4541.664A Homework 3
Semantics

Sungkeun Cho, Yongho Yoon

Exercise 1

Structural Operational Semantics

‘ Semantic Domain ‘

v € Val = B
Inference Rule
1 = false
T = true
C=vw
-C =l

01:1)1 CQ:UQ
x C1 Cy = v1 A vy

01:>’()1 02:>1)2
+ C1 Cy = v1 Vg

C1:>v
@0102:>U
Cy=wv
®CCy =0

C. = true Ci = vy
® C. C; Cf = Ut

Ce = false Cy = vy
® C, C; Cf = vy




Evaluation Context Semantics

’ Semantic Domain ‘

’ Evaluation Context ‘

x v K
+ KC
+v K
e KC
o CK
QK CC

Rewriting Rule

K[C] — K[
C —

1

T

-

X U1 V2

+ v1 V2
GvC

@ Cuo

Q® true C1 Oy
® false Cy Co

false
true
lo

V1 N\ Vg
V1V Vg

Cy
Cy

R A AN

Transition Semantics

’ Semantic Domain ‘

Inference Rule

v € Val = B

1 — false

T — true
C =
-C—=-C
-v—=lo

Cl—>C{
xCngﬁxC’{Cg




C — '
xvC —= xvl

xvv = vAV
Cl—)Ci
+CL Cy =+ C Cy

c—=C
+vC —=+ovl

+vo oV
Cy— Cf
DCLCy—dCCy
Cy — CY
DCLCy—dCy O

dvC—v

eCv—v

C — '
®CC,Cr—®C CCf

® true Cy Cy — Cy

® false Cy Cy — Cf

Exercise 2

Evaluation Context Semantics

Semantic Domain

r € Var = Program Variable
v € Value = 7Z
M € Memory = Var =3 Value

Evaluation Context ‘

r:=K

K;C

done ; K

if K then C else C
while K C

K+ F

v+ K

K — ]
|
|
|
|
|
|
|
| -K



Rewriting Rule

(M,C) = (M',C")
(LK[C]) — (M. K[C
(M E)— (M,FE)
K[E]) = (M, K[E']
(M, x := v) —  (M{z — v},done)
(M, done ; done) — (M, done)
(M,if v then C else Cy) — (M,C1) (v#£0)
(M,if 0 then Cy else Cy) — (M,Cy)
(M,while0C) — (M, done)
(M,whileg v C) — (M,C; while EC) (v#0)
(M, vl+v2) = (M,v) (v=wv1+vg)
(M, -v) — (Mv') (v'=-v)

Abstract Machine Semantics

Semantic Domain

T
v
M

€ Var =
€ Value =
€ Memory =

Program Variable
Z

Var 23 Value

(S,M,C) € Stack x Memory x Cmd

S — e
| n.S
C — ¢
|  nop.C
|  push(n).C
| add.C
| neg.C
| jmpnz(C,C
| )-C
| C
| C).C

)-C

store(z
load(x).
loop(C,

(empty stack)
(neZ)
(empty command)



[skip] — nop
[x :=FE] — [FE].store(x)
[if E then Cy else C3] — [E].jmpnz([Ci], [C2])
[while EC] — [E].loop([E],[C])
[[Cl ) CQ]] — [[Cl]][[CQ]]
[] push(n)
[[El + EQ]] — [[El]][[Eg]]add
[-E] — [FE]-neg
(S, M,nop.C) — (S,M,C)
(S, M,push(n).C) — (n.S,M,C)
(vg.01.5,M,add.C) — (v.5,M,C) (v="v1 4 v3)
(v.8,M,neg.C) — (—v.5,M,C)
(v.8, M, jmpnz(C4,Cs).C) — (S,M,C,.C) (v #£0)
(0.8, M, jmpnz(Cy,C3).C) — (S, M,C5.C)
(v.8, M, store(z).C) — (S, M{z—v},C)
(S, M,load(x).C) — (M(x).S,M,C)
(0.8, M, loop(Cy,C5).CYy — (S,M,C)
(v.8, M, loop(Cy,C3).CYy — (S, M,C5.C1.100p(C1,Cs).C)

Exercise 3

Structural Operational Semantics

Semantic Domain

Addr
Env

Memory
Val

< S a
MMM M

o M+-C= M

= Var 3 Addr

Addr 23 Val
= 7+ Addr

o, M+ skip=M
oo MFE=v

o, MFz:=FE= M{o(x) — v}
oo MFE=v oMFzxz=1I

oMb x*z:=FE= M{l— v}



oMFCi =M o MEFCy=M"
o, M+=Cy; Co= M"

ocoMFE=0 o MFCy= M
o MFEifEC, Cy = M

o MEE=uv o MFC = M
U,M"ifE01C2:>M/

oo M+FE=0
o,MFwhile EC = M

ooM-E=v oM-C=M o,M Fwhile EC = M"
v
o,M while EC = M"

oo MFE=v ofz—I},M{l—v}-C=M
o,Mtlocalz := EinC = M’

v#0

£0

[ ¢ Dom M

o MEn=n

o, MFx= M(o(x))

o Mbz=1
o, M b xx = M(I)

o, M+ &z = o(x)
O‘,Ml—Eli’Ul 0',M|‘E2:>’U2
o, ME Ey+ Ey = v +vg
oo MFFE=wv
o MF-E = —v

Transition Semantics(Small-Step Operational Semantics)

Semantic Domain ‘

S Addr

o € Env = Var x Addr list
M € Memory = Addr= Val

v € Val = Z+ Addr

lookup € Env — Var — Val
lookup : find the foremost binding of x in o

o(x) = lookup o x



|(M,0,C) = (M, 0, C")

(M, 0,skip) — (M, o, done)

(M,0,E) = (M, 0, E')
(M,0,2 := FE) = (M,0,2 :=E')

(M,0,z :=v) =» (M{o(x) — v}, o,done)

(M,0,E) = (M, 0, E)
(M,o,%xx := E) — (M,o0,*x := E')

(M,o,*x :=v) = (M{M(o(z)) — v}, 0,done)

(M,0,Cy) = (M',0',CY)
(M7U7 Cl ; 02) — (M/7O'I,Ci ; CQ)

(M7 g, done ; CZ) — (Ma g, 02)

(M7 U’ E) % (M7 0-7 E/)
(M,O', if £ Cl 02) — (M,O', if B’ 01 02)

v#0

(M,O', if v Ol CQ) — (M,(T,Cl)

(M,O’,if 0Cy OQ) — (M,O',Cg)

(M,0,while E C) = (M,0,if E (C ; while E C) (done))

(M7 0-7 E) — (M7 0-’ El)
(M,0,localz := EinC) — (M, 0,local z := E' in C)

(M,0,1localz :=vinC) = (M{l — v}, (x,1) :: 0,C ; 1done) L ¢ Dom M

(M, (x,1) :: 0,1done) — (M, o, done)

|(M,0,B) = (M',0", E')

v=n

(M7 0—’ n) - (M7 o—’ v)

(M, 0,2) = (M, 0, M(0(z)))

(M,o,*x) — (M,0, M(M(c(x))))

(M,0,&x) — (M,0,0(x))

(Ma UaEl) — (Mvav Ei)
(M,O’,El +E2) — (M7J,Ei +E2)




(Ma ag, EQ) —

(M, o, E})

(M,o,v+ Ez) —

(M,o,v+ Ej)

(M,J,’Ul +’U2) —
(M,0,E) —

v =101+ V2

(M, 0,v)
(M,0,E")

(M, o,

-E)—

(M,O',_E/)

(M,0,-v) =

Abstract Machine Semantics

v = =0

(M, o,v")

(S, M, E,C) € Stack x Memory x Environment x Cmd

S — €

| n.S
.S
€
(x,0).E
€
push(n).C
push(z).C
add.C
neg.C

E
C

store.(C
load.C

|
%

|
%

|

|

|

|

|

|

|

|

| bind(x).C

| unbind.C

E]

[[*x = E]]
[if F then C; else (9]
[while E C]
[C15 Co]
[Local x := F in C]

AN

[n]
[2]
[*z]
[&x]

[E1 + E5]
[-E]

A A A A

(empty stack)
(neZ)

(I € Addr)

(

empty environment)

(empty command)

jmpz(C, C).C

loop(C,C).C

ush(x) store
h(x).load.store
umpz([C1], [Ca])
p([E], [C])

I
x).[E].push(z).store.C.unbind



Transition

(S, M, E,push(n).C

(S, M, E,push(z).C
(va.v1.5, M, add.C

(v.S, M, E,neg.C

(0.5, M, E, jmpz(Cy,C5).C
(v.8, M, E, jmpz(C1, Cs).C
<lUSME store.C

(1.5, M, E,10ad.C

(0.5, M, E, loop(Cth) C
(v.8, M, E,1oop(C1, Cs).C
(S, M, E,bind(z).C

C

)
)
)
)
)
)
)
)
)
i
(S, M, (x,1).E,unbind.C)

A

(n.S,M,E,C)

(I.S,M,E C’) (if (x,1) is the first such entry in E)
(vSMEC) (v =101+ v2)

(—v.S, M, E,C)

(S, M, E,C,.C)

<SMECQO> (v#0)

(S, M{l — v}, E,C)

(M(1).8, M. E,C)

(S,M,E,C)

<S M E Cg Cl 100p(01,02) C> (1} 7é 0)
(S, M, (x,1).E,C) (I ¢ Dom M)

(S M, E,C)



