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x variable
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// Each node has one visit bit.

// Each pointer has one flip bit.

//

// mark: node pointer x node pointer — unit

// mark(c,p) marks every node reachable from current node ¢ and previous node p.
// Assume the graph is given.

// Assume that initially every mark bit and flip bit are 0.

// Assume that initial call is mark(R,null) where R is the root node of the graph.

mark(c,p) =
c—visitBit =1
if moreToVisit then
let c—next be an unflipped pointer whose target is not visited
?
?
?
mark(tmp, c)
else //no more next to visit from current, then go back to previous
if moreToGoBack then
let p—next be a flipped pointer
?
?
?
mark(p, tmp)
else return
// where
// moreToVisit = exists an unflipped pointer from ¢ whose target is not visited

// moreToGoBack = exists a flipped pointer from p
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n ’(1+1)
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let power x n = if n=0 then 1 else x * (power x (n-1))
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let spower n = if n=0 then ’1 else ’(x * ,(spower (n-1))) in
let pow3 = ’(Ax.,(spower 3)) in
(run pow3) 2 --- (run pow3) 8 ---
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[Now on in English]

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

let =z e e local block

x € Var variables

v € Val = Num + Record values

n € Num numbers

l € Loc locations

r € Record = Var 3 Loc records

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

fin

Notation: A — 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/¢] for {a — 1,b —
2,¢— 3}.
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The semantics rules precisely defines the execution of D expressions; they

define how relations of the form
oMb e= v 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 ezpression 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+ e = v, M')

for some v and M.

[Int] o MFn=mnM

M(o(x)) =wv
oMFx=uv,M

[Var]

ooMFe= v, M I & domM U domM’

[Rec] o, MF{z := e} = {z — 1}, M'[v/]]
[NilRec] oo MF{}={},M
Fiold o MbFe={x—1},M M) =wv
[Field] o, M&Fex= v, M
Assi o Mte=v M o(z) =1
[Assign] o, Mbax:=e= v, M/l
o MtEe = v, M o, M’ ey = vy, M”
[Seq] O',M Fer ; €2 = UQ,M”
et oMb ey = v, M’ oll/z], M'[v1 /1] F es = vo, M I & domM U domM'
e

o, MFlet z e ex = vg, M”

Definition 2 reach(o, M) is the set of locations in M that are reachable from
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the entries in o. It is the smallest set that satisfies the two rules:

1l € reach(o, M) M) ={z—1}
' € 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 (o, 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

Challenge 9 (21, 1]) “SFtlof|R”

Ao =2 7Yy do]&(0Caml, Scala, Rust, Haskell, Python, JavaScript,
Crsld, C#, F# )2 452 4587 T2 & A A2k F47} ofef o2
Ylojele} h2 A rh.
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o2 dEahe £ Dk Zolt 6, 1 TR 1ed dole] Ae
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JeksAL o] =S Baf|A, 927 & Ly J3o] AdiFo] SAY 227t A
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weps w2 T AR ve) ofEetell AL Bg Aol oft. EAL ofe Bstolf TFa
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312k 4ol A T qlof o] Qey.

ifzeee branch

e = n integer
| = identifier
| Azee function
|  fAz.e  recursive function
| ee application
|
|

e+e addtion

(Af.(Az.(f 0) (z 10))) (\y.(Az.x +y) (Az.2)

el

flo] AellA A2 Al ZH7EF =Tl (f 0, 2 10, (f 0) (z 10)) o] 450l oH
I &5 2 A€ vlE dlSste Aot

d
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Al Expression E —
| raise

| try Fhandle E

o] = Javalt ML A Abg-= o 9432 ofn| et gt o, shuto] of =gt 9l
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Aot

omlE vt 2ok ¢4 ErE AR ALt ol o el dwde] EASHA
et B0 Aap7t 919 try-A 9] Ayttt By Aol o< gl 4
SHH, Exyg Atetal Z1 ATt 919 try-2A o] Auprt dnk. Fod M2, o
7} A x| 814 (environment)-2 @A o] (| @A+ A 24l Q]) g o]t}

- 9E =
try interest(e) handle interestzero(x)

& interest® T&JITH o] ZR2A|H7} tHA] divideE T &I
5. dividel A4Fo] Hmgto] 021744 ool 4SBT =S
w0} Ieh T 51,

Case 1: interest(e) & AgYZFo] o eJAtglo| vFAIELA] k1 A =
W IO A 919 4o A9t "ot

Case 2: interest (e) & AdYZo] B zlo] 09 A7} WAstH, RE
Ao TTH AL kR of &4 2] A<l interestzero(x)E A4t
S 5131 1 @971 919) A0] Aot Bk o o xi= try-419) $70]
Sl xofofgit,

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)
ol T2 L2 208 THESH] Hrh

olA], 91} 7*01 olH d e de SMb=2 FEA717] 984, SM5E &
Sfj4] SM5ehE 11QFstal, SMbeh® W Hch= WehS 1195t} SMbeh= 7]&9]
SM55 T2 lﬂ}-r—l— N2 BEal 28 JHol2 Hriste Aoz Aolsta)
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e = x variable
|  Azxe function
| ee application
| n integer
| e+e addition
| ifOeee  branch
| raise exception raise
|

ehandlee exception handling

“raise” = o] QJAFSHS HAIA] 7| = W o], “e; handle ex” = e AFP5ITHr}
o7t TAYEH e APSHA Hrt. e, 9] APFol o7t A=A FOH e
o] gtol XA Ao Axgro] Hrt. “if0” A2 HA A9 gro] 0o|H =4 A&
Al4tstal ob A AlAf A& A4kt
AEE
10 + 1 handle O

((Az.if0 x raise 10) 0) handle 8

((Az.if0 x (raise handle 1) 10) 0) handle 8

(Ax.if0z 1 raise) 1

f=Ar.ifOx raise 2
in

((f 0) handle \x.z) (f 1)
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let

k=M.f (Az.2)
in
((k Ax.x) handle A\z.x) (k Axz.raise)
end
+ WA AQlE A 2ekA] Zstal Aol ghAr] "eEtt
FAAIZE| Th2 ThEFI Al A H] (simple type system)S Estat. 1A g
TE B AlaES Rt 2RO ATl AR EHA g At /v
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QA7) ZFoe 2, T B 24132 (let-polymorphic type inference
rules) 52 o2 WSS Qorlt WHRo| Yk A9 FERIS BE 1) 24

I'HFE:T
I'Fmalloc E : 7 loc

I'HFE:71loc
'H1'E: 71

I'Ei:7loc THEy:T
I'FE| :=E5:T

I'FE,:1m THEy: T
FFEl;EQ:TQ

'FE:7 T'+z:GENp(r)FE 7
'letaz=FEinE : 7

—ezpansive(E)

'-E:7 I'+zx:7+E:7
I'letz=Ein Pk : 7

expansive(E)
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expansive(n) = false

expansive(x) = false

expansive(A\x.E) = false

expansive(Fy Ey) = true
expansive(let x = F1 in F3) = expansive(Ey) V expansive(Es)

910 FHRTE Y 2L e} FE FHL TR o 2L 095 4
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