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i ‘Summary.  Thils paper takes up the challenge (first propounded ia [13) of
j}j _deffining a programning language by means of axioms snd proof rules sufficiecusiy
e poweriul to prove the relevant properties of progresis expressed in the languzic,
4
s

PABCAL [2],by its simplicity, power, and efficiency, is well suited to. zsciomae

- bisation; and almost the ihole language {with the exception of real arithnetic)
has been treated.  Some minor proposals for restriction, change or extension
to the language are suggested by‘certaingeomp;exities in axiomatisation.
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0 - Introduction
l

The purpose’ of a formal lanbuage de¢1nltlon is Yo act as & “contract
between the impleméntor and user of ‘the language. It is not intended to e
read straight through, but rather to: be used by both parties as a ”OJﬁ ol
- reference; 1t will aluo be used as the basis of more readable descr iptlons
©of the language.. Thus uhe\ObJeCulve of a formal description is to make it
‘easy to identify the chapber and subsection relevant to any guery, aad
onault<1n isolation, w1thouulhav1ng to follow cross—references 4o other
sections and chapters. The axiomatic definition of PASCAL Beems to achieve
this objective to a remarkable degree. '

1"

The aaguuge treaued in this paper 'is a version of PASCAL which has been

szmpllfied in several respects.-
i

be changed within its body. 2
(2) A oncedure mey not aCCEoS non—local variables other than those in its
parameter llst o S '

(3) ALl actusl parameters corr espondlng to formals spe01f1ed as var must be
distinet identifiers, - ‘ v _ : :
inere are obther changes to PASCAL whlch would conSLderale s¢m511¢J the
axlomaulsaulon and might alsc be of beneflt to its user.
(1) The alfa type could be regarded as Jsut a packed representatlon for a
' character array. o Vo P

(2) Conditional and case ekpressions: could be allowed. _ X
(3) Fxplicit constructors and Lype tranufer functlons for deflned tyaes'could
be 1ncluded in the langua ’

R

(L) Some simpli 1cat10n of the file type 15 to be recommended

(5) The variable parameters of & procedure should be 1ndlcaued o - the cs
. gide as well as on’ declaratlon. 2 S -

£
}Y
}_I

(6) Exelusion of backﬁard Jumps and mutual recursmon would SlNDllfy the prool
‘rules. - : : :

(7) The replacement of classeu by parulal maopxngs and Dermlutln recursive
data tjpe deflnltlona would make tne lanbuage 1nuo & more hi n~levc+ tool.

.
¢

_ But thcre are very COOu reasons for av01d1nb these "y mn ovements” , since
their inclusion would uwadoubtedly detract from the very high quality of the
PASCAL 1mplementat10n.. In p&rulcular, p01nt (T) would enuxrely change the
‘nature of the language.;j'i_ : L : -

(1) TWo variable oceurring in the record- varlable ‘part of a w1tn statenent may
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The treatment given in this paper is not wholly formal, and depends on
od will of {he reader. In particular :

..
Free variables in axioms are assumed to be universally quanitified.
‘The expression.of the "induction” axiom is left informal.

he

types of the va;iables used mayﬂbe supplied by context,

The rame of a type is used as a transfer function constructing a val

lue
of the type. Such use of the type name is not available to Lhe. programman

Axions for 'a defined type must be modelled after the definition, and e
applied onily in the 'bldek to which the definition is local,

TR .

The context~free and contex ~dependent ‘aspects of the syntax are defined
in [2], and are not repeated here. '

: . i E

Where hypgtheses and subsidiary deductions are given in the proof rules,
‘the oypotheses may be accunulated, and the subsidiary deductions may he
nested in the usual manners - IR : :

The use of a typé”némé;in its own defiﬁiﬁion'is"noﬁ permitted to the
- PASCAL programmer, -/ . Vo -

i ' o P T S AR AR Sl
5 " The follow1ng|abbrev1atlons are: standard: - .
_ (1) n<n for 4m Snt g
O nzmn for m<n Tl f
o no>m o for’ m<mn 7 2
.. ., . o . . . . [ ;. A : .-A' - . : . i {- .
{2) 51,52,,..,§H:T for sl:T;se;T;::.gsn:T; e R .

(3) P{QIR, where P and R are propoéitionai'formulae and Q is a.statement orf .

_ PASCAL is interpreted as stating that if P is true of the program veriabl

before initiating execution of Qs then R will be true on termination, If

; @ never terminates, or exits by a jump to a label outside itself, P{QIR
C vacuously true. L S o o

(L) K? stands for the resuls of substitutifg y for all the free occurrences -

I Cof x in X, If ¥ contains free variables which would thereby become' bound,
' this unintended collision is avoided by preliminary chang

. e in the name of
* the bound variables of X, I

[ I




(2} Treatment ofmutual recursion '

A T BN

__'3_‘

.

he axioms Tor data 4 deta structures compflue about half the
definition. They are nodelled on the consbructive definition ol inveners.
xicms defining the basic operators are modelled on primit4ve recurzive
efinitions, so that it is easy to check that they define & unigue computablc
regult for everJ desired comaﬁnatloa ol operands, and leave other caszes (ez
division by zero) unangned‘ The axioms are formulated to apaly to- the normal

unbounded domains of mathematics. An implementor is free to discontinue

LlecutLOn of any program which invokes operations which would exceed the renzs

of efficient operation of hl machine (eg 1nteger overflow, or exhnaustion of
stack space). However, to conbinue executlon with the wrong result would
violate this axiomstic definition. :

Most of the formal materisl of this paper is more fully explained in the
references., The main exte351ons ‘made by this paper are: ‘

(1) Dexlnltlons of flles and cl 55es

Sy

] ‘ e i S .
(3) Abtempled aeflnltlon of the wnole of a &arge, efflclent and useful
o language.__._';g; -, . . :
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l‘ Standard Scalar Types

.i;l. The Integer Type: A

0 is an infége%. T i -
if n is an inbeger, so are succ(n) and pred{n).
These are the only integers.. .
a = succ(pred(p}) = pred{succ(n)).

R R
N
oo

l.2.5 n £ n. .h
- 1.1.6 a < suce(n): i
; ‘ 1.1.7 n £m>n s succlm)
y , S 1.1.8 7 m < n>m< suce(n).
S 1.1.9 n+0=0s - . -
: 1.1.10 n + m = pred{n} + 'succ(m) = succ(n) + pred(m).
; 1.1.11 n-0=0.0 ~ t i ,
o 1.1.12 n - n = suce{n} - sucelm) = pred(n) -~ pred(m).
L 1.1.13 n % 0=0.. . -
Lo 1.1.1k n % m =n * suce(m) - n\= n # pred(m) -+ .
i '1.1.15 n>0nm-n< (mdivn) *nsgmnm '
: 1.1.16. n <02 n< (mdiva) ¥m<mn«- n.
3 1.1.17 mmod'n =m ~ ({m divn) % n).
1.1.18 abs{m). = if m < O Then “m else m.
P 1.1.19 sgr{m) =m ¥ m, ° S .
L 1.1.20 odd{m) = {m mod 2 = 1). . :
1,1.21 an 'integer constart consisting of dlglts
: ’ & d e d means
i S 1 n—1
0%+ 20°THR e 1o°»td A
o .1.1.22 ’1_meanu succ(O); 2 means succ(l) ...,f9'méanq suce (8)
j 1.2 The Boolean Type.-]- ‘ _-‘&ﬁ ' _5 7_-1 : R T T P
1.2.1 false and true are dlatlnct Boolean values.
1.2.2 These are the only Boolean.values. SRR
. 1.2.3 true = succ(false) & false = pred(true).j,
1.2,k false £ x < true. Gt e
1.2,5 = {true £ false). ?, A S F R
1.2.6 (- false) = true & (~vbrue) = false.. . :.
1.2.7 %rue A true = trues oo
1.2.8 false A x = x A false = false. . . '
. 1.2.9 false Vv false = false | .
1.2,10 true V x =% V true = true.,. .

1




3 ' The Character Type,

; S

1.

- e mrmre e .

1.3.1 A", "B", /.., are distinct elements of type Char.
1.3.2 These arg the only elements of type Char. :
1.3.3  if x is a Char, Ghen int (x) is an integer.
and x = chr (1nt(y))
1.3.4 if n is an lqtegcr in the ranve of int, then-:
8 chr{n) is a character end n = int(chr{n)).
1.3.5. if x and ¥ are Char then -
xSy F lat{x) < int(y).
! : K :
The set of constants denoting aTues of type Char may be selected Ly
the inplementor.. They should begin and end with the symbol chosen wy
the 1mp¢ementor to dencte qaotablon.. '
I '
‘ . , !' -
The Alfa Type.. L g‘
s ; ;
1.k.1 - thé type name "zlfe" 4s an abbrevzaﬁlcn of array -
R [l..awalcngthj of Char. . ‘ L . W
L.h2 x<y= ‘ Y S
' da {l g ak alfaleggth & xin] < ylnl
T vVl gm < nHD x [m] = ylml)).
1.4.3 uﬁyack( %,8,1) means : )
for § =1 %o’ 1fa1engbh do’ a[l =3 =11 ¢ =200,
L.k .pack(a,i,z} means B
' for j. =1 to allaleﬂ“ h do z[J] =ali +j -1,
l.h,5, If cl, Cos v cn are chayacbers and n £ alfalength and

e = clcz...c ”“thenVR
SR ’ - P i
* P b0 I | B o
cEl] cL2] cz s c[al &leﬁrth S 41falensth.
where if n < alf &LGP e o re all egual
ﬁ " ? “n+l,_ 52 .alfaleng é_ whs

to tne chaxr ratter Olahﬁr {g_; CE vt . ,

(l): For - ic opurtles of af ay ujpeo see 2.3.

CQ[Q.Tne DLO€¢&mm6f is npt permmtted to SuDSCfxpu & variable

-ﬁ'declared as alfa. -
(3. lle.constaﬂts alfalun th and b ank. are nob availadle to
T the programmer. . .. . S ‘
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I do not know of eny wholly successful axiomatisation of the resl tyse
floating point) The ideal solwitlon would be, as in the case of inbegers,
Lo give axioms Tor the rea 2l rcontinuum familiar to nathemaijc1°ns; and cervainly
his will considerably s uplliy the task of program proving. Unfortunavely,

"
the properties of floating. point numbers are very 4&if xerbnt ffom thozde of true

1.5 The Real Type

(‘5 —

reals; and {(in contrast to the case of integers), it is nob praciical merely
TO pe”mlu an implementation to refuse to execube programs which invoke O@cfu
tions involving loss of significance.

. Thus it appears necessary to cons struct a separate machine-indépendent
a;:o&atlsatlo for floating point zritimetic.  The axiomatisation must describe
the relationship between floating point and true reals; and the usec of axicms:
in oractical. program proofs is likely to 'be at least as complicated as the

rror analysis technigues practised by numerical mathematicians. '

H ) 1
x . L i
' - p . . f
- . IR HE
I . s
. . : ;
3 IR o {
B N ST .
§ C P . o
. - : L .
i C .
l. "L "
' o b
. Cve S
; N P
i : :
#, o :
. . . \
. . : \ . : Bl
v S -
il . S .
BN S
o
R K
i [ .
' L
N N ".
o .
“
) Lo
S 2t
o te
" Ll !
; '
: ' .,
. , s : \
e o
A f
toe b .
3 P
t
. . .
1 ~
R




A b i

- {‘_-.

2 . Defined Tyves

i . .
2.1 Scalar Types. . . .

kl,kz,..}kn); 55‘

i c
L i 2.1.1 klukz,...,k are dlSL¢PCt elements of T
1 . 2.1.2  These are the only elements of T,
! e . ‘ . :
| 2"l°: e buec(klg oS kg = suee(l )
N N P < 0 ™ Y - p 1 = a ’
o ?,l. X prcd(ne ‘& ...7& LN .pref(kn).
! 1 _ L

n o ' ‘ .
s 2015 Ify # % then X £y = sucelx) < suce(y).

;;Lfi’ 2.1.7  cese x of (Bj;yl; ke:yg,..;,kn:yn)

— e el Ll

L

2.1.8 k;:kd:....k ¥ (1n a case consﬁfﬁdtiéﬁ):meéns
k, Sk y-...,k y - ‘ IR

o
I

C

The case expression defined in 2.1,7 is not ‘available to the programmer.

Subrange Types.

type T = min,.max; .
WOETE  in and max are of type T

Let a, b ¢ To and min < g g pH < max, and. x, y e P

2.2.1 If a e T and min < g < max then T(a)‘isﬂaIT;'

2,2.2 inese are the only elemenus of T e

2.2.3 T T (7{a)) 2 R
2.2,k If 9 iy any monad1c operator defined bn'T ;then

. Bx means §(T (i) ' Tl e :
2.2.5 T @ is anJ blnarj ObquuOf deflned on uype T 5 thcn

%0y means T (X)OT (y)
l .
xla means T ‘)Oa
alx means a © T (x)
2.2.6 x : =4 means x : = T(a)
: & ! = X means g ;. .Tfl(x)i

i
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Avray Types.

type T = array[D] of R;
2.3.1 If r is an R then T{zr) is a T.
2.3.2 If 3 is a D and r is an R and a is a T;/;H"'
: (a,d:r) is a T, e
2.3.3 These are the only elcments of T.
2.3:8  (T(r)) L&l & r.
22.3.5  fa,dir) [4'] = if d = 4" then 7 else a [d'].
2.3.6 & =a*z¥ (ald] = a'EdJ).
2.3.7 & {é] = r means a:= (a,d:r).
2.3.8  array [Dy....D Jof R means
Aarr&}" EDl.]Of (c'll-{.a:‘fI:D23l|I,D ]O.-L R)
2.3.9 a[dl, §2,..{,dn]means (a[dl])ﬁde""’ﬁn]f

{r) is the constant array, all of whose component values are equal Lo

{a,d:r) is the result of assigiing the value r to element d in the arrs.

Neither of these operations is,expiiéifly.available'in PASCAL.

Record Types.

type T = record s.:T.: s vels 1T end;
UJP 7 l _L:v 2 Tgb 2 n Tn‘._l.:l_.g‘.;

. : £ L. * m": ._. . . '.. ... '
Q.hfl If ) isa Ty, x,is 2 T,, x is a Tn then.

_— T(x i,x2;... X ) is a T i
2.4.2  These are'the only elements of T,
2.4.3 T(' R ). sl =X
T(Xl’ 2""’Xn)182.= Xye o  ,..

IR RN RN

It
.

mif -
l(ﬁl’xef'f"xn)fsn .

2.k x.s PSx,  means  x T(xl,x 32?...,x .s )

2 2

BN

i . . .
Vo - *

U X.5. 1 X means x. (h.515 X 2,..‘, xn;s e

X.5 := X medns x:=T{x.s XA By X ).
n n COOHE T ( 12 Tttty _n)
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Union

L ro

N
1
R

In PASCAYL, a union type may iCuLdfC only &s the tyue of the last
component in a record type; and this component has no selecior

The uvze of 1 and j-end indices in these axioms is for purposes of
-aoorev1atlon oaly. . Por any given union type, the relevant axiocms may

easily

Powersel Types. o :

type T = powerset’ 6;’ : 5

Ao s A
T O O
S W3]

.

FAND CD—~Q [S2NNAN ]

P

[E2N

APIE S
CON Oy On

L e

LERSY ¢
lyaes.,

1
T = case d&:D of & :{a. D g m . s.nt:® o
i o [ - ‘\.l.\u(,xll ll) 12'*12".‘.')“1‘13_-.*11’1_!)3 o
S
. . ‘ PRRL )
PO YL Y-SR TIPS )
. 2 E_‘... 2.,[.: 22 22’ 2 2» 2; gn : ba
T I T A
1
a AY
¥ (s T s L..cs T
e I m2 m2? Can T 10
poe} T
..eT. . Tor iel..m, jel..n.,
iJ ij : b

he fol 7ow;hg,are distinet elements of T:
X X s ’
( oo ’ln,)

22,...,%)

I I AP

NC T TR D S ;.
I ]l vl .

These are qﬂu oniy elements
(7. (o couX. Jpd =k, f
e i3°%527 " in, Y

) Lo _ . . _
\T’ki(xil’xf seves X, 2}3.. = X‘j Tor iel..m,jel..a..

r iel .. m.

o
=
'..J

o
|.
F

’
1

be written out in Tull. !

X ET . . ¢
o?yo o

is a T. ,
x iz a T and % is a Tof

]
If
then % v £XO} is a T.

Hy
Hl

These are the only elenénts o

~4_¥)&(xﬁﬁiﬁ~x>;ﬂ;"_ww_mm;,,..‘__‘v _
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s
! ~10-
A .
L 2.56.20 % in (x - y) = (yo in x) & ~a(xo V.
P - - - _
e 9.6.11 [x .x,.v.ounx Jimeans (oo ((0 1 VExS D) v 1)v..oojviz J.
> 2 b o
i 2 o 1 2 ol
[
o
1
|
i
Pl (1) [ 1 is the ewpty set, Lx 1 is the unit set of x .
(2} This theory of hierarchically typed finite sets suffers from none of whe
' traditionzl problems oﬁ set Thecry.
o 2.7 ESecouence Tynes.
i tvpe T = seguence T
i 0 - 90
X |
. ,
i :LC-IG e wioe T .
I o0~ o
i o .
! 2,71 i 1s a 7 ‘
! Lood .
2.7.2 I# s is a T and x_ iz a T then
\ . ha Y
; s™fx § is 2 T
H H 0.4 .
i 2.7.3 These are the only eléments orf T
: 2.7.‘!-1- S"’?x —: ! i
P ' iXoh o L
o 2.7.5 s7fx | =s""x'j =5=5"&x =x
- [ E ol 1ol o o
L 2.7.6  firsth {§F Iz = x
£ ﬂ OL o]
5 # § ] 2 first Cs”Ex 1) = first{s)
! A LG
X 2.7.7  wail (I ¥z ) =0 3
% . 1T ‘*(ﬁi':oﬂ) i1
= s e ) = taiilis) e 1
tail{s iﬁbﬁ) cball(s) EN .
, .
; 7.0 'F" [N Tatn AT e AR
i 2...6 flgAgg...,Xn-i rﬂedns ('__((.i 3 ﬂ"’il:‘h) 'al"\?]) .__) E_J{ﬂ_i{
{1} Seguences are not rep“eienteﬁ directly in PASCAL; they are reguired
| in the definition of Iiles. ‘
"2} § 1 is the empty sequehce, Ix | the sequence whose only element 1s x_, 24
L4 L 0_1 : ‘
is the operator for. coacaﬁes abion..
! i
{3} first nicks ocut the FTirst clement of & Don~Enpvy seguence.
(%) +the %eil is obbained by striking off frow o nor-empty sequence TS Tivsy
. clement.
i e
i !
i e .
! ;




(1)

= file of D means:

rpe = record all, rest: geguence D
_ this:Dy;
: eof:Boolean
“ % wode:(in, out, neutral)
end . |
the declaration £:T means .
37 £:=7T! (q i [ E; undefined, false, neutral),

where Lhe a551¢9ment is considered as moved to the right
of any Ffollowing declarations. '
vut{f) means: | . iy
with © do. - T
o if mode = in then go to error;
if wode = neutral then ;
ﬁegin mode:=oub;
=0 13
L4

Arest:=ﬂ~ﬂ'

all:=all“ithis}l 5?_9:{tf:.if_'jf  S
end . S
2.8.4 reset(f) means : IERRET '  _jf ' 3
with £ do . SR
begin rest:=all; S '

' mode r=neutraly. -
i eof:=Ffalse;
thl i=undefined
o end : e l
2.8.5.  get(F) means j”5‘ T
' with f do IR S :
Jbegin, if eof V mode = out then go o error;
. ‘gi:mode = neutral then mode:=in.
else if rest = eupty then eof =true -
else begln thls.uflrSu(rest) '
' rest:= ball(TESu}.

o, oend o
oendy” ' o
£, e A

2.8:.6 f 4 means f.this

all contalns the value of the whole- flle' and rest contains that part of

the f£ile which remains to be read (cmnty in the case of an output file).

Thais conbains the value of the current 1tem.
A A o
e B

" - : H




2 1 omega is g T . o
-2.9.2 © ifr ¢ is g T; dis a D and v ig an'R-
then (t,d: r) is g T,

2.9.3  These are the onTy elements.of w7,

2.9.%  (t,a:r) [a1] = iftd = a' then r else t[d'J
2.9.5 domain(omega) = [ 3.

2.9.6  domain(t, ,d37) = naLn(t)V[d]

2.9.7 "% o= gt ""Qomaln(u) = domain(t') &

¥d(d in domain(t ):b£a3 = t[d*])i

1
Partia l mappings do nok feature dlrectiy in PASCAL
in the definition of clasgs

3
'

. ’

the gset of subscripts d fop which t[d] is de¢1ned

2, lO Classeo and P01nter Types.

.I : o ;

c:elass Of R means |7 oo
Type C = ({tc) = R); var ¢:Cici=omepa;
where C 1s a new type r
is considered ag moved o 4
P

2.20.1 1511 is a e,

2.10.2 next(c) is 4 4o, ’

2.10.3 These are toe taly element 5 of 4

2.10.L S

2.10.5 S

2.10.65 ang clp]-

2,10.7 in pi=next(e); ..
»Prarbitrary)end

2.10.8

uhe same ag alioc(p) -

) next(c) yvields the. p01 b6k value of tne next'"ﬂvee

(2) omega is the partlal mapoing that is everywnere undefined.

they are requireg

—aini

the rlght of any suosequent declarauloau.

location in +the

cclegs; and nil 1 the- ulaS“ is Lull .
(2) Thig aylowaulsauWOn deals with only one variabie declared as of clas
wype. Where several variables are declared to be of the same clas

this should be regarded nerely as an abbreviation for & Drogran tontedls

senardte cluss dGClufaulomS for each such varldole.

(3) The axions are delibe raue¢f 1ncomclete'

sufficiently comp+ete Tor proof purposes., . -
| :

+

1u is nou kncwn whether they zre

" Domain{t) is

e exclusive to tais purpose angd the assiznment




& maximum number of elements in a class is not
s

o revrasen lese axioms; it scems to belong more to the implerenteation
v strategy than to the language itseir,
i ‘: il
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3 Statements

| S A

Assipgnment Statements .

[0
[

R {x:=elR
e _

! .

:13.2 Composition. '

2{q,18., s, {q, }82,..., n_l{Qn}R.

P85 Q5 veeuvs QIR

;3.3 Conditional Statements.

3.9.1 P.(Q J8, P J(q, I

el
4

FT

B then Pl else Pg{lf B tﬂcn Qielse Q IR

g P{QIR 5 _ | - .
i (IS then s elsr {{if B then QIR.
3.3.2 . P Ch IR, Pé{Qg}R, -ovs P {QIR
case € of (ml l,AQ PE,...,in:Pn)

E C . {case e of k :Q ,_ne Qa""5kn:Q end}R ... 7

(l) L,k e X stand IOf se uences of: one OI‘ IHOI‘G constants (separo,tea
Q
! 1*7p **n

i by i) of the same ty@e as e
1 N . B i

C
3.4 Repetitive Statements.

! : R j-l-:‘.::_ V S{Q}PD o ‘if B .Lf‘@f'. g @15_'»(‘3 R IR
o P{while B. do QIR

3-k.2 8{QIP, P > if B then R slsc §
' R Panlurl -

\[

™




IR

mhnsg
R SN L¢ =oenhausted Lhoen Wizl : o
Uulle = eanQSDea 4o begin Q3 if V < e2 then vi=guce{v) b

else exhausted:=true i

end

where exhausted is a Boolean variable specific to tnis for .
statement and local to the smailest DfOCGLUfe containing it. "

3.4 el dowmto  e2 do Q means.
C exhausted:=(ep2 » el);

i

~ exhausted then Visely - : ' o L
¥hile = exhausted d, gg bpﬁin Q; AT v > e2 tnon Vi=pred(v) - '
' els else exhausted:: =false C

end : o

» (1) The body of & for loop 1 may not change tne value of the counting variable
vV, nor the value of the 1:Lml“b 02 :

x

Procedure Statements. : é' _ S ffl_”i . C . S
o Baneee. 8 - TR _ S S : : »

12 Bpreen, | - R | |

R » - o Af(e)r - o :

fl(g'_)Dfe{_‘%)guloaf (Ei,_)' [ . [ . . H

2 is the list of actual arameters., a.,a_,... a are those -actual
— b lﬁ 2: 3 .

i
parsmevers COTfESwOﬂdlﬂ” 6o Formal Dbarameters specified as var.
fl fe,...gﬂ . are specific to 4\Sb&na Tor functions yleldlpb the
m :

values left in #1582 .., by an application of the procedurs f to a.

-
JeQ

Labels and. . go TOo Suaocmerts.

. 3.6,1 S {mo to 4} ¢aiseg..., 8 {ﬂo bo 2, }false
F-P{Ql} 8.5, 14, } 5 pavee,B _lLQn}B

P{oe gin Ql” ﬂl Qe,...,z : Qn end}R; '

e U

3.6.2  s{glr, P> s e

4 o om0 - S
3.6.3. P{Q)B, s o R '

PlGIR
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Av‘ﬁ__v.._m__‘

{1} Tn this wrule, the Q, stand for sequences of none or wore statenents |

(2) Tais pule is very similar o the rule of composition (3.2) excent that
the proof’ of the component statewents, certain assumptlons may be
made, which specify the properties of any jumps wnlch they contain

3.7 With Shatoments.

P{QIR

with r take P {with r do Q} with r toke R

(L) Helther v, nor any variable occurring 'in r, (for example as a subscrips

zmay be changed by Q. : '
means the same as the result of replacing in P every free
oce e of a selector s defined for r by r.s (ie.the result of
performing on P the same substitutions as PASCAL specifies Tor Q).
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L . Declarations
; ‘ '
L,1 Constant Definitions., .
A . consy X, = K X, = &g < = -Q ang
L congy Xy 15 ¥p goeens xn kn,Q. meqns
i LURPS: GNP
O Q. lj 2* >
!I . 191‘129...9.&11 . |
y -
L
I
b ,
4 {1} G is of the Tor:
L < type definition part > < variable declwrat on part >
ﬁgf < procedure and ;unctlon QeCLufaulOu part > < staucmenu pars >
. 1.9 Vapiable Declaratlons.
o x
i P{GIR
i %
%
i P{x:T; QIR .
; : |
| ‘ ; o oy
; (1) y does not occur free in F, Q@ o R.. . 0 v i .
[ - - 1)
b (2) @ tekes the form: ' S _
{< variable declarations >} % < procedure and funetion
declaration part > < statement part > '
. : : . he
{3) The first variable declaration in any pv opedure 15 n?eceacd by ver
Vhlch ig lgnored for prooi. purposes.
.3 Procedure and Functlon Declarations.
L.3.1 ' j ;-5, 7 _
S P {n } 1, Ry e s en P R, P RpeenrsP YR, P{QIR
o ".,i-l 2{i 2} 9 * 5 { }r\. l"- {Ql} lD 2{Q2}‘L29 5 n{QnJ“‘ ;39 N
v i . ) - . o . .
; ' . | P{n_ﬁ l,thQz,...ﬂ n;Qn;Q}R
~ k.3.2 o PE mcblonff(fc)}a =¥ (s & )
'a.l ~ R Ce(x)
‘ . . can X
lexe’ m )

¥, (P =R
= - fl(f),fg(x)...,$ {“)

“5.3.3 'D{HTOuedVM f(£3}31~
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H
hlghg,..jhn ‘are procedure or‘funqtion ‘headings; Ol,C J..~,Qn arc the
i
correspending procedure ) odi &, each consisting of < constant definition
part > < type definition pars > < variable aec¢arat¢on paxrt > . < procadure
and function Geclaration part » < svatement part >,
@ iz the stabementd part of the whole coaatruCulon.

1

¥ is-the list of formal paraaeuera' Xy 5%, sree s is tie ligt of those

i

Tormal parameters specified. as var, E'*S a list of all free identitiers
of the formula which follows ;t excluding the function names
f':. .

,il, lg”"’%n . and any other free funetion names orf QFQQ

l,fgg...,fm act as functions vielding the values lefﬁ by the procedure

body in its variable parsmeters X 52 259.5Xn
. | L H

. 3 s
1o

1._

The use of the procedyre 4ncwa¢n* in the hvnotneses is a formal % ica
-,

fye]
© simplify the comblnatlon*oz nroof rules for Lunctlons and p roceiure

cl
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