4541.664A Homework 4
Semantics
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1 C-—-
1.1 Big-step Operational Semantics
M € Memory = Var 23 Val
v € Val = Z
MEn=mn

MEFE =vi ME Ey= v
Mb&E E|+ Ey = v + v

MFE=w
MEF-E= —v

MEC=M

M F skip =M

MEFE=v
MFz:=E= M{zw~— v}
MEC, =M MFECy=M"
M|—01;02:>MN
M+FE=0 MFCy= M
MEFif EC, Cy= M

MFE=v MFC, = M
MEif ECy Cy = M’

MFE=0
MFvwhile EC = M

v#0

MFE=v MFC=M M’I—whileEC:>M”U7é0
M Fwhile EC = M"




1.2 Abstract Machine Semantics

Machine
(S, M, C) € Stack x Memory x Cmd
S — e (empty stack)
| n.S (neZ)
C — € (empty command)
| push(n).C
| add.C
| neg.C
| jmpz(C,C).C
| store(z).C
|  load(z).C
| loop(C,C).C
Translation
[x :=FE] — [E].store(x)
[if E then Cy else C3] — [E].jumpz([Ci], [C2])
[while EC] — [E].1oop([E],[C])
[Ci; C] — [Ch][Ce]
[n] — push(n)
[xf] — 1load(x)
[[El + EQ]] — ﬂEl]]ﬂEQ]]add
[-E] — [FE]-neg
Transition
(S, M,push(n).C) — (n.S,M,C)
(va.w1.5,M,add.C) — (v.S,M,C) (v=v1 4+ v2)
(v.8,M,neg.C) — (—v.5,M,C)
(0.8, M, jmpz(C1,C).C) — (S,M,C,.C)
(v.8, M, jmpz(C4,C).Cy — (S, M,C5.C) (v #£0)
(v.S, M, store(z).C) — (S, M{z—v},C)
(S, M,load(x).C) — (M(z).S,M,C)
(0.5, M,1loop(Cq,C2).CY — (S,M,C)
(v.5,M,loop(Cy,C2).C) — (S, M,C5.C1.100p(Cy, C2).C)

(v#0)



2

C--—-

2.1 Big-step Operational Semantics

o € Env = Var > Addr
M € Memory = Addr Val

v € Vol = Z

NS Addr

o M+-C= M

o,MF skip=M

o MFE=u
oo MbFxz:=FE= M{o(x)— v}

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

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

o MEFE=uv o MFC = M
O',M"ifEClcgéM/

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

v#0

£0

I ¢ Dom M

o MEFn=n

o, MFx= M(o(x))
U7M|_E1:>1)1 O',M"E2:>’Uz
O',MFE1+E2:>’01+’UQ
o MFE =0
oo MF-E= —v




2.2 Abstract Machine Semantics

Machine
(S, M, E,C) € Stack x Memory x Environment x Cmd
S — e (empty stack)
| n.S (nez)
|18 (Il € Addr)
E — ¢ (empty environment)
| (x,0).E
C — € (empty command)
| push(n).C
| push(z).C
| add.C
| neg.C
|  jmpz(C,C).C
| store.C
| load.C'
|  loop(C,C).C
| bind(z).C
| unbind.C
Translation
[ :=E] — [E].push(z).store
[if E then C; else C2] — [E].jumpz([Ci], [C2])
[while EC] — [E].loop([E],[C])
[Cis Co] — [Ch].[C%]
[local z := Fin C] — bind(z).[E].push(z).store.C.unbind
[n] — push(n)
[x] — push(z).load
[E1+ Es] — [Fi].[F2].add
[E] — [Flneg



Transition

(S, M, E, push(n).
(S, M, E,push(zx).
(vg.v1.5, M, add.
(v.S, M, E, neg.

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

) = |
) = |
) =
c) = (-
<0.S, M,E,jmpz(C’l,C’g) C> — <S M E, Cl C>
(v.5, M, E, jmpz(C1,C2).C) — (S,M,E,C>.C) (v#0)
(lw.S,M, E, store.C) — <SM{ZI—)U}EC>
(1.5, M, E,10ad.C) — (M(l).S,M,E,C)
(0.8, M, E,1loop(C1,Cs).C) — (S,M,E,C)
(v.S, M,E,loop(Cl,Cg) C) — (S,M,E,C5.C1.100p(C1,Cs).C) (v#£0)
(S, M, E,bind(z).C) — (S, M, (z,1).E,C) (I ¢ Dom M)
(S, M, (z,1).E,unbind.C) — <S M, E,C)
3 C--
3.1 Big-step Operational Semantics
o € Env = Var ™ Addr
M € Memory = Addr> Val
v € Vol = Z+ Addr
I € Addr

o, M+ C = M

o, M+ skip=M
ooMFE=v
o MFz:=FE= M{o(zx) — v}
oo MFE=v oMFzxz=1
oMt *x := E= M{l— v}
o MECi=M o M&Cy= M
U,MF01;02:>M”
oo MFE=0 o MtFCy= M
o,MFif EC; Cy = M’
ooMF-E=v o MtECy= M
o, M&if ECy Cy= M’
o, M+-E=20
o,M Fvwhile EC = M

ooMFE=v oM-C=M o, M t+vwhile EC = M"
o, M+ vwhile EC = M"

v#0




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

[ ¢ Dom M

o MEFn=n

o, MFax= M(o(x))

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

o, M+ &z = o(x)
O‘,Ml—Eli’Ul 0',M|‘E2:>’U2
o, ME Ey+ Ey = v1 +vg
oo MFFE=wv
o MF-FE= —v

3.2 Abstract Machine Semantics
Machine

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

S = € (empty stack)
| n.S (neZ)

.S (I € Addr)

€ (empty environment)

(x,1).E

€ (empty command)

push(n).C

push(x).C

add.C

neg.C

jmpz(C, C).C

store.C'

load.C

loop(C,C).C

bind(z).C

unbind.C

Q &
- =] —



Translation

[x :=FE] — [FE].push(z).store
[*x :=E] — [E].push(x).load.store
[if E then C; else C2] — [E].jumpz([Ci], [C2])
[while EC] — [E ]]loop([[ 1, ICT)
[Ci; Co] — [Ci]Co
[localz := FinC] — Dbind(x ) [E].push(z).store.C.unbind
[n] — push(n)
[x] — push(z).load
[*z] — push(z).load.load
[&x] — push(z)
[[El + Eg]] — [[El]][[Eg]]add
[-E] — [F]-neg

Transition

(S, M, E,push(n).
(S, M, E,push(z).
(vg.v1.5, M, add.
(v.S, M, E, neg.

n.S,M,E,C)
.S, M, E C) (if (x,1) is the first such entry in E)
vSMEC’) (v =01+ v2)

cy —
c)y —
c)y — |
c) — (-
(0.8, M,E,jmpz(C’l,Cg).C> — (S, M E, Cl C>
(v.8, M, E, jmpz(Cy,Cs).C) — (S,M,E,C5.C) (v #0)
(lw.S,M, E,store.C) — (S, M{l »—)v} E,C)
(1.5,M,FE,10ad.C) — (M(l).S,M,FE, C)
(0.5, M, E,1oop(Cy,C5).CY — (S,M,E, C’>
(v.8, M, E,1o0p(C1,C2).C) — (S,M,E,C5.Cy.1o0p(C,C5).C) (v#£0)
(S, M, E,bind(z).C) — (S, M, (z,1).E,C) (I ¢ Dom M)
(S, M, (z,1).E,unbind.C) — <S M, E,C)
4 C---+
4.1 Big-step Operational Semantics
M € Memory = Var=3 Val
v € Vol = {}+Z
T € Exn
T € Result = Val+ Ezn

MFC=r M

M & skip= - M

MFE=v
Mtz :=FE= v, M{z— v}




M©Cy =4, M
MECy; Cy=>1, M
MF01:>1},M/ M’FOQ:>T,MH

M"Cl;CQZ>T,MN

MFE=0 MFCy=r M
MFifEC, Cy=r, M
M+-E=v MFC,=r M

M}—ifEClc’2:>r,M’

MEFE=0
MFwhile EC = - M

M+FE=v M-C=v M M Fvwhile EC=r, M"
M+ while EC = r,M"

M-E=v MFC=1M
M b while E C =1, M’
MEC, =M MECy=r,M"
M+ try C; handle Cy = r, M"
M}_Cl i’l},M/

M + try Cy handle Cy = v, M’

v#0

v#0

v#0

M F raise =1, M’

MbEn=n

MbExz= M(x)

MbEFE =1y MEE,= vy
MEFE; + Ey = v+ vy

MEFE=v
MbF-FE= —v

4.2 Abstract Machine Semantics
Machine

(S, M,C, H) € Stack x Memory x Cmd x HandlStack



S — € (empty stack)
| n.S (neZ)
1S (I € Addr)
C — ¢ (empty command)
| push(n).C
| add.C
| neg.C
|  jmpz(C,C).C
| store(z).C
| load(x).C
|  loop(C,C).C
| sethndlr(C,C).C
| gethndlr.C
| freehandlr.C
H — ¢ (empty handle stack)
| (S,C).H
Translation
[x :=FE] — [FE].store(x)
[if E then Cy else C3] — [E].jumpz([Ci], [C2])
[while EC] — [E].loop([E], [C])
[Ci; Co] — [Gh].[C7]
[try Cq handle C3] — sethndlr([Ci], [C2]).freehandlr
[raise] — gethndlr
[n] — push(n)
[x] — load(z)
[[El + EQ]] — [[El]].[[Eg]].add
[-E] — [FE]-neg
Transition
(S, M,push(n).C,H) — (n.S,M,C,H)
(vgvlSMaddC HY — (vS,M,C, H) (v="v1 4 v2)
(v.S,M,neg.C,H) — (—v.S,M,C, H)

(0.8, M, jmpz(C4,C5).C,H) — (S,M,C,.C, H)

(v.8, M, jmpz(C1, C3). C’,H) — (S,M,C5.C,H) (v #£0)
(v.S, M,store(z).C,H) — (S, M{z~—v},C H)
(1.5,M,load(x).C,H) — (M(z).S,M,C,H)

(0.8, M, loop(Cy,C).C,H) — (S,M,C,H)

(v.8, M, loop(Cy,Cs).C,H) — (S, M,C5.C1.100p(C1,C2).C, H)
(S, M,sethndlr(C1,C3).C,;H) — (S ,M,C,.C,{S,C5.C)::H)
(S, M, gethndlr.C, (', C")::H) — (S',M,C", H)

(S, M, freehndlr.C,(S’,C"):H) — (S,M,C,H)



