!'_ HI5& A|SHEI A (Semantics)
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o|plzel B8

= Operational Semantics

. T2 =X UFE FO

= Denotational Semantics

= I 182 20| =+ iz 82

= Axiomatic Semantics
m L )SHO| AlZ AEHQ EE MEHE =2|& &
(assertion) EEHE &H 9



=24 A|CHE! 2 (Operational Semantics)

Jl= OOICIOf
= Z=_ 182 20I(2™)E éJE 0| BFO2 &Y
« 2t 2% SOICH AEH 0| & O
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Ct.

Gl Al

y:=1,

while (x '= 1) do (y := x*y; X := x-1)
yOol 1 B A
X 8x 0] 10| Ol K| & Al
il—OI

DP"OIE’E| yeis X st @My gl
Xat 1 &2
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i—?—a\ all,

Stmt S 2 x = E;

. T
= h e lnt SHIN
m B if Ethen S
= X € Var if Ethen S else S
s A while Edo S
= E e Exp read id
print E

Expr E > n | x| true | false
|E+E|E-E|E*E|E/E
|E==E|E<E|E>E|!E

Prgm P = S
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{alaE AV acEB}

X [ + [0A
© o @

= {(a,b)] a €A N bEB}

b if x = a
fla » b](x) = f(x) otherwise
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s AEH SOIA B 3t

s S(X) >
- B AL = sy -]
s’ (X) _{ 5(x) ifx!=y



AL Al O |OH:”

Tl
« =2 EQ| 20|

s RN SOIA ==& ES| &)

] [E]S

= S={xrl,y» 3}

= [X+y]s =4
= AFEH sOﬂ/H =4 EQ| O[]

= [true]s = [false]s = F

m :n]S =N

s [X]s = s(X)

= [E1 + E2]s = [E1]s + [E2]s

= [E1 ==E2]s = T if[El]s == [E2]s

F otherwise



= 2| 2]0]

s =2 SO 9]
s =& SOLAE sE 2= HBAIZILE
= 2FEH & O[(state transition)cty) StLF,
n (S, S) — S’
xn 2B & O[(State transition)
= (s5,S) = s’ where S
« S is the initial state

= SIS a statement

= s’ is the final state s’
s S&F A|QHEA
. 2t 2T SOICHAMEY WOl RE HO
n L JEHO OI0|E AMEY MO &= AYSH].
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x4 F2 P

(- —

X parent Y

X ancestor Y

a parent b

X ancestorY Y parentZ

X ancestor Z

b parent c



‘L M 0] & (Transition Relation)

= Assignment (s, x := E) —» s[x » [E]s]

= skip (s,skip) — s

m Seguence (s,S1) > s’,(s’,S2) > s’
(s,S1;S2) » s’

| If—then—E|Se (S, S]) —> S’ if [E]S:T

(s, if Ethen S1 else S2) —» s’

(s,S2) > s’
(s, if Ethen S1 else S2) —» s’

if [E]s = F



Ol 1

X =1;

y = 2;

if x >y then max =x;
else max =y;

sO ={}
(sO,x=1) > sl sl ={xP 1}
(sl,y=2) > s2 s2 ={xP1,ypP 2}

(s2,if x>y ...) >s3 [x>y]s2=F
(s2, max=y) > s3 s3 ={xP 1,y 2, max"r 2}



X 0| R

= Wwhile

(5,S) > s, (s’,whileEdoS) > s urec=T
s, while Ed0 S) > & HiEk

(s, whileEdoS) > s if[E]s=F

= read
READ n
(s, read x) = (s[x » n])

= Print
PRINT [E]s
(s, printE) > s




Ol 2

read x;

y=1;

while (x '= 1) do (y = x*y; x = x-1)

sO ={1}

(sO, read x) — sl sl ={x*" 3}

(sl,y=1) > s2 s2 ={x"3,yP 1}

(s2, while ...) > &7 [X 1= 1]s2=T
(s2,y =x*y; X = x-1) > s3 s3 ={xP 2,y 3}
(s3, while ...) > &’ X 1= 1]s3=T

(s3,y =x*y; Xx =x-1) >s4 s4={x~1,y" 6}
(s4, while ...) > s” [Xx I=1]s4 = F

s" = s4
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‘L INF=PU NSRS

= Variable x © Locations in Memory
s 1] EH%

s H20 RS EHP(scope)
L )ed MK

» B x2 20|
= [X]s = s(x) 22 /XN HdEE g (r-value)
s (s, X =E) > s[x»[E]s] UH=Z2 ?Xl(l-value)
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H A MO

Syntax
S—> ...

| let x = ein S end
| letint x = ein S end

Example
letx =1 in
lety = 2 in
X =X + vy end;
let x =5 in
X=X+ 1end;
X =X%*2
end
Semantics
s Hpr x= dHE =25 WO A B

0l xJI 24 location= L}E}

-

TT

LH
=

(=)
Al
T

ot L.
ULE.



i == (Blocks)

= Pascal
= procedure or function

= C, C++, Java
« { ...}

= Ada

= declare
begin ... end

= ML

= let...in ... end
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=
00
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= Variable x « Locations in Memory
= 1:n0UiS

= X > loc]
= X > loc2
= X > loc3
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AL
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g
il

Jb LIEtUW = locationO] (i Ji OI2 =2

A
T
==9| |ocation 8 &2} & Ro}C}.

= Environment

s 2 HED) D2 I = location(address)= =&

m O € Env = Var — Loc

Memory
» 222 AKX HEE S 5

O L BA =

= ME Memory = Loc — Value
&)

State = Var — Value



419l el
= Env o, Memory MOIAM =4 EC| 2|0

s O,MUI A =24] EC| gt
[E]o,M

s O={xrl,yr L}
s M= {Il "’2, |2 g 3}
[X+ylo;M = [x]o;M + [ylo;M = M(c(x)) + M(o(y))= 2+3
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A2 210

= Env 0, Memory MOl A ==4! EC| 2|[]

‘true]loM =T [false]lo;M = F

n]Jo;M = n

x]o;M = M(a(x))

E1 + E2]o;M = [E1]o;M + [E2]o:M

E1 == E2JooM = T if [El]o;M == [E2]o;:M

F otherwise
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‘L M 0] & (Transition Relation)

= Assignment (o;M, x = E) > M[o(x) » [E]o;M]

m sSeguence (oM, S1) > M, (o;M’, S2) > M
(o:M, S1;S2) > M’

(o:M, if E then S1 else S2) > M’

(o:M, S2) > M’

if [E]o:M =F
(o:M, if E then S1 else S2) > M’ tElo




@O| _Fr'.il

= Wwhile

(o;M, S) > M’, (o;M’, while Edo S) > M”
(o;M, while Edo S) > M” if[EloM=T

(o;M, while Edo S) > M if[EloM=F

= read
READ n
(o:M, read x) - (M[o(x) » n])

= print
PRINT [E] o;M
(o:M, print E) > M




M0l A=

1

= let...in... end

(o[x » I:M[l » v], S) - M’  where new |, v=[E]o;:M
(oM, letx =EinSend) > M

o:M

elet 22 LHOIN &0
SE 4l

- t& EZ0A S




Example

let x = 1 in
lety = 2 in
X =X + Yy end;
let x = 5 in
X =X+ 1 end;
X =X%*3
end
u 00:{} Mo:{}
s 0, ={xrl} M, ={l, »1}
s 0, ={xrl, y~L} M, ={l,»1,1,»2}
s O3 =0, =1{xrl} M; ={l,»3, 1,72}
s 0, = {xrl} M, ={l,»3,,1,~2, |;»5}
m O =03 =0, ={xrL} M. ={l, »3, |, »2, |5 »6}
m Og =0 =03=0, ={xrL} M, ={l,»9, |, »2, |, 6}






L AlA &

Syntax
S—> ...

| let proc f(x)

- SinSend

| call f(E)

Example 1

let sum = 0 in

let proc add(x) : sum = sum + X in
call add(9)

end
end

Semantics
= 0|2 f=
s O|E f=

LH il A 2F

= otLt.
AMHE LIEHHE

.

HU



soto] REHY

+

Ot
=
S

= WOl A

mEL= A

|(Static scope)
&
=

doieEl S=2 490l 2 Al

|(Dynamic scope)

(@)
T
=20
[ i —

UL

A
T

S EctE

= Old Lisp2t SNOBOLUI Al At=E

(=)

HE=0 et =

/éla



Example 2

let x = 0 in
let proc add(y) : x = X + yin
let Xx = 2 in
call add(9)
end
end
6 end



| — T OlEt_

s I d=BF=2 Z2A|H4 0|5 &g
= Env=Id — Loc + Proc
s FEct(Ha,2) 0|0l Uist 38

Proc
= Proc=ZZ2AI4 &E

= Proc=Var xS (OH OH

oLt L2 AlX

= proc f(x): S,

s <X,S;> & Proc =Var xS
= f»<x,S,>inanenvo



L= AIM 80| 73

= Dynamic Scope
n IZAINH & L 8tE(0)2 B3 o[f»<x, S,>1

= 0O
= -
» SEHH SEE SEO)UA Z2AIM 2 S, = & &etl.

= Proc
(o[f »<x, S;>I;M, S,) > M’
(o;M, let proc f(x): S, in S, end) > M’

(o[x » I;M[I »v], S;) > M where new |, v=[E]o;M
(o:M, call f(E)) > M’ if o(f)=<x, S;>




Example 1

0
]
2
3
4

let x = 0 in
let proc add(y) : x = X + yin
call add(9)
end
end
Og = { } IVIO - { }
0, = {x~l} M, = {l, »0}

0, = {x rl;, add »<y, x=x+y>} M, = {l, »0}

Oadd_entry - {X |—>|]’ add "o Y" |2} IVladd_entry - {Il HO’ |2 ~9 }
Oadd_exit - {X Hl]’ add >, YP |2} IVladd_exit - {|1 99! I2 ~9 }
03 =0, = {x~l;, add »...} M; ={l,»9,,»9}
0, = 0, = {x~l;} M, ={l,»9,1,»9}



L= AIM 80| 73

= Static Scope

« TZAN AOIS U 8 H(0)S HIRD o'[fr<x, S,, 0') >]
« Ol &S SHH(G )T EH HESHCE.
» SECH HE SHO)NAM T2AIN 22 S, 2 ASEHC.

s Proc

(0’[f»<x, S,, 0'>I:M, S,) > M’
(0’;M, let proc f(x): S, in S, end) > M’

(@’'[x » II;M[l » v], S;) > M’ where new |, v=[E]o;M
(o;M, call f(E)) > M’ if o(f)=<x, S1,0’>




Example?2

let x = 0 in
let proc add(y) : x = x + y in
let x = 2 in
call add(9)
end
end
6 end
= Op = { } Mo — { }
m o, = {x~l} M, = {l, »0}
0 = {x »l,, add »<y, x=x+y, 0,>} M, = {l, F>O}
m = {x~l,, add » ...} M; ={l,» 2}
- Oadd_entry - {X '_)Il’ add SETEVI e |3} I\/Iadd entry {I 2’ |3 ~9 }
- Oadd_exit = {X HII’ add T Y" |3} I\/Iadd _exit {I 2’ |3 ~9 }
m 0,= 03 ={x*~l,,add » ...} M, = {l, 9I 2I »9 }
m O = 0, = {x~l;, add »...} M. = {l, »9, I 2 ;9 }
m Og = 0, = {x~l;} M. = {l, 9I 2, 1,791}
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s HE N HdAGH=I?
HAIE & AH: Pascal,C, C++, Java, ...
SAE &A: Lisp, partly in FORTRAN
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= Algol, Pascal, Modula, Ada, C, ...



o] E=
—l = T

void p (void)

{doubler, z; /*po 2= */
X =2
y = 0;
X +=1;

}

}

int x;

double y;

main()

U inti, j; /* main 25 Ul */

.-



Ada =5

declare x:integer;

y: boolean;
begin
X =2,
y := true;
X = X+1;



o] =3
|

Pascal®

program ex; (* main =21 & %)
var x: integer; (* 8<% & *)
procedure p; (* 8 & *)
var y: boolean; (* p L2 &1 *)
begin
if x = 2 then begin ... end;
end;
begin (* main *)
(*HdAHE = QS )

HA O

end. (* T2 *)



2HA LHO| & O

publlc class IntWithGced

private int value; /*value 2E X|g & */

public int intValue() /* intValue A= X HSH */
{
return value;
J
public int gcd(int v) /*gcd HIMAE XS A1 */
{
J
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25

Ol: C A2 =

+

OFOIC| ]
» AIE2 & & A (Declaration before use)

SH Al
s W

ION

Al

MHr
oin
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ok
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Ok
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e
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gr

bl =
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int X;

void q()

{ double z;

}

main()

{ intw[10];

< T

N O

main



shal OFOICI O
» HH0 RS EHP=E HdOE =5 W
Ol Al
B1: declare
X: integer;
y: boolean;
begin
X = 2;
y := false;
B2: declare
a, b: integer;
begin

if y then a := x;
else b := x;
end if

end B2;

end BI;
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= 0150l 2l0lote HatS Mote A
« OIS0 W2t /X, 27|, BolE &
- Bl A 2L, HAS, OET
= 0|52 20

= 2l0lot= tatoll Sl 28 =L

time

= execution time



XX 5+ /HIQI

O T —_ O

= 8& 2AH(Static Environment)
AWM BWEE o) Flold= 24 AEUHMN F=8t

« A8 Hield 32 & = KXlolOF etLt.
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35 &&/8reld Ul

letx =1 in
lety = 2 in
X =X + Yy end;
let x = 5 in
X =X+ 1 end;
X =X%*3
end

Og = {}
0, = {x»<int, |,>}

0, = {x»<int, |,>, y»<int, |,>}
0; = 0; = {x »<int, |,>}
0, = {x»<int, |,>, x »<int, |;>}

0. = 05 = 0; = {xr<int, |,>}
Og = O = 03 = 0, = {x»<int, |,>}



34 & /81eld 02

0
1
2
3
4

let int X = e in
let proc add(y): "V X = X + y in &
call add(9)
end
end

Og = { }

o, = {x »<int, |,>}

Oadd_entry = 1X ”<int, l;>, add »<proc, int, void>,y» <int, |, >}
O.dd exit = 1X »<int, |,>, add »<proc, int, void>}

0, = {x »<int, |,>, add »<proc, int, void>}

0; = 0, = {x »<int, |,>, add »<proc, int, void>}

0, = 0, = {x »<int, |,>}



=& H2IY(Dynamic Binding)
s A AIZH) O|2 & 5O S,
= 0|80]| 90|ole HAO| S8 o=2 HHE
= Java Cil K|
C x;
if (...) x = new C(); /* memory allocation */
else x = new C1(); /* C1 is a subclass of C */
x.m(...); /* method dispatch */
s SHEOZ HIQIEE = A2 201012
= xJI 2l0|ot= A
= mO| 2l0|ol= CHA



biol'E A2t Ml= st

AN &2l AlZ2H(Language definition time)
= boolean, true, false, char, integer,maxint

AN & AlZ2t(Language implementation time)
= integer, maxint

A0 AlZ2HCompile- time)

23 /=& AlZ2HLink/load time)
= external definition/the location of a global variable

AlsH Al Z2HRuntime)
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