
Homework 6

SNU 4910.210 Fall 2015

Chung-Kil Hur

due: 11/22(Sun) 23:59

s���� ņq]j_� 3lq&h��Ér

• "î
§î
+þA ~½Ód��(imperative programming, stateful programming) ���_þv
�l�.

• ��{9�Ü¼�Ð áÔ�ÐÕªÏþ��̀¦ &ñ
o�
���H(typeful programming) ���_þv
�l�.

• ��{9�Ü¼�Ð áÔ�ÐÕªÏþ��̀¦ &ñ
o�
���H “a�¦��î�r” 8̈��â
\�"f áÔ�ÐÕªÏþ� ���_þv
�l�.

7£¤, ��1lxÜ¼�Ð ��{9� ���7£x�̀¦ K�ÅÒ��H 8̈��â
\�"f áÔ�ÐÕªA�bç
 ���_þv
�l�.

• �̀¦���ÉráÔ�ÐÕªÏþ����t�SX����
�l���~1�t�·ú§�Érë�H]j\�¦���#Q�Ðl�. (#��Qì�rs�

����HáÔ�ÐÕªÏþ�s��½Ó�©� �̀¦���Ér²ú��̀¦�·p����H �¦̀�	כ SX����½+É Ãºe��l�\�¦ ��³1Ñm�

��.)

• ·ú����� ½+É s��:r/BNÂÒ[þts� ú́§��x����H 1lxl�\�¦ ��t�>� 
�l�.

Exercise 1 “�Ð/åL�Ð Ì�	Ãº”

�Ð/åL�Ð Ì�	Ãº\�¦ [j��H ë�H]j\�¦ *��̀¦�9�Ð��. N × N>h_� ñß��̀¦ ��t���H ��ńq

óøÍ ýa³ð\�"f, r����&h� (0, 0)\�"f (n,m)��t�_� þjéß���o� U�́_� Ì�	Ãº\�¦ [j��H �<ÊÃº

ways\�¦ F�)
&h�Ü¼�Ð &ñ
_�
���� ��6£§õ� °ú ��:

(define (ways n m)

(cond ((= n 0) 1)

((= m 0) 1)

(else (+ (ways (- n 1) m)

(ways n (- m 1))))))

Õª�Q�� s� F�)
�<ÊÃº��H (ways 50 50)_� z�́'��\��̧ ~1���o� ²ú��̀¦ ?/Z�~t� ·ú§

�̀¦ëß��pu ò́Ö�¦s� ±ú���. �§F� 3.3.3�©�õ� ���_þvë�H]j 3.27�̀¦ �ÃÐ�̧
�#� F�)
õ�&ñ
\�"f
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���$� >�íß�ô�Ç °ú̀�כ¦ l�%3�K�¿º%3����� F���6 x
���H �<ÊÃº memo-ways\�¦ ëß�[þt#Q�Ð��:

memo-ways : nat × nat → nat

2

Exercise 2 “@/���³ð Û¼àÔa�A”

{9�ìøÍ&h�Ü¼�Ð >�e�� @/���³ð��H ¢-a���ô�Ç s���� ��Áº½̈�̧(complete binary tree){9�

m���. 2013 \O�×¼(�� hË>[þtõ� Õª @/���³ð\�¦ ��6£§õ� °ú s� &ñ
_�Ùþ¡_þvm���:

type team = Korea | France | Usa | Brazil | Japan | Nigeria | Cameroon

| Poland | Portugal | Italy | Germany | Norway | Sweden | England

| Argentina

type tourna = LEAF of team

| NODE of tourna * tourna

tourna\�¦~ÃÎ��"fF�c ñ\�¦s�6 xô�Ç 1	�"é¶Û¼àÔa�AÜ¼�Ð���8̈�K�ÅÒ��H�<ÊÃº parenize\�¦

���$í

�[j¹כ:

parenize: tourna -> string

\V\�¦[þt#Q,

parenize(NODE(NODE(LEAF Korea, LEAF Portugal), LEAF Brazil))

= "((Korea Portugal) Brazil)"
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Exercise 3 “»1Ï|ÃÌ”

s�]j ��6£§_� �<ÊÃº, drop�̀¦ ���$í

���:

drop: tourna * team -> string

drop(t, Brazil)��H »¡¤½̈@/���³ð\�"f Brazil hË>s� »1Ï|ÃÌô�Ç �â
Äº Dh\�v>� ½̈$í
÷&

��H @/���³ð\�¦ Ø�¦§4�ô�Ç��(0A_� toParen�̀¦ ��6 x). 2

Exercise 4 “�ÃÐ��f±	”

�������7Ho�(Propositional Logic) d��[þt(formula)�̀¦ ��6£§õ� °ú s� &ñ
_�Ùþ¡��:

type formula = TRUE

| FALSE

| NOT of formula
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| ANDALSO of formula * formula

| ORELSE of formula * formula

| IMPLY of formula * formula

| LESS of expr * expr

and expr = NUM of int

| PLUS of expr * expr

| MINUS of expr * expr

ÅÒ#Q��� formula\�¦ ~ÃÎ��"f �ÃÐ°ú̀�כ¦ ëß�[þt#Q?/��H �<ÊÃº eval

eval: formula -> bool

\�¦ &ñ
_�
���. 2

Exercise 5 (10pts) “Mathemadiga”

�¦1px�<Æ�§M:��H �<HÜ¼�Ð
��¦, Maples��� Mathematica\�"f��H ��1lxÜ¼�Ð K�ÅÒ

~�� p�ì�rd�� ���>h\�¦ ëß�[þt#Q�̂vr���.

diff: ae * string -> ae

diff��H d��(algebraic expression)õ� ���Ãº\�¦ ~ÃÎ��"f ÅÒ#Q��� d���̀¦ ���Ãº�Ð p�ì�rô�Ç

���õ� d���̀¦ [�t�9 ×�̈m���. \V\�¦[þt#Q, d�� ax2 + bx + c�̀¦ x\� @/K� p�ì�rr�v����

2ax + b\�¦ ?/ Z�~��H �.���9�m}	כ p�ì�r�)a�¦̀�	כ |̈c Ãº e��Ü¼��� þj�è_� g1J�Ð ×�¦s�����

1px1px_� ���\O��̀¦ 
���H ��Ér	כ ��Ä»{9�m���. p�ì�r½+É d���Ér ��6£§_� ae ��{9�{9�m���:

type ae = CONST of int

| VAR of string

| POWER of string * int

| TIMES of ae list

| SUM of ae list
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Exercise 6 “CheckMetroMap”

��A� metro ��{9��̀¦ Òqty��
���:

type metro = STATION of name

| AREA of name * metro

| CONNECT of metro * metro
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and name = string

��A� checkMetro �<ÊÃº\�¦ &ñ
_�
���:

checkMetro: metro -> bool

checkMetro��H ÅÒ#Q��� metro �� ]j@/�Ð Òqt�����Ht�\�¦ SX����K� ï�r��. “metro�� ]j

@/�Ð Òqt�����”��H ��Ér(iff)	כ BjàÔ�Ð %i� s�2£§(id in STATION(id))[þts� �½Ó�©� ��l� s�

2£§_� t�%i�(m in AREA(id, m))\�"fëß� ��������H �â
Äº\�¦ >pwô�Ç��.

\V\�¦[þt#Q, ]j@/�Ð Òqt|�� metro [þt�Ér:

• AREA("a", STATION "a")

• AREA("a", AREA("a", STATION "a"))

• AREA("a", AREA("b", CONNECT(STATION "a", STATION "b")))

• AREA("a", CONNECT(STATION "a", AREA("b", STATION "a")))

ÕªXO�t� 3lwô�Ç ��_þt]	כ \V[þt�Ér:

• AREA("a", STATION "b")

• AREA("a", CONNECT(STATION "a", AREA("b", STATION "c")))

• AREA("a", AREA("b", CONNECT(STATION "a", STATION "c")))
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Exercise 7 “p���1A ���#Q”

��6£§õ� °ú �Ér ���#Q Mirage \�¦ Òqty��½+Ër���.

program → c

c → x := e assignment

| c ; c sequence

| c∗ non-deterministic 0 or more repetitions

| c ∪ c non-deterministic choice

| x eq e ? c check

| x neq e ? c check

e → n integer

| e + e addition

| e − e substraction

| x
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y�� "î
§î
#Q��H l�>��©�I�\�¦ ���8̈�r�&�×�̈m���. l�>���H áÔ�ÐÕªÏþ� ���Ãº_� &ñ
Ãº°ú̀�כ¦

��t��¦ e��_þvm���. áÔ�ÐÕªÏþ� ���Ãº��H �̧f�� 
���ëß� e��_þvm���.

• “x := e”��H�&³F�l�>��©�I�\�"f e\�¦>�íß�K�"f x_�°úכÜ¼�Ðl�>��©�I�\�¦���8̈�

• “c1 ; c2”��H c1 z�́'�� Êê ���õ� �©�I�\�¦ ��t��¦ c2\�¦ z�́'��

• “c∗”��H c\�¦ 0��� s��©� e��_�_� S��Ãº\�¦ ìøÍ4�¤

• “c1 ∪ c2”��H c1s��� c2×�æ 
���\�¦ ���×þ�K�"f z�́'��

• “x eq e ? c”��H �&³F��©�I�\�"f x_� °úכs� eü< °ú �Ér t� SX����. °ú Ü¼��� c\�¦ z�́

'��, d�¦o���� |	��-���

• “x neq e ? c”��H �&³F��©�I�\�"f x_� °úכs� eü< °ú �Ér t� SX����. ��ØÔ��� c\�¦ z�́

'��, °ú Ü¼��� |	��-���

• ���Ãº�� ��|9� Ãº e����H °úכ�Ér -5 \�"f +5 ��t�_� &ñ
Ãº. Õª s�ü@_� °ú̀�כ¦ ���Ãº

�� ��t�>� ÷&��� �&³F��©�I��Ð z�́'�� =åQ

Mirage áÔ�ÐÕªÏþ�_� ���jþts�(exhaustive) z�́'��l� exeval

exeval : pgm− > state− > statelist

�̀¦ ���$í
½+Ër���. “���jþts�”êøÍ �̧��H ��0pxô�Ç �â
Äº\�¦ z�́'��
���H �¦̀�	כ ú́�½+Ëm���.

type pgm = cmd

and cmd = ASSIGN of exp

| SEQUENCE of cmd * cmd

| REPEAT of cmd

| CHOICE of cmd * cmd

| EQ of exp * cmd

| NEQ of exp * cmd

and exp = NUM of int

| ADD of exp * exp

| SUB of exp * exp

| VAR

type state = int

\V\�¦[þt#Q,

x := 1; ((x eq 1? x := x+1) U (x neq 1? x := x-1))*
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\�¦ z�́'��
���� ���õ� �©�I�[þt�Ér [1, 2].

¢̧���Ér \V�Ð,

x := 1; (x := x+1)*

\�¦ z�́'��
���� ���õ� �©�I���H [1,2,3,4,5].

2
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