
Homework 3

SNU 4190.310, 2017 ���̀¦

s� F�g��H

Due: 10/19(3lq) 10/21(�Ð), 24:00

s���� ņq]j_� 3lq&h��Ér:

• Ãº\O�r�çß�\� ¶ú�(R�:r, �©�d��&h���� "î
§î
+þA ���#Q_� &ñ
SX�ô�Ç &ñ
_�\�¦ s�K�
��¦ Õª

z�́'��l�\�¦ ½̈�&³K� �Ðl�.

• Õª ���#Q�Ð áÔ�ÐÕªÏþ� K��Ð���"f ��/'î�r &h�\� è�Hä¼l�.

Exercise 1 (40pts) “K- z�́'��l�”

Ãº\O�r�çß�\� &ñ
_�ô�Ç "î
§î
+þA ���#Q K-1\�¦ Òqty��
���. s���� ņq]j��H K- áÔ�ÐÕª

Ïþ��̀¦ _�p�&ñ
_�@/�Ð z�́'��r�v���H �<ÊÃº(interpreter)\�¦ ���$í

���H �.���s	כ

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

module type 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

1
ņq]j\�¦ 0Aô�Ç ë�HZO�õ� _�p�_� &ñ
SX�ô�Ç &ñ
_���H TA�̀s�t� �ÃÐ�¦.
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| LESS of exp * exp

| NOT of exp

| SEQ of exp * exp (* sequence *)

| IF of exp * exp * exp (* if-then-else *)

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

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

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

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

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

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

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

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

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

| 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��Ér z�́'��×�æ\� I/O\�¦ 
����"f áÔ�ÐÕªÏþ�s� 
���H {9��̀¦ ��¾ú 

[j�©�\�×¼�Q?/>� |̈em���. 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)&ñ
_��)a_�p�½©gË:Ü¼�Ð��HÕªáÔ�ÐÕªÏþ�_�_�p���&ñ
_�|̈cÃº\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

Exercise 2 (10pts) “K- áÔ�ÐÕªA�bç
: ��Û¼2£§ ~½ÓZO�_� Ãº”
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��6£§�̀¦ K-�Ð���$í

��¦,0A\�"f ½̈�&³ô�Çz�́'��l� K.run�Ðz�́'��r�&�]j@/�Ðz�́

'��÷&��H t�\�¦ SX����ô�Ç��.

Äºo�����\���H 1"é¶, 10"é¶, 100"é¶, 500"é¶, 1000"é¶, 5000"é¶, 10000"é¶, 50000"é¶�Ý¶

s�e��_þvm���. ÅÒ#Q���Ó�oÃº_���Û¼2£§�7H�̀¦ëß�[þt#QÅÒ��H~½ÓZO�_�Ãº\�¦>�íß�
���H�<Ê

Ãº numch\�¦ K-�Ð &ñ
_�
���.

\V\�¦ [þt#Q numch(100)�Ér 12��t�s���: 1"é¶ëß� 100>h�Ð ��Û¼ØÔ��H �â
Äº ÂÒ'�,

10"é¶ 1>hü< 1"é¶ 90>h�Ð ��Û¼ØÔl�, · · ·, 100"é¶ 1>h�Ð ��Û¼ØÔl�.

�2³àÔ: 1"é¶s�
��Ðëß� ��Û¼ØÔ��H �â
ÄºÃº��H 1. 10"é¶s�
��Ðëß� ��Û¼ØÔ��H �â
ÄºÃº

��H 1"é¶s�
��Ðëß� ��Û¼ØÔ��H �â
ÄºÃº + 10"é¶�̀¦ 
���s��©� ��6 xK�"f 10"é¶s�
��Ðëß�

��ØÔÛ¼��H �â
ÄºÃº. 100"é¶s�
��Ðëß� ��Û¼ØÔ��H �â
ÄºÃº��H 10"é¶s�
��Ðëß� ��Û¼ØÔ��H

�â
ÄºÃº + 100"é¶�̀¦ 
���s��©� ��6 xK�"f 100"é¶s�
��Ðëß� ��Û¼ØÔ��H �â
ÄºÃº, 1px1pxs�

��.

7£¤, @/|ÄÌ ��6£§õ� °ú s� &ñ
_�|̈c �.���s	כ K--�Ð ¢-a$í
K�"f, #��Qì�rs� ���$í
ô�Ç

K.runÜ¼�Ð _�Û¼àÔK� �Ðl� ��³1Ñm���.

numch(n) = if n<10 then numch1(n)

else if n<100 then numch10(n)

...

numch1(n) = 1

numch10(n) = if n<10 then numch1(n)

else if ...

else numch1(n) + numch10(n-10)

...
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Exercise 3 (10pts) “K- áÔ�ÐÕªA�bç
: compound data”

��6£§�̀¦ K-�Ð���$í

��¦,0A\�"f ½̈�&³ô�Çz�́'��l� K.run�Ðz�́'��r�&�]j@/�Ðz�́

'��÷&��H t�\�¦ SX����ô�Ç��.

¿º°ú�A� ��Áº½̈�̧(binary tree)\�¦ ëß�[þt�¦ jþt Ãº e����H ��A�_� �<ÊÃº[þt�̀¦ &ñ
_�
�

��:
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leaf: int → tree (* a leaf tree *)

makeLtree: int × tree → tree (* a tree with only a left subtree *)

makeRtree: int × tree → tree (* a tree with only a right subtree *)

makeTree: int × tree × tree → tree (* a tree with both subtrees *)

isEmpty: tree → bool (* see if empty tree *)

rTree: tree → tree (* right subtree *)

lTree: tree → tree (* left subtree *)

nodeVal: tree → int (* node value *)

dft: tree → unit (* print node values in depth-first order *)

bft: tree → unit (* print node values in breath-first order *)

0A_� �<ÊÃº[þt ëß��̀¦ s�6 xK�"f ��Áº ½̈�̧\�¦ ëß�[þt�¦ dftü< bft\�¦ [�t�9"f ]j@/

�Ð �)a í�H"f�Ð Ø�¦§4�÷&��H t�\�¦ SX����
���.

�ÃÐ�¦�Ð, ëß���H z�́'��l�\� Bj�̧o� �è�̧|¾Ó�̀¦ 8£¤&ñ

���H �©�u�\�¦ ²ú��¦, áÔ�ÐÕªÏþ��̀¦

[�t§4��̀¦ M: \O�ëß��pu_� Bj�̧o�\�¦ �è�̧
���H t�\�¦ F��Ð��. Bj�̧o� �è�̧�� |̈c Ãº e��

Ü¼��� ����̧2�¤ áÔ�Ðr�4R\�¦ ½̈�&³
��̧2�¤ K� �Ð��. 2
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