
Homework 6

SNU 4190.310, 2017 ���̀¦

Kwangkeun Yi

Due: 11/25(Sat), 24:00

s���� ņq]j_� 3lq&h��Ér:

• E�e�¦��\�"f��|½ÓÙþ¡~��
�0A���#Q��1lx���%i�l�Õüt�̀¦�<HÃºs�,X�Ðl�. (:£¤Z>�ô�Ç

l�Õüts� ��_���̀¦ ����¦ �����y���̀¦ ��t�l�)

• áÔ�ÐÕªÏþ�d��_� z�́'��í�H"f\�¦ áÔ�ÐÕªÏþ�\� ×¼�Q?/��H ���8̈�l�\�¦ ëß�[þt#Q �Ðl�.

• |ÃÐ��>�íß�ZO�_� ×�æ§4��Ý¶\�"f n�������)a ���#Q_� z�́'��l� ¢-a$í

�l�.

Exercise 1 (50pts) “SM5 Rozetta”

�̧Zþt±ú�õ�°ú �Ér Apple��_�µ1Ï���\�Ùþ�d��%i�½+É�̀¦ô�Ç�èáÔàÔJ?#Q×�æ
�����l�>�

#Q���%i�(binary translation)l�Õüt1s�%3���. 2005�̧�E�e�¦s� PowerPCáÔ�Ð[j"f\�

"f InteláÔ�Ð[j"f�Ð°ú�������H�������̀¦ô�Ç��. °ú �ÉrK� 6�Z4\� Apple’s World Wide

1
&ñ
SX�
�>���H “z�́'��×�æ l�>�#Q ���%i�”(dynamic binary translation) l�Õüt.
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Developer Conference\�"f ú̧�Û¼�� Rosetta����H �èáÔàÔJ?#Q l�Õüt�̀¦ �è>hô�Ç��:

�èq����� Dh�Ðî�r E�e�¦]j¾¡§�̀¦ ½̈B�K��̧ PowerPC\�"f ���1lx
�~�� \V��� �èáÔàÔJ?

#Q\�¦ ��Áº ë�H]j \O�s� jþt Ãº e��>� K�ÅÒ��H l�Õüts�%3���.

s� Rosetta �èáÔàÔJ?#Q_� �'p����Ér E�e�¦s� q�x9�o�\� Transitive����H �r��

�ÐÂÒ'� ½̈{9�ô�Ç l�>�#Q ���%i�l�%i���. {©�r� Transitive����H %ò
²DG �±p�̂Û¼'�\� �:r��

\�¦ é�H ��ÅÒ ����Ér �$�5g�r�� %i���.2

s���� ņq]j��H s��Qô�Ç ���%i�l�\�¦ SM5\� @/K�"f ëß�[þt#Q�Ð��H �.���s	כ SM5 áÔ

�ÐÕªÏþ��̀¦ Sonata áÔ�ÐÕªÏþ�Ü¼�Ð ���%i�
���H ���%i�l�s���.

Sonata�� SM5ü< ���Ér &h��Ér ��6£§õ� °ú ��. s�ü@\���H �̧¿º °ú ��.

• Sonata��H SM5 ÂÒ¾¡§ ×�æ\�"f K(“continuation”) ÂÒ¾¡§s� \O���:

(S,M,E,C).

2Transitive����H Õª Êê IBM\� ���Ãº|̈em���. {©����y� �7H~½Ó$3�\� ·ú¦��¤��xt¹כ�, Õª �r�� ���½̈"é¶[þtõ�

[O�wn������ F'p�̂Û¼'� @/�<Æ_� Alasdair Rawsthorne�§Ãº1px.
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����"f, SM5\�"f KÂÒ¾¡§�̀¦ |	�×¼§4�~�� call "î
§î
_� _�p�ü< ���"î
§î
ë�H_� _�

p���H Sonata\�"f��H ��6£§õ� °ú ��:

(l :: v :: (x,C ′, E′) :: S, M, E, call :: C)

⇒ (S, M{l 7→ v}, (x, l) :: E′, C ′)

(S, M, E, empty)

⇒ (S, M, E, empty)

• Bj�̧o���H Û¼×þ�\� $��©�½+É Ãº e����H °úכ[þt�̀¦ �̧¿º $��©�½+É Ãº e����. 7£¤,

S ∈ Stack = Svalue list

M ∈ Memory = Loc → Svalue

#��Qì�rs� �¦îß�½+É �,�Ér	כ ë�H]j\O�s� [�t������H SM5 �ï×¼\�¦ ~ÃÎ��"f Sonata �ï×¼�Ð

���8̈�
���H �<ÊÃº

rozetta: Sm5.command -> Sonata.command

\�¦ ���$í

���H �.���9�m}	כ �̧Ñýt Sm5ü< �̧Ñýt Sonata��H ]j/BN|̈em���. 2

Exercise 2 (60pts) “·ú¡Ü¼�Ð ½+É {9� ×¼�Q?/l�”

áÔ�ÐÕªÏþ�_� _�p�½̈�̧(z�́'��õ�&ñ
)\�¦ ¶ú�(R�Ð���, B� d������ Õª d��_� >�íß�s� =åQ

����� ½+É {9�s� Áº%Á	���t� ���&ñ
÷&#Q e����. \V\�¦ [þt#Q ��6£§_�  »	!lrd���̀¦ Òqty��K� �Ð

��:

e1 + e2

d�� e1õ� e2_� >�íß�s� =åQ����� ·ú¡Ü¼�Ð ½+É {9��Ér Áº%Á	�����? ¿º ���õ�°ú̀�כ¦ ��4R����

�8
���H �.���s	כ s� ½+É {9��̀¦ �<ÊÃº�Ð ³ð�&³½+É Ãº e����. “¿º ���õ�°ú̀�כ¦ ��4R����”

��H �<ÊÃº_� ������Ð ~ÃÎ��H �Ü¼�Ð	כ ³ð�&³½+É Ãº e���¦, �<ÊÃº ?/ÂÒ\�"f��H s� �����\�¦ ��

t��¦ ·ú¡Ü¼�Ð ½+É {9��̀¦ ³ð�&³
���� �)a��. s���� �<ÊÃº &ñ
�̧�� ÷&t� ·ú§�̀¦��:

λv2.v1 + v2

#�l�"f v1�Ér d�� e1_� ���õ�\�¦ ~ÃÎ�Ér �������. ¢̧��H, �8ô�Ç ���õ�\�¦ ��t��¦ ½+É{9�s� �<Ê

Ãº κ�Ð &ñ
K�4R e�������, s���� �<ÊÃº &ñ
�̧{9� �:���s	כ

λv2.κ(v1 + v2)

{9�ìøÍ&h�Ü¼�Ð y�� d������ Õª d��s� >�íß��)a Êê ·ú¡Ü¼�Ð ½+É {9��Ér �<ÊÃº��. Õª d��_�

���õ�\�¦������Ð~ÃÎ��H�<ÊÃº��. s�����<ÊÃº��Õªd��s�>�íß��)aÊê·ú¡Ü¼�Ð½+É{9�s���.
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s�]jáÔ�ÐÕªÏþ�_� �̧��Hd������Õª����<ÊÃº – “·ú¡Ü¼�Ð½+É{9��<ÊÃº(continuation)”

– \�¦ Òqty��
����"f z�́'��í�H"f\�¦ ×¼�Qè­q Ãº e����. �̧��H d��[þt�̀¦ ���8̈�K�"f, y�� d��s�

>�íß��̀¦ =åQ?/�¦ ���'��K��� ½+É “·ú¡Ü¼�Ð ½+É {9� �<ÊÃº”\�¦ Õª d��_� ������Ð ~ÃÎ��"f >�

íß��̀¦ ���'��
���H +þAI��Ð Ë̈x9� Ãº e����.

s���� ���8̈��̀¦ “CPS(continuation-passing-style)-���8̈�”s����¦ ô�Ç��.3 "é¶A� d��

�̀¦ e, CPS-���8̈��)a d���̀¦ e���¦ æ¼�¦ ¿º d��_� 	�s�\�¦ ��{9� YU6\�\�"f �Ðs���� ��6£§

õ� °ú ��:

e : Int

e : (Int → Result)→ Result

"é¶A�d��_� ���õ��� &ñ
Ãº(Int)�����, ���8̈��)a d���Ér &ñ
Ãº\�¦ ~ÃÎ��"f þj7áx ���õ��Ð �Ð?/

��H p�A�(Int → Reult ��{9�_� ·ú¡Ü¼�Ð ½+É {9� �<ÊÃº)\�¦ ~ÃÎ��"f þj7áx ���õ�(Result)\�¦

?/ Z�~��H d��s� �)a��.

0A_�  »	!lrd���̀¦ CPS-���8̈�
���H ½©gË:�Ér ��6£§õ� °ú ��:

e1 + e2 = λκ. e1(λv1. e2(λv2. κ(v1 + v2)))

0A\�"f ������Ð ~ÃÎ��H κ��  »	!lrd��s� =åQ���¦ ·ú¡Ü¼�Ð K��� ½+É {9��̀¦ ³ð�&³ô�Ç �<Ê

Ãº(continuation) s��¦, e1\� ���²ú�÷&��H

λv1.e2(λv2.κ(v1 + v2))

�Ér e1s� z�́'���)a Êê K���½+É {9�s��¦, e2\� ���²ú�÷&��H

λv2.κ(v1 + v2)

�Ér e2�� z�́'���)a Êê K���½+É {9�s���.

����"f,áÔ�ÐÕªÏþ� e\�¦ CPS-���8̈�ô�Ç���õ� e\�þj7áx½+É{9�(λv.v)\�¦~��$�ÅÒ���"é¶

A�_� d��s� >�íß�
���H ���õ�\�¦ ?/Z�~>� �)a��:

e ≡ e(λv.v)

��A�_� &h��FG&h����(eager-evaluation, or call-by-value) áÔ�ÐÕªA�bç
 ���#Q\�¦ Òqt

3CPS-���8̈��̀¦ 
��¦ �����, áÔ�ÐÕªÏþ� %7�Û¼àÔ\� áÔ�ÐÕªÏþ�_� y�� d��[þts� >�íß�÷&��H í�H"f�� ×¼�Q��>�

�)a��.
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y��
���. Ãº\O�\�"f ��ê�r ���#Q_� {9�ÂÒì�rs���.

e ::= n natural number

| id identifier

| fn id => e function

| e e application

| rec id id => e recursive function

| ifzero e e e branch

| e+e infix binary operation

| (e,e) pair

| e.1 first component

| e.2 second component

0A_� ���#Q�Ð ��#���� áÔ�ÐÕªÏþ��̀¦ CPS-���8̈�
���H ���8̈�l� �<ÊÃº:

cps: mexp -> mexp

\�¦ &ñ
_�
���. ���8̈��)a ���õ� e��H eü< °ú �Ér {9��̀¦ K��� ô�Ç��. 0A ���#Q_� z�́'��l�

runÜ¼�Ð ��6£§õ� °ú s� z�́'��r�&�"f ¿º ���õ��� °ú ���� ô�Ç��:

run(e) = run(e(fn v => v))

���8̈�½+É áÔ�ÐÕªÏþ��Ér �½Ó�©� �����Ãº\�¦ þj7áx&h�Ü¼�Ð >�íß�
���H áÔ�ÐÕªÏþ�Ü¼�Ð ô�Ç&ñ
ô�Ç

��. �̧�§��H 0A ���#Q_� z�́'��l� runõ� mexp_� ��"f\�¦ ]j/BN½+É �.���s	כ

type mexp = Num of int

| Var of string

| Fn of string * mexp

| App of mexp * mexp

| Rec of string * string * mexp

| Ifz of mexp * mexp * mexp

| Add of mexp * mexp

| Pair of mexp * mexp

| Fst of mexp

| Snd of mexp

2

Exercise 3 (30pts) “M z�́'��l�”
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Ãº\O�r�çß�\� ½̈»¡¤K�çß� áÔ�ÐÕªA�bç
 ���#Q\� ���çß�_� çß��̀¦ ô�Ç ���#Q�� M s���.

M ���#Q_� z�́'��l�_� @/ÂÒì�rs� ]j/BN|̈c �.���s	כ '��ÂÒ�)a M_� &ñ
_�\� Õª ���#Q_�

_�p�\� @/ô�Ç �̧��H ��s	כ e����. s�\� l��íK�"f �� Qt�\�¦ ¢-a$í

���. 2
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