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Grammar for instructions

inst ::= PUSH — n | ADD | MULT | SUB | TRUE | FALSE

inst == EQ | LE| AND | NEG | FETCH — x | STORE — x
inst ::= NOOP | BRANCH(c,c) | LOOP(c, c)
c = ¢€linst:c
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Abstract machine configuration

(c,e,0) € Code x Stack x State
Code = Inst*
Stack = (ZUB)*
State = Var - Z
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Abstract machine transition

c,e,o)>{(c €, o
) )

Programming Language Theory 2009 F11-4




Operational semantics Operational semantics
<AND c,bi:by: > > <C,(b1/\b2) >
(PUSH—n:c,e,o) > (c,N[n]:eo) <NEG-c,b.e,a> > (c,(=b): eo>
(ADD : ¢,z1 i zp:e,0) 1> (c,(z1+2):e0) (FETCH —x:c,e,0) > (c,(0x):e0)
(MULT :c,z1: 2z : ea>l><c,(21*22) e,o) (STORE —x:c,z:e,0) > (c,eolx— z])
(SUB:c,z1:z0:e,0) > {(c,(z1—2z):e,0) (SUB:c,z1:2:e,0) > (¢, (z1—22):e0)
( TRUE : cea> > (c,tt:e o) (NOOP : c,e,0) > (c,e0)
( FALSE : Ce0'> > (c,ff e o) (BRANCH(c1,¢) :¢c,b:e,o) > (c1:c,e,0) if b=tt
(EQ:c,z1:z0:e,0) > (c,(z1=2):e,0) (BRANCH(c1, ) :c,b:e,o) > (e :c,e,0) if b=AHf
(LE :c,z1 : 23 : ea) > (c,(z1<2):e,0) (LOOP(c1,2):c,b:e,o0) >
(c1: BRANCH(c, : LOOP(c1, c2), NOOP) : c,e, o)
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Execution function Compiler types
CA € Aexp — Code
/ H * !
M[e]o = o if (c,e,0)>* (e, e,0") CB € Bexp — Code
undefined otherwise CS € Stm — Code
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CA
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CA[n] = PUSH —n

CA[x] — FETCH — x

CAJa1 + a2] = CA[az] : CAJa1] : ADD
CAla1 * a2] = CA[az] : CAJa1] : MULT
CAlar — a2] = CA[az] : CAJa1] : SUB
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CB
CB[true] = TRUE
CBlfalse] = FALSE
CB[[al = 32]] C.Al[az]] . CA[[al]] : EQ

CB[[al < 82]] = C.Aﬂaz]] : CA|[81]] LE
CBIIbl A bz]] = CBIIbQ]] : CBl[bl]] : AND
CB[—-b] = CB[b] : NEG
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CS
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CS[skip] = NOOP
CS[x := &] = CA[a] : STORE — x
CSl[Sl; 52]] = CSl[Sl]] . CSl[Sg]]

CS[if b then S; else Sy] = CB[b] : BRANCH(CS[S1],CS[S2])
CS[while b do 5] = LOOP(CBJb],CS[S])
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Semantic function

Sam € Stm — (State — State)

Sam[S]o = M(CS[S])o

Sam[S] = M(CS[S])

Sam=MoCS
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Correctness

Theorem.

Sns = Sam
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Proof

By

Lemma. (CA[a],e,0) >* (€, Ala]o, o) B
Lemma. (CB[b],¢,0) >* (¢, B[b]o, o) B

Lemma. If (S,0) — o then (CS[S],€,0) >* (€,¢6,0")
|

Lemma. If (CS[S],¢,0) >F (€, e,0") then (S,0) — o
ande=¢ Nl
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