Challenge Set
SNU 4190.310, 2024 Spring
Kwangkeun Yi
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Challenge 1 (194 AA%) “ZW”
Let ® be a finite set of inductive rules. Let M be the intersection of all
d-closed sets:
M = ﬂ{X | X is ®-closed}.

Let W be the union of sets X;’s:
W:U&
ieN

where
Xo = 0
Xn+1

I
&
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Prove that M =W. O

Challenge 2 (394 A%) “&FH II-M”
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o BFQ] A| A HEl(simple type system)2 2t
Q1 AlAHH (eager evaluation) O 2 A3 &= lojo|ct.

e = n integer
x variable
Ax.e function
ee application

ifOeee application
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refe memory allocation
e:=e assignment
le dereference
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Challenge 4 (294 AA%) “AAHTZE2] H|-L”
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SMo] AL HE T olg 7 Eelideh. g4 call WRolst A o
bk, K (continuation) THEo] §4:7F BT Ads S 8-S Folzrch
(v (x,CE) = S, M, E, call:(C, K)
= (S, Mv/l], (x,1): FE, ', (CE): K
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procedure f(x) = if x<0 then 1 else f(x-1)

AN, AALE £(x-1)0] B Foll & L2 oFF AL itk AAeEt &

A 2E32 B A ool ol Al 2 Es 24 AT E (tail-recursive
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Challenge 5 (274 /4<) “Concurrent GC”

A ARl 2R AP E Fote SHAEA FeT AA T AlET AR
w9 ol w2t Ao 28 A 714 %%@. At

2] Aggo] iy =1y 11 el g 4= Qe 213y HeY
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g9 w7} =t (Multi-Core CPU).
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Challenge 6 (2©H74] %) “ddx} 12€”
) w0} oht BalAYE 1ATE deloR wobd, 1 pelolx e
T Qe RE LEE58 035k g, o]Zo] Mark-and-Sweepo|Lt Stop-
and-Copyh= WA o g2 w&2 S &8 off et 7]& <zlo|n.
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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

9] ZEofM "ast wWrels Al /He] W (c, p, tmp), 123 =9} EQ
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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
|  x:=e assignment
| e;e sequence
|



x € Var variables

v € Val = Num + Record values

n € Num numbers

l € Loc locations

r € Record = Var 3 Loc records

o € FEnv = Var3 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}.

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

define how relations of the form
oo MFe= v, M

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

ronment o 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] ooM+-n=nM

M(o(z)) = v

[Var] ooMbFx=v,M
R o M&Fe= v, M 1 & domM U domM’
[Rec] o MEAz = e}y={z—1},M/]
[NilRec] o MF{}={}, M
Field o MbFe={x—1},M M'(l)=w
[Field] o M&Fex= v, M
Assi o Mte= v, M o(x) =1
[Assign] o, Mbx:i=e= v, M/l

o M&Fe =uv, M o, M’ es = v, M”
[Sed] o, MFEe; e = vy, M”
Let] o MbEe =uv,M oll/x], M'[v1/I] & ea = vo, M" 1 ¢ domM U domM’
e

o, MFlet © e ex = vo, 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}
' € 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 (0, M 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 8 (1THA] A4<5) “HThe]E”
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ifzeee branch

e = n integer
| =z identifier
|  Azee function
| fAzxe recursive function
| ee application
|
|

e+e addtion

=2
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Aot Aot 2 Aok 1 HetEo] B HAAS AL & 4 oW =y
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| raise

| try Ehandle F
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e try I handle E, &= ool A2 41 At 9]0] A1 B9 gl A
3} otz itk o, el elakatol AT A9 B2 AWSIEE Fuld L
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SHR, £, AMela 1 23} 919 try-49] Ax} Hek Folg de, B
7} A Bl = 87 (environment )-2 @A 2] (| A4S &2 Al9]) A o|tt.

try interest(e) handle interestzero(x)

2 interestE S&%IT) o] TZA|A7} tHA] divideE S &AL
Skt dividew AntSoll EREEo] 09174-% d o= HAAN7 =5
sJolgieka 54
Case 1: interest(e) & APFo| e dgfo] TAYstA] ¢ A &
T 1 Ak} 9)9] Ao Aulr} =t
Case 2: interest (e) & APFof| BEgto] 091 747} WHAslH, e
Aol THEIL ZHE QA e A2l interestzero(x)E A4t
sl W13 1 29} 919 €] 37} Hek. of v xis ery-412] 870
UE xofofettt.
- FoE 9=

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)
9ol T2 L2 208 THESH] Hoh
oAl f1¢F Zol HFoH A dFS SMsE FFA717] fIshA, SM5S 2
3|4 SMbehE 119tstal, SMbch2 Hddt= WehS F1etstat. SMbchy 7]&9]
SM5E5 It 2 W1 Q2 FE2W A2 PPolE 7ot 2 o= oot
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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)

((k Az.x) handle Az.x) (k Azr.raise)
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Challenge 11 (3%HA 45) “H28= A%

| 12 2] HF-3-A] (imperative operations) &< H5F A&=2U7F?

ol = A=54 A4 (eager evaluation) © 2 AP =)= Fr} dojolrt. w =g
FPEEY AP oo ¢l Sl HAlolnt.
e = = variable

Ax.e  function

ee application

|
|
| refe malloc
| e:=e assignment
|

le dereference
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Challenge 12 (204 A%) “0f L let-

oFe Ehel A AT
AT ZFoJst 2, o) Bl 2512 (let-polymorphic type inference
rules) 5.8 H2E] $H-g orlt WHRol gl A¢ el wE v 24
Fiek
I'FE:T
I'Fmalloc E : 7 loc
I'HFE:71loc
I'FY'E: 7
I'FFE;:7loc TTHEy: T

I'HE:=FEy: 7T

F"EliTl F"EQZTQ
F"El;EQZTQ

'FE:7 T+a:GENp(r)F E:

I'letx=FEin E’: —ezxpansive(E)
'tE:7 T'+ax:7HE: .
I-letz=EinE : 71 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)

slo) FHHL} o) $27 Y F2 FAL DAL o F2 olf& At

ofuf, |2 BHE F2 o] Sk AL FHT WAt GAE, 712 Aoz
EFAIA A QAR B m2 o] AR AR BAIHE
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