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§4, Orerators
4.1 Core Lancuare
To describe the action of orerations, the slabgration (=2}, the
generation (&), the refinement (r), steo. we =7277 use tha "arps lan-
ruaze”, This lansuace consists ¢f usual mathematical notations, simple
Inzlish sentences and ALMOL-like structures. “oreover we snall usse

several conventions as follows:

Let K be a label in the core language.,
1) » K : "go to K",

2) > next : "eo to next statement".

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

3) £(A) : "operate f on A",

) f(A) => A' : "let A' stand for the result of
on A",

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

6)

.

A «A' : "let A stand for A'",

7) let A = A' : "let A be of the Fform A'N
When f is the elaboration "e", and ¥ is an

-

8) e(E) if © » X, L » K' : "o(E); let the resul

then let 0 stand for A' and co to K, else 1if Atel,

L stand for A' and go to X',
L.2 Generations

L2l e(@) is

core

let O stand for a new abstract element FXARI
2 QY0
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and of core
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let L stand for a new identifier ¢} Vy;

L o« LYy

end of core

4,3 Substitutions
Let FE be an <expression>; n be an integer (20); Vi be a <variable>
or a <label>, different from each-other, for i=1,2,....,n; and Ei

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

i ah

1 n
denotes the <expression> obtained from E after substitution of Eqis

] r
IR Fato! l,... s n

reéoectively 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
of E is omitted.)

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

(v ) or =(L)

for each<variable) or dabely which is local to F or to a <block> or
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<procedure notation> in T, Fxactly, 1t is defirned recursion on
the construction of Z:
b,oh,1 Let E be an <exnression> c¢f the form
"ﬂ;‘/\’;‘ A F“A"
AG_IAWMEAZ.... neltntn
e
where n is an integer (zO); Na,Fj,....,an are all direct constit-
uents of E; and A, is a sequence cf <basic symbol>'s or emcty for
1i=0,1,2,4004,yN.
Then r,(E) is
core
=>F‘
r(El) 13
r(Ez) => Fy3
r(E => F 3
(E,) => F_;
let F stand for (the <expression>)
"AFLAF A ....A BAT
g1r1ra22 n-1'nn >
end of core
g2 Let E be a <block>, let Vy,....,V, be all its proper <vari-

able>'s, and let Lq,....,L

n, m are integers (>0).
r(E) is

core

rqo(E) => E';

ey ) => Vl';

2(V ) => Vv 'y

(L) =>Ly';

e e oo
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be all its proper <label>'s, where
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z(L) => L_";
let 7 stand for (the <expression>)
V‘r r VI" 'Ll' }',ﬁ
Bt - B 3
(TY LR V4 L .--.L ),
1 n 71 m
=> =
end of core

T is a <typifier>; J is a <nrocedure donors.
1) If T is empty, then r(EF) is

core
=>
end of core

J is of the form

"31 ((VW"...,VP)Q)"

where V. 1s a <variable> different from each other,
¥ 1s an <expression>.

Then r(E) is
core
r(F) => F';

-

let ' stand for {(the .expressions)
WSy oy Tt T,
- ~ ,Q.O.’ I 7 3

for i=1,2,....,n;
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end of core

b4k Let E be an <expressiocn> other

notation>,
Then r(E) 1s

core

rqo(E) => F

=> =

end of core
4,5 Elaborations

Let E be an <expression»>,

o

<hlogi> T o<nrogcennre

The elaboration of F is defined recursively as

(@]

ve

3
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e(E) is

core

if F=<variable>, then - Xvariable, else - next;

T=<go to statement>, then - Kgotostatement, else > next;

[y
]
[Re}

e
—
vy

F=<dummy statement>, then -+ Kdummystatement, else -+ next;

e
]
1

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

I
)
I

T=<closed expression>, then > Kclosedexpression, else =+ next;

[
4
T,

F=<block>, then > Xblock, else > next;

h
s

T=<array element>, then - Xarrayelement, else - next;

[N
)
1]

F=<structure element>, then » Kstructureelement, else > next;

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

"

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

[
]
ta

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

'-h
r
o]

E=<pits notation>, then -+ Kbitsnotation, else » next;

o
]

F=¢string notation>, then » Xstringnotation, else » next;

e
~

F=«reference notation>, then » Xreferencenctation, else - next;

if E=<array notation>, then » Karraynotation, else -+ next;

]

[N

E=<structure notation>, then -~ Xstructurenotation, clse - next;

[y
]

E=<procedure notation>, then - Xprocedurenotation,(else => LQ);
Kvariagble:
if a(F)=able then - next, else => LO;

let © stand for a(E);

L}
A\

N
93

Kootostatement:

let T be of the form
Tn
]

"ro to

where L is a <label>;

Cperators-=£
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Ydummystatement:

=>

D0
)

>

codecall:

let ‘= be of the form

1
&3]
]
!
3
o
g
o~
>
-

"code (S8

where n is an integer (>0},

&3 is a <selecter> for i=1,2,....,n,
E;. is an <expressien> for i=1,2,....,n,

T is a <primary‘typifier>,

is a <code body>;

e

let F stand for-the express ion

"structure (SiE;,....,5.E )";

e(F) if O » next, L => L

e

t“i

e(A(R)) if 9t => 0", L =>
Kblosedegpression:
‘let E be of the fqrn
"(F)"
where ¥ is-an <expression>;
e(F) if 9 => 0, L => L;
Kblock:’

let E be of:the form

"begin let Vl be E_;

~where n is an inters

Overators~7
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- 51
where I 1s an <exnression>,
' 1s an <exvressionsg
if t{¥) is a type of array stvie then - next, else => [0
if t(E') is real then - next, else => L7,
e(F) if 0 > next, L => Lj
if w(Q)=@ then » next, else - ¥21;
let v stand for the inteser 1;
let u stand for the integer 03
- K224
K21: let w(Q)={<V,QV>,<V+1;Qv+l>,..;.,<u,?u>}

where v is an inteeer, .

u is an integer (>v),

Qj'is a quantity for J=v,v+l,....,u;
¥22: - e(E') if 2' > next, L => L;

let i stand for the intecer round(w(Q'))

3
if i3v then + next, else => L0y

1f igu then => Qi’ else => L0j
Kstructureelement:

let E be of the form

‘"F[SJ"
where F 1s an <expression»>,
S is a <se1e¢tor>;
if £(F) is a type of structure style then » next, else => LO;

e(F) if O » next, L => L;

where n is an integer (20),
«Sj Is a <selector> for J=ls2geennslly

Q3 1is a quantity for f=1,2 ....,n;



Kprocedurecall:
let £ be of the fT

oW ooyn
& ( e 1 L3R4 o o » k] "" " )
i n

where n is an integer (:G),
is an <expression>,

E. is an <expression> for j=l,2,....,n;

Code

e

if £(F) is a type of vrocedure style, then » next, else => L0;

t

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

"nrocedure (Tl,....,Tm)T"
where m is an integer (30),

T; is a type for 1=1,2,000.,m,
T is . a type;
let w(Q) be of the form

"(Vl”""vm)F'"
where V; 1is a <variable> for 1=1,2,....,m,
F' is an <expression>;
Iet E' stand for the <block> of the form
"hegin let Vy be Tlg
let V, be T ;
' we Egin;‘
if E' is legal then » next, else e L0

if n=m then » next, else => L0

(Ey) is Ty Lthen » next, else => L0;) for 1=1,2 m

g ® 0 e gl

. - . -
if t{(E') 1s T then > next, else => L{;

v {left. T,' ztanéd for the <expression> of the form
Orerators<10



"(2,)"3) for 1=1,2,....,n
o o
Y v/_l m
let o =F Nty LRI -‘r-r );
] e

I‘(F”!) => er;

e(F*t) 1£ 0 => 01,

t
"
v

la

.e

Keffectnotation:

let M stand for the mode
effect;

let W stand for the value
done;

A(Q) => Q3

m(Q) « M;

w(Q) « W3

=> O;

Krealnotation:

let E be of the form
"real H J"
where H 1is a <real modifier>,
J 1s a <real donor>;
if H is empty then + K31, else =» next;
if"H is of the form

"LEI:EzzEal"

where Ei is an <expression> or empty for i=1,2,3,

then‘* K32, else =+ next;
if H is of the form
"tgrecision 135
where ¥ 1s an <expression> or empty,
then » X33, (else => L0)g

i1f J iIs empty then » ¥331, else » next;

Operators-11
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if J is an <integer donor> then - ¥311, else » next;
if T is a <fraction donor> then > K312, (else => L{);
¥23il: ist 2, stand for the irtecer w(J);
let 7, stand for the interer 1;
let %, stand for the intemer -R_; ,
1 R .
~> X225,
¥312: let R stand for the real number w(J);
- K332;
¥32: if Ey 1s empnty then » ¥321, else » next;
if t(Ey) is real then -» next, else => LO;
e(f,) if @, » next, L => L;
let B, stand for the real numter w(Q,);
- X322;
W221: let Hl stand for the real number Rl (of implementation
devendent ) ;
X322 if Eg is empty then - X323, else » next; )

is real then » next, else => LO;

3

[l

Eal ~ b -—
78, » next, L =>

22T 2. ztand for the real number w(Qz);

+~ 72245
¥323: let ?2 stand for the intecer 1;
X324 if E, Is empty then » ¥325, else -+ next;
-
if tlZ.) is real then =+ next, else => LO;
e(E.) 1f 0, = rext, L => L;
3
let P? stand for the real pumber w(f,);
> K326, .
¥325: let F, stand for the real numher P2 (of .irpigmentation
3 g
dependent); :



¥326: let M stand for the mode.
real [R_R_:B_7;
R R
> K34y
K33: if P is empty then -+ K331, else + next;

if £(¥) is real then » next, else => L0
e(F) if @ » next, L => L;
let R stéhd for the real number w(Q);
+~ K332

K331: let R stand for the real number R3 (of implementation
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 - ¥3Ul, else » next;

let W stand for the real number w(J);

> K353
K341: let W stand for an arbitrary real number;
K35: if W, #2 then - next, else => L0O; ’

let X stand for_ﬁhe‘réal number p{M' ,W);
a(@) => a'; |
m(Q') « M';
w(@') « X;
=> Q'
Kbitsnotation:
let E be of the form
"bits H J"
vwhere H is a <bits modifiers>,
J is a <bits doncr>;

Onerators=17%
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o

17 H fs smpiy then -~ i, else - rexity
2L g A Ehs foprm
"ayner TN
. o s
where ¥ 13 an <expression>,

then » X411, else - next

ws

if E is of the form

"lTexact]"

then » X412, else -+ next;

if H is of the form

wnin

"[varyines F]

m

where ¥ is an <expressions>,
then » Ki4ll, else - next;
if E is of the form

"Tyapyine]”
r N

‘then + X415, (else => LO)3

3
—
4=
=
.o

1€ J is empty then - Kil2, else + next;
let T stand for the intecer length(w(J));

»> KLU13

if £(F) is real then » next, else => LOJ;
e(F) if 9 » next, L => L;

let I stand for the integer round(w(f));

-> KﬂlB;

let I stand for the intecer Il (of implementation
let M stand for the mode
bits l[exact I];
- ¥h2s
1f t(F) Is real then » next, else => L0Oj

dependent);
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let I stand for the integer round(w(s));
+ KL16;
Ki15: let I stand for the integer I2 (¢cf 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 -+ K421, else -+ next;

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

> Ki3;
K421: let W stand for an arbitrary bits;
K43: if W y#2, then » next, else => LO;

let X stand for the bits p(M',W);
g(@) => qr;
m(Q') « M';
w(Q') « X;
=> ars
Kstringnotation:
’ let E be of the form
"stfing~H J"
where H is a <string modifier>,
| J 1is a <string donors>;
if H is empty tgen + K51, else » next;
if H is of the form
"[exact F]"
where ¥ is an <expressions,
then » K511, else + next;
if H is of the form

"fexact]"

Operators-15
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®X511:

2
I
'._J
N
(X}

is an <exvressions>,
~ 514, else » next;
is of the form

"Tvaryine 1"

s

> ¥515, (else => LO); *

if J is empty then » K512, else » next;

let I stand for the integer length(w(J));

- K513;

2fB) if.4 > next, L => L

if t(F) is real then > next, else => LO;

3

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

=+ KB133;
let I stand for the integer I3 (of implementation dependent)é
let M stand for the mode :
string [exact I]; é
> X523 E
i
if t(F) is real then » next, else => LO; ‘
e(T) if 0 » next, L => L; !
let I stand for the integer round(w(Q)); E
+ Y516 ?
let I stand for the integer Il (of implementation dependent)f
let ™ stand for the mode
string [varying I];
let M' stand for the mode d(M);
if J
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K521: let W stand for an arbitrary <strings>;
J

et
3
un
(US]
.o

if MVM,#%, then » next, else => LC;
let X stand for the <strine> p(M',¥W);
g(Q) =>a';
m(Q') « M';
w(Q') « X5
=> Q'y
Kreferencenotation:
if" E is of the form
| "reference"
then - K61, else > next;

is of the form

WS
=
&3]

"reference nil"

then -+ next, (else => LO);
‘let W stand for the empty set &;
+ K623
K61: let Q stand for an arbitrary quantity in @ ;
let W stand for the set (Q};
K62: g(@l)"Q;JQ?;
n(GQ') « reference;
w(Q') <« W;
=> Q';
Karraynotation:
| if E is of the form
where H is an <array modifier>,

Operators-17
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T
)
joot

E, 1s an <expression> for i=1,2,....,40

then > X73, (else => LO);

<7T1c if H is empty then =+ K711, else -+ next;

if H is of the form
"[E1:E,]"
 where E, is”an <expression> for i=1,2,
then + next, (else => L0O);
if t(El) is real then » next, else => LO;
e(El) if O » next, L => Lj
let I; stand for the integer round(w(Ql));
| if t(EZ) is real then » next, else => LOj

e(E2) if Q, > next, L => L
let I, stand for'the integer round(w(Qz));
+ K712;

¥711: let Il standrfor thevinteger 1s
let I, stand for the inteéer Q;

K712:  let T stand for the type t(P);

_let ™ stand for the mode
: ‘array LI1:121T;
et M' stand for the mode d(M);

let M'=array [v:u]T

where v is an integer,
u is an integer;

Operators;lB



if v>u then » X72, else - next;

{(e(F) 1if Q' » next, L => L3} for f=v v+l,....,u

let X stand for the set

{<V,Qv'>,<v+1,ﬂv+1‘>,....,<u,3u'>}
> K7U;
K%2: let X stand for the empty set Z;
+ K74, ) ,
'K73:. let T stand for the type txil};

let M stand for the mode
array [1:n]T;
let M' stand for the mode a(¥);
(ir t(Ej) is T then + next, else => 17
e(Ej) if Qj' + next, L => Lj) for i=1,2, ....,"
let W stand for the set
n
let X stand for the set p(M',W);

{<1,Ql'>,<2,Q2'>,.1..,<n,Q >}

k7l g2(Q) => qrr;
m(Qr') « M';
W(_Q"') - X;

=> Qrt;

Kstructurenotation:
let E be of the form

L : Nt
str SqFy geneesd B )
ructure L»l 1reees ST

v
1S

where n is an integer (>0),

S; iIs a <selector> for 1=1,2,.cec,m,.

- -~

;1 1s an <expression> for i=1,7,....,7;
{if n=0 then » K81, else » nex:;

o T

+ next, L => L3} Tor $=1 .2 ..,.,n

(e(E,) if Q

e

DQrerargwand
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{let T, stand for the type t(E,);) for i=1,2,....,n
let M stand for the mode
| structure leTl"""SnTnl3
- K823
K81: let W stand for the empty set #;

let M stand for the mode

g(@) => Qr;

m(aty « M

structure ();

>
o
Ny
.

w(Qr) « W; .

Kprocedurenotations:
~let:E be of the form
"srocedure (Tl,....,Tn)T Jm"
where n is an integer (>0),

Ti is a <typifier> for i=1,2,....,n,

-3

1s 2 <primary typifier),
J is a <procedure donor>;

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

let. J be of the form
"QX((V1,....,VH)E'Y'
“where Vi is a <variab1e? for i =1,2,....,0,
E' is an <expression>;
| let W stand for the figure
| (Voo V)E
~ K92; |

Operators—2C
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KG1: ooy s y 5
- let = ne an arnitrary lewal <expression> without <rmarks
4 - = 14 ~ L0 ¥

DYE apnAN.
: end"

let W stand for the figure

(Vl,....,Vn)E";
KQ2: ; let M stand for the mode

procedure (Tl"""Tn T3

g(@) => Q;

m(Q) « M;

w(Q) « W

=>< Cj

end of core
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