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§4,. Orerators
k.1 Core Lanruase

To describe the action of orerations, thne elaboratiorn Sz the
seneration (z), the refinement (r), stc. we =212 use cna "apws an-
ruase", This lancuace consists cf usual mathematinal notations, simple
English sentences and ALNOL-lilke structures. Yorecover we snhnall usse
several conventions as follows:

Le£ K be a label in the core languare.

1) ; K "oo to K",

2) » next : "eo to next statement".

Lét f be an operator, and let A be an operand.

3) £(A) : "operate f on A",

4) f(A) => A' : "let A' stand for the result of the oreration ¢

on A",

5) => A' : "the operation is now completed with the result A'"

) A «A' : "let A stand for A'M,

7) let A = A' : "let A be of the form A'",

’When f is the elaboration "e", and F is an <expressicn>,

8) e(E) if ¢ - £, L > X' : "e(E); let the result he A'; 1if A'g oy

then let @ stand for A' and ¢o to K, else if A'el,, then let

L stand for A" and go to X'",

4.2 nenerations

b,2.1 e (@) :'L-s

core
let 9 stand for a new abstract element ¢

Q<QY )
=> 0
end of core
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core

let V stand for a new identifier ey Vv iL,;
LA VARSAR TS 3

=> V

end of core

core

let L stand for a new identifier ¢} YV
L o« LYy,
=> 1,
end of core
1,3 Substitutions
Let E be an <expression>; n be an integer (20); Vi be a <variable>
or a <label>, different from each-other, for 1=1,2,....,n; and Ei

be an <exuvression> or a <label>, for i=1,2,....,n. Then

E J
E(Vl....vn)
1 n

denotes the <expression> obtained from E after substitution of El,
....,En for V},....,Vn resvectively and simultaneously, except

those Vi, if any, contained in a<string). (The exact and too long

definition, carried out recursively along the course of construction

When E is an <expression> the result of its refinement is roughly
speaking, the <expression> obtained from E after substitution of
the result of

C2(v) or 2(1L)
for each<variableyor dabelywhich is local to F or to a <block> or
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<procedure notation> in T. Fxactly, it is cefired by recursion on

{

the construction of E:

Let E be an <expression> cof the form
"A F ‘l\ = A i‘\ ™ A "
01, 22" neln
where n is an interer (>0); E1,F“,....,En are all direct constit-

<

uents of E; and A, 1s a sequence cof <basic symbocl>'s or empty for

[

1=0,1,2,400045.

Then rn(E) is

core
P(El) => Fl;
T(Ey) => Foj

LIS

r(En) => Fn;

let F stand for (the <expression>)

1] el w il n.
AgF R Tohom e by Ty s
=> F
end of core
b k,2 Let E be a éblock>, let Vl,..;.,Vn be all its proper <vari-

able>'s; and let Ll"""Lm be all its proper <label>'s, where
n, m are integers (>0).

r(E) is

core

rO(E) => E';

ey ) => Vl';

(V) => V '3
g:([[_) => Ll';

Op
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=(L) => L_';

let 7 stand for (the <expression>) 1
Tyt v, 'Ly T |

™ = - - o .
(Yr IR Y4 L .--.L ), ¢
b n t baal
=> =
end of core

Let T be a <nrocedure notation> of the form
"procedure (T,,....,7 )T J"

where n is an integer (>0); T, is a <typifier> “or i=1,2,....,n;

T is a <typifier>; J is a <nrocedure donors.

1) If T is empty, then r(E) is

end of core

2) If J is of the form

nil ((VW,'.._,VP)wyn

(=N

s a <variable> different from each other, for i=1,2,....,n;

i1s an <expression>.

13

Then r{(E) 1is

v

A4 |
7y v,
™t - * ).
T T eeeey ;
; n
let ' stand for (the _expressions)
< h
"W Sy 1 T '\?77 T, *
—\": ’0'!0"‘,‘ / ]

p {

nerators<i




=> &
end of core
bbb Let E

notation>,

Then r(g) 1

core

end of core

4,5 Elaborations

Let E be an <expression>,

The elaboration of

Operators-5

is defined recursively as follows:

He

~3



w

1

is

—

core

if E=<variable>, then -

T=<oro to statement>,

R

=<dummy statement>,

v

T=<closed expression>,

T

”

=<array element>,

)

F=<structure element>,

[N
=y

fode

C=

E=<reference notations,

T=

E=c¢structure notation>,

[N

f E=<procedure notation>,
Xvariable:
if a(F)=able then - next,

let ¢ stand for a(E);

then » Kgotostatement,

Xvariable, else > next;

else > next;

¥=<code call>, then - Xcodecall, else > next;

>

then » Kclosedexpression, else

=<block>, then - Kblock, else - next;

then - Xarrayelement, else - next;

then » XKstructureelement, else »

E=<procedure call>, then » Kprocedurecall, else - next;

<real notation>, then » Krealnotation, else -+ next;

E=<bits notation», then - Kbitsnotation, else » next;

then » XKreferencenctation, else

<array rotation>, then » Karraynotation, else + next;

then -+ Xstructurenotation, clse

1

then -»

Kprocedurenotation,(else

else => LO;

“perators-£

then -~ Kdummystatement, else - next;

next;

next;

E=<effect notation>, then - Xeffectnotation, else > next;

<string notation>, then » Xstringnotation, else » next;

+ next;

+ next;

=> L0);




Ydummystatement:

oG

=> oy

where n is an integer (>0},

g3 1s a <selecter> for 1=1,2,....,n,
E;. is an <expressien> for i=1,2,....,n,

T is a <primary typifier),
A is a <code body>;. .
let F stand for-the express ion

"structure (S,E S E)";

e(F) if 0 » next, L => L;

e(A(Q)) 1if 2t => Q' L => L;
Kblosede;pression:

‘let E be of the form

n(myn |

where ¥ is an <expression>;

e(F) if B => C};; L => L;
Kblock:

let E be of:the form

"

o

egin let Vl be E_;

o o ®..

— n’>
1 1 .
Ll......Lil. Fs

Liteooas : F,_ end"
1 i k
where n 1s. an intezer (>0),

Overators~7
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Kél:

¥22:

nhere ¥ 1s an <expression>,

' is an <exvressionsg
if t(F) is 'a type of array stvie Then - next, else =>
if £t(%') is real then = next, else => L7;

Q > next, L => Lj;

let ¥ stand for th

D

integer 1;

let u stand for the intege

+
(]
we

-+ K223
‘ { ={<¥ D g 1.0 >
let w(Q) {<V’“V>’<v+*"v+l>

where v is an integer,

u is an integer (>v),

U i1s a quantity for J=v,v+l,....,u;
e(E') 1f O' » next, L => L;

for the integer round(w(Q'));

else => L0y

Kstructureelement:

let E be of the form
"F[ S ]'",
where F 1s an <expression>,

S 1s a <selector>;

ifft(F) is a type of structure style then » next, else

e(F) if Q > next, L => L;

let WOQ)={<SI,QI>,J,.,,<Sn,on>}

where n is an integer (20),

S3 1s a <selector> for 121,2,c00esn,

Qs is a quantity for 2l 200yl

0
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if S=8; for some 1 (1<isn) then =»> 0., else => L0
Kprocedurecall:

let & te of the form

MO(E e, Fy)"
where n is an integer (:O),

T is an <expression>,‘

B, is an <expression> for j=1,2,....,n;

J

e

if t(F) is a type of procedure style, then » next, else => L0j;

e(F) if Q » next, L => L;
let t(Q) be of the form

"procedure (Tl,....,T "

m)

where m-is an integer (30),
T; 1s a type for 1=1,2;....,m,

T is . a type;

let w(Q) be-of the form

"(\V1 ’».7. . ,,Vm)p'"

where V; 1is a <variable> for i=1,2,....,m,
F' is an <expression>;

let E' stand for the <block> of the form
"hegin let V) be Ty;

v .00

let V, be T ;
k Froend";
4f E' is legal then > next, else => LO;
if n=m then » next, else => L0O;
;) 1s Ty then > next, else => L0;) for 1=1,2,....,m
if ©{(E') Is T ther > next, else => L{;

~w {left T.' stané for the <expre

]

0

sion> of the form
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"(Ei) 3) for 1=1,2,....,n
:‘10 o
BY Tm
let ?"'=?'(1 on-nyfo‘ ),
1 o,

r(F1) =>

e(F*) 1f 0" => O', L => L;

Keffectnotation:

let M stand for the mode
effect;

let W stand for the value
done;

A(Q) => Q3

m(Q) « M;

w(0) « W;

=> O3

Krealnotation:

let(E be of the form
"real H - J"

where H 1is a <real modifier>,

]

is a <real donor»>;
if H is empty then + K31, else » next;
if H is of the form
"LE1:52:E31"
where Ei is an <expression> or empty for i=1,2,3,
then-* K32, else -+ next;
if H is of the form
"{precision F]I"
where F 1s an <expression> or empty,
then =» K33; (else => L0}

1f J fs empty then » ¥331, else - next;

Operators-11
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¥31i1:
¥312:

¥32:

¥323:

X324

if J is an <integer donor> then - “311,
if T is a <fraction doror> then -» K312,
et B, stand for the intecer w(J);
let 79 stand for the interer 1;
let %, stand for the integer -R,;
T 3
- K325,
let R stand for the real number w(J);

- K332;

if E1 1s empty then » ¥321, else » nexty
if t(E;) is real then -» next, else => LOj
e(B,) if O, » next, L => L;
let R, stand for the real number W(Ql);
> X322;

dependent);
if 52 is empty then - X323, else » next;
17 £{Z,) is real then » next, else => L0;
if Qz + next, L => L;
~2T Z. sztarnd for

- 3224

let ?2 stand for the inteser 1;

if Z, Is empty then » ¥325, else -+ next;

3

if ©(Z,) is real then » next, else => LO;
e(ES} i€ hs + rext, L => L;
let R, stand for the real numher w(0,);
> K32¢;

let P, stand for the real numher P2 (of

3
dependernt); .
| ’ Crerators=12

{felse =>

else » next;



K326 let ™ stand for the mode.
326 let M stand for the mode
real [R_:R_:P_7,
K33: if F is empty then -+ K331, else - next;
if £(F) 1is real then » next, else => L0;

e(F) 1if Q » next, L => Lj
let R stand for the real number w(Q);
> K332;

K331:

let R stand for the real number R3 (of

dependent) ;

K332: let M stand for the mode
real [precision R];
K34 let M' stand for the mode d(M);

if J ‘is empty then » X341, else - next;
let W stand for the real number w(J);
> K353
K341:
X35: ifWVIW,#Q then - next, else => LO;
let X . '
a(@)

fﬂ(.Q') “ M';

stand for the real number p{M',W);

=> Q';

w(Q') + X;

=> Q'3
Kbitsnotation:

let E. be of the form

"pits H J"

where H is a <bits modifiers>,

J is a <bits donor>;

nat+
Ia

One ors-13
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let W stand for an arbitrary real number;
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ifH Is empty fhen -~ else » next;
iT 5 is ¢of the form

"Tavnor o

ho I ] *
where P is an <expression>,

then » XK4ll, else - next;

if E is of the form

‘then » KL12, else » next;

if H is of the form
“[varzing ="

where ¥ is an <eipression>,

then »AKhlﬂ, else » next;

if H is of the form
"fvaryingl”

then - X415, (else => LO)3

o

K4 o t# J is empty then » KU12, else » next;

[

let I stand for the intecer lensth(w(J));

> Kh13;
K411: if t(F) is real then + next, else => LO;
e(F) if o » next, L => Lj

let T stand for the intecer round(w(Q));

-»Kul;

4

3
2

I
et
N
.e

let I stand for the integer Il (of implementation dependent);

e
Bod
—
()
.e
fomd

et M stand for the mode

blts lexact I1;
414 1f t(F) is real then » next, else => LOj

e(F) 1f 0 » next, L => L;

Nreratorseli
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let I stand for the interer round(w(s});

+ K416,
Ki15: let I stand for the integer I2 (¢f irplementation dependent);
K416: let M stand for the mode

bits [varying I];

K42 let. M' stand for the mode d(M);
if J is empty then -+ KU21, else -+ next;

let W stand for the bit-string w(J);

> KU3;
K421: let W stand for an arbitrary bits;
K43: if Wy #P8, then > next, else => LO;

let X stand for the bits p(M',W);
g(@Q) => qr;
m(Q") « M*;
w(Q') « X;
=> Qts
Kstringnotation:
» let E be of the fgrm
"stfing HJ"
where H is a <string modifier>,
| J 1s a <string donor>;
if H is empty tﬁen + K51, else » next;
if H is  of the: form |
"lfexact FI"
where ¥ is an <expression»>,
then » K511, else + next;
if H is of the form

"fexact]"

Operators-15
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¥51: if J is empty then » K512, else - next;
let I stand for the integer length(w(J));
> K513; ;
X511: if £(F) is real then » next, else => LO;
2£8) if.9 » next, L => Lj
let I stand for the integer round(w(Q));
+ K513,
K512: let I stand for the integer I3 (of implementation dependent)é
¥513: let M stand for the mode :
string [exact I]; é
> X523 E
i
¥51b: if t(F) is real then » next, else => LO;
e(?) if © > next, L => L; g
let I stand for the integer round(w(Q)); 1
+ ¥YES1€; ‘;
¥81¢5: let I stand for the integer Il (of implementation dependent)f
K51€: let ™ stand for the mode
string [varying I];
K52 let M' stand for the mode 4(M);



let W stand for the <strine> w(J) (=7);

+ K533
K521: let W stand for an arbitrary <strine>;
K53: if MYM,#z, then » next, else => LC;

let X stand for the <string> p(M',W);
g(Q) =>0a';
m(Q') « M';
w(Q') « X3
=> Q';
Kreferencenotation:
if" E is of the form
| "reference
then - K61, else » next;

is of the form

}-J-
-
1

"reference nil"

.then - next, (else => L0);
‘let W stand for the empty set #;
+ K623 7
K61l: let Q stand for an arbitrary quantity in(ﬁ :
let W standffén'the set {Q};
K62:  g(@) =>0';
n(Q') « reference;
w(Q"') « W;
=> Q';
Karraynotation:
if E is of the form
where H is an <array modifiers>,

Operators=17
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Ei is’an <expression> for i=l,2,....,n
then + X73, (else => L0);

if H is émpty then » K711, else - next;
if H is of the form

'F[E_l :EEJH'

“where E, is an <expression> for i=1,2,

1

then - next, (else => L0O};
if t(E;) is real then > next, else => LO;

e(El) if Q. > next, L => L;

1
let Ii stand for the integer round(w(Ql));

if t(EZ) is real then -+ next, else => LO0;

¥711:

K712:

e(E2) if 9, > next, L => L;

let I, stand for the integer round(w(Q,));

2
-+ K712;

let Il stand for the integer 1;
let I, stand for the integer 0;

let T stand for the type t(F);

. .let ™M stand for the mode

; . array LIlzile;
let M' stand for the mode d(M);
:let Mr'=array [v:u]T
whére v is an integer,
u is an integer;

Operators-18



if v>u then » X72, else -+ next;

(e(F) if 0,' » nmext, L => L3} Tor f=v,v+l,....,u

let X stand for the set

TV, 0,72, sv+1,0 L >,y 0
> KT7h;
K%2: let X stand for the empty set Z;
+ K74,
K73:A let T stand for the type t{31>;

let M stand for the mode
array [1:n]T;
let M' stand for the mode a(M);
(ir t(Ej) is T then + next, else => 17
e(Eg) if Q;' » next, L => L) for S - S
let W stand for the set
{<1,Ql'>,<2,Q2’>,....,<n,Qn'>};
let X stand for the set p(M', W)
kTh4: g(Q) => qr';
m{Q*') « M';
w(Qrr)y « X;
=> Qs
Kstructurenotation:

let E be of the form

"structure (S;Ey,....,S B 3"

where n is an integer (>0),

S; 1s a <selector> for 1=1,2,....,7,

P

[N

s an- <expression> for i=%1,2,....,75

1
{if n=0 then » K81, else > next;

—~
84

—
™
~
e
D

p f 3 + next, L => L3} For =2 2. __ .,n

Onoarar O Q-



let W stand for the set

< Ia

<&

[
[N

{2 [
‘{(L,l,/gl),.-ao, n,wy\>

183

(E,)3) for 1i=1,2,....,n

ks

D
ot

{let T, stand for the type

let ¥ stand for the mode

g Q. m m .
structure (u141,..--,8n»n>,
+ K823

K81: let W stand for the empty set #;
| let M stand for the mode

structure ();

(@) => Q"

m(Qry « M;

rs
>

(@]
A

.

w(Q') <« W .

¥procedurenotations
let:E be of the form
"procedure (T ,..{.,T A A
» e n
where n is an integer (ZO),
Ti is a <typifier> for i=1,2,....,1n,
T 1s a <primary typifier)>,

J is a <procedure donor>;

if J is empty, then » K91, else - next;

let J be of the form
"by((Vy,. ...,V )E)"
»where Vi is a <variable> for i =1,2,....,n0,
E' is an <expression>;
let. W stand for the figure
(V1,.‘..,Vn)E' H
> K92;
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<egxrregssion> without <marks

n :
ntemin let V1 be TI;
ceee
let V e T
= 1 e n?
wrr apnAN.
end";

let W stand for the figure

(Viseeeas, VE S
K92:" let M stand for the mode

procedure (Tl""”Tﬁ T3

(@) => Q3

m(Q) « M;

w(Q) « W;

=>‘ Q

end of core
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