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[Now on in English]

let =z e e local block

e = n integer
| variable
| {x := e} record
| {3 nil record
| ex record field
|  xz:=e assignment
| e;e sequence
|

x € Var variables

v € Val = Num + Record values

n € Num numbers

l € Loc locations

r € Record = Var3 Loc records

c € FEnv = Var™ Loc environments
M € Memory = Loc=3 Val memories

Notation: A 23 B is the set of functions from a finite subset of A to B. Let f
be a function {a — 1,b +— 2}, then we write domf for the domain {a,b} of f.
We write f[2/a] for a new function {a — 2,b — 2}, and f[3/c] for {a — 1,b—
2,¢c— 3}.

The semantics rules precisely defines the execution of D expressions; they

define how relations of the form
o, MFe=uv M

to be inferred. The relation is read “expression e computes value v under envi-

ronment ¢ and memory M.”

Definition 1 (Expression’s semantics/execution) An expression e’s exe-

cution is defined to be the inference tree for (o, M+ e = v, M'). If there is no

such o, M,v, and M’, then the expression has no meaning, no way to execute.
In particular, program e’s execution is the inference tree for (0,0 F e = v, M’)

for some v and M’'.



[Int] o MFn=mnM

V. M(o(x)) =wv

[Va] oo MFz=uv,M

R ooMFe= v, M I & domM U domM’

[Rec] o, MF{z := e = {z — 1}, M'[v/]]

[NilRec] o M-{}={},M

Field o MbFe={x—1},M M) =wv

[Field] ooMFex= v, M

Assi o Mte=v M o(z) =1

[Assign] oo MbFz:i=e=v,Mv/l
ooMbFe =v, M o, M’ F ey = vy, M”

[Seq] O’,M"@l ; 62:>?)2,M”

et o, MbF e = v, M oll/x], M'[v1 /1] & e2 = vo, M" I & domM U domM'

e

o, MElet © e ex = v9, M”

Definition 2 reach(o, M) is the set of locations in M that are reachable from

the entries in o. It is the smallest set that satisfies the two rules:

l € reach(o, M) M) ={z—1}
I € reach(o, M)

o(x) € reach(o, M)
Now the correctness of the garbage collector idea hinges on the following
theorem.

Theorem 1 In the inference of (o, M e = v, M'), the set of used (read or

written) locations in M is included in reach(o, M).
The proof of the theorem needs the following lemma:

Lemma 1 If (o0, M F e = v, M') is infered, then reach(c, M) 2 reach(c, M')N
domM .



Both the proofs of the theorem and the lemma can be done by induction on

expression e. You are challenged to complete the two proofs. O
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expansive(E)

expansive(n) = false
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expansive(Fy Ey) = true
expansive(let x = F1 in F3) = expansive(Ey) V expansive(Es)
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let procedure bar(x) =

( let procedure k(n) = if x-n = O then raise else x+n



in k(x) )
procedure choo(x) = x+x

procedure foo(x) = try bar(x+1) handle choo(x)

in write foo(10)
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