
Homework 4

SNU 4190.310, 2006 ���̀¦

s�F�g��H ~ÃÌ@/ï�r

Due: 10/30(Mon), 24:00

Exercise 1 (30pts) “[O��½Ó”

Bj�̧o� ÅÒ�è�� ��Ä»\�v>� ��6 x|̈c Ãº e����H K−\�"f��H ÅÒ�è���²ú�  ñØ�¦(call-by-

reference)d��

call f<x>

�Ér [O��½Ó(syntactic sugar)s� �)a��. 0A_� [O��½Ó�̀¦

call f’(&x)

Ü¼�Ð 0lqs��¦, f’�Ér f_� &ñ
_�\�"f �<ÊÃº_� �����s�2£§s� æ¼s���H /BM�̀¦ &h�]X�y� ��Ë̈

#Q ÅÒ��� |̈c �.���s	כ

ÅÒ#Q��� K− áÔ�ÐÕªÏþ� S\�¦ ~ÃÎ��"f 0A_� [O��½Ó�̀¦ 0lq��� áÔ�ÐÕªÏþ� S′�̀¦ ëß�×¼��H

�<ÊÃº

dissolveCbr : program -> program

\�¦&ñ
_����. dissolveCbr(S)��H S\�"f[O��½Ó�̀¦0lq%i�t�ëß�°ú �Ér{9��̀¦���HáÔ�Ð

ÕªÏþ�s�#Q�� ô�Ç��:

K.run (K.emptyMemory, K.emptyEnv, S)

≡ K.run (K.emptyMemory, K.emptyEnv, dissolveCbr S).

program�Ér ņq]j3_� KMINUS g1J\� &ñ
_��)a @/�Ðs���. 2
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Exercise 2 (30pts) “SM5”

K--��HK-\�"f forë�Hõ� whileë�H,Õªo��¦ÅÒ�è�Ð ñØ�¦�l�(call-by-reference)��

\O���H ���#Qs���.

SM5��H ���©�_� l�>�s���. “SM”�Ér “Stack Machine”�̀¦ >pw��¦, “5”��H Õª l�

>�_� ÂÒ¾¡§s� 5>hs�l� M:ë�Hs���:

(S,M,E,C,K)

S��HÛ¼×þ�, M�ÉrBj�̧o�, E��H 8̈��â
, C��H"î
§î
#Q, K��Hz���Ér½+É{9�(“continuation”s�

���¦ ÂÒ2£§)�̀¦ >pw��¦ ��6£§ |9�½+Ë[þt_� "é¶�ès���:

S ∈ Stack = Svalue list

M ∈ Memory = Loc → Value

E ∈ Environment = (Var × (Loc + Proc)) list

C ∈ Command = Cmd list

K ∈ Continuation = (Command × Environment) list

v ∈ Value = Integer + Bool + Unit + Record + Loc

x ∈ Var

〈b, o〉, l ∈ Loc = Base × Offset

Offset = Integer

z ∈ Integer

b ∈ Bool

r ∈ Record = (Var × Loc) list

w ∈ Svalue = Value + Proc + (Var × Loc) (* stackable values *)

p ∈ Proc = Var × Command × Environment

Cmd = {push v, push x, push(x,C),

pop, store, load, jtr(C,C),

malloc, box z, unbox x, bind x, unbind, get, put, call,

add, sub, mul, div, eq, less, not}

l�>�_� ���1lx�Ér ��6£§õ� °ú s� l�>�_� �©�I��� ����o���H õ�&ñ
Ü¼�Ð &ñ
_�½+É Ãº e����:

(S,M,E,C,K) ⇒ (S′,M ′, E′, C ′,K ′)
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���]j #Qb�G>� 0A_� l�>����1lx_� ô�Ç Û¼9\�(⇒)s� {9�#Q����H t���H ��6£§õ� °ú ��:

(S, M, E, push v :: C, K)

⇒ (v :: S, M, E, C, K)

(S, M, E, push x :: C, K)

⇒ (w :: S, M, E, C, K) if (x,w) is the first such entry in E

(S, M, E, push (x,C ′) :: C, K)

⇒ ((x,C ′, E) :: S, M, E, C, K)

(w :: S, M, E, pop :: C, K)

⇒ (S, M, E, C, K)

(l :: v :: S, M, E, store :: C, K)

⇒ (S, M [v/l], E, C, K)

(l :: S, M, E, load :: C, K)

⇒ (M(l) :: S, M, E, C, K)
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(true :: S, M, E, jtr(C1, C2) :: C, K)

⇒ (S, M, E, C1 :: C, K)

(false :: S, M, E, jtr(C1, C2) :: C, K)

⇒ (S, M, E, C2 :: C, K)

(S, M, E, malloc :: C, K)

⇒ (〈b, 0〉 :: S, M, E, C, K) new b

(w1 :: · · · :: wz :: S, M, E, box z :: C, K)

⇒ ([w1, · · · , wz] :: S, M, E, C, K)

([w1, · · · , wz] :: S, M, E, unbox x :: C, K)

⇒ (vk :: S, M, E, C, K) wk = (x, vk), 1 ≤ k ≤ z

(w :: S, M, E, bind x :: C, K)

⇒ (S, M, (x,w) :: E, C, K)

(S, M, (x,w) :: E, unbind :: C, K)

⇒ ((x,w) :: S, M, E, C, K)

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

⇒ (S, M [v/l], (x, l) :: E′, C ′, (C,E) :: K)

(S, M, E, empty , (C,E′) :: K)

⇒ (S, M, E′, C, K)
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(S, M, E, get :: C, K)

⇒ (z :: S, M, E, C, K) read z from outside

(z :: S, M, E, put :: C, K)

⇒ (S, M, E, C, K) print z and newline

(v2 :: v1 :: S, M, E, add :: C, K)

⇒ (plus(v1, v2) :: S, M, E, C, K)

(v2 :: v1 :: S, M, E, sub :: C, K)

⇒ (minus(v1, v2) :: S, M, E, C, K)

(z2 :: z1 :: S, M, E, mul :: C, K)

⇒ ((z1 ∗ z2) :: S, M, E, C, K) similar for div

(v2 :: v1 :: S, M, E, eq :: C, K)

⇒ (equal(v1, v2) :: S, M, E, C, K)

(v2 :: v1 :: S, M, E, less :: C, K)

⇒ (less(v1, v2) :: S, M, E, C, K)

(b :: S, M, E, not :: C, K)

⇒ (¬b :: S, M, E, C, K)

0A\�"f ��6 x�)a plus, minus, equal , less��H K-_� _�p� &ñ
_� ë�H"f\� &ñ
_��)a �	כ

õ� 1lx{9����.

SM5_� áÔ�ÐÕªÏþ� C\�¦ z�́'��ô�Ç����H �,�Ér	כ Cëß� ��t��¦ e����H ��� l�>��©�I�\�¦ 0A

\�"f &ñ
_�ô�Ç ~½Ód��Ü¼�Ð ���8̈�K� çß�����H >pws���:

(empty , empty , empty , C, empty) ⇒ · · · ⇒ · · ·

\V\�¦[þt#Q,

push 1 :: push 2 :: add :: put

��H K-- áÔ�ÐÕªÏþ� write 1+2õ� °ú �Ér {9��̀¦ �>� �)a��.

#��Qì�rs� ½+É �,�Ér	כ ú̧� [�t������H K-- áÔ�ÐÕªÏþ��̀¦ {9�§4�Ü¼�Ð ~ÃÎ��"f °ú �Ér {9�
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�̀¦ ���H SM5 áÔ�ÐÕªÏþ�Ü¼�Ð ���8̈����H �<ÊÃº

trans: K.program -> Sm5.command

\�¦ ���$í
���H �.���s	כ

trans�� ]j@/�Ð &ñ
_�÷&%3���Ht���H, K-- áÔ�ÐÕªÏþ� E\� @/K�"f, K.run(E)ü<

Sm5.run(trans(E))�̀¦ z�́'��K�"f SX����½+É Ãº e���̀¦ �.���s	כ

�̧Ñýt Sm5��H ]j/BN�)a��. �̧Ñýt Kü< K-_� ��"f��H s����\� ]j/BN�)a �¦̀�	כ ��6 xô�Ç

��.

2

Exercise 3 (40pts) “F�) ñØ�¦_� q�6 x”

�<ÆÒqtכ��: “$���HáÔ�ÐÕªÏþ�Âú�M:F�)�<ÊÃº�Ð��t�·ú§_þvm���. �<ÊÃº ñØ�¦�Ér{9�

ìøÍ&h�Ü¼�Ð r�çß�õ� Bj�̧o�\�¦ �-Áº ú́§s� ú̧���"3���HX<, F�)  ñØ�¦�Ér Õª>� �-Áº ú́§s�

ìøÍ4�¤÷&ú̧§_þvm���. ÕªA�"f x���¦ e��_þvm���.”

s���� ņq]j\�"f��H, 0A �<ÆÒqt_� s���l��� Áº��H >pw���t�, SM5 áÔ�ÐÕªÏþ�_� z�́'��

õ�&ñ
�̀¦ �'a¹1Ï����"f ·ú����Ð�¦, F�)�<ÊÃº ñØ�¦s� ��t���H q�6 x�̀¦ ×�¦s���H >h���Õþ��̀¦

¹1Ô����"f�Ð��.

• �<ÊÃº ñØ�¦s� ���Ér "î
§î
\� q�K� q�6 xs� ú́§s�×¼��H s�Ä»:

SM5_� z�́'��õ�&ñ
�̀¦ �Ð��� Õª s�Ä»�� ×¼�Qèß���. �<ÊÃº call "î
§î
#Q�� z�́'��

|̈c M: ����, K (continuation) ��àÔ\� �<ÊÃº�� =åQ���¦ >�5Åq ���'��½+É ?/6 x�̀¦

Áú¢��y�¤��:

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

⇒ (S, M [v/l], (x, l) :: E′, C ′, (C,E) :: K)

Õªo��¦ K\� l�2�¤�)a “>�5Åq½+É {9�”�Ér �<ÊÃº�� =åQ����� 4�¤"é¶K� ÅÒ%3���:

(S, M, E, empty , (C,E′) :: K)

⇒ (S, M, E′, C, K)

7£¤, �<ÊÃº_�  ñØ�¦�Ér  ñØ�¦s� =åQ���¦ ½+É {9��̀¦ K\� V,��� Üj¡�����H õ�&ñ
s� �9�

¹כ��¦, �<ÊÃº  ñØ�¦s� F�)&h�Ü¼�Ð {9�#Q����� Õª�Qô�Ç ��þts]	כ K\� >�5ÅqK�

"f Áú¢s�l� M:ë�H\� Bj�̧o��� ��"é¶�̀¦ ú́§s� æ¼��H !lr��� �.���s�o	כ \V\�¦ [þt

#Q, factorial �<ÊÃº°ú �Ér �â
Äº “n * fac(n-1)”s�����H F�) ñØ�¦ ÂÒì�r M:ë�H

\� K\� Áú¢s���H ��Ér	כ ���Ãº n_� ß¼l�ëß��pus� |̈c �.���s	כ

• ���]j #Qb�G>� K\� V,��� Üj¡�� ���H �¦̀�	כ ×�¦{9� Ãº e���̀¦��?
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:£¤s�ô�Ç F�)�<ÊÃº_�  ñØ�¦��� �â
Äº ×�¦{9� Ãº e����. F�)�<ÊÃº ×�æ\�"f F�) ñ

Ø�¦s�=åQ���¦��"f·ú¡Ü¼�Ð½+É{9�s�êøÍ���Ér��r	כ return���H��µ1Ú\���H\O	כ��H

g1Js� e����. \V\�¦ [þt#Q,

procedure f(x) = if x<0 then 1 else f(x-1)

\�"f,F�) ñØ�¦ f(x-1)s�=åQèß�Êê\�½+É{9��Ér��Áº��O\̧�	כ��. F�) ñØ�¦ô�Ç

�<ÊÃº\�¦=åQ?/��H�.s�ü@\���H	כ s��Qô�ÇF�) ñØ�¦�̀¦=åQF�) ñØ�¦(tail-recursive

call)s����¦ô�Ç��. �±p��t�}��(tail)\����H{9�s�F�) ñØ�¦µ1Ú\���H\O�����H>pw

s���. (ô�Ç¼#� factorial�Ér =åQF�)�� ��m���. F�) ñØ�¦�̀¦ ��¦ ��"f ½+É{9�s�

e����: F�) ñØ�¦ ���õ�(fac(n-1))\� n�̀¦ Y�L���H {9�.)

s�&ñ
�̧�Ð �2³àÔ��H ��u�l��Ð ��¦, #��Qì�rs� ½+É {9��Ér SM5\� þj�è_� "î
§î
#Q\�¦

'����K�"f SM5x\�¦ ëß�[þt�¦, K--_� F�) ñØ�¦�̀¦ SM5x�Ð ���%i�½+É M:, '����ô�Ç Dh�Ð

î�r SM5x"î
§î
#Q\�¦s�6 xK�"f0A\�"f���/åLô�Ç�<ÊÃº ñØ�¦q�6 x(K\��ã¶������Ë̈Áú¢

s���H �&³�©�)s� ×�¦#Q[þt�̧2�¤ ���H �.���s	כ

]jØ�¦½+É ��Ér	כ �̧Ñýt Sm5xõ� áÔ�ÐÕªÏþ�õ� trans�<ÊÃºs���. �ï×¼\���H '�����)a "î


§î
#Q[þt_� &ñ
_�\�¦ �ïF'pàÔ�Ð ú̧� [O�"î
��̧2�¤ ô�Ç��.
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