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5wnmary . 

A.N. Ha6ermann recent1y pu6115hed 50me ••cr1t1ca1 
c0mment5 0n the pr09ramm1n9 1an9ua9e Pa5ca1••. H15 
repr0ache5 are pr1nc1pa11y that numer0u5 c0n5truct5 
are 111-def1ned, that there 15 ••c0nfu510n•• am0n95t 
ran9e5, type5 and 5tructure5, and that the ~ 
5tatement 5h0u1d have 6een a60115hed. 7he pre5ent 
rep1y 5ucce551ve1y dea15 w1th p01nt5 that are c1ear1y 
refuta61e, th05e wh1ch are de6ata61e and th05e wh1ch 
c0n5t1tute va11d cr1t1c15m. 1t5 pr1nc1pa1 a1m 25 
t0 enc0ura9e the reader t0 f0rm h15 0wn 0p1n10n. 

1. 1ntr0duct10n 

7he 5tated purp05e 0f the paper 6y A.N. Ha6ermann 
[1] 15 t0 dem0n5trate that the pr09ramm1n9 1an9ua9e 
Pa5ca1, a5 def1ned 1n the Rev15ed Rep0rt [2], 15 n0t 
5u1ted t0 any 0f 1t5 06ject1ve5: 1t 15 c1a1med that 1t 
1ack5 50me fundamenta1 c0n5truct5, that 1t 15 a p00r 
teach1n9 t001, that 1t c0nta1n5 50me t0ta11y 1nade- 
4uate feature5, and f1na11y that 1t 15 1nc0mp1ete1y 
de5cr16ed 6y a d0cument fu11 0f err0r5. 

7he reputat10n 0f 1t5 auth0r [3,4,5] can make 
the paper harmfu1 t0 Pa5ca1, 50 we th1nk a rep1y 15 
1n 0rder. We w111 attempt t0 c0rrect the unfav0ura61e 
1mpre5510n that reader5, w1th0ut any kn0w1ed9e 0f 
Pa5ca1, c0u1d 9et fr0m Ha6ermann•5 cr1t1c15m5. 
We w111 n0t f0110w h15 ar9umentat10n p01nt 6y p01nt, 
6ut rather c1a551fy the 5u6ject matter 1nt0 f0ur 
part5: c1ear1y refuta61e p01nt5, p01nt5 wh1ch 
are at 1ea5t de6ata61e, va11d cr1t1c15m5 and f1na11y 
m15under5tand1n95 and m1n0r err0r5. 7he a1m 0f 0ur 
rep1y 15 t0 enc0ura9e the reader t0 f0rm h15 0wn 
0p1n10n, 1f p055161e 6y pract1ca1 exper1ence w1th 
the 1an9ua9e, 0r 1n any ca5e, at 1ea5t 6y a carefu1 
read1n9 0f the 6a51c paper5 re1evant t0 Pa5ca1 
([6]0r 6etter [2], [7] and [8]) 

2. Refuta61e p01nt5 

1n th15 5ect10n, we dea1 w1th p01nt5 wh1ch are, 
1n 0ur 0p1n10n, c1ear1y refuta61e, 1.e. cr1t1c15m5 
wh1ch re5u1ted fr0m a m151nterpretat10n 0f the 6a51c 
a1m5 0f Pa5ca1 0r a m15under5tand1n9 0f 50me maj0r 
a5pect5 0f the 1an9ua9e 1t5e1f. 1t 15 p055161e 
that 50me pe0p1e m19ht have preferred a d1fferent 
d15tr16ut10n 0f p01nt5 6etween th15 5ect10n and the 
f0110w1n9 0ne. 

2.1. U5efu1 c0n5truct5 n0t 1nc1uded 1n Pa5ca1 

Ha6ermann 5u99e5t5 f0u r  5uch c 0 n 5 t r u c t 5 ,  0 f  
ve ry  une4ua11mp0r tance .  7he ma1n p01nt t0  n0 te  
15 t h a t  1t w0u1d 6e very  ea5y t0 c0nt1nue  add1n9 
c0n5 t ruc t5  t0 the  1an9ua9e 1ndef1n1te1y:  Pa5ca1 
d0e5 n0 t  c0nta1n a11 the  c0n5 t ruc t5  wh1ch may 6e 

c0n51dered u5efu1, n0r even a11 th05e pre5ent 

1n 0ther pr09ramm1n9 1an9ua9e5. 7h15 15 6ecau5e 
creat10n 0f an end1e55 115t 0f c0n5truct5 15 
c1ear1y n0t the r19ht d1rect10n t0 f0110w f0r 
the deve10pment 0f 6etter pr09ramm1n9 1an9ua9e5. 
7he m05t unf0rtunate attempt 1n th15 d1rect10n 
15 that 0f PL/1 [9], and even 1t5 m05t 1rrec1a1ma- 
61e add1ct5 and m05t enthu51a5t1c eu10915t5 
a1way5 5eem t0 f1nd m0re c0n5truct5 t0 1nc0rp0rate 
1n 1t [10,11[. 

1n fact, 0ne 0f the pr1nc1pa1 5tren9th5 
0f Pa5ca1 15 that 1t 15 a 51mp1e and c0nc15e 
1an9ua9e, 1nc1ud1n9 0n1y what 15 v1ta1 f0r reach1n9 
1t5 a1m5. We rem1nd the reader that there are 
0n1y tw0 0f them: t0 a110w the teach1n9 0f pr0- 
9ramm1n9 a5 a 5y5temat1c d15e1p11ne, and at 
the 5ame t1me t0 6e 1mp1ementa61e 1n a re11a61e 
and eff1c1ent way. 7he5e 06ject1ve5 are 
prec15e1y the m05t d1ff1cu1t 0ne5 t0 reach 
when u51n9 1an9ua9e5 wh1ch try t0 1nc0rp0rate 
a11 ••u5efu1 c0n5truct5••. 7he auth0r 0f Pa5ca1 
ha5 theref0re 5evere1y re5tr1cted the num6er 0f 
fac111t1e5, and 1t 15 4u1te 5ure that a1m05t 
every0ne w111 f1nd m1551n9 certa1n 0f h15 
fav0ur1te c0n5truct5. 1n 5ect10n ~, we 5ha11 
exam1ne three 0f the ••1eft 0ut•• c0n5truct5 
re9retted 6y Ha6ermann. 

2.2. An exerc15e 1n pr09ramm1n9 1n Pa5ca1 

7he 51mp1e exerc15e w0rked 0ut f 0 r  the  
r e ad e r  6y Ha6ermann 15 5upp05ed t0 pr0ve t h a t  
Pa5ca1 15 a p00r t001 f 0 r  teach1n9 pr09ramm1n9. 
A11 t h a t  5uch an examp1e dem0n5trate5 15 51mp1y 
t h a t  1t 15 p055161e t0  u5e Pa5ca1 6ad1y, wh1ch 
15 0f c0ur5e true f0r any t001. 1f 0ne tr1e5 

91ven, t 0 5 h 0 w  t h a t  1n actua1 Pa5ca1 n0 d1ff1cu1-  
t1e5 ar15e.  

7he pr061em 15 t0 C0mpUte pr1me num6er5 
U51n9 the 51eVe 0f Erat05thene5. A C0mpar150n 
0f the d1fferent a,190r1thm5 ava11a61e, even 
..................... 6e U5efU1 6ef0re 
try1n9 t0 put d0Wn a 501Ut10n [ 10,12], 6Ut 

th156een P : : t 1 : : 1 : r1 1 9 y ~e t h 1 1 : V : : t t 1 9 : t 6 d d ~y D d j k : t h r :  5 

[ 1 3 ] ,  H0are [14] and W1rth [15,16 ] . 

Ha6ermann ch005e5 t0  r e p r e 5 e n t  t h e  
num6er56e tween  2 and n 6y an a r r a y  0 f  1n te9er5 ,  

1t: :h=hee:e:961e:mf:tmCth:a15n:V~:50n0eWnW~11deXa:519n 
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a 2er0 t0  t he  c0rre5p0nd1n9 e1ement.  A1th0u9h u51n9 
the  5e t  5 t ruC tu re  0 f  Pa5ca1 5h0u1d 6e f a r  6 e t t e r  
[ 14 ,15] ,  we 5ha11 u5e 51mp1y a 8001ean a r r a y ,  n0t  
0n1y 6ecau5e 1t  5eem5 m0re na tu ra1  6ut  6ecau5e we 
w111 e n c 0 u n t e r  the  5ame pr061em5 w1th 1ndexe5 a5 
Ha6crmann d1d. A natura1 way t0 5tart-0ff the pr09ram 
15: 

c0n5t n = 1999; 

type 51eVe512e = 2..n; 
var A : arra1L[51eve512e] 0f8001ean; 

1 : 51eVe512e; 
~ f 0 r  1 := 2 t 0  n d0 A [1] := t rue  

7he c0n5tant and type dec1arat10n5 f0r n and 
51eve512e are n0t mandat0ry 6ut very u5efu1: they 
c0ntr16ute t0 the c1ar1ty 0f the pr09ram; the 
num6er 19~9 teXtua11y appear5 1n 0n1y 0ne p1ace; 
a m0d1f1cat10n 0f the pr09ram t0 dea1 w1th 3000 0r 
200 num6er5 w0u1d re4u1re m0d1f1cat10n 0f the 
c0n5tant dec1arat10n 0n1y. 

U51n9 a5 p r e t e x t  t h e  1dea5 0f  D1jk5t ra  [ 1 7 ] ,  
Ha6ermann then  pr0p05e5 t0  r ep1ace  t h e  ~ 5 ta t emen t  
6y a ~ 5 t a t e m e n t .  7h15 m0d1f1cat10n 15 c0mp1e- 
t e1y  u5e1e55, 51nce t h e  f 0 r  5 t a t emen t  15 p e r f e c t 1 y  
adap ted  t0  51tuat10n5 where t h e  num6er 0f  1 t e r a t10n5  
15 kn0wn 6 e f 0 r e  en t e r1n9  the  100p. M0re0ver,  t he  
pr09ram c0u1d 6ec0me 1e55 e f f 1 c 1 e n t ,  and w111 5ure1y 
6e 1e55 c1ea r .  8ut t he  m0d1f1cat10n 6r1n95 f 0 r t h  
an 1 n t e r e 5 t 1 n 9  p01nt:  1n a ~ 0 r  wh11e 100p 
51mu1at1n9 a f 0 r 1 0 0 p ,  the  c0nt r01  var1a61e need5 t0  
t ake  0n 0ne m0re va1ue than 1n t h e  f 0 r  100p. 7h15 15 
n0 t  1nheren t  t 0  Pa5ca1 6ut  t0  t he  mean1n9 0 f  the5e  5 t a -  
tement5 .  7he na tura1  501ut10n 1n Pa5ca1 15 t0  dec1are  
1 0n a 5u6ran9e 10n9er 6y 0ne than the  1ndex t y p e  0 f  A: 

c0n8t n = 1999; 

3~ 51eve812e = 2..n; 1ndex812e = 1..n; 
var A : array [51eve812e] 0f8001ean; 

1 : 1ndex812e; 
6e41n1:=1; 

1 := 1+1; A [1] := true 
unt11 1 = n 

Furtherm0re, there 15 n0 pr061em 1n u51n9 the 
0perat0r +, 51nce a11 0perat0r5 wh1ch are def1ned 0n 
1nte9er 0perand5 a150 accept 0perand5 wh05e type 15 
a 5u6ran9e 0f the type 1nte9er. 7h15 15 4u1te 
06v10u5, 0therw15e, there w0u1d have 6een n0 
p01nt 1n def1n1n9 5u6ran9e type5. Furtherm0re, a11 
the a60ve 15 c1ear1y 5tated 1n Ax10mat1c De5cr1pt10n 
0f Pa5ca1 [8], a5 we 5ha11 5ee 1n 5ect10n 2.5. 51- 
m11ar1y, there w0u1d 6e n0 pr061em 1f we ch005e t0 
wr1te $ := 8~($) 1n5tead 0f 1 := /+/;a5 a 9enera1 
ru1e the 8~0 funct10n ha5 n0 c09n12ance 0f whether 
0r n0t 1t5 ar9ument wa5 dec1ared t0 6e 0f a 5ca1ar 
type 0~ 0f a 5u6ran9e 0f that type. 50 1n the ca5e 0f 
1 := 8ya~c~1) when 1 = 1999, the 5ucce550r va1ue 15 def1- 
ned 51nce 2999 d0e5 have a 5ucce550r 1n the 6a5e--type 
1n~9er. P1na11y, the fact that the 1ndex type 0f A 
15 n0t the 5ame a5 the type 0f 1 15 n0 pr061em e1ther; 
60th have the 5ame 6a5e type, 1.e. ~te96r, and the 0n1y 
va11d1ty c0nd1t10n f0r array reference5 15 that 1ndex 
va1ue5 fa11 w1th1n array 60und5, a5 1n a11 pr09ramm1n9 
1an9ua9e5. 

7he next 5ect10n 0fthe pr09ram dea15 w1th the 
5earch f0r pr1me num6er5, and 15 5tra19htf0rward. Add 
a var1a61e k 0f type 0..n (wh1ch can, f0r the 5ake 0f 
51mp11c1ty, 5erve a150 f0r 1) then: 
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0f•9r•1 := 2 t0 n d0 
1f A [1] then 
6e91n wr1te (1) ; 

{era5e a11 mU1t1p1e5 0f 1 :} 

k :=0; 
wh11e k ~ n-1 

k := k + 1; A [k] := fa15e end 
end 

Ha6ermann•5 examp1e 5t0p5 here, c0n5e- 
4uent1y 50 d0e5 0ur5. 7he c0nc1u510n der1ved 
6y Ha6ermann 15 that Pa5ca1 15 n0 m0re 5u1ted t0 
teach1n9 pr09ramm1n9 than any 0ther 1an9ua9e. 
We have a1ready 5a1d at the 6e91nn1n9 0f the 
pre5ent 5ect10n that 0ne can w1th0ut pr0v1n9 
anyth1n9, wr1te 6ad pr09ram5 1n any 1an9ua9e. 
What 5eem5 m0re 5er10u5 t0 u5 15 that th15 5ect10n, 
a5 we11 a5 the rema1nder 0f Ha6ermann•5 paper, 
p1ace5 cr1t1c15m5 0f the 5ty1e 0f the Rep0rt, 
and cr1t1c15m5 0f the 1an9ua9e 1t5e1f, 0n the 
5ame 1eve1, and 1nc0rrect 1nterpretat10n5 
wh1ch may re5u1t fr0m the f0rmer are u5ed t0 try 
t0 6e11tt1e the 1atter, 6y 5y5temat1ea11y 
u51n9 1t5 p05516111t1e5 at the wr0n9 t1me. 

2.3. 5u6ran9e5 and type5 

0ne 0f the m05t 0r191na1 a5pect5 0f Pa5- 
ca1 15 the wh01e n0t10n 0f type. 70 u5e the 5ame 
term1n0109Y a5 Ha6ermann, th15 0ne n0t10n un1f1e5 
d1fferent c0ncept5 wh1ch may 6e named ••type•• 
(the manner 1n wh1ch 61t pattern5 mu5t 6e 1nter- 
preted),••ran9e•• (the 5et 0f p055161e va1ue5 f0r a 
var1a61e 0f the 91ven type) and ••5tructure•• 
(a temp1ate f0r 5t0r1n9 data). We 5ha11 defer 
unt11 5ect10n 3.5 the de6ata61e part5 0f th15 
n0ve1 appr0ach, and exam1ne here 0n1y the c1ear1y 
p051t1ve p01nt5. 

0ne mu5t n0t fear that dec1ar1n9 a var1a- 
61e 0f 5u6ran9e type make5 that var1a61e 105e a11 
the pr0pert1e5 0f the 6a5e type fr0m wh1ch the 5u6- 
ran9e 15 taken. 0n the c0ntrary, th15 var1a61e 
1nher1t5 a11 the pr0pert1e5 0f the 6a5e type, 
p1u5 the p05516111ty 0f hav1n9 run-t1me check5 
perf0rmed whenever va1ue5 are a5519ned t0 that 
var1a61e and a150 the pr0perty 0f p055161y 
tak1n9 up 1e55 5pace 1n mem0ry. An0ther m05t 
1mp0rtant p01nt t0 under5tand 15 that the type 0f 
an expre5510n 15 n0t a1way5 the 5ame a5 the type5 
0f var1a61e5 1n 1t. 7h15 15 true even 1n F0rtran 
0r A1901 60 : f0r examp1e, 1n A1901 60, 1/2 15 0f 
type rea1 wh11e 1t5 0perand5 are 0f type 

and 1 < 2 15 0f type 8001ean. 7he 
Ax10mat1c De5cr1pt10n 0f Pa5ca1 15 perfect1y 
c1ear 0n the matter. 61ven a 5ca1ar type 7 and a 
5u6ran9e type 5 extracted fr0m 1n, 1f a and 6 are 
var1a61e5 0f type 5 and • an 0perat0r def1ned 0n 
type 7, then the expre5510n a • 6 15 1e9a1, and 
y1e1d5 a re5u1t 0f type 7. 7he a5519nment 5tate- 
ment 15 hand1ed 1n a 51m11ar way, 6ut a5519nment 
0f a va1ue 0f type 7 t0 a var1a61e 0f type 5 15 n0t 
a1way5 1e9a1. 

0f c0ur5e 1t 15 true that m05t 0f the 
va11d1ty check5 1nv01ved 1n 5u6ran9e type5 mu5t 
6e made at run t1me, 6ut 1t 15 an ea5y th1n9 
t0 have them perf0rmed 0n1y when the u5er re4ue5t5 
50 (0r 6etter 5t111, a1way5 have them made un1e55 
the u5er exp11c1t1y 5ay5 0therw15e); m0re0ver, 
they c0n5t1tute an 1nva1ua61e de6u991n9 a1d. 
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5u6ran9e5 have 0ther 1mp0rtant 4ua11t1e5. 7he1r 
mnem0n1c and de5cr1pt1ve va1ue 15 5uch that a we11- 
wr1tten Pa5ca1 pr09ram 9enera11y d0e5 n0t c0nta1n 
any 1nte9er var1a61e5 : they are rep1aced 6y var1a61e5 
wh05e type 15 a 5u6ran9e 0f type 1nte9er. An0ther 
1mp0rtant a5pect 15 that they a110w the u5er t0 c0ntr01 
the 5pace 0ccup1ed 6y a var1a61e 0f 5u6ran9e type, 
f0r examp1e when he 1nc1ude5 0ne a5 an e1ement 0f a 
packed 5tructured type; th15 15 much m0re 9enera1 
and mach1ne-1ndependent that the 104n~0r 5h0rt attr1- 
6ute5 0f rea1 and 1nt 1n A1901 68 [18]. 

5ect10n 5 0f Ha6ermann•5 paper c0nc1ude5 
w1th a tree d1a9ram 5upp05ed t0 repre5ent the type 
h1erarchy 1n Pa5ca1. A m0re c0rrect ver510n 0f 
th15 d1a9ram f0110w5. 1t u5e5 H0are•5 term1n0109Y 
[ 19] , 51nce Pa5ca1 1mp1ement5 m05t 0f the 1dea5 
pre5ented 1n th15 paper. 0ne can 5ee that the 
type ••p01nter•• 15 n0t eXp11c1te1y named, 51nce 1n 
Pa5ca1 a p01nter Var1a61e a1way5 de519nate5 a 
Va1ue 0f a 91ven type; p01nter5 d0 n0t c0n5t1tute 
a true type, 6ut are 0n1y a meth0d u5ed t0 1mp1e- 
ment recur51ve data type [20]. 

) d a t a  type  1 

1 u n 5 t r u c t u r e d  1 1 5 t r u c t u r e d  

[ (w1th0ut / 

1enumerat1°n•8001ean 1 var1ant) 1 d15¢r1m1nat edUn10n 1 

- u 5 e r - d e f 1 n e d  -rec0rd (w1th 
v a r 1 a n t )  

~ e n c e  • 

] r e c u r 5 1 v e  ] 

2.4. M15ce11ane0u5 

~n 5eCt10n 2.2, Ha6ermann wr1te5 1n an examp1e 
the expre5510n u [1] * u [1], and add5 a5 c0mmen~ 
that Pa5Ca1 ha5 n0 0perat0r f0r exp0nent1at10n. F0r 
th15 preC15e ca5e, Pa5ca1 91ve5 the funct10n 84r(x), 
wh1ch 54uare5 1t5 ar9ument (rea1, 1nte9er 0r 5u6ran- 
9e there0f). F0r m05t c0mp11er5, the 9enerated c0de 
f0r a mu1t1p11cat10n w0u1d 6e 6etter than the 0ne f0r 
u [~] • 2, wh1ch w0u1d pr06a61y re4u1re eva1uat10n 0f 
a 109ar1thm and an exp0nent1a1. M0re 9enera11y, the 
exp0nent1at10n 0perat0r wa5 n0t made a part 0f Pa5ca1 
f0r the 5ake 0f 51mp11c1ty and c1ar1ty. 1f 0ne tr1e5 
t0 c0mp1ete1y de5cr16e 1t, f0r a11 va11d and 1nva11d 
c0m61nat10n5 0f 0perand type5, 519n5 and prec1510n5, 
0ne 1nev1ta61y 06ta1n5 5evera1 pa9e5 0f c0mp11cated 
exp1anat10n5 and ta61e5 [21]. 

An0ther C1ear1y refuta61e 5U99e5t10n 15 the 0ne 
Wh1ch 15 made 1n 5eCt10n 6, t0 have a defaU1t pa551n9 
m0de f0r 5truCtUred Va1Ue5 1n pr0cedUre Ca115. 5Uch 
a pr0p05a1 w0u1d 0n1y 1ntr0duCe an 1nC0herent part1- 
cu1ar ca5e 1nt0 the 1an9ua9e, mak1n9 Pr09ram5 1e55 
c1ear. 7he examp1e 0f PL/1 c1ear1y 5h0w5 the dan9er 0f 
defau1t 0pt10n5 wh1ch depend 0n c0ntext and 0n the 
nature 0f 06ject5, e5pec1a11y 1n parameter pa551n9. 
0ne 0f the 6a51c pr1nc1p1e5 0f Pa5ca1 15 t0 h1de 
n0th1n9 fr0m 1t5 u5er, and t0 d0 n0th1n9 1n h15 p1ace, 
a5 w0u1d 6e the ca5e 1f a parameter wa5 5upp05ed t0 
6e var1a61e 51mp1y 6ecau5e 1t wa5 a 5tructured 0ne. 

3. De6ata61e p01nt5 

1n th15 5ect10n, we deaf w1th p01nt5 0n wh1ch 
rea50na61e pe0p1e can d15a9ree 1n a11 h0ne5ty. 6ene- 
ra11y, the d1rect10n ch05en 1n Pa5ca1 15 c1ear1y n0t 
the 0n1y rea50na61e 0ne, and a d1fferent appr0ach 

w0u1dt10n 5 ~Yf0h~v~a~14~; f~H1~WWe~1~h~0~01 e 

ph11050phy 0f the 1an9ua9e, e5pec1a11y a5 t0 
c1ar1ty and 51mp11c1ty. 

3.1. 810ck 5tructure 

Pa5ca1 d0e5 n0t pr0v1de a 610ck 5tructure 
1n exact1y the 5ame 5en5e a5 A1901 60 [22], 51nce 
a11 dec1arat10n5 are made at the pr0cedure 1eve1, 
the pr09ram 1t5e1f 6e1n9 a de9enerate pr0cedure. 
7heref0re, 1t 15 n0t p055161e t0 0pen a h10ck 1n 
the m1dd1e 0f an0ther, 51mp1y 6y 1ntr0duc1n9 
50me dec1arat10n5 after the 6~4n 5ym601. H0wever, 
1t 15 very 1mp0rtant t0 c1ear1y d15t1n9u15h 
6etween the d1fferent p05516111t1e5 91ven 6y 
the 610ck 5tructure 0f A1901 60, and t0 5ee what 
p05516111t1e5 Pa5ca1 1ack5 6ecau5e 0f 1t5 d1fferent 
appr0ach. 80th 1an9Ua9e5 pr0v1de dynam1c 5t0ra9e 
a110Cat10n 0f Var1a61e5, a5 we11 a5 the n0t10n 
0f 10ca11ty 0f deC1arat10n5. 0n1y A1901 60 0ffer5 
the p05516111ty 0f 1nC1Ud1n9 tW0 d15j01nt 610Ck5 
w1th1n a 51n91e 0ther 0ne, thu5 5aV1n9 5t0ra9e 
6y a5519n1n9 Var1a61e5 0f 60th 610Ck5 t0 the 5ame 
area. 1n Pa5Ca1, th15 eC0n0my 15 0n1y p055161e 
at the pr0Cedure 1eVe1. 

7he advanta9e 0f the appr0ach taken 1n 
Pa5ca1 15, 0nce m0re, that 0f 51mp11C1ty, 
Dec1arat10n5 are c1ear1y 5eparated fr0m 1n5truc- 
t10n5, 6e1n9 9r0uped 6etween the head1n9 and 
60dy 0f pr0cedur•5 (and funct10n5). 7he 6e91n 
5ym601 ha5 0n1y 0ne purp05e, wh1Ch Cann0t 6e 
m0d1f1ed 6y what f0110w5 1t. 1n A1901 60, 
1t 15•n0t 06v10u5 whether var1a61e5 10ca1 t0 the 
60dy 0f a pr0cedure are dec1ared at the 5ame 
1eve1 a5 parameter5, 0r 0ne 1eve1 h19her. An0ther 
50urce 0f d1ff1cu1t1e5 15 the fact that the 
1ntr0dUCt10n 0f a dec1arat10n at the 6e91nn1n9 
0f a C0mp0Und 5tatement chan9e5 the 5c0pe 0f 



516PL~N N0t1ce5 

every 1a6e1 def1ned w1th1n th15 c0n5truct. 

24 

1n fact, the re5u1t1n9 51mp11f1cat10n and c1a- 
r1f1cat10n 1n Pa5ca1 d0e5 n0t 5eem t0 6e d15advanta- 
9e0u5, 51nce exper1ence 5h0w5 that f0r a pr09ram 6u11t 
1n a m0du1ar and 5y5temat1c way, the need f0r d15j01nt 
610ck5 wh1ch are n0t pr0cedure5 5e1d0m 0ccur5. When 
1t d0e5, the pr1ce t0 pay 15 n0t heavy: def1ne tw0 
pr0cedure5 w1th0ut parameter5, 0ne f0r each 610ck, and 
ca11 them 1n p1ace 0f the 610ck5. 7he 610ck then 
6ec0me5 a part1cu1ar ca5e 0f a m0re 9enera1 c0n5truct. 
70 def1ne a5 pr0cedure5 the m0du1e5 u5ed dur1n9 
pr09ram de519n 15 m0re 9enera1 and natura1 than t0 
rep1ace them w1th d15j01nt 610ck5. 1n fact, 1t 15 
a 1091ca1 c0n5e4uence 0f t0p-d0wn de519n, wh1ch 15 0ne 
0f the 6a5e5 0f 5tructured and 5y5temat1c pr09ramm1n9. 

3.2. Dync0n1c array5 

7he 60und5 0f an array dec1ared 1n Pa5ca1 mu5t 
6e kn0wn at c0mp11at10n t1me, 50 chan91n9 the5e 60und5 
1mp11e5 rec0mp11at10n 0f the pr09ram. A1th0u9h 9e- 
nerat10n5 0f pr09rammer5 have 5u6m1tted da11y t0 th15 
c0n5tra1nt when u51n9 F0rtran, 1t 15 true that 1t 
15 an 1nc0nven1ence. 8ef0re c0ndemn1n9 Pa5ca1, 
h0wever, 1t 15 w0rth exam1n1n9 the ma9n1tude 0f th15 
1nc0nven1ence, and t0 5ee whether the 1nc0nven1ence 
15 n0t c0mpen5ated 6y 50me advanta9e5. 

F1r5t, we remark that 1t 15 the c0mputer wh1ch 
mu5t rec0mp11e the pr09ram, and n0t the pr09rammer, 
and that m0re0ver a Pa5ca1 c0mp11er can 6e fa5t en0u9h 
t0 c0mp11e and 10ad a 91ven pr09ram 1n a t1me c0mpara- 
61e w1th the 10ad1n9 t1me re4u1red 6y a c1a551c 11nk- 
ed1t0r f0r an e4u1va1ent F0rtran Pr09ram (a1ready 
c0mp11ed) [7, 23]. 5ec0nd, the p05516111ty 0f c0n5- 
tant and type dec1arat10n5 1n Pa5ca1 make5 1t extreme1y 
ea5y t0 51mu1tane0u51y chan9e the 60und5 0f 0ne 0r 
5evera1 array5, 5u6ran9e dec1arat10n5, 11m1t5 0f 100p5 
and any 0ther p01nt5 c0ncern1n9 the array; 5ee f0r 
examp1e the part1a1 Pr09ram5 91ven 1n 5ect10n 2.2 
0f th15 paper. 7h1rd, t0 6e a61e t0 ch005e array 
60und5 at run t1me fre4uent1y 1ead5 the pr09rammer 
t0 1eave the u5er w1th re5p0n516111ty 0f ch0051n9 
5uff1c1ent 11m1t5, check1n9 that they are n0t 0ver- 
f10wed, and even 0f c0unt1n9 h15 data 6y hand (c0mpu- 
ter5 c0unt much 6etter than pe0p1e). 

0n the 0ther hand , the kn0w1ed9e 0f array 60und5 
6y the c0mp11er 1t5e1f a110w5 m0re eff1c1ent acce55 
t0 1nd1v1dua1 e1ement5. W1th var1a61e 60und5, 
acce55 t0 an e1ement nece551tate5 a 5earch 1n the 
a110cat10n 5tack, at a p1ace wh1ch 15 kn0wn 0n1y 
1nd1rect1y, f0r the va1ue 0f each 60und. F0r a 
tw0-d1men510na1 array, th15 re4u1re5 f0ur mem0ry 
acce55e5 wh1ch are n0t re4u1red w1th f1xed 60und5. 
An0ther 1mp0rtant p01nt 15 t0 exam1ne the c0n5e4uence5 
0f a110w1n9 dynam1c array5 1n a 1an9ua9e wh1ch ha5 
t0 6e 60th 9enera1 and 51mp1e: the 1mp1ementat10n 
and 6ehav10ur 0f rec0rd5 0r f11e5 w1th array c0mp0nent5 
w0u1d 6ec0m6 un6eara61y c0mp11cated, c05t1y and 
err0r-pr0ne. 

3.3. C0nd~t~0na2 expre5510n5 

Ha6ermann  j u d 9 e 5  t h a t  t h e  5 t a t e m e n t  1 :=  1 f  1 = • 
t h e n  1 e 1 8 e  ~ + 1 e x p r e 5 5 e 5  m0re  c 1 e a r 1 y  t h a n  7~e  
5tatement 1f1 = 7 then 1 := 1 e15e 1 := 1 + 1 that a 
certa1n va1ue 15 a5519ned t0 1. 7h15 p01nt 5eem5 t0 
6e at the very 1ea5t de6ata61e, and 0ur exper1ence 
5h0w5 that 1n A1901 60 pr09rammer5 u5e a1m05t exc1u- 
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51ve1y the 5ec0nd f0rm~ wh1ch ha5 the advanta9e 
0f a110w1n9 the rep1acement 0f e1ther 0f the 
tw0 a5519nment5 6y a c0mp0und 5tatement w1th0ut 
m0d1fy1n9 the 0ther. 

7he 0n1y way t0 a110w fu11 9enera11ty 
1n that 5en5e w0u1d 6e (depend1n9 0n the ch05en 
p01nt 0f v1ew) t0 un1fy 0r t0 c0nfu5e the n0t10n5 
0f 5tatement and expre5510n, y1e1d1n9 an expre5- 
510n 1an9ua9e 11ke A1901 68 [18] 0r 81155 [5]. 
7he c0n5e4uence5 0f 5uch a dec1510n f0r the 
1an9ua9e 5tructure and f0r 1t5 c0mp11at10n are 
very c0mp1ex, and exceed 6y far the d0u6tfu1 
advanta9e 4u0ted 6ef0re. A5 may 6e 5een 1n 
5evera1 examp1e5 1n [5] 0r [18], the n0rma1 u5e 
0f an expre5510n 1an9ua9e y1e1d5 f0rmu1a5 wh1ch 
are much t00 deep1y parenthe512ed (6e 1t exp11c1t1y 
0r n0t) t0 6e ea511y under5tanda61e. Ju5t a5 the 
human m1nd can mana9e 0n1y 5ma11 am0unt5 0f pr09ram 
at a t1me [13], 1t ha5 a menta1 5tack 0f avery 
11m1ted depth. 7h15 15 a m0re 1mp0rtant rea50n 
f0r the 1ack 0f under5tanda6111ty 0f APL pr09ram5 
than the p1eth0ra 0f d1fferent 0perat0r5. 

3.4. La6e15 and 90t0 5tatement 

7h15 prec15e p01nt 15 the m05t characte- 
r15t1c 0f th05e a5pect5 0f pr09ramm1n9 1an9ua9e5 
a60ut wh1ch rea50na61e pe0p1e may d15a9ree 1n a11 
h0ne5ty. Exc0mmun1cat10n 0f 1an9ua9e5 wh1ch 
1nc1ude, 0r d0 n0t 1nc1ude, 1a6e15 and ~0t0~5 15 
never the pr0per att1tude t0 ad0pt. H0wever, 
1et u5 remark that Pa5ca1 re5tr1ct5 the u5e 0f 
1a6e15 5evere1y. 7hey are n0t at a11 man1pu1a61e 
06ject5, they mu5t 6e dec1ared 1n a11 ca5e5 [8,15], 
1t 15 n0t a110wed t0 enter a pr0cedure 0r a 5truc- 
tured 5tatement fr0m 0ut51de [ 15] , and 50 0n. 
51nce y0u cann0t prevent the u5er5 fr0m wr1t1n9 
6ad pr09ram5 1f they 11ke t0 d0 50, and 51nce 
a 0~ ex1t1n9 a pr0cedure 15 ~he 51~p1e5t way t0 
hand1e err0r ca5e5 where the 5tructure 0f the pr0- 
9ram mu5t 6e 1rrepara61y 6r0ken [ 20] , the ch01ce t0 
ma1nta1n 1a6e15 and 0~r5 1n Pa5ca1 15 a5 we11 de- 
fen5161e a5 the 0ther 501ut10n5 current1y pr0p05ed 
[ 5 , 2 4 ] .  

3.5. 5tructured type5 

A5 we 5a1d 1n 5ect10n 2.3, the n0t10n 0f 
type 1n Pa5ca1 1nc1ude5 three d1fferent c0ncept5, 
wh1ch we ca11 type, ran9e and 5tructure, t0 u5e the 
5ame term1n0109Y a5 Ha6ermann. 7he dec1510n t0 
name ••type•• what 15 1n 50me ca5e5 a de5cr1pt10n 0f 
a 5t0ra9e temp1ate, name1y f0r a11 5tructured 06- 
ject5 (array5, rec0rd5, 5et5 and f11e5), 15 1ndeed 
de6ata61e, 6ut the 1mp0rtant 4ue5t10n 15 n0t the 
appr0pr1atene55 0f the part1cu1ar 1a6e15 ch05en. 
M0re 1 m p 0 r t a n t  15 t h e  f a c t  t h a t  a 5 t r u c t u r e d  0 6 j e c t  
c a n ,  1n a11 5 e n 5 1 6 1 e  5 1 t u a t 1 0 n 5 ,  6e  h a n d 1 e d  a5 an 
u n 5 t r u c t u r e d  0 n e .  F0r  examp1e ,  an  a r r a y  may 6 e  a 
c 0 m p 0 n e n t  0 f  a f 1 1 e  0 r  a n 0 t h e r  a r r a y ,  0 r  a f 1 e 1 d  0 f  
a r e c 0 r d ;  a5519nmen t5  a r e  v a 1 1 d  f 0 r  a1m05t  a11 06-  
j e c t 5 ,  p r 0 v 1 d e d  t h a t  t h e  1 e f t - h a n d  and r 1 9 h t - h a n d  
51de5 h a v e  t h e  5ame t y p e ,  c 0 n 5 e 4 u e n t 1 y  0ne c a n  1n a 
51n91e  5 t a t e m e n t  c0py a r e c 0 r d  ( w 1 t h 0 u t  v a r 1 a n t )  0 r  
an  a r r a y ;  50me 0 p e r a t 0 r 5  may h a v e  5 t r u c t u r e d  0 p e -  
r a n d 5 ,  f 0 r  examp1e = and  ¢ f 0 r  r e c 0 r d 5 ,  0 r  a11  t h e  
c 0 m p a r 1 5 0 n  0 p e r a t 0 r 5  f 0 r  p a c k e d  a r r a y 5  0 f  c h a r a c -  
t e r 5  ( c a 1 1 e d  ••5tr1n95•• 1n many 1 a n 9 u a 9 e 5 ) .  

7he  r e 5 u 1 t  0 f  t h e  a p p r 0 a c h  c h 0 5 e n  1n Pa5 -  
c a1  15 t h a t  t h e  wh01e n 0 t 1 0 n  0 f  a d a t a  t y p e  15 51m- 

~ma~ ~ e ~ t ~ f a ~ e ~ [ 0 ~ e 2 7 ~  n 1n 1n th15 the tree5chema,d1a- 



516PLAN N0t1ce5 25 

a11 5tructured type5 are made fr0m 0ther type5, wh1ch 
can them5e1ve5 0ften 6e 5tructured, 6ut u1t1mate1y 
1ead t0 un5tructured type5, and fr0m there t0 e1ther 
pr1m1t1ve type5 0f enumerat10n-def1ned type5. 7he 5et 
0f pr1m1t1ve type5 c0u1d 1ndeed 6e extended t0 1nc1ude, 
f0r examp1e, c0mp1ex num6er5, 6ut they have n0 c0unter- 
part 1n m05t hardware, and may 6e 51mu1ated at a very 
5ma11 c05t w1th the data 5tructur1n9 t0015 0ffered 6y 
Pa5ca1. We d0 n0t th1nk that the 1ack 0f d15t1nct10n 
6etween type5, ran9e5 and 5tructure5, 6y 1a6e111n9 a11 
0f them a5 ty~, 15 a 50urce 0f c0nfu510n, 6ut 1t may 
h1nder 50mewhat the under5tand1n9 and exp1anat10n 0f 
5u6ran9e type part1cu1ar1t1e5. 

3.6. 51de-effect 1n funct10n5 

~%11e the 0r191na1 Rep0rt 0n Pa5ca1 [6] rec0m- 
mended that a funct10n make n0 m0d1f1cat10n t0 n0n- 
10ca1 var1a61e5 (6ut d1d n0t pretend that they c0u1d 
n0t), the Rev15ed Rep0rt d0e5 n0t 5ay anyth1n9 0n the 
matter. 1n fact, t0 enf0rce 5uch a re5tr1ct10n w0u1d 
6e extreme1y d1ff1cu1t and c05t1y, 1f n0t 1mp055161e, 
un1e55 0ne f0r61d5 var1a61e parameter5 and pr0cedure 
ca115 w1th1n the 60dy 0f a funct10n. 7h15 15 an0ther 
1n5tance 0f the 51tuat10n where y0u cann0t prevent 
the u5er fr0m wr1t1n9 5111y pr09ram5, un1e55 y0u 
prevent h1m fr0m wr1t1n9 any pr09ram at a11. M0re- 
0ver, the Rev15ed Rep0rt a110w5 dec1arat10n and ca11 
0f a parameter1e55 funct10n, wh1ch 15 0f n0 u5e 1f 1t 
cann0t m0d1fy any n0n-10ca1 var1a61e. 5uch funct10n5 
are u5efu1 1n 50me ca5e5, and 5evera1 5tandard func- 
t10n5 have (0r 50met1me5 have) n0 parameter. 

4. Va11d cr1t1c15m5 

7h15 5ect10n dea15 w1th p01nt5 wh1ch are 1ndeed 
def1c1enc1e5 1n Pa5ca1, and 5h0u1d perhap5 6e chan9ed 
1n a future ver510n 0f the 1an9ua9e (1f p055161e). 
7he 6rev1ty 0f th15 5ect10n 15 1n 1t5e1f a 900d ar- 
9ument 1n fav0ur 0f Pa5ca1. 

4.1. Array parameter5 

51nce the 60und5 0f an array are part 0f 1t5 
type (0r, m0re exact1y, 0f the type 0f 1t5 1ndexe5), 
1t 15 1mp055161e t0 def1nc a pr0cedure 0r funct10n 
wh1ch app11e5 t0 array5 w1th d1ffer1n9 60und5. 
Dur1n9 tw0 year5 0f 1nten51ve pr09ramm1n9 1n Pa5ca1, 
we enc0untered 0n1y 0ne ca5e where th15 re5tr1ct10n 
wa5 0f any 1mp0rtance. 7he rea50n 15 pr06a61y that, 
6ecau5e array 60und5 are 5tat1c, d1fferent array5 w1th 

c0mp0nent5 0f the 5ame type 9enera11y have the 5ame 
60und5, n0t exact1y f1tted t0 the 5et 0f data dur1n9 
a prec15e run. 70 5uppre55 th15 11m1tat10n w0u1d 
pr06a61y he extreme1y d1ff1cu1t, and n0t w0rth the 
tr0u61e. 

4.2. Var1a61e 1n1t1a112at10n 

Pa5ca1 d0e5 n0t pre5ent1y a110w 1n1t1a112at10n 
0f var1a61e5 at c0mp11at10n t1me, at 1ea5t 1n 1t5 
0ff1c1a1 ver510n. 7he r1chne55 0f data 5truCtur1n9 

t°°15def1ne,make56u t 5tch5a1nP~::~6~1n1tYev:0~urd1eff~cu1ttdy: and 

w111 pr06a61y 6e ava11a61e 6ef0re 10n9 [ 15]. 

4.3. Parametr1c pr0cedure5 
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nece55ary check5, 0r t0 a certa1n 1n5ecur1ty 1f 
they are n0t a11 d0ne. 1n the 5pec1f1cat10n 0f a 
funct10n 0r pr0cedure pa55ed a5 a parameter (we 
5ha11 5ay ••parametr1c pr0cedure••), the type and 
num6er 0f parameter5 are n0t 5pec1f1ed at a11, 50 
1t 15 9enera11y 1mp055161e t0 ea511y detect at 

c0mp11e t1me the f0110w1n9 err0r (th15 examp1e 
15 0ur5) : 

pr0cedUrepr0cedur e R P (X:(pr0cedure8001ean);Q); ~ ~ : A ~ ) ~  
6e~1n P(R) end. 

50me re5tr1ct10n5 have a1ready 6een made 
t0 the u5e 0f parametr1c pr0cedure5 : a parame- 
tr1c pr0cedure wa5 at f1r5t n0t a110wed t0 have 
pr0cedure 0r funct10n paramater5 [ 6] , and n0w 1t 
cann0t have var1a61e parameter5 e1ther [ 15] , 1ea- 
v1n9 0n1y va1ue parameter5. Wh11e u5efu1 and n0t 
c0n5tr1ct1n9, the5e re5tr1ct10n5 d0 n0t 5uff1ce 
t0 en5ure c0mp1ete 5ecur1ty, and they are n0t 
made exp11c1t 1n the 5yntax. H0wever, 1t 15 very 
ea5y t0 make the 51mp1e 5yntact1c m0d1f1cat10n 
wh1ch appear5 6e10w, redef1n1n9 the n0n-term1na1 
< f0rma1 parameter 5ect10n > 1n 5ect10n 10 0f the 
Rev15ed Rep0rt. 

< f0rma1 parameter 5ect10n > ::= 
< parameter 9r0up > 

var< parameter 9r0up > 1 
~ct10n < pr0cedure 5ke1et0n > : 

< type 1dent1f1er > 
{, < pr0cedu~ 5ke1et0n > 

< type 1dent1f1er > } 1 
Er0cedure< pr0cedure 5ke2et0n > 

{ ~< precedure 5ke1et0n > } 
< pr0cedure eke1e20n >~ ::= < 1dent1f1er > 1 

< 1dent1f1er > ( < Vype 1dent1f~e~ > 
{ , < type 1dent1f~er >-} ) 

W1th th15 m0d1f1cat10n, the re5tr1ct10n5 
4u0ted 6ef0re appear exp11c1t1y 1n the 5yntax, 
and the head1n9 0f 0ur pr0cedure P mu5t 6e e1ther 

pr0cedure P(~r0cedure Q(1nte9er, ahar) ) 

wh1ch w111 a110w detect10n 0f an err0r when P 15 
ca11ed w1th R a5 a parameter, 0r 

pr0cedure P(pr0cedure ~(8001ean)) 

wh1ch w111 a110w reject10n 0f the ca11 t0 Q 1n the 

66:tdYWe:n f ~0rma~1 ea:~r1aft::11pnr0fet0mPat0~6~1a1rtamYetr1C 

pr0cedUre5 Can thU5 6e made C0mp1ete1y (and cheap- 
1y) at c0mp11e t1me, even w1th a 0ne-pa55 c0mp11er, 
1f 1t ad0pt5 the c0nvent10n 0f pre-dec1ar1n9 pr0- 
cedure5 (5ee [ 2], 5ect10n 13) . 

5. M15under5tand1n~5 and m1n0r err0r5 

We 5ha11 c0n51der 1n th15 5ect10n 0n1y 
the m15under5tand1n95 and err0r5 made 6y Ha6ermann 
wh1ch may 1ead the reade2 t0 a fa15e 1dea 0f Pa5ca1. 
We 5ha11 19n0re many petty p01nt5, and make n0 
c0mment a60ut the 9enera1 ph11050phy 0f the paper 
1t5e1f. 

0f r190r0u5 pa5ca1 e1ther 1n 0ne   :c 0:1ack 

certa1n 1neff1c1ency, 1f 0ne want5 t0 d0 a11 the 
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5.1. 5yntact1c err0r5 1n examp~e5 

26 

1n Pa5ca1, a11 dec1arat10n5 precede the 
60dy 0f  a pr0cedure 0r 0f  the pr09ram. 7hu5, 1n 
60th examp1e5 0f  5ect10n 3, 6 e ~  5h0u1d 0ccur a f t e r  
the dec1arat10n5. 51m11ar1y, a 6 e ~ 5 h 0 u 1 d  6e p1aced 
1n fr0nt 0f the 1a5t 11ne 0f the examp1e 1n 5eCt10n 
6. 1n 5ect10n 2.2, h0wever, th15 15 d0ne c0rrect1y. 

0ne err0r 15 repeated c0n515tent1y thr0u9h- 
0ut the wh01e paper: the 10wer and upper 11m1t5 0f 
a 5u6ran9e (1n a type dec1arat10n 0r a5 an 1ndex 
type) 5h0u1d 6e 5eparated 6y ••..•• 1n5tead 0f ••...••. 

1n fact, when 1t 15 5a1d 1n 5eCt10n 3 that 
a pr09ram ••re5u1t5 1n an err0r 1nd1cat10n at the 
0perat0r +••, an actua1Pa5ca1 c0mp11er w0u1d have 
1nd1cated f0ur err0r5 6ef0re enc0unter1n9 th15 0pera- 
t0r (6e.41n 6ef0re dec1arat10n5; ••...•• 1n a 5u6ran9e 
tw1ce; and 1 = 1 + 1 1n5tead 0f ~ := 1 + 1), and n0ne 
at that p01nt. 

5.2. Err0r5 c0ncern1n9 the n0t10n 0f type 

At the 6e91nn1n9 0f 5ect10n 5, 1t 15 5a1d 
that, 51nce 5ca1ar type5 are 5u6ran9e5, the dec1ara- 
t10n 

var A : array [ rea1] 0~ 1nte9er 

15 1e9a1. 0f c0ur5e, th15 15 fa15e: the type rea1 
c0n5t1tute5 a 51n9u1ar ca5e 0f 5ca1ar type, 51nce 
••the num6er 0f va1ue5 0f th15 type 15 unkn0wn, and 
there 15 n0 un14ue 0rder1n9 am0n9 the5e va1ue5•• [ 15]. 

51m11ar1y, 1t 15 5a1d near the end 0f the 
5ame 5ect10n that, 51nce a 51mp1e type may 6e repre- 
5ented 6y a type 1dent1f1er, a f1fe 0r array type 
may 5erve a5 1ndex f0r an array. 7h15 15 patent1y 
a65urd, and 1t 15 ev1dent that a type 1dent1f1er 
d0e5 n0t a1way5 repre5ent a 51mp1e type. 

1n 5ect10n 7, 1t 15 5a1d that ••a c0n5tant 
ha5 n0 type••. 7h15 15 06v10u51y fa15e, and the 
Rep0rt c1ear1y 5pec1f1e5 1n 5ect10n 4 the type 0f 
the va1ue repre5ented 6y each k1nd 0f C0n5tant. 

5.3. M15ce11ane0u5 err0r5 

1n the m1dd1e 0f 5ect10n 4, a 4ue5t10n 15 
a5ked ••wheter 0r n0t a 1a6e1 1n fr0nt 0f the 5tate- 
ment part 0f a pr0cedure dec1arat10n 15 c0n51dered 
a5 1n the pr0cedure 0r n0t••. 7he an5wer 15 that 
5 1a6e1 15 f0r61dden 1n 5uch a p1ace, a5 the Rep0rt 
c1ear1y 5tate5. 

1n 5ect10n 7, 1t 15 a5ked why the 5ym6015 * 
and • are 1ntr0duced, 51nce the n0tat10n { } wa5 
1ntr0duced ju5t 6ef0re. 7he an5wer 15 that the 6race5 
app1y 0n1y t0 a 5e4uence 0f 5ym6015, wh11e * and 

app1y t0 0ne 5ym601 0n1y. 

6. C0nc1u510n 

7he ma1n p01nt t0 n0te 1n c0nc1u510n 0f th15 
rep1y 15 that the Rep0rt 0n Pa5ca1 15 a1med t0 5erve 
60th a5 a def1n1n9 d0cument and a5 a manua1 and 
tut0r1a1 f0r pr09rammer5. 5uch a paper rau5t nece55a- 
r11y re1y 0n 50me natura1 900d w111 0n the part 0f 
the reader, un1e55 1t 15 t0 9r0w 1nt0 PL/1-11ke 
d1men510n5 [9j21] 0r A1901 68 unreada6111ty [18]. 
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7he 5ec0nd p01nt 15 that the Rep0rt ha5 an 
1nd15pen5a61e c0mp1ement and c0mpan10n, the Ax10- 
mat1c De5cr1pt10n [ 8], wh1ch def1ne5 1n a r190r0u5 
manner a11 the 5emant1c5 0f Pa5ca1 and 0ccup1e5 
0n1y n1ne pr1nted pa9e5. M0re0ver, 1t 15 4u1te 
reada61e. 
Ackn0w1ed9ment5. 0ur c011ea9ue Ne11 5tewart wa5 
m05t he1pfu1 1n 1mpr0v1n9 the 5ty1e and c0rrectne55 
0f th15 paper. J1m H0m1n9 wa5 even m0re he1pfu1 
6y 5tr0n91y cr1t1c121n9 the em0t10na1 and techn1ca1 
c0ntent5 0f a f1r5t ver510n. 
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