
Homework 3

SNU 4190.310, 2006 ���̀¦

s� F�g��H

due: 10/13(Fri), 24:00

Exercise 1 (30pts) “K- z�́'��l� II”

��{9� �������̀¦ ]jü@ô�Ç K- z�́'��l�\�¦ ¢-a$í
���. t�èß� ņq]j_� K-\� ��6£§s� '��

���)a �â
Äºs���: �<ÊÃº(procedure) + YU�ï×¼(record) + �í���'�(pointer).

��A�_� KMINUS g1J�̀¦ ��t���H �̧Ñýt K\�¦ &ñ
_�ô�Ç��.

signature KMINUS =

sig

exception Error of string

type id = string

type exp = NUM of int | TRUE | FALSE | UNIT

| VAR of id

| ADD of exp * exp

| SUB of exp * exp

| MUL of exp * exp

| DIV of exp * exp

| EQUAL of exp * exp

| LESS of exp * exp

| NOT of exp

| ASSIGNV of id * exp (* assign to variable *)

| ASSIGNF of exp * id * exp (* assign to record field *)

| ASSIGNG of exp * exp (* generic assign *)

| SEQ of exp * exp (* sequence *)
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| IF2 of exp * exp * exp (* if-then-else *)

| IF1 of exp * exp (* if-then *)

| WHILE of exp * exp (* while loop *)

| FOR of id * exp * exp * exp (* for loop *)

| LETV of id * exp * exp (* variable binding *)

| LETF of id * id * exp * exp (* procedure binding *)

| CALLV of id * exp (* call by value *)

| CALLR of id * id (* call by reference *)

| RECORD of (id * exp) list (* record construction *)

| FIELD of exp * id (* record field selection *)

| MALLOC of exp (* malloc *)

| AMPER of id (* ampersand x *)

| STAR of exp (* *E *)

| READ of id

| WRITE of exp

type program = exp

type memory

type env

type value

val emptyMemory: memory

val emptyEnv: env

val run: memory * env * program -> value

end

K- áÔ�ÐÕªÏþ�s� #Qb�G>� exp[þt�Ð ³ð�&³|̈ct���H ~1�>� ÆÒ8£¤½+É Ãº e���̀¦ �.���9�m}	כ

expÜ¼�Ð ³ð�&³�)a K- áÔ�ÐÕªÏþ�s� S���¦ ����,

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

��HáÔ�ÐÕªÏþ� S\�¦z�́'��r�v�>�÷&��HX<,$í
/BN&h�Ü¼�Ð=åQ�����þjÊê_�°ú̀�כ¦?/#QÅÒ>�

|̈em���. s�M:áÔ�ÐÕªÏþ��Érz�́'��×�æ\� I/O\�¦����"fáÔ�ÐÕªÏþ�s����H{9��̀¦��¾ú [j

�©�\�×¼�Q?/>�÷&��xt¹כ�. z�́'��×�æ\���{9�s� ú́�t�·ú§��HáÔ�ÐÕªÏþ�s���� Error����H

\Vü@�©�S!��̀¦ µ1ÏÒqtr�v��¦ áÔ�ÐÕªÏþ� z�́'��s� ×�æéß�÷&�� ½+Ëm���. “Error”êøÍ (if and

only if) y©�_�r�çß�\� &ñ
_��)a _�p� ½©gË:Ü¼�Ð��H Õª áÔ�ÐÕªÏþ�_� _�p��� &ñ
_�|̈c Ãº

\O���H �â
Äº{9�m���. {9�Ø�¦§4��Ér &ñ
Ãºëß� ��0px½+Ëm���. Ø�¦§4��Ér &ñ
Ãº\�¦ �o���\� ÍÒo�

�¦ “newline”�̀¦ áÔ�2;àÔ½+Ëm���. 2
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Exercise 2 (30pts) “K- áÔ�ÐÕªA�bç
”

��6£§�̀¦ K-�Ð���$í
��¦,0A\�"f ½̈�&³ô�Çz�́'��l� K.run�Ðz�́'��r�&�]j@/�Ðz�́

'��÷&��H t�\�¦ SX����ô�Ç��.

Ç©\�¦ ¿º>h_� Û¼×þ�Ü¼�Ð ½̈�&³���H �¦̀�	כ ���$í
½+Ëm���. Ç©��H ìøÍ×¼r� ���_� o�

Û¼àÔ{9� ¹��Hכ��9 \O�#Q¹כ. ¿º>h_� Û¼×þ��̀¦ s�6 xK�"f Ç©\� V,��¦ NS��H ���\O�s� ��_�

ô�Ç Û¼9\�ëß�Ü¼�Ð z�́�&³|̈c Ãº e��_þvm���. y��y��_� Ç© ���íß�[þt_� ��{9�[þt�Ér:

emptyQ: Q

enQ: Q * int -> Q

deQ: Q -> int * Q

Ç©\�¦ [a1, · · · , am, b1, · · · , bn] ���¦ ½+Ër��� (bns�  Qo�). s� Ç©\�¦ ¿º>h_� o�Û¼àÔ

Lõ� R�Ð ³ð�&³½+É Ãº e��_þvm���:

L = [a1, · · · , am], R = [bn, · · · , b1].

ô�Ç "é¶�è x\�¦ ���v���� Dh�Ðî�r Ç©��H ��6£§s� |̈em���:

[x, a1, · · · , am], [bn, · · · , b1].

"é¶�è\�¦ NS��� Dh�Ðî�r Ç©��H ��6£§s� |̈em���:

[a1, · · · , am], [bn−1, · · · , b1].

"é¶�è\�¦ õü� M:, M:M:�Ð L o�Û¼àÔ\�¦ +'|9�#Q"f R�Ð °ú �� ö"�����x_þvm���. ��� Ç©

��H ([], []) s���xt¹כ�.

0A_� [j �<ÊÃº\�¦ K-�Ð &ñ
_���¦ #��Qì�rs� ���$í
ô�Ç K.runÜ¼�Ð _�Û¼àÔK� �Ðl�

��³1Ñm���. 2
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Exercise 3 (30pts) “a�¦��î�r �¦���”

$�_��¦����Ér �̧
�[þts� �̧¿º'��4�¤K�½+ÉÃºe���̧2�¤���©�$�§4��>����Óüt�̀¦ï�rq�

���H �.���9�m}	כ $�_� �̧
�[þt�Ér r�Ò�rs� ú́§_þvm���. B��̧� s�}��M:A£§s���� $���H �̧


�[þt\�>� ���Óüt�̀¦ ô�Ç Ë̈�Qp�m�� ��*$ÅÒ��HX<, ~ÃÎ�¦����� �̧
�[þtz�o� ���Ér +þA]j[þt

s� ~ÃÎ�Ér ���Óüt�̀¦ r�Ò�r����"f "f�Ð �̧ØÔ�¦ Ö�¦�¦. ÕªA�"f ��r� &ñ
o�K�"f ÅÒ��� ¢̧

ëß�7á¤Û¼XO�t� ·ú§��"f �̧ØÔ�¦ Ö�¦�¦.

$���H Õª �¦����̀¦ ��6£§õ� °ú s� Û�¦l��Ð Ùþ¡_þvm���. ���Óüt ®éiç
�̀¦ ����l����\� �̧


�[þt\�>� �̀¦K� ~ÃÎ�̀¦ ���Óüt_� Êê�Ð[þt�̀¦ ·ú��9ÅÒ�¦ y������H Õª×�æ_� ÂÒì�r|9�½+Ë�̀¦ ���

Óüt�Ð ~ÃÎ�̀¦ �¦����s	כ ������½+Ëm���. Õª�Q�4H �̧
�[þt\�>� y������ ëß�7á¤½+É(��Äºt�·ú§

�̀¦) �̧|	��̀¦ E�l�����¦ ½+Ëm���. $���H ���©� &h��Ér q�6 xÜ¼�Ð s��Qô�Ç �̧|	�[þt�̀¦ �̧

¿º ëß�7á¤r�v��̧2�¤ ���ÓütË̈�Qp�[þt�̀¦ ï�rq�½+Ëm���.

�̧
�[þt_� �̧|	�[þt�Ér s����d��{9�m���: “����H þj�èô�Ç ëß��̧��9�õ� 1lxÒqt %ò
�B�� ~ÃÎ

�Ér ���Óütëß��pu�Ér ~ÃÎ���� K¹כ�.” “����H þj�èô�Ç ô=Ãº�̧��ü< ņq�B���m�_� ���Óüt[þt\�

/BN:�x�)a �þt]	כ ��¦, %ò
ņqs� ���Óüt×�æ\�"f CD�É� ��Ér	כ ��4R�� K¹כ�” 1px1px. \V\�¦ [þt

#Q A, B, C [j"î
_� �̧
��� e�������, �̧|	�\� ���� ~ÃÎ��H ���Óüt�Ér ��6£§õ� °ú t¹כ�:

• Ò�rëß� ú́§�Ér �̧
�[þt�Ér ��Áº�̧�	כ 3lw~ÃÎ_þvm���. A: “þj�èô�Ç B ëß��pu”, B: “þj

�èô�Ç A ëß��pu”, C: “þj�èô�Ç B ëß��pu.”

• �����Ðî�r �̧
�[þt�̧ ��Áº�̧�	כ 3lw~ÃÎ_þvm���. A: “þj�èô�Ç B ëß��pu\�"f ëß��̧�

�9� ú́��¦”, B: “þj�èô�Ç Aëß��pu\�"f CD ú́��¦”, C: “þj�èô�Ç Bëß��pu\�"f USB

ú́��¦.”

• �ÃÐ6 ¤Û¼��� �̧
�[þt�̧ ��Áº�̧�	כ 3lw~ÃÎ_þvm���. A: “þj�èô�Ç Bü< Cëß��pu”, B:

“þj�èô�Ç Aü< Cëß��pu”, C: “þj�èô�Ç Aü< Bëß��pu.”

• Ò�rs� \O���H �̧
�[þt�Ér "é¶���H ��ëß	כ ~ÃÎ_þvm���. A: “þj�èô�Ç ëß��̧��9�”, B: “þj

�èô�Ç CD”, C: “þj�èô�Ç USB.”

½̈�&³�̀¦ 0AK�"f, �̧
�_� �̧|	�(require)�Ér ��6£§õ� °ú �Ér g1J�Ð ³ð�&³�)a���¦ &ñ
½+Ër�

��:

“����H þj�èô�Ç (cond1 Õªo��¦ · · · Õªo��¦ condk)�̀¦ ~ÃÎ���� K¹כ�.”

nML ��{9�Ü¼�Ð &ñ
o����� ��6£§õ� °ú _þvm���:

type require = id * (cond list)

and cond

= Items of gift list (* ªÍá§Öå¤Ûå *)

| Same of id (* ¬ £̧Æ ¼° ¬́Ç ªÍá§Öå¤Ûå *)
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| Common of cond * cond (* ¤Á¼¡Íá¬¹ ¡Ñò±Ñò¤Ôá ªÍá§Öå¤Ûå *)

| Except of cond * gift list (* ¼¡Íá¬¹ª¸ ¬¸£Æ ªÍá§Öå¤Ûå¬Ûá ©µ¡¼ *)

and gift = int (* ªÍá§Öå ¨Íá³¼ *)

and id = A | B | C | D | E (* ¼°´ ¬È¦Ûí *)

0A_� ��$Á	 �̧
�[þt_� �̧|	�(require)�̀¦ ~ÃÎ��"f þj�è_� ���Óüt®éiç
 o�Û¼àÔ\�¦ ���

$í
���H shoppingList\�¦ ���$í
�l� ��³1Ñm���:

shoppingList: require list -> (id * gift list) list

���õ���H �̧
����� ��ÅÒ#Q�� ½+É ���Óüt[þt_� o�Û¼àÔ{9�m���. \V\�¦[þt#Q, �̧
�[þt_� �̧

|	�s� ��6£§õ� °ú �̀¦M:

A : þj�èô�Ç ({1, 2} ��¦ common(B, C))\�¦ ~ÃÎ����.

B : þj�èô�Ç common(C, {2, 3})\�¦ ~ÃÎ����.

C : þj�èô�Ç ({1} ��¦ (A except {3}))\�¦ ~ÃÎ����.

Õª�Q��� þj�è_� ���ÓütË̈�Qp�[þt�Ér A\�>� {1, 2}, B\�>� {2}, C\�>� {1, 2}s�Ù¼�Ð,

shoppingList_� ���õ���H

[(A, [1,2]), (B, [2]), (C, [1,2]), (D, nil), (E, nil)]

{9�m���. (�̧
����� ~ÃÎ��H ���ÓütË̈�Qp���H “|9�½+Ë”{9�m���, 7£¤, ô�Ç ���Óüt Ë̈�Qp�\���H

°ú �Ér ���Óüts� ¿º>hs��©� �í�<Ê÷&t���H ·ú§_þvm���).
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