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§3. Semantical

3.1 Quantitie

9]

Quantities are abstract elements, and are Introduced ;or describing
the course of the elaborations of expressions. Fach cuantity nas its
mocde, type and value., Let § be a quantity, then, we shalil dencte ifs
mode by m(Q), type by t(0) and value by w(Q). Then it holds

t(Q) = t(m(Q)) = t(u(Q)).
pragmatics

Let V be a <variable>, and F be an <expression>, Irn a course of 2
normal program, if V has its ability "able", then V has its guantity
denoted by a(V). As the result of the elaboration of £, we shall obtain
a - quantity Q' or a <label> L. For describing such conclusion,

we use the notation

e(E) => Q"
or |

e(E) => L
respectively. end Bf praesmatics
3.2 Values

"Values are classified according to their types (or their styles)
as follows:
3.2.1 effect type.

There is a sole value done in the effect type,
3.2.2 zgéi type.

A value of the real type is a real number. We shall use the follow-
ing notations:

R : the set of all real rnumbhers.

I : the set of ail interers, irn the sense of the sutset cf R

round(R} : the

interer obtained by roundine ®, where R is a real
5 - 3 A - - { g
rumber. (round(R} = entier(=+7,5),)



2.2.2 nits type.
A value of the bits tyre 1s a Fit-strines are Gefineg |
R )
with its lenzth (€I ), recursively as follows: 1
1) = a pit-strine of lenrth O, J
i
2) C is a bit-strinm of lenmth 1. :
3) 1 is a bit-string of lensthn 1. |
4Y Let B be a bit-strincg of length n (:l). B0 is a bit-string of
length n+l. :
5) Let B be a bit-string of length n (>1). Bl is a bit-string of |
lenoth n+l.
We shall use the following notations:
B : the set of all kit-strings,
B . : the set of all tit-strings ot length I, where I is an
intecer (>0).
length(B) : lensth of B, where B is a bit-strine,
3.2.4 string type. |
A value of the strine type is a <string>, <string>'s are defined ?
with its lersth (el ), recursively as follows:
1} %2> is 2 <strine> of lensth Q.
;
2) Let n oe an integer {>1); and A, be a <basic symbol> other than%
“ and ’, or a <string>, and if Ai is a <basic symbol> %
then let ™y stand for 1, if A, 1s a <string> of length m then
let m, stand for m+2, for (i=1,2,....,n); then |
[ A9
SRR )
is a <string>o0f lensth wl+m;+....+mp.
We shall use the fcllowine notations:
L : the set of all <strine>'g.
QI ¢t the set of all <strinq;s of . lensth I, where is an
Semantical Notiong-2 4




integer z?‘.
lencth(C) ¢ the lerctn of 7, where [ is 3 <strincs,
2.2.5 reference type,
A value of thé reference ftyre Is ftne emntv zet ¥ or 2 =z=%
|
a sole element 0, where 2 is a qguantizty,

3.2.6 array style,
Let T be a type of the fornm
array T'
where T!' is a type.
1) The empty set £ is a value of tyve T,
2) Let v be an inteser,
u be an integer (>v), and

Q3 be a quantity of type T', for i=v,v+l,....,u.

Then the set

>y eeeay<U,0 >}

{<V,Qv>,<v+l,0 u

v+l

1s a value of type T. (<v,2> denotes the ordered pair of
3.2.7 structure style.
2.2.7.1 Let T be a type of the form

structure'LSlTw,....,u T )

N i1

where n is an integer (>1);

S

1 is a <selector> for i=1,2,....,n;
Ty is a tyve for i=1,2,....,n.

3
-

Let 0, be a cquantity of type T,, for 1=1,2,....,n. Then the
[ N a) Q 8} aQ Y
1<“l:”“fl>s<“29“2>)'---)<~'nycn>}

is a value of type T. -

3.2.7.2 Let T be a type of the form

structure ().

There is a sole value, the empty set 4, in the type T,

Semantical Moticns-?
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2.2.5 rnrocedure style.
Let T he a type of the form
zrocedure (T, ..., 007"
where n is an interer (22,
T, is a type For i=1,Z,....,03
Tr Is a tyre.
Let ¥, be a <vyariabls> different from each other, for 1=1,2,....,n,
and Ilet I e zn <egxpression>; then
-r r YT
Lingeneny i
is =2 wvalus of type T,
2.3 Modes
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tyre real.

2.2) Let R be a real number, then

3.2} Let I be an interer, then
cits [varying I
iz 2 mode of type bits.
.1} L2t I be an intsrer, then




5) reference is a mode of tyne reference,
6) Let I, be an integer for i=1,2; and let T be a type; then
i
a- T. - Im
array L—1'12;~

is a mode of type array T.
7) Let T be a type of structure style, then T is a mode of type T,

‘8) Let T be a type of procedure style, then T is a mode of type 7.

A mode specifies a domain of values. Let ! be a mode. The domain
of values specified by M is denoted by
| w (),
and is defined as follows:
3.3.1 W(effect) is {done}.
3.3.2.1 Let R, be a real number for i=1,2,3. Then, ¥ (real [R:? tR1)

is the finite set

{x[xéR«\Rlix/\ngSr\there exist an integer y such that x=yxR,}.

s

3.3.2.2 Let R be a real number. Then W (real [precision R]) is some

W
finite setYof real numbers whichgatisfies following conditions:

a) If O#xeW and O0#y W and x<y and there are no element z of

such that x<z<y, then

1
y=x<=(lx|+|y|)x|=].
2
b) There exists a positive number in W with a sufficiently largce

Semantical MNotions-
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absciute -value.

¢) There exists 2 necative number in. W with a sufficiently large.

absoclute value.

ts 2 rositive number in VYW with sufficiently small

%)

There exis

(o))
~r

absolute value,
e) There exists a negative number in VV with a sufficiently small
absclute value.
(The meaning of the adverb "sufficiently"’is unspecified.)
3.3.3 Let I be an integer..
W(bits [exact I1)is B . if I>0,

2 if I<0,

W (bits [varying I])is B(f’&]f’....“E,I if I>0,

g if T<0,
3.3.4 Let I be an integer.
W (strine [exact I]) is ﬁiI if I>0,

I
Y (string [varying I]) is E(GJC]_U eV o if I50,

3.3.5 W (reference) is (g}~ {{0}]|0=Q}.
3.3.6 Let I be an integer, I' be an integer, and let T be a type.
Then W (array [I:I'1T) is
{{<I,Qi>,<1+l,QI+l>,....,<I',QI'>}IQ16Q,A t(Qi)=T,

for i=I,I+1,....,I'} if I<I',

=
[N

£ I>TI'.

3.3.7 Let n b

[0}

an integer (10); Si be a <selector> different from each

other, and T, be a type for i=1,2,....,n. Then

o (structure (ST, ,....,3 7 i
W\x( Lll’ ’nn—) 1s

[ <8 [a) Q Q n \ - :
{k<ul,w1>,<M2,Q2>,....,<un,wn>}}Oie@\A t(C)i)—Ti . P



3.3.8 Let n be an intecer (>0); T, be a type for i=1,Z
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T be a type. Then w (procedure {(T,,....,7 )7} is the set
{(Vl,....,Vn)E§ 7, is <variable>for i=1,2,....,n ,
i
E is <expression> without <mark> .

"pegin let YV, be
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is a lesal <expression>},
3.4 Implementation Dependent Factors
.When we are concerned with a varticular implementation, It is
usual that not all values are realized in the implementation., So, the
domain of valuesmayberestricted, and biassed in the form of implerenta-

tion dependent. In the following , we use the notation¥, for such an

implementation dependent set, transformed fromWw(M). In each implemen-
tation, modes are classified by the coincidence of the set W, And we
shall dénote the representative of the class, which contains a mode V,
by d(M),

We shall use the folloﬁing notations:
Rl: An (implementation dependent) fixed negative real number with suf-

ficiently larece absolute value. It acts as a proxv in a <real

modifier> of the form Lﬁl:Ez:E3l when E, is absent.

R2: An (implementation dependent) fixed vnositive real number with suf-
ficiently larse absolute value. It acts as a proxy in a <rezal

modifier> of the form [E,:E,:E,] when F_ is absent.
-——a CE®
{'

R3: An (implementation dependent) fixed vositive real number with suf-

ficiently small absolute value. It acts as a proxy in a <real

9]
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modifiers of the form irrecisiorn T uwnen is arcsent,
T1: Arn {imrlementation denendent) “ixed vositive Interer., It acts as
a oroxy in a <hits modifier> of the form [exact I when I is
absent
I2: An (implerentation derendent) fixed positive intecer (usually >I1),

Tt acts as a proxv in a <oit modifiers> of the form [varvine I]

then I is absent.

I3: An {irmrlementation dependent) fixed positive intemer. It acts as
a oroxy in a <strins modifier> of the form [exact Il when I is
absent.

I4: An (imrlementation dependent) fixed positive interer (usually >I3),
It acts as a vroxy in a <strine modifier> of the form [varzing Il
when T 1s absent.

2.5 Projecticns

When a value is assigned for a auantity, it is adjusted (or round-

ed) for the quantity's mode. Let W bhe a value, and let ™ be a mode of
the same type with ¥. "e shall denote such an adjusted value by p(M,W)

N

or r,(W}), and call it "the orojection of ¥ for . Obviously it suffices

that p,("W)e¢¥w,, and o () is not defined if w  =@. Since the setw , is
implementation devendent, =, is implementaticn dependent, too. Sc the

i
followingz directions are not compulsory, thourh the implementors and

users are sugscested to refer to it.,

3.5.1 p(effect,done) is done.

3.5.2 Let " be a mode of real ¢typoe, and let F be a real number,
Tren p(¥,?) is a real rumber in VW ., which is nearest to B.

2.5.3 Let I ze ar interer (>0), and let I be a hit-string,

Temantical Yotions-=P2
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CoCl.. 0 1f I>0 and B ols gy
: R
; T
< =
- -~ —_ - .
0y+e..by 18 I>0 and T ds b,....0  where n=lenzth(R)>I, and
- ii
! oy is Cor 1 for i=1,2,....,10}
. 5 1 1 TN T
\ by....b 0....0 if T>0 and Bis byee.. where n=length(z)<l,
n< b = n
Y
I-n and b, is 0 or 1 for i=1,2,....,n.
3 —— — 3 3 s’

/
% Byse..b 1f I>0 and B is b,....b where n=length(B)>I, and
i b, is 0 or 1 for i=1
i R if I>0 and length(B)<I.
3.5.4 Let I be an integer (20), and let C be a <strine> of the form
‘clcg....cn>

where n=length(C), c:.L is a <basic symbol> for i=1,2,....,n0.

Then p(string [exact I],C) is

j‘cl....cl’ if n>I,

‘ e, ,' * T
{ Cl....Cnu...‘_‘.‘u« if n<T.

—

I-n

p(string [varyine I],C) is

‘cl....cI’ if n>I,
C if n<I.
3.5.5 Let W be a value of reference type.
Then p(reference,W) is V.
3.5.6 Let I be an integzer, I' be an integer >I, and let T be a type.
And let W be a set of the form
{<v,Q,>,<v+l,0 . >,.000,<u,0 >,
where Q. 1s a quantity of type T.

Then p(array [I:I']T,¥) is

-
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j:u then Qf' is Qf, else Ci' is -unspecified, (but
is T)Y for j=I,I+l,....,1"%.
£(M) is structure style, and t(W) coincideswith t(M),
L, W) ds W,
T2 £(M) is procedure style, and t(w) coincides with ¢ (M),

the elaboration, each <variable> is in a state of ability:

er able or irable, and may be changed tc its alternative,
uch abtility of a <variable> V by a(V). If a <variable>

is assoclated with some quantity, which we shall denote

speaking, a <variable> is made inable at the entrance of

and is made able at the end of the elaboration of its
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