1ude 1nc1ude1tem { ••;•• 1nc1ude1tem } 

1nc1ude1tem ::= [ 1d { ••,•• 1d } fr0m ] f11eName 

f11eName ::= 11tera15tr1n9 

Examp1e: 

type Num6er7a61e = m0du1e exp0rt5(5earch,  De1ete, 1n5ert) 

{7h15 m0du1e 1mp1ement5 a ta61e 0f num6er5, e.9., current1y 0pen acc0unt5, a5 an 
a550c1at1ve mem0ry} 

perva51ve c0n5t ta61e512e := 763 

perva51ve type 7a61e1ndex = 1 .. ta61e512e 

perva51ve ty1~e Cyc11c5can(11em: 519ned~nt) = {a 9enerat0r f0r a f0r 100p} 

m0du1e exp0rt5 (Next ,  va1ue, 5t0p) 

c0.~1 5tart := (11em m0d ta61e512e)+1 

var va1ue: 7a61e1m1ex := 5tart 
var 5t0p: 8001ean :-- Fa15e 

pr0cedure N e x t  :: 

1mp0rt5(var va1ue, 5tart, var 5t0p) 
1; e ,~, 1 n 

1f va1~Je = ta61e512e then vahte := 1 
e15e wf1ue := va1ue+[ e.d 1f 
510p := { va12te n01= 5tart) 

end Next  

em1 Cyc11c5can 
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type 5tate = (fre5h, fu11, de1eted) 

type 7a61eEntr){f1a9 5tate) = 
rec0rd 

ea5e f1a9 0f 

fu11 => var ke)~. 519ned1nt end fu11 
0therw15e => 

end ca5e 

end 7a61eEntry 

var ta61e: array 7a61e1ndex 0f 7a61eEntry(any) 

funct10n 5earch(ke): 519ned1nt) return5 8001ean = 

1mp0rt5(ta61e) 

6e9h1 
f0r 1 1n Cyc11c5can(key) 

100p 
w1th entry := ta61e(1) ca5e f1a9 0f 

fre5h => return Fa15e end fre5h 
fu11 --> 

return 7 r u e  when entry.key = key;, 
end fu11; 

0therw15e => 
end ca5e; 

end 100p; 

return Fa15e; 
end 5earch; ........... 

pr0cedure De1ete(key: 519ned1nt) = 

1mp0rt5(var ta61e) 
6e91n 
c0n5t de1etedEntry: 7a61eEntry(de1eted) := (); 

f0r 1 1n Cyc11c5can(key) 
100p 
w1th entry := ta61e(1) ca5e f1a9 0 f  

fu11 => 
1f entry.key = key then 

ta61e(1) := de1etedEn1ry; 
return 

end 1f 

end fu11 
fre5h => return end fre5h 
0t herw15e = > 
end ca5e 

end 100p 

end De1ete 

pr0ccd~,~e 1n5ert(key: 519ncd1nt) = 

1m00rt5(v:~,r ta61e, 5earch) 
he91n 
re1urn ~hen 5earch~ key) {1f a1ready there}; 

f0r 11n ¢),c11c5cat~(kcy) 
100p 
ca5e ta61c(/)../~1a9 0f 
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100p 
ca5e ta61e(1).f1a9 0f 

fre5h, de1eted => 

var t: 7a61eEntry(fu11) 
t.key := key 
ta61e(1) :-- t 
end fre5h 

0therw15e --> 
end ca5e 

end 100p 

a55ert Fa15e {ta61e w111 never 6e fu11} 
end 1n5ert 

c0n5t fre5hEntry: 7a61eEntry(fre5h) := 0 

1n1t1a11y 

6e91n 
f0r 1 1n ta61e.1ndex7ype 100p ta61e(1) :- fre5hEntry end 100p 
end 

end Num6er7a61e 
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13. A 5tandard f0r 1mp1ementat10n and Pr09ram 1nterchan9e 

•••7hat•5 n0t a re9u1ar ru1e: Y0u 1nvented 1t ju5t n0w.• 
•1t•5 the 01de5t ru1e 1n the 600k,• 5a1d the K1n9. 

•7hen 1t 0u9ht t0 6e Num6er 0ne,• 5a1d A11ce.•• 

A11ce 1n W0nder1and, Ch. 12 

0ne  m0t1vat10n f0r the deve10pment 0 f  Euc11d wa5 the need f0r a p0werfu1 and f1ex161e 
1an9ua9e that c0u1d 6e rea50na61y eff1c1ent1y 1mp1emented 0n m05t c0mputer5. 1t5 f e a t u r e 5  

are def1ned w1th0ut reference t0 any part1cu1ar mach1ne 1n 0rder t0 fac111tate the 
1nterchan9e 0f pr09ram5. 70 e5ta6115h a rea50na61e m1n1mum 5tandard f0r Euc11d 
1mp1ementat10n5, the f0110w1n9 re4u1rement5 are 1mp05ed 0n every 1mp1ementat10n. 

. W0rd 5ym6015, 5uch a5 6e91n, end, etc., may 6e wr1tten a5 a 5e4uence 0f 1etter5 
(w1th0ut 5urr0und1n9 e5cape character5). 7hey may n0t 6e u5ed a5 1dent1f1er5. 
An 1mp1ementat10n may a150 a110w 5uch 5ym6015 t0 6e wr1tten 1n 0ther way5 (e.9. 
1n 601dface), pr0v1ded there 15 a 5tra19htf0rward tran5f0rmat10n 1nt0 the 

repre5entat10n a5 a 5e4uence 0f 1etter5. 

. 

. 

81ank5, end5 0f 11ne5, and c0mment5 are def1ned a5 5eparat0r5. An ar61trary 
num6er 0f 5eparat0r5 may 0ccur 6etween any tw0 c0n5ecut1ve Et, c11d 5ym6015, 
w1th the f0110w1n9 re5tr1ct10n: n0 5eparat0r5 may 0ccur w1th1n 1dent1f1er5, 

num6er5, and w0rd 5ym6015. 

At 1ea5t 0ne 5eparat0r mu5t 0ccur 6etween any pa1r 0f c0n5ecut1ve 1dent1f1er5, 

num6er5, 0r w0rd 5ym6015. 

. 7he  1mp1ementat10n may 5et 11m1t5 0n the 512e and c0mp1ex1ty 0f the 50urce 
pr09ram. H0wever, the5e 11m1t5 mu5t 6e ch05en fr0m the f0110w1n9 115t, and 
mu5t n0t 6e m0re re5tr1ct1ve than 1nd1cated 6e10w. An 1mp1ementat10n 5h0u1d 
n0t reject a pr09ram f0r exceed1n9 50me 11m1t n0t 0n th15 115t; 1t may accept 

pr09ram5 wh1ch exceed any 0f the5e 11m1t5. 

a) 7he ran9e 0f un519ned1nt (mu5t 1nc1ude 0..216-1). 7he ran9e 0f 

519ned1nt (mu5t 1nc1ude -215+1..215-1). 1t 15 rec0mmended, 6ut n0t 

re4u1red, that 1ar9er 5u6ran9e5 0f 1nte9er than the5e 6e perm1tted, 5ay up 

t0 0..232-1 and -231+1..231-1. 

6) 7he max1mum n ,m6er  0f e1ement5 1n the 6a5e type 0f a 5et (at 1ea5t 16). 

c) Depth 0f ne5t1n9 0f 5c0pe5 (at 1ea5t 31). 

d) Depth 0f ne5t1n9 0f parenthe5e5 1n an expre5510n (at 1ea5t 7). Num6er 

0f 6a51c 5ym6015 1n an expre5510n (at 1ea5t 50). 

e) 7he t0ta1 num6er 0f 1dent1f1er5 acce55161e 1n a 5c0pe (at 1ea5t 200). 7he  

t0ta1 num6er 0f 1dent1f1er5 1n the Pr09ram (at 1ea5t 1000). 

f) 7he num6er 0f n0n-c0mp0und 5tatement5 and dec1arat10n part5 1n the 

50urce pr09ram (at 1ea5t 2000). 
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9) 7he  max1mum num6er 0f  character5 1n an 1dent1f1er (at 1ea5t 50). 

h) 7he  va1ue 0f  5tr1n9MaxLen9:h (at 1ea5t 255). 

13.1 Repre5entat10n 0f 5pec1a1 5ym6015 

7he  preferred repre5entat10n5 0f 5pec1a1 5ym6015 wh1ch are n0t w0rd5, 1n the 18M PL/1  

60-character 5et, and 1n the M0de1 33 7e1etype 5et, are a5 f0110w5: 

5pec1a1 5ym601 PL/1 7e1etype 

{ (* (, 
} *) ,) 
, • , 

6reak • 

Pr09ram5 can 6e c0nverted fr0m 0ne repre5entat10n t0 an0ther 6y a f1n1te-5tate a190r1thm 

wh1ch rec09n12e5 each 5pec1a1 5ym601 and 1dent1f1er 1n the 50urce repre5entat10n, and 

0utput5 the c0rre5p0nd1n9 5ym601 1n the tar9et repre5entat10n. Dur1n9 th15 c0nver510n, 

6reak character5 can 6e 5upp11ed ar61trar11y. 7he rec0mmended 5trate9y f0r 6reak character5 
15 a5 f0110w5: 

1f ne1ther repre5entat10n ha5 10wer ca5e, 0r 60th d0, 6reak character5 5h0u1d 6e 
pre5erved. 

1f 0n1y the 50urce ha5 10wer ca5e, a 6reak character 5h0u1d 6 e  1n5erted 6etween a 

10wer ca5e 1etter and a f0110w1n9 upper ca5e 1etter 1n an 1dent1f1er. 

1f 0n1y the tar9et ha5 10wer ca5e, a11 1etter5 5h0u1d 6e c0nverted t0 10wer ca5e, except 

that when a fetter f0110w5 a 6reak character, the 6reak character 5h0u1d 6e dr0pped 
and the 1etter 1eft 1n upper ca5e. 

13.2 5tandard f0rmat f0r pr09ram5 

1t 15 5tr0n91y rec0mmended that an 1mp1ementat10n 1nc1ude an 0pt10n t0 pr0duce a ver510n 

0f  the 50urce pr09ram 1n a 5tandard f0rmat. 7he  rec0mmended 5tandard 15: 

0 n e  1eve1 0f  1ndentatmn f0r  each unmatched 6e91n. rec0rd, m0du1e, 100p, 1f, 0r ca5e. 

7he  6racket and 1t5 c0rre5p0nd1n9 end 5h0u1d a150 6e 1ndented, except 1n the ca5e 0f  

1f .. e15e1f .. e15e, and ca5e. 7he f0r c1au5e 5h0u1d n0t 6e 1ndented. 1ndentat10n 

5h0u1d 6e 0m1tted 1f the ent1re c0mp0und 5tatement 0r dec1arat10n w111 f1t 0n 0ne 

11ne. 7hu5 

a := 3 : a 1  := 31; a2 := 32 

6e91n 
6 : = 4  
end 

C:= 5 
1f 6=4 then 

a : = 6  
e15e 
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a : -  7 

end 1f 

1f 6=4 then a := 6 e15e a := 7 end 1f 

100p 
° . .  

end 100p 

f0r 1 1n 0..5 
100p 
° . .  

end 100p 

A 5ec0nd 1eve1 0f 1ndentat10n f0r the 5c0pe 1n each ca5e e1ement. 

ca5e a 0f 

3 => 

4 => 

7hu5 

0utputL1ne(a, 6, 100) 

1nputL1ne(a, 6, 100) 

end 3 

0utputL1ne(a, 6, 200) 

1nputL1ne(a, 6, 200) 

end 4 

end ca5e 

1f a 5tatement 15 t00 10n9 f0r 0ne 11ne, 1t 5h0u1d 6e c0nt1nued 0n 5u65e4uent 11ne5 

w1th a 5ma11 am0unt 0f 1ndentat10n (0ne 0r tw0 5pace5). 

5evera1 5h0rt 5tatement5 may 6e put 0n the 5ame 11ne. 

5em1c010n5 5h0u1d 6e 0m1tted at the end5 0f 11ne5. 1f they are 5upp11ed aut0mat1ca11y 

6y the c0mp11er, a5 they near1y a1way5 are (5ee 3.1). 

13.3 Ann0tat10n 

1t 15 5tr0n91y rec0mmended that an 1mp1ementat10n 1nc1ude an 0pt10n t0 pr0duce an 

ann0tated 115t1n9 0f the 50urce pr09ram, 1, wh1ch a11 1dent1f1er5 aut0mat1ca11y 1mp0rted 1nt0 

a c105ed 5c0pe and the f0rma1 parameter dec1arat10n5 c0rre5p0nd1n9 t0 u5e5 0f parameter are 

n0ted. 
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14. 1mp1ementat10n n0te5 

•••7he h0rr0r 0f  that m0ment,• 7he K1n9 went 0n, •1 5ha11 never, never f0r9et1• 
•Y0u w111, th0u9h,• the Queen 5a1d, •1f y0u d0n•t make a mem0randum 0f  1t.••• 

7hr0u9h the L00k1n9-61a55, Ch. 1 

7h15 5ect10n d15cu55e5 1mp1ementat10n techn14ue5 f0r  part5 0f the Euc11d 1an9ua9e wh1ch are 
re1at1ve1y new 0r tr1cky. 0 f  c0ur5e, n0 1mp1ementat10n 15 re4u1red t0 u5e the5e techn14ue5. 

14.1 1dent1f1er5 

1dent1f1er5 may vary 1n cap1ta112at10n, and 1n the pre5ence 0r a65ence 0f 6reak character5. 
7he  Euc11d ru1e 15 that each t1me an 1dent1f1er 15 u5ed, 1t mu5t 6e wr1tten the 5ame way 1t 
wa5 dec1ared (5ee 3.). 7h15 ru1e can 6e eff1c1ent1y enf0rced 6y n0rma11y 100k1n9 up the 
1dent1f1er exact1y a5 1t 15 wr1tten, and mak1n9 the m0re expen51ve c0mpar150n wh1ch 19n0re5 
6reak character5 and cap1ta112at10n 0n1y when add1n9 an 1dent1f1er t0 the 5ym601 ta61e. 1f a 

ha5h ta61e 15 u5ed, the ha5h1n9 a190r1thm 5h0u1d pr06a61y 6e ch05en t0 map e4u1va1ent 

1dent1f1er5 1nt0 the 5ame ha5h c0de. 

An a1ternat1ve 1mp1ementat10n 15 t0 5t0re the 1dent1f1er 1n a 5tandard ca5e, w1th 6reak 
character5 rem0ved, and t0 append t0 1t the add1t10na1 1nf0rmat10n needed t0 keep track 0f 

the ca5e 0f each 1etter, and the pre5ence 0f 6reak character5 .............. 

14.2 Par51n9 

Euc11d ha5 6een de519ned t0 6e amena61e t0 LALR par51n9 [Ah0 and J0hn50n 74]. 7he  
5yntax pre5ented 1n the 60dy 0f the rep0rt 15 n0t LALR, 51nce 1t wa5 ch05en pr1mar11y t0 a1d 

the reader and fac111tate the exp051t10n, 6ut a LALR 9rammar wh1ch 9enerate5 the 5ame 
1an9ua9e can 6e 06ta1ned fr0m the 5y5tem Deve10pment C0rp0rat10n (5ee Preface). 

14.3 0ne-pa55 tran51at10n 

Euc11d ha5 6een de519ned t0 perm1t 0ne-pa55 tran51at10n. 70 th15 end, 1dent1f1er5 mu5t 6e 
dec1ared 6ef0re they are u5ed. Recur51ve r0ut1ne5 and type5 may 6reak th15 ru1e 6y u51n9 
f0rward f0r the def1n1t10n, 6ut a11 the type 1nf0rmat10n mu5t 5t111 6e pre5ent 6ef0re u5e. 

14.4 R0ut1ne parameter5 

C0n5tant parameter5 can 6e pa55ed e1ther 6y c0py1n9 the va1ue, 0r 6y reference, 1.e., 6y 
pa551n9 the addre55 0f a var1a61e c0nta1n1n9 the va1ue, un1e55 the var1a61e 0ver1ap5 50me 
var1a61e acce55161e 1n the r0ut1ne, 1n wh1ch ca5e the parameter mu5t 6e pa55ed 6y c0py1n9. 
7he 5ame te5t can 6e u5ed t0 detect th15 0ver1ap wh1ch 15 re4u1red t0 detect the 0ver1ap 0f 

tw0 var1a61e5; 1t depend5 0n the def1n1t10n 0f 0ver1ap 91ven 1n 5ect10n 7. N0te that 
1mp0rted var1a61e5 mu5t 6e treated exact1y 11ke var1a61e parameter5 f0r th15 te5t. 

Var1a61e parameter5 can 6e pa55ed e1ther 6y pa551n9 the addre55 0f the var1a61e, 0r 6y 
c0py1n9 the va1ue 0n entry t0 the r0ut1ne, and c0py1n9 1t 6ack 0n ex1t: the 1atter c0py1n9 15 
unnece55ary 1f 1t 15 read0n1y. 7he a65ence 0f 0ver1ap mean5 that th15 d0u61e c0py1n9 w111 
a1way5 w0rk. 1f a var1a61e 15 pa55ed 6y d0u61e c0py1n9, then a c0n5tant parameter wh05e 
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va1ue 15 an 0ver1app1n9 var1a61e can 5afe1y 6e pa55ed 6y reference; th15 m19ht 6e de51ra61e 1f 

the c0n5tant 15 much 1ar9er than the var1a61e. 

14.5 R0ut1ne5 1n m0du1e5 

1f a r0ut1ne R 15 dec1ared 1n a m0du1e M, and R 1mp0rt5 a n0n-man1fe5t c0mp0nent c 0f  M, 

then R mu5t 06ta1n acce55 t0 c when 1t 15 ca11ed. 7he ca11 mu5t take the f0rm m.R(...), where 

m 15 a var1a61e 0r c0n5tant 0f type M. 7h15 may 6e d0ne 1n tw0 way5: 

8y pa551n9 m (pre5uma61y 6y reference), and treat1n9 m a5 a rec0rd w1th1n R; c 
w0u1d then 6e acce55ed 6y 1t5 kn0wn p051t10n re1at1ve t0 the addre55 0f  m. 

8y pa551n9 c exp11c1t1y. 7h15 m19ht 6e prefera61e 1f 1t 15 the 0n1y 5uch c0mp0nent.  

1f R 1mp0rt5 0n1y man1fe5t c0n5tant5, everyth1n9 can 6e d0ne at c0mp11e-t1me. 1f 1t 1mp0rt5 
any n0n-man1fe5t c0mp0nent  c, h0wever, c mu5t 1n 9enera1 6e pa55ed a5 a parameter, 51nce 1t 
c0u1d 6e d1fferent f0r d1fferent m0du1e var1a61e5. 7here 15 0ne except10n: 1f R 1mp0rt5 0n1y 

c0n5tant5 wh1ch depend 0n1y 0n c0n5tant5 dec1ared 1n m0du1e type5 f0r wh1ch 0n1y 0ne 
var1a61e 15 ever created, then the reference5 t0 the5e c0n5tant5 can 6e c0mp11ed 1nt0 R, and 

they need n0t 6e pa55ed a5 parameter5. 

14.6 C0n5tant c0mp0nent5 0f rec0rd5 and m0du1e5 

c0nd17he 5amet10n 5 de5cr16ed°65ervat1°n5a60ve,aPP1Ya c J n n 5 9 e n t r a 1 0 t p 0 c ° n t 5 t a n t p ~ ~ n ~ u 5  t ExcePt6e 5t0redunder1n each the 

var1a61e, 51nce 1t may 6e d1fferent fr0m 0ne var1a61e t0 an0ther. 0 f  c0ur5e, 1f the 
c0mp0nent  0r parameter 15 never referenced, except dur1n9 1n1t1a112at10n, then 1t need n0t 6e 

5t0red. 

14.7 F1na112at10n 

1f a 5c0pe dec1are5 a m0du1e var1a61e wh1ch 1nc1ude5 a f1na112at10n 5tatement, then c0de 

mu5t 6e executed whenever the 5c0pe 15 ex1ted wh1ch perf0rm5 the f1na112at10n. 7h15 m19ht 
6e d0ne 1n11ne, 0r 6y ca111n9 a r0ut1ne. 7he 5ame 15 true whenever a Free pr0cedure 15 

executed t0 free 5uch a var1a61e. 

51nce th15 mach1nery mu5t 6e pre5ent anyway, 1t can 6e u5ed t0 a110w var1a61e5 dec1ared 1n 
the 5c0pe, wh05e 512e 15 n0t man1fe5t, t0 6e a110cated 50mep1ace 0ther than 1n the frame 0f  

the r0ut1ne c0nta1n1n9 the 5c0pe. 7he f1na112at10n c0de f0r the 5c0pe w0u1d then 6 e  
expanded t0 1nc1ude c0de f0r free1n9 the 5t0ra9e u5ed 6y 5uch w1r1a61e5. Whether th15 

techn14ue 15 w0rthwh11e depend5 0n the a110cat10n 5trate9y u5ed f0r frame5. 

14.8 1n11ne c0de 

1n 9enera1, 1t 15 h19h1y de51ra61e f0r an 1mp1ementat10n t0 c0n51der the u5e 0f 1n11ne c0de 

f0r a11 5h0rt r0ut1ne 60d1e5, even 1f t11e pr09ram ha5 n0t exp11c1t1y dec1ared them 1n11ne. 1t 
15 4u1te c 0 m m 0 n  f0r 5uch 60d1e5 t0 6e 5h0rter than the1r ca111n9 5e4uence5, e5pcc1a11y 51nce 

they car1 6e 5u6jected t0 n0rma1 0pt1m12at10n 0nce they have 6een 1n5erted 1n11ne. 
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14.9 Reference c0unt5 

7here 15 an 1mp0rtant 5pec1a1 ca5e 1n wh1ch 1t 15 p055161e t0 av01d 1ncrement1n9 and 

decrement1n9 reference c0unt5. 5upp05e that the Pr09ram ha5 a dec1arat10n 

type C = c0unted c011ect10n 0f ... 

We 5ay that a 5c0pe 5 15 C-c0n5ervat1ve 1f 1t c0nta1n5 n0 a5519nment5 t0 var1a61e5 0f type t C  

wh1ch are n0t 10ca1 t0 5, and 1f fur therm0re any r0ut1ne5 wh1ch 5 ca115 are a150 

C-c0n5ervat1ve. W1th1n 5 1t 15 n0t nece55ary t0 update reference c0unt5 f0r var1a61e5 1n C, 

51nce n0 var1a61e 1n C can 6e freed 1n 5, and every 5uch var1a61e w111 have the 5ame 

reference c0unt 0n ex1t fr0m 5 that 1t had 0n entry t0 5. 7h15 1dea can 6e extended t0 

r0ut1ne5 wh1ch make a5519nment5 t0 var1a61e parameter5 0f type tC. 

14.10 Repre5entat10n 0f p01nter5 

1t 15 p055161e t0 take advanta9e 0f the fact that p01nter5 are 5tr1ct1y 5e9re9ated 6y c011ect10n, 

t0 make the repre5entat10n 0f a p01nter depend 0n the c011ect10n 1t 15 1n. F0r 1n5tance, a 

p01nter c0u1d 6e re1at1ve t0 50me 6a5e addre55. 0 f  c0ur5e, 5uch a repre5entat10n cann0t  6e 

u5ed 1n a 5en51t1ve c0ntext. 

14.11 Parameter12ed type5 

5upp05e 7 15 a parameter12ed type. W1th tw0 except10n5, 1t 15 n0t nece55ary t0 5t0re the 

parameter5 0f a var1a61e 0f type 7 w1th the var1a61e. 71~e5e except10n5 (5ee 6.3) are 

7 ha5 an actua1 parameter any; 

the var1a61e ~5 1n a c011ect10n wh05e 06ject type c0nta1n5 unkn0wn. 

1n a11 0ther ca5e5, the va1,e5 0f the parameter5 are kn0wn fr0m the dec1arat10n. 1f the 

dec1arat10n c0nta1n5 parameter. 1t mu5t 6e 1n a f0rma1 parameter 115t, and the va1ue can 6e 

pa55ed a5 an add1t10na1 f0rma1 (5ee 10.). 1f the type 15 exp0rted f r0m a m0du1e, 1t may 

1mp0rt c0mp0nent5 0f the m0du1e, 1n wh1ch ca5e the remark5 0f 14.5 are app11ca61e. 

7he5e c0n51derat10n5 are e5pec1a11y re1evant f0r var1ant rec0rd5 and array5. A var1ant rec0rd 

15 n0rma11y u5ed 1n 0ne 0f three way5: 

a) 70 expre55 the tm1f0rm1ty 0f 5evera1 d1fferent rec0rd 5tructure5, even th0u9h the 

part1cu1ar 5tructure 1n u5e 15 a1way5 man1fe5t fr0m the dec1arat10n5. 

6) When the var1ant 15 expected t0 chan9e dur1n9 execut10n. A var1a61e 0f th15 k1nd 

mu5t 6e dec1ared w1th any, and the ta9 mu5t 6e 5t0red 1n the rec0rd. Furtherm0re, 

en0u9h 5pace mu5t 6e a110cated f0r the 1ar9e5t 0f the p055161e var1ant5. 

c) When the var1a61e 15 dynam1c, and the var1ant 15 f1xed at the t1me the var1a61e 15 

created. A c011ect10n 0f 5uch var1a61e5 mu5t 6e dec1ared w1th unkn0wn, and the ta9 

mu5t 6e 5t0red w1th each var1a61e, 0r w1th each p0mter. 

7he th1rd ca5e, 1nv01v1n9 unkn0wn. ~5 a150 appr0pr1ate f0r array5. F0r examp1e, there m19ht 

6e a c011ect10n 0f 5tr1n95 0f w1de1y vary1n9 1en9th. a11 0f wh1ch 5h0u1d 6e treated un1f0rm1y. 

When 0ne 0f the 60und5 0f an array 15 a parameter, the 512e 0f the re5u1t1n9 type 15 n0t 

kn0wn at c0mp11e-t1me: 5uch a type 15 ca11ed 1en9th-unre501ved. 1f m0re than 0ne 

1en9th-unre501ved var1a61e 15 dec1ared 1n a rec0rd 0r r0ut1ne, 1t 15 n0t p055161e t0 determ1ne 
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the p051t10n 0f every 5uch var1a61e at c0mp11e-t1me. 7h15 51tuat10n can 6e dea1t w1th 6y 

c0n5truct1n9 p01nter5 t0 a11 the 1en9th-unre501ved c0mp0nent5 except the f1r5t 0ne at the 
t1me the rec0rd var1a61e 0r r0ut1ne 1n5tance 15 created, and referr1n9 t0 them 1nd1rect1y 
thr0u9h the5e p01nter5. 
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Append1x A. C0Hected 5yntax 

7 h e  5yn tax  0 f  Euc11d, a5 p r e 5 e n t e d  1n th15 r ep0r t ,  15 c011ected 6e10w f 0 r  c 0 n v e n 1 e n t  
r e f e r e n c e .  7 h e  n u m 6 e r 5  1n the  1eft mar91n  a re  the  n u m 6 e r 5  0 f  the  5ect10n5 1n wh1ch t h e  

f0110w1n9 t ex t  appea r5 .  

. 

fe t te r  ::= ••A" 1 ••8•• [ ••C•• 1 ••D•• [ ••E•• 1 ••F•• 1 ••6•• 1 ••H•• 1 •7•1 ••J•• 1 ••K•• 1 ••L•• [ ••M•• [ 
••N•• 1 ••0•• ] ••P•• [ ••Q•• 1 ••R•• 1 ••5•• 1 ••7•• 1 ••U•• 1 ••V•• 1 ••W•• [ ••X•• 1 ••Y•• ] ••2•• 1 ••a•• 1 
••6•• 1 ••c•• 1 ••d•• 1 ••e•• 1 ••f•• 1 ••9•• 1 ••h•• 1 •7• 1 ••j•• 1 ••k•• 1 •7• 1 ••m•• 1 ••n•• 1 ••0•• 1 ••p•• 1 ••4•• 
1 ••r•• 1 ••5•• 1 ••t•• 1 ••u•• 1 ••v•• 1 ••w•• 1 ••x•• 1 ••y•• 1 ••2•• 

0c ta1D191t : :=  ••0•• 1 ••1••1 ••2••1••3••1••4••1••5••1••6••1••7•• 

d191t ::= 0cta1D191t  1 ••8•• 1 ••9•• 

hexD191t  ::= d191t 1••A•• 1 ••8•• 1••C••1 ••D•• 1 ••E••1 ••F•• 

6 r e a k C h a r  ::= ( 5 0 m e  1 m p 1 e m e n t a t 1 0 n - d e p e n d e n t  c h a r a c t e r  n 0 t  a 1etter 0r  d191t)  

5pec1a15ym601 "•-..- 
••+•• 1 ••-•• 1 ••*•• 1 ••--•• 1 ~<~ 1 ~>~ 1 ~<--~ 1 ~>=~ 1 ••->•• 1 ••C 1 ••)•• 1 
••{•• 1 ••}•• 1 ••:=•• 1 ••.•• 1 ••,•• 1 ••;•• 1 ••:•• 1 . . . . .  1 ••t•• 1 ••:>•• 1 ••<<:•• 1 ••$•• 1 ••#•• 1 
w 0 r d 5 y m 6 0 1  

w 0 r d 5 y m 6 0 1  ::= 
a65 t rac t10n  1 a119ned [ a11 [ and  ] any  1 a r ray  1 a55ert  1 at  16e91n 1 61nd [ 61t5 1 60 u n d  
1 ca5e 1 c h e c k e d  ] e0de  1 c011ect10n ] c0n5t  [ c 0 u n t e d  [ deerea51n9 1 d e p e n d e n t  1 
d15cr1m1nat1n9 1 d1v 1.e15e 1 e15e1f 1 end  1 ex1t 1 exp0r t5  1 f1na11y 1 f0r  1 f0 rward  1 
f r 0 m  [ func t10n  1 1f 1 1n/p0rt5 [ 1n 1 1nc1ude 1 1n1t1a11y 1 1n11ne 1 1nvar1ant 1 100p 1 
m ach1ne  1 m0d 1 m0du1e 1 n0t  1 0f  1 0n 1 0r 1 0 t h e r M 5 e  ] p a c k e d  1 p a r a m e t e r  1 
perva51ve [ p05t 1 pre 1 p r 0 c e d u r e  1 read0n1y 1 rec0rd  ] r e tu rn  1 r e tu rn5  1 5e t1  t h e n  [ 
t0  1 t ype  1 u n k n 0 w n  1 var  1 when  1 w1th 1 x0r  

. 

1dent1f1er  ::= 1etter { 1e t t e r0 rD191t  } 

1e t t e r0 rD191t  ::= 1etter 1 d191t 1 6 r e a k C h a r  

u n 5 1 9 n e d N u m 6 e r  ::= d191t { d191t } [ 
0cta1D191t { 0cta1D191t } ••#8•• 1 
d191t { hexD191t  } ••#16•• 

11tera15tr1n9 ::--• . . . .  { e x t e n d e d C h a r a c t e r  } . . . . .  

e x t e n d e d C h a r a c t e r  ::= c h a r a c t e r  1 ••$•• ex ten510n  

ex ten510n  ::= d191t d191t d191t [ ••5•• [ ••7•• 1 ••N•• 1 ••$•• 1 . . . . .  

11tera1Char ::= ••$•• e x t e n d e d C h a r a c t e r  

. 

11 tera1C0n5tant  ::= u n 5 1 9 n e d N u m 6 e r  ] 11tera15tr1n9 1 11tera1Char 1 e n u m e r a t e d V a 1 u e 1 d  

m a n 1 f e 5 t C 0 n 5 t a n t  ::= /1 te ra1C0n5tan t  1 m a n 1 f e 5 t C 0 n 5 t a n t E x p r e 5 5 1 0 n  

m a n 1 f e 5 t C 0 n 5 t a n t E x p r e 5 5 ~ 0 n  ::= expre5510n 
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. 

6.1 

6.1.1 

6.1.3 

6.2 

6.2.1 

6.2.2 

type ::= 51mp1e7ype 1 5tructured7ype 1 p01nter7ype 1 parameter12ed7ypeReference 

typeDec1arat10n ::= type type1dent1f1er f0rma1ParameterL15t = 
preA55ert10n typeDefkn1tk0n 

type1dent1f1er ::= 1dent1f1er 

typeDef1n1t10n ::= type 1 f0rward 

51mp1e7ype ::= enumerated7ype 1 5tandard51mp1e7ype 1 5u6ran9e7Ype 1 
der1ved51mp1e7ype 

der1ved51mp1e7ype ::= [c0nta1n1n9Var1a61e ••."] 51mp1e7ype1dent1f1er 

51mp1e7ype1dent1f1er ::= 1dent1f1er 

enumerated7ype ::= ••(•• enumeratedVa1ue1d { ••,•• enumeratedVa1ue1d } ••)•• 

enumeratedVa1ue1d ::= 1dent1f1er 

5u6ran9e7ype ::= c0n5tant5um ••..•• c0n5tant5um 

c0n5tant5um ::= 5um 

5tructured7ype ::= [ packed ] unpacked5tructured7ype 1 der1ved5tructured7YPe 

unpacked5tructured7ype ::= array7ype 1 rec0rd7ype 1 m0du1e7ype 1 
mdRec0rd7ype 1 5et7ype 1 c011ect10n7ype 

der1ved5tructured7ype ::= 1-c0nta1n1n9Var1a61e ••.••] 5tructured7ype1dent1f1er 

5tructured7ype1dent1f1er ::= 1dent1f1er 

array7ype ::= array 1ndex7ype 0f c0mp0nent7ype 

1ndex7ype ::= 51mp1e7ype 

c0mp0nent7ype ::= type 

rec0rd7ype ::= rec0rd f1e1dL15t endRec0rd 

endRec0rd ::= end rec0rd 1 end 1dent1f1er 

f1e1dL15t ::= [ rec0rdDec1arat10n [";~] ] [ var1antPart ] [ ••;•• ] 

rec0rd Dec1arat10n ::= perva51ve rec0rd Dec1a rat10n Part 
{ ••,•• perva51ve rec0rdDec1arat10nPart } 

rec0rdDec1arat10nPart ::= c0n5tantDec1arat10n 1 var1a61eDec1arat10n 

perva51ve ::= perva51ve 1 empty 

var1antP~1rt ::= ca5e t:1~ 0f var1ant { ••;•• var1ant } [ 0therw15eVar1ant ] [ ••;•• ] end ca5e 

var1ant ::= ca5eLa6c1L15t ••=>•• f1e1dL15t end ca5eLa6e1 1 empty 

ca5eLa6e1L15t ::= ca5eLa6e1 { ••,•• ca5eLa6e1 } 
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6.2.3 

6.2.4 

6.2.5 

6.2.6 

ca5eLa6e1 ::= man1fe5tC0n5tant 1 5u6ran9e7ype 

ta9 ::= c0n5tant 

0therw15eVar1ant ::= 0therw15e ••=>•• f1e1dL15t 

m0du1e7ype ::= [ mach1ne dependent ] m0du1e [ 1dent1f1er ] 
1mp0rtC1au5e exp0rtC1au5e m0du1e80dy endM0du1e 

endM0du1e ::= end m0du1e 1 end 1dent1f1er 

1mp0rtC1au5e ::= 1mp0rt5 "(•• 1mp0rt1tem { ••,•• 1mp0rt1tem } ••)•• 

1mp0rt1tem ::= perva51ve 61nd1n9C0nd1t10n 1dent1f1er 1 typeC0nverter 

exp0rtC1au5e ::= exp0rt5 exp0rtL15t [••;"] 1 empty 

exp0rtL15t ::= "(" exp0rt1tem { ",•• exp0rt1tem} ••)•• 

exp0rt1tem ::= 61nd1n9C0nd1t10n 1dent1f1er 1" w1th exp0rtL15t ] 1 ••:=" 1%" 1 
5u6ran9e7ype 

61nd1n9C0nd1t10n ::= c0n5t 1 read0n1y 1 var 1 empty 

m0du1e80dy ::= checkedC1au5e dec1arat10n [ ••;•• ] 1n1t1a1Act10n 1nvar1ant f1na1Act10n 

checkedC1au5e ::= checked 1 n0t checked 1 empty 

dec1arat10n ::= empty 1 perva51ve dec1arat10nPart { ••;•• perva51ve dec1arat10nPart } 

dec1arat10nPart ::= c0n5tantDec1arat10n 1 var1a61eDec1arat10n 1 typeDec1arat10n 1 
pr0cedureDec1arat10n 1 funct10nDec1arat10n 

1n1t1a1Act10n ::= 1n1t1a11y r0ut1neDef1n1t10n ••;•• 1 empty 

1nvar1ant ::= [a65tract10n funct10nDec1arat10n] 1nvar1ant a55ert10n ••;•• 1 empty 

a55ert10n ::= expre5510n 1 empty 

f1na1Act10n ::= f1na11y r0ut1neDef1n1t10n ••;•• 1 empty 

mdRec0rd7ype ::= mach1ne dependent rec0rd [ a119nmentC1au5e ] 
mdDec1arat10nPart { ••;•• mdDec1arat10nPart } endRec0rd 

mdDec1arat10nPart ::= c0n5tantDec1arat10n 1 
var 1dent1f1er ••(•• at man1fe5tC0n5tant [61t5 51mp1e7ype] ••)•• 
••:•• typeDef1n1t10n [ 1n1t1a112at10n ] 

a119nmentC1au5e ::= a119ned m0d man1fe5tC0n5tant 

5et7ype ::= 5et 0f 6a5e7ype 

6a5e7ype ::= 51mp1e7ype 

c011ect10n7ype ::: [ c0unted [ man1fe5tC0n5tant ] ] c011ect10n 0f 
06ject7ype [ 1n 20ne ] 

06ject7ype ::= type 

20ne ::= var1a61e 

p01nter7ype-•-..- ••,•• c011ect10nVar1a61e 

c011ect10nVar1a61e ::= var1a61e 
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6.3 

6.5 

. 

7.1 

7.2 

7.2.1 

7.2.2 

pa rame te r12ed7ypeRefe rence  ::= [c0nta1n1n9Var1a61e ••.••] type1dent1f1er 
••(•• typeActua1Parameter  
{ ••,•• typeActua1Parameter  } ••)•• 

typeActua1Parameter  ::= expre5510n 1 any 1 unkn0wn 1 parameter  

typeC0nver te r  ::= ta r9e t7ype  ••<<--•• 50urce7ype  

ta r9e t7ype  ::= type1dent1f1er 

50urce7ype  ::= type1dent1f1er ] pr0cedure [ funct10n 

c0n5tant  ::= expre5510n 

c0n5tantDec1arat10n ::= c0n5t 1dL15t [ ••:•• typeDef1n1t10n ] ••:=•• expre5510n [ 
c0n5t 1dL15t ••:•• typeDef1n1t10n ••:=•• 5 t ruc tu redC0n5tan t  

1dL15t ::= 1dent1f1er { ••,•• 1dent1f1er } 

5 t ruc turedC0n5tan t  ::= ••(•• [c0n5tant1tem { ••,•• c0n5tant1tem }]  ••)•• 

c0n5tant1tem ::= c0n5tant  ] 5 t ruc tu redC0n5tan t  

var1a61eDec1arat10n ::= var var1a61eDec1arer 1 
61nd var1a61e81nd1n9 ] 61nd ••(•• 61ndL15t ••)•• 

61ndL15t ::= var1a61e81nd1n9 {••,•• var1a61e81nd1n9} .... 

var1a61e81nd1n9 ::= var81nd1n9C0nd1t10n 1dent1f1er t0 var1a61e 

var81nd1n9C0nd1t10n ::= read0n1y [ var [ empty  

var1a61eDec1arer ::= 1dL15t [ f1xedAddre55 ] ••:•• typeDef1n1t10n [ 1n1t1a112at10n ] 

f1xedAddre55 ::-- ••(•• at man1fe5tC0n5tant  ••)•• 

1n1t1a112at10n ::= ••:=•• expre5510n 

var1a61e ::= ent1reVar1a61e 1 c0mp0nentVar1a61e  

ent1reVar1a61e ::-- var1a61e1dent1f1er 

var1a61e1dent1f1er ::= 1dent1f1er 

c0mp0nentVar1a61e ::= 1ndexedVar1a61e 1 f1e1dDe519nat0r 1 referencedVar1a61e 

6a5eVar1a61e ::= var1a61e 

1ndexedVar1a61e ::= arrayVar1a61e ••(•• expre5510n ••)•• 

arrayVar1a61e ::= 6a5eVar1a61e 

f1e1dDe519nat0r ::= c0nta1n1n9Var1a61e ••.•• f1e1d1dent1f1er 

c0nta1n1n9Var1a61e ::-- 6a5eVar1a61e 
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7.2.3 

. 

8.1.1 

8.1.2 

8.1.3 

8.2 

. 

9.1 

f1e1d1dent1f1er ::- 1dent1f1er 

referencedVar1a61e ::= c011ect10nVar1a61e ••(•• p01nter ••)•• 1 p01nter ••,•• 

c011ect10nVar1a61e ::= 6a5eVar1a61e 

p01nter ::= fac t0r  

fact0r  ::= var1a61e 1 11tera1C0n5tant 1 c0n5tant1dent1f1er 1 funct10nDe519nat0r 1 5et 1 
••(•• expre5510n ••)•• 1 ••-•• fact0r  

5et ::= 5et7ype1dent1f1er ,•(•• e1ementL15t ••)•• 

e1ementL15t ::= e1ement { ••.•• e1ement } 1 a11 1 empty 

e1ement ::= expre5510n 1 51mp1e7ype 

term ::= fact0r  1 term mu1t1p1y1n90perat0r fact0r  

5um ::= term 1 5um add1n90perat0r  term 

re1at10n ::= 5um 1 5um re1at10na10perat0r 5um 1 5um 1- n0t ] 1n 1ndex7ype 

ne9at10n ::-- re1at10n 1 n0t re1at10n 

c0njunct10n ::= ne9at10n 1 c0njunct10n and ne9at10n 

d15junct10n ::= c0njunct10n 1 d15junct10n 0r c0njunct10n 

expre5510n ::= d15junct10n. 1 d15junct10n ••->•• d15junct10~1 ~,.- 

mu1t1p1y1n90perat0r "•-..- ••*•• 1 d1v 1 m0d 

add1n90perat0r  ::= ••+•• 1 ••-•• 1 x0r 

re1at10na10perat0r••-..- ••=••1 n0t ••=••1••<••1 ••<=•• 1••>••1 ••>=••1 1n 1 n0t 1n 

funct10nDe519nat0r ::= funct10n [ ••(•• expre5510n { ••.•• expre5510n } ••)•• ] 1 
typeC0nverter  ••(•• expre5510n ••)•• 

funct10n ::= [c0nta1n1n9Var1a61e ••.••] funct10n1dent1f1er 

funct10n1dent1f1er ::= 1dent1f1er 

5tatement ::= 51mp1e5tatement [ 5t ructured5tatement  

51mp1e5tatement ::= 

empty5 ta tement  ::= 

a5519nment5tatemm~t 1 pr0cedure5ta tement  1 e5cape5tatement 1 
a55ert5tatement 1 empty5ta tement  

empty 
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9.1.1 

9.1.2 

9.1.3 

9.1.4 

9.2 

9.2.1 

9.2.2 

9.2.3 

a5519nment5tatement ::-- var1a61e ~:=~ expre5510n 

pr0cedure5tatement ::-- pr0cedure [ ••(•• expre5510n { ••,•• expre5510n } ••)•• ] 

pr0cedure ::-- [c0nta1n1n9Var1a61e ••.••] pr0cedure1dent1f1er 

pr0cedure1dent1f1er ::= 1dent1f1er 

e5cape5tatement ::= e5cape80dy [ when expre5510n ] 

e5cape80dy ::= ex1t J return 1 return expre5510n 

a55ert5tatement ::= a55ert a55ert10n 

5tructured5tatement ::= c0mp0und5tatement [ 610ck ] 
c0nd1t10na15tatement [ repet1t1ve5tatement 

c0mp0und5tatement ::~. 5tatement { ••;•• 5tatement } 

610ck ::-- 6e91n executa61e5c0pe end .... 

executa61e5c0pe ::-- checkedC1au5e [ dec1arat10n ••;•• ] 5tatement 

c0nd1t10na15tatement ::-- 1f5tatement 1 ca5e5tatement 

1f5tatement ::-- 1f expre5510n then executa61e5c0pe e15e1fC1au5e 
[ e15e executa61e5c0pe ] end 1f 

e15e1fC1au5e ::--{ e15e1f expre5510n then executa61e5c0pe } 

ca5e5tatement ::= 51mp1eCa5e ] d15cr1m1nat1n9Ca5e 

51mp1eCa5e ::= ca5e expre5510n 0f ca5e80dy end ca5e 

d15cr1m1nat1n9Ca5e ::= w1th 06ject ea5e 1dent1f1er 0f ca5e80dy end ca5e 

ca5e80dy ::= ca5eL15tE1ement { ••;•• ca5eL15tE1ement } 0therw15eE1ement [ ; ] 

ca5eL15tE1ement ::-- ca5eLa6e1L15t ••.-->•• executa61e5c0pe end ca5eLa6e1 1 empty 

0therw15eE1ement ..-••- •••••, 0therw15e ••-->•• executa61e5c0pe 1 empty 

06ject ::= [ e0n5t ] parameter ••:=•• expre5510n 1 
var81nd1n9C0nd1t10n parameter 60und t0 var1a61e 

parameter ::= 1dent1f1er 

repet1t1ve5tatement ::= 100p5tatement [ f0r5tatement 

100p5tatement ::= 100p executa61e5c0pe end 100p 

f0r5tatement ::= f0r parameter 9enerat0r [ ••;•• ] 100p executa61e5c0pe end 100p 
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10. 

11. 

12. 

9ene ra t0 r  ::= ]n m0du1e7ype ] [~ decrea51n9 ] 1n 1ndex7ype ] 1n 5etExpre5510n 

5etExpre5510n ::= expre5510n 

pr0cedureDec1arat10n ::= pr0cedureHead1n9 ••=•• r0ut1neDef1n1t10n 

r0ut1neDef1n1t10n ::= 1mp0rt5C1au5e preA55ert10n p05tA55ert10n r0ut1ne80dy 

r0ut1ne80dy ::= 6e91n 5c0pe end 1dent1f1er 1 f0rward 1 c0de810ck 

c0de810ck ::= c0de man1fe5tC0n5tant { ••;•• man1fe5tC0n5tant } end 1dent1f1er 

pr0cedureHead1n9 ::= [ 1n11ne ] pr0cedure 1dent1f1er f0rma1ParameterL15t 

f0~ma1ParameterL15t ::= ••(•• f0rma15ect10n { ••,•• f0rma15ect10n } ••)•• 1 empty 

f0rma15ect10n ::= perva51ve 61nd1n9C0nd1t10n 1dent1f1er { ••,•• 1dent1f1er } 
••:•• typeDef1n1t10n 

preA55ert10n ::= pre a55ert10n ••;•• ] empty 

p05tA55ert10n ::= p05t a55ert10n ••;•• 1 empty 

funct10nDec1arat10n ::= funct10nHead1n9 ••=•• r0ut1neDef1n1t10n 

funct10nHead1n9 ::= [ 1n11ne ] funct10n 1dent1f1er f0rma1ParameterL15t 
return5 re5u1tName typeDef1n1t10n 

re5t11tName ::= 1dent1f1er ••:•• ] empty 

pr09ram ::= c0mp11at10nUn1t 

c0mp11at10nUn1t ::= [1nc1udeC1au5e ••;••] typeDec1arat10n {••;•• typeDec1arat10n} 

1nc1udeC1au5e ::= 1ne1ude 1nc1ude1tem {••;•• 1nc1ude1tem} 

1nc1ude1tem ::= [1d {••,•• 1d} fr0m] f11eName 

f11eName ::= 11tera15tr1n9 



816PLAN N0t1ce5 78 Fe6ruary 1977 

Append1x 8. 20ne Examp1e 

7he f0110w1n9 type 1mp1ement5 20ne5 f0r a110cat1n9 f1xed-512e ce115 fr0m a free 5t0ra9e 115t. 
1t make5 cr1t1ca1 u5e 0f unchecked type c0nver510n5, 0f the 6u11t-1n type, Addre557ype, 0f  
5t0ra9eUn1t.Addre55, and 0f mach1ne-dependent rec0rd5. 

type L15t20ne(perva51ve nCe115, ce11512e, ce11A119nmen1: un519ned1nt) = 
mach1ne dependent m0du1e exp0rt5(nFreeCe115) 

{th15 m0du1e pr0v1de5 a 20ne f0r a110cat1n9 and dea110cat1n9 115t 
ce115 0f 512e ce11512e} 

{def1n1t10n needed 6y the c0mp11er t0 pr0ce55 th15 m0du1e a5 a 20ne} 
type A110cUn1t =mach1ne dependent rec0rd a119.ed m0d ce11A119mnent 

var the5t0ra9e (at 0): 5t0ra9eUn1t 
var theRe5t (at 1): array 1..ce11512e-1 0f 5t0ra9eUn1t 
end A110cUn1t 

var 5t0ra9e810ck5: c011ec~[0n 0f A110cUn1t 
type 58Ptr  = t5t0ra9e810ck5 

type f~reeCe11 : f0rward 
var ce11C011ec/10n: c011ect[0n 0f f•reeCe11 
type Ce11Ptr = t Ce11C011ect10n 

type FreeCe/1 = 
mach1ae dependent rec0rd a119ned m0d ce1[A119nment 
v~ar /1nk (at 0): Ce111•tr 
var theRe5t (at Ce111•1r.512e): 

array t,.ce11512e-Ce1/1~1:~51~e 0f 5t0ra9eUn1t 
end FreeCe11 

var freeL1.5~:Head: Ce111•tr 
var n1~reeCe/1:,: 0..nCe115 := nCe115 

pr0eedure A110cate(5, a: un519ned1nt, var p: 58Pt r )  -- 
1m1)0rt5 (w~r nf~reeCc115, 5L¢Ptr< <=C~c1/Ptr, 5t0ra9e810¢k5, 

var freeL1.v1Heu<~/, ce1/(~0/1ec110n) 
pre 5=ce1/,3"12e and a=cc11A/19nmen1; p0.~;t nFreeCe115 1n 0..nCe115-1 

6e914 
1f n1:reeCe115 = 0 then 

p := 5t0r09e/H0ck5.n11 
re1ur11 

end 1f 
n/~revCe//5 .:= :~1:reeCe/15-1 
p := :>•1)1•::•< (=Ce11]':r(,freeL15tf/ead) 
free1,15:1/ead :-- free1.1.~:H5adt.11n/< 
end /1/10ca1e 

pmce,,~ure L)cu.11~wute(t:: 5/~1~;r, 5: un51~mx11nt) = 
1~9,.~r1~; ( ~ r  /71.~rc,( ~c/Lv, (~<~//1~1r, (~cf//~:r((=5]H~tr, 

ww ./~rvc1.15ft1ec~d, v:~r cc11(~011ec11:n2, .~1u:~a~:e/H0c1<.5~) 
pre 5 = (~H1,%1::c ~,u~d 

n1:c~c~(~e115 1a 0..:1(~c11.v--1 ;md ,,~ n~1= 5t0r,,v:e1f10c1,:.~.n11 
p0.4 frveL1.~111ead ~ =  c,.~11(7011cct1c:~.~111 and :~,1:rcc(~,~1/5 1n ~..nCe115 

var cp: (.~c11P1r := (C:~11/~1r:, <----51H~2r(p)) 
cp~./1t:k := j~rec/,15/11e,7J; ./}~cc/55:/1ead := cp 
n1~rcc(~v115 :: n1~ree(~e11.~+ 1 
end 1)(~a/10ca1e 
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var 5pace: m~ch1ne depen~1ent rec0rd :111~ned m0d ce11A119nment 
var 610c,~ (~t 0): ar1:1y 0..nCe115*ce11512e-1 0f 510ra9eUn1t 
end 5pace 

1n1t1a11y {5et up the free 115t} 
1n, p0r,5( ~aar ~). C ~//5Pt ~e C~,, ,vPtrr <e<e~ d ~1,ree~0Fy)p e, 

p05t freeL15tHead n0t= ce11C011ect10n.n11 
6e91n 

funct10n MakeCe11Ptr(1: 5pace.610ck.1ndex7ype) return5 Ce11Ptr = 
1mp0rt5(Ce11Ptr( <=Addre55•1•ype) pre ce11512e >= Ce11Ptr.512e 
6e91n 
c0n5t a: Addre557ype := 5t0ra9eUn1t1Addre55(5pace.610ck) 
return (Ce11Ptr< ( =Add re557ype(a+ 1* ce11512e)) 
end MakeCe11Ptr 

var c1: Ce11Ptr := MakeCe11Ptr(0) 
freeL15tHead := c1 {p01nter t0 f1r5t FreeCe11} 
f0r 1 111 0..nCe115-2 

100p c0u5t cNext :-- MakeCe11Ptr(1+1) 
c1~.11nk := cNext 
c1 := cNext 
end 100p 

c1t.11nk := ce11C011ect;0n.n11 
end 

1nvar1ant nFreeCe115 1n 0..nCe115 

{mark the end 0f the free 115t} 

f1na11y {a11 ce115 5h0u1d 6e free} 
1mp0rt5 ( nFreeCe115. FreeL15tHead, ce11C011ect10n) 

pre nFreeCe115=nCe115 and freeL15tHead n0t= ce11C011ect10n.n11 
6e91n 
end 

end L15t20ne 


