
Challenge Set I

SNU 4190.310, 2006 ���̀¦

s� F�g��H

Due: 12/18 10:30

ô�Ç ë�H]j���̧ �̀¦���Ér ²ú��̀¦ ]jØ�¦ô�Ç ��|ÃÐ�Ér þj7áx $í
&h�s� �©�5px½+Ëm���.

Challenge 1 (1 éß�>� �©�5px)“S80 = SM5 + GC”

SM5 Bj�̧o�\�"f��H Áºô�Çy� ú́§�Ér Dh�Ðî�r ÅÒ�è�� Ò�r5Åw�̀¦ Ãº \O���.

s�]j, SM5_�Bj�̧o���H 8K(213)>h_�ÅÒ�èëß�e�����¦
���. 0A_�ë�H]j\�"fÅÒ

#Q��� �̧Ñýt Sm5\�¦ >ps#Q �¦5g"f, malloc½+É ��s	כ �8s��©� \O��̀¦ M: Bj�̧o�\�¦ F��Ö̧6 x


���H �<ÊÃº gc\�¦ �©��ÃÌô�Ç��. 7£¤,

(S,M,E, malloc :: C,K) ⇒ (l :: S,M,E,C,K) new l

s� ��A�ü< °ú s� ����â
|̈c �:���s	כ

(S,M,E, malloc :: C,K) ⇒ (l :: S,M,E,C,K) new l, if |domM | < 213

(S,M,E, malloc :: C,K) ⇒ (l :: S,M ′, E, C,K) recycled l, if |domM | = 213

0A\�"f M ′�Ér Eü< K\�¦ :�xK�"f M_� Bj�̧o�×�æ\�"f ��6 x|̈c Ãº e����H ÂÒì�rëß��̀¦ ��

t��¦ ��r� ½̈$í
ô�Ç Bj�̧o��� �)a��. s��Qô�Ç {9��̀¦ 
���H �<ÊÃº gc\�¦ ½̈�&³ô�Ç��:

gc : SM5 → Memory

Bj�̧o� F��Ö̧6 x �<ÊÃº gc��H �&³F�_� SM5 l�>� �©�I�\�¦ ~ÃÎ��"f, ·ú¡Ü¼�Ð ]X���H½+É Ãº

e����HBj�̧o�ëß��̀¦çß�ÆÒ�9"f[�t�9ï�r��. �<ÊÃº gc��Hz�́]j ½̈�&³�Ð���s̀���çß�éß�
���.

�&³F� Bj�̧o�\�"f p�A�\� ��6 x½+É ÂÒì�rëß��̀¦ �̧Ü¼��� |̈c �.���s	כ 2

Challenge 2 (1éß�>� �©�5px) “Concurrent GC”
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Bj�̧o� F��Ö̧6 xs� @/�©� áÔ�ÐÕªÏþ��̀¦ "3�ÆÒt� ·ú§�¦ ���'��|̈c Ãº e����. áÔ�ÐÕªÏþ�

z�́'���Ér z�́'��@/�Ð, Bj�̧o� F��Ö̧6 x�Ér F��Ö̧6 x@/�Ð "f�Ð 1lxr�\� ���'��½+É Ãº e����.

:£¤y� CPU�� ¿º >h����� Õª ¿º>h�� z�́F��Ð�̧ 1lxr�\� ��0px
�>� �)a��. s��Qô�Ç ·ú�

�¦o�7£§s�Õª1lxîß� ú́§s����½̈÷&#QM®o��HX<, s�]jq��Ð�è¾º½̈�� ��6 x½+ÉÃºe����H 8̈�

�â
\� &h�6 x|̈c M:�� ÷&%3��� (“Dual-Core CPU!”).

“Concurrent GC”����H v�0>×¼�Ð �'aº�� ���½̈�7Hë�H�̀¦ ·ú����Ð�¦ &ñ
o�K�"f o��í

àÔ�Ð ]jØ�¦ô�Ç��. Survey�7Hë�H�Ér ½̈�̂&h�s�#Q�� 
��¦, |̈c Ãº e��Ü¼��� ú́§�Ér �7Hë�H�̀¦

�̧Ü¼�¦ �̧��ô�Ç Êê &ñ
o�K��� ô�Ç��. ACM s��� IEEE Digital Library, Google

Scholar1px�̀¦:�xK�"f~1�>��ÃÐÒ�o�̀¦r����½+ÉÃºe���̀¦�.���s	כ ���ø@�̧Z�}�Ér���½̈���õ�

[þts�µ1Ï³ð÷&��H/BM�Ér"î
}©�e����H$�V,�s����<Æ�r[þts���. ACM Symposium on Prin-

ciples of Programming Languages, ACM Symposium on Programming Language

Design and Implementation, ACM Symposium on Memory Management1pxs��'a

º�����½̈��µ1Ï³ð÷&��HáÔo�p�#Q�<Æ�r[þts���. Õª�<Æ�r[þt_��<Æ�r2�¤(proceedings)\�¦

+'t�>� |̈c �.���9�m}	כ
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Challenge 3 (2éß�>� �©�5px) “SX����
���”

Bj�̧o� F��Ö̧6 xl�(garbage collector)��H �̀¦���Ér��?

y©�_�\�"f�7H_�ô�Ç@/�Ð,��1lxBj�̧o�F��Ö̧6 xl�(garbage collector)_�"é¶o���Hs�

XO�_þvm���:

• "é¶gË:: áÔ�ÐÕªÏþ�_� ���'���̀¦ "3�ÆÒ�¦ ��"f, t��FK��t� ½+É{©��)a Bj�̧o�×�æ\�"f

p�A�\� ��6 x½+É Ãº e����H Bj�̧o�\�¦ ]jü@
��¦ �� Qt���H �̧¿º F��Ö̧6 xK��� ô�Ç

��.

• ��z�́: F��Ö̧6 x�̀¦ ¢-a���
�>�(��ä¼o�t� ·ú§�¦) ½+É Ãº e����H ~½ÓZO��Ér \O���. e����

��� Õª��� F��Ö̧6 xl�\�¦ s�6 xK�"f Halting Problem�̀¦ Û�¦ Ãº e��l� M:ë�Hs���.

• �ª��Ð: Õª�Q��F��Ö̧6 x�̀¦îß����
�>���H(��ä¼o���H��Ére��Ü¼��)½+ÉÃºe����H~½Ó	כ

ZO��Ér e����. �ã¶�¦
�m�,

? z�́'��½+É d�� E_� �&³F� 8̈��â
(environment)Ü¼�ÐÂÒ'� �&³F�_� Bj�̧o�\�¦ :�xK�

����\�¦ Ãº e����H �̧��H ÅÒ�è[þt�Ér ·ú¡Ü¼�Ð E\�¦ z�́'��×�æ\� ��r� ��6 x|̈c ��0px$í


s� e����. s���þtëß]	כ NS�¦ F��Ö̧6 x
���. 7£¤, ÕªXO�>� K�"f ����\�¦ Ãº \O���H Bj

�̧o� ÅÒ�è[þt�Ér, õ���\� ½+É{©�÷&#Q"f ��6 x÷&%3�Ü¼�� ·ú¡Ü¼�Ð_� E\�¦ z�́'��
�

��HX<��H ��6 x÷&t� ·ú§�̀¦ ��s	כ ì�r"î

�Ù¼�Ð, F��Ö̧6 xK��̧ �)a��.

�̧��H �&³@/ ���#Q[þt_� Bj�̧o� F��Ö̧6 xl���H 0A_� ~½Ód��Ü¼�Ð ½̈�&³÷&#Q e��_þvm���

(Java, ML, Scheme, Haskell, C#, Prolog, etc.)
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s���� ņq]j\�"f��H 0A_� ÅÒ�©� ? �� �̀��Ért�\�¦ SX����
���H �.���9�m}	כ

0A_� ��z�́s� #Qb�G>� %3�x9�ô�Ç &ñ
o�(theorem)�Ð ³ð�&³÷&��Ht�\�¦ ¶ú�(R�Ðr�l� ��

³1Ñm���. Äº���, Õª &ñ
o�\�"f ��6 x
���H 6 x#Q\�¦ &ñ
SX�y� &ñ
_�K��� ½+Ëm���. áÔ�ÐÕª

Ïþ��Ér #Q�"� ���#Q�Ð ùß� áÔ�ÐÕªÏþ��̀¦ ú́�
���Ht�, áÔ�ÐÕªÏþ�_� z�́'��(semantics)�Ér Áº

%Á	���t�, 8̈��â
\�"f ����\�¦ Ãº e����H Bj�̧o���H Áº%Á	�̀¦ >pw
���H t�\� @/ô�Ç &ñ
_�[þt.

@/�©� áÔ�ÐÕªA�bç
 ���#Q��H D ����H ���#Q�Ð ½+Ër���. D áÔ�ÐÕªÏþ� z�́'��_� &ñ
SX�

ô�Ç &ñ
_���H ��A�ü< °ú _þvm���.

[Now on in English]

e ::= n integer

| x variable

| {x := e} record

| {} nil record

| e.x record field

| x:=e assignment

| e;e sequence

| let x e e local block

x ∈ Var variables

v ∈ Val = Num + Record values

n ∈ Num numbers

l ∈ Loc locations

r ∈ Record = Var
fin

→ Loc records

σ ∈ Env = Var
fin

→ Loc environments

M ∈ Memory = Loc
fin

→ Val memories

Notation: A
fin

→ B is the set of functions from a finite subset of A to B. Let

f be a function {a 7→ 1, b 7→ 2}, then we write domf for the domain {a, b}

of f . We write f [2/a] for a new function {a 7→ 2, b 7→ 2}, and f [3/c] for

{a 7→ 1, b 7→ 2, c 7→ 3}.

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

define how relations of the form

σ,M ` e ⇓ v,M ′

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

vironment σ and memory M .”
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Definition 1 (Expression’s semantics/execution) An expression e’s exe-

cution is defined to be the inference tree for (σ,M ` e ⇓ v,M ′). If there is no

such σ,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 (∅, ∅ ` e ⇓ v,M ′)

for some v and M ′.

[Int] σ,M ` n ⇓ n,M

[Var]
M(σ(x)) = v

σ,M ` x ⇓ v,M

[Rec]
σ,M ` e ⇓ v,M ′ l 6∈ domM ∪ domM ′

σ,M ` {x := e} ⇓ {x 7→ l},M ′[v/l]

[NilRec] σ,M ` {} ⇓ {},M

[Field]
σ,M ` e ⇓ {x 7→ l},M ′ M ′(l) = v

σ,M ` e.x ⇓ v,M ′

[Assign]
σ,M ` e ⇓ v,M ′ σ(x) = l

σ,M ` x := e ⇓ v,M ′[v/l]

[Seq]
σ,M ` e1 ⇓ v1,M

′ σ,M ′ ` e2 ⇓ v2,M
′′

σ,M ` e1 ; e2 ⇓ v2,M
′′

[Let]
σ,M ` e1 ⇓ v1,M

′ σ[l/x],M ′[v1/l] ` e2 ⇓ v2,M
′′ l 6∈ domM ∪ domM ′

σ,M ` let x e1 e2 ⇓ v2,M
′′

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

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

σ(x) ∈ reach(σ,M)
l ∈ reach(σ,M) M(l) = {x 7→ l′}

l′ ∈ reach(σ,M)

Now the correctness of the garbage collector idea hinges on the following

theorem.

Theorem 1 In the inference of (σ,M ` e ⇓ v,M ′), the set of used (read or

written) locations in M is included in reach(σ,M).

The proof of the theorem needs the following lemma:
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Lemma 1 If (σ,M ` e ⇓ v,M ′) is infered, then reach(σ,M) ⊇ reach(σ,M ′)∩

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. 2
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