SNU 4541.574 Programming Language
Theory
Note 2

Prof. Kwangkeun Yi



=
29

7z

Qo

LS

e ER

o] u] - % (semantics)

Style 1:
Style 2:

=299 on =
L ELEELE

=
[§]
il

™ (proof)

o] (transition)



]

=299 A






C — skip

E
iftECC

T =






cC — &
| zFE
| ECC
| CC

E n (neZ)
EFE
-F

|
|
ol FA 7kA H ek 2 ol A7



28 v

v
ko
18
i

v

v

v
-4
v

v

v

)

s. A& <2

SRR

L

X (abstract syntax)
ws o ARESHE A
74z 2298 R E
Z (concrete syntax)
T3]

1344 A

Bl

[
BN oo
i m{o

o fu
-

K %o N © M
to o,

:Hf:,[:[n
> R
ol:o_L]
FI'F

S

L feic)

> lo
E
rl

=2
>
N
2‘4_14
j@,
1o,
-
N
i
o
Iz
-



3
A A ol
1 =
H(co
ncrete s
ynta
x)

?

Th
cn
no

JJo

)
no

()



T A A Q1 & (concrete syntax)
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Style 1: Z2 739 on| = 5

structural operational semantics,

natural semantics, relational semantics

» 59 37 2 (inference rule): Z 213 FZut) 3y o] A

(M, skip, M) (M,z := E,M’)

(M,Cl; CQ,M/) (M,ifECl CQ,M/)

(M,while E C, M)
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£ H = O 2 (big-step operational semantics)

fin

M € Memory = Var — Val
v € Val = 7Z

M- skip = M

M~FE=v
Mtz :=E= M{z v}

MEC, =M, Mb&ECy= M
MF01;02:>M2




MFE=0 MFCy= M
MFif ECy Cy = M’

MFE=v MtFC, =M
MFif ECy Co = M’

MEFE=0
MbEvwhile EC = M

M+-E=v MFC= M Mll—whileEC:>M2v7é0
M+ while E C = M,

v#0




MbEFn=n

M&Eax= M(x)
MEFE =v, MEE,= vy

M&EE+ Ey = v+ v9

MFE=v
MF-FEF=—v




C"e:txz=1;y:=x+1

{z—1}Fz=1 {z—1}F1=1
0h1o1 olra+ise

Pra:=1={zx—1} {r—1}Fryi=c+1={z—1y—2}

P-C={z—1ly— 2}



22 W2 O = (small-step operational semantics)

YT C8F A4 e oul= (WEE MAAA), 22 H
ZE
(M’ C) - (Mlacl) (M()ae) - (Mlael)
(M1,C1) — (M, C2) o (My,e1) —  (Ma,eg)
(M,,Cy) — (M’ done) (M, em) — (M",0)



M € Memory = Var 2 Val
v € Val = 7
¢ — | done

(M, skip) — (M, done)

(M,E) — (M, E')
(M,z :=FE) — (M,z := F')

(M,z :=v) — (M{z — v},done)

(M7Cl) — (M/,Ci)
(M701 ) 02) - (M/7Ci 5 CQ)

(M, done ; Cy) — (M, C2)



(M, E) — (M, E')
(M,if E C CQ) — (M,if E 02)

(M, if 0 C} CQ) — (M,Cl)
n#0

(M,if n Cy Ca) — (M, CY)

(M,while E C) — (M,if E C ; while E C skip)

(M, z) — (M, M(x))

(M, Ey) — (M, Ey)
(M, Ey + E) — (M, E} + E3)
(M, Ey) — (M, Ej)
(M, vy + E3) — (M,v; + Eb)

(M, v1 +vg) — (M, v1 + v2)



rz:=1;,y:=x+1
N~ e —
Cq Cs

(0.2 :=1; Cb) — ({z — 1}, done ; C5)

({LU = 1},done ) 02) - ({1‘ = 1}702)

{r—lpz+1) - ({z—1}1+1)
({z=1},C) = ({r =1}y :=1+1)

(fo 11+ 1)~ [z~ 13,2)
(fom1hy = 100) = (o 1Ly = 2)

({z =1}y :=2) — ({2 — 1,y — 2},done)
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W I 2 E 53l A (evaluation-context

semantics)
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done ; K
ifKCC
while K C
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CEA 22 7] 5 A (rewriting rule) ol 23l 7 2]
> THA] & 22 THA] 21 511

(M, C) — (M, C")

(M, K[C]) — (M, K[C"])

(M, E) — (M, E')
(M, K[E]) — (M, K[E])
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(M,z :=v)

(M, done ; done)
(M,if 0 C; C9)
(M, if v C1 Cy)
(M,while 0 C)
(M,while v C)
(M, vy + v9)
(M, -v)

(M, 2)
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M{x — v},done)
M, done)
M, Ch)
M, C5)
M, done)

M,C ; while E C)
,0) (v =01+ v2)

MU)
M, M(x))

(v #0)

(v#0)



ri=1;y:=x+12 &n]:
0,z :=1) — ({z — 1},done)

0, [x :=1]; y :=x+1) - ({x— 1},done; y :=x + 1)

e

rlo



{z—1}2) » ({z— 1} 1)

({x — 1},done; y :=[z] +1) — ({x — 1},done; y :=1+1)

e

rlo



{r—1}1+1) - ({r—1}2)

({z — 1},done; y :=[1+1]) - ({z+— 1},done; y :=2)

e

rlo



{x— 1}y :=2) = ({x +— 1,y — 2}, done)

({z — 1},done; [y :=2]) — ({x — 1,y — 2},done ; done)

e

rlo



({z — 1,y — 2},done ; done) — ({x — 1,y — 2}, done).
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E > n|E+E|-E

7Veel 717 3H

(S,C) € Stack x Cmd



(S,n.C) — (n.S,C)
(S,Ey1 + Eb.C) — (S, E1.E.+.0)
(S,-E.C) — (S,E.-.C)
(ng.my.S,+.C) — (n.S,C) (n =mn1 + no)
(n.S,-.C) — (—n.S,C)
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(S, push n.C')
(n.S,pop.C)
(n1.ny.5,add.C')
(n.S,rev.C
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— (S,C)

— (n.S,C) (n=mn1+ny
— (=n.S,C)

EEECIE T



[n] = pushn
[Ey + B3] = [Fi].[E:].add
[-E] = [E]rev

BEEE R EIOE IS

(e, [E]) = -+
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C — skip
| z:=F
| C;C
| ifECC
E — n (neZ)
|
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E+F

(S, M, C) € Stack x Memory x Cmd
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S, M,C5.C) (v #0)
S, M{xz — v},C)
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