Big Step Semantics



State

state = heap x locals

locals = vname — val

heap = addr — obj

obj = chame x fields

flelds = vname x chname — val

Example state:
([7 — (B, [(F,B) — Addr 1]),
5+— (C, [(F,C) — Bool True, (F,B) — Intg 5])],
[V — Nul ])

Is this state “welformed”?
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Question

What is the key difference between our abstract state and
some concrete representation in memory?
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Variable names

S :: State
| ::locals
h :: heap
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Abbreviations

true = Val (Bool True) false = Val (Bool False)
addra = Val (Addr a) null = Val Null
unit = Val Unit




Expression evaluation

Transition format:
Pt (es)= (e's)

where €'is fully evaluated: a value (or an exception)
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Evaluation rules
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Val and Var

P (Val v,s) = (Val vs)

IV =|v|=PF (Var v,(h 1)) = (Val v,(hI))



Note

Semantics is defensive

Example: (Var V ,(h,l)) can only evaluate if V € dom |
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Field access

[P - (e,s0) = (addra,(h,1));

ha=[(C,fs)]|;fs (F,D) = [v]]
— P - (e.F{D},sg) = (Val v,(h,1))



Binary operations

[P = (e1,s0) = (Val vy,s1);
P I (e,s1) = (Val vy,s9);

binop (bop, vi,vs) = |Vv]]
— P I (e <bop> es,s0) = (Val v,ss)



new

new-Addr h =
if 3a. ha = None then | SOME a. h a = None | else None

init-fi elds :: ((vname X cname) X ty) list = fi elds

init-fi elds = map-of o map (A(F, T). (F, default-val T))

[new-Addr h = |a];

P |- C has-fi elds FDTSs;

h'=h(a— (C, init-fields FDTs))]

— P I (newc,(h, l)) = (addra,(h’,1))



Cast

P (e,s0) = (null,s1) =
P (Cast Ce,sg) = (null,s1)

[P F (e,s0) = (addra,(h,1));
ha=|(D,fs)|;PFD=*C]
— P |- (Cast Ce,sg) = (addra,(h,1))



Variable assignment

P (e,s0) = (Val v,(h 1)) =
PH(V:=e;sp) = (unit,(h, (V= V)))

In Java: Val v instead of unit.

Problem:
I1f (b)Vi:=e;elseV,y:=¢e

Would not be type correct in Jinja if type(V 1) # type(V ).



Field assignment

[P (e1,50) = (addr a,s1);

P (eg,51) = (Val v,(hy, 12));

hoa=|(C,fs)|;fs'=fs((F,D) —v);

hy'=ho(a— (C, fs’))]

— Pt (e;.F{D}: =eg,s0) =
(unit,(hs’, 15))



Method call

[P F (e,s0) = (addr a,sy);

P I (ps,s1) |=] (map Val vs,(hs,l2));
hya=[(C,fs)];

P - C sees M: Ts—T = (pns, body) in D;

lvs| = |pns|; 15" = [this — Addr a, pns [—] vs];
P = (body,(ho, 12")) = (e',(hs, 13))]

—> P I (e.M(ps),sg) = (e’,(h3, 12))



P (es,s) |=] (es’s’)

Evaluate es from left to right:
P (l.s) =] (ls)

[P F (e,s0) = (Val v,s1);
P I (es,s1) |=] (es',so)]
—> P |- (e-es,sg) [=] (Val v-es’;so)

Why Val v and not just e”?
Because of exceptions (later).



| ocal variable

P <eo,(h0, |0(V — None))> — <61,(h1, |1)> —
P <{VZT; eo},(ho, |0)> — <61,(h1, |1(V =y V))>



Seqguential composition

[[P = <eQ,So> = <Va| V,Sl>;
P (e1,51) = (e2,59)]
— P I (eq; e1,50) = (e€2,59)



Conditional

[P F (e,s0) = (true,s1); P I (e1,s1) = (e’s9)]
—PF(if (e)e el seeysy = (e'sy)

[P F (e,sg) = (false,s1); P F (e9,51) = (e’,s9)]
—PF(if (e)e el seeysy = (e'sy)



While loop

P - (e,s0) = (false,s1) =
P (whi | e (e) c,s0) = (unit,s;)

[P F (e,sg) = (true,sq);

P (c,51) = (Val vi,s9);

P (whil e (e)c,s2) = (e3,53)]
— P I (whi | e (e) ¢,s0) = (e3,s3)



Digression: simultaneous inductive definitions

Pr(es)= (e’s’yand P I- (es,s) [=] (es’s’) are defined
simultaneously:

P+ (es)= (e’s’)uses P I (es,s) [=] (es’,s’) and
Pt (es,s)[=] (es’s’) uses P I (e,s) = (e’s’).

Consequence: simultaneous rule induction:

Pr{es)=(e'sh"—=R;Pese’s’
P (es;s)= (es’'s)=— Ry, Pesses’s’

must be proved simultaneously.
Slight complication: property R, is auxiliary and needs to be

determined. Usually R, i1s Ry lifted to lists.
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Example: Final expressions

flnale =3v.e =Val v
finals es = 3vs. es = map Val vs

Lemmallf P (e,s) = (e’s’) then final e’.
If P+ (es,s) [=] (es’,s) then finals es’.

Proof by simultaneous rule induction.
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