
Homework 5

SNU 4910.210 Spring 2006

due: 6/6 24:00

Exercise 1 “Ô�¦SX�&ñ
$í
_� ���#Q Mirage”

��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

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���� |	��-���
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• “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))*

\�¦ z�́'������ ���õ� �©�I�[þt�Ér [1, 2].

¢̧���Ér \V�Ð,

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

\�¦ z�́'������ ���õ� �©�I���H [1,2,3,4,5].
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Exercise 2 “|9�½+Ë �̧Ñýt �<ÊÃº”

|9�½+Ë �̧Ñýt�̀¦ëß�[þt#QÅÒ��H��A�_� �̧Ñýt�<ÊÃº[þt(SetFun, ProductSetFun, PowerSetFun)�̀¦

&ñ
_�K��̂vr���. “...” ÂÒì�r�̀¦ BjË̈��� |̈em���. ëß�[þt#Q t���H �̧��H |9�½+Ë �̧Ñýt[þt

�Ér ��A�_� SET r�Õª�-5g\�¦ ëß�7á¤K��� ½+Ëm���.
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signature SET =

sig

type t

type ’a set

val empty : t set

val equal : t * t -> bool

val member : t * t set -> bool

val add : t * t set -> t set

val cup : t set * t set -> t set

val cap : t set * t set -> t set

val minus : t set * t set -> t set

end

functor SetFun(S: sig type t val equal: t * t -> bool end) =

struct

type t = S.t

type ’a set = Empty | Set of ’a * ’a set

...

end

functor ProductSetFun(A:SET, B:SET) =

struct

type t = A.t * B.t

type ’a set = Empty | Set of ’a * ’a set

...

end

functor PowerSetFun(A:SET) =

struct

type t = A.t A.set

type ’a set = Empty | Set of ’a * ’a set

...

end

ÕªA�"f, ��A�ü< °ú s� ���ª�ô�Ç |9�½+Ë�̧Ñýt�̀¦ ½̈$í
K�"f, |9�½+Ë�̀¦ ëß�[þt�¦ ��6 x���H

áÔ�ÐÕªA�bç
s� ��0pxK��� ô�Ç��.
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structure IntSet = SetFun(struct

type t = int

fun equal(x,y) = x=y

end)

val a = IntSet.add(1,IntSet.empty) (* {1} *)

val b = IntSet.add(2,a) (* {1,2} *)

val c = IntSet.cup(a,b) (* {1}U{1,2} *)

structure StringSet = SetFun(struct

type t = string

fun equal(x,y) = x=y

end)

val d = StringSet.add(’’a’’, StringSet.empty) (* {’’a’’} *)

val e = StringSet.minus(d,d) (* {} *)

structure A = ProductSetFun(IntSet, StringSet)

val f = A.add((1, ‘‘a’’), A.empty) (* {<1,’’a’’>} *)

val g = A.add((2, ‘‘c’’), f) (* {<2,’’c’’>, <1,’’a’’>} *)

val h = A.cup(f,g) (* {<2,’’c’’>, <1,’’a’’>} *)

structure B = PowerSetFun(IntSet)

val i = B.add(a, B.empty) (* {{1}} *)

val j = B.add(b, i) (* {{1, 2}, {1}} *)

val k = B.cap(i,j) (* {{1}} *)
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Exercise 3 “p��Ð �̀¦aË>i�� ���Ãº”

p��Ð �̀¦aË>i��\�"f��H ¾º��¾º�� �8 ��2£§²ú��¦ #Q�9î�r p��Ð\�¦ 7áxs�0A\� ëß�×¼��H

t�\�¦ �â
���ô�Ç��. s���� ņq]j\�"f��H p��Ð\�¦ ëß�×¼��H ���Ãº[þt�̀¦ ��1lxÜ¼�Ð ëß�[þt#Q ?/

��H “���Ãº�@r �̧Ñýt�<ÊÃº” MazeGenGen �̀¦]j������H�.���s	כ p��Ðëß�[þtl�áÔ�ÐÕªÏþ�

_� Ùþ�d���̀¦, F���6 x ��0px��¦ {9�ìøÍ�o�)a �̧Ñýt(parameterized module, functor)�Ð

½̈$í
��¦ y�� 7áx3lqZ>� p��Ð ëß�[þtl� ���Ãº[þt�Ér �̧Ñýt�<ÊÃº MazeGenGen\�¦ &h�]X�ô�Ç ���
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�� �̧Ñýt\� &h�6 x�#� ��1lxÜ¼�Ð ëß�[þt#Q t��̧2�¤ ô�Ç��.

�̧��H p��Ð\�¦ ��6£§õ� °ú s� �Ð��:

• 7áxs�\� &ñ
4y��+þA[þts� NS/BGy� G�0>4R e����(�̧è�H7áxs�). y�� &ñ
4y��+þA�̀¦ ���

_� ~½Ós���.

• y�� ~½Ó[þt�Ér s�Ö�©ô�Ç ~½Ó[þtõ� ��s�_� #4�[þts� Y>� >h '�4R e��l��̧ ��¦ }��)�e��

l��̧ ���.

• "f�Ð ���Ér r���� ~½Óõ� =åQ ~½Ós� ���m�� &ñ
K�4R e����.

p��Ð ëß�[þtl� �̀¦aË>i�� 7áx3lq\���H ��6£§_� ¿º »¡¤_� �̧|	�[þts� �̧½+Ë�)a 3× 3 = 9 ��

t� 7áx3lqs� e����:

• î̈
���_� �̧|	�

– 4y��+þA î̈
���Ü¼�Ð Õª�9��� p��Ð (4���ì�rs� b��#Q4R e��5pu)

– "é¶:�x_� ��¾ú ���\� Õª�9��� p��Ð (��ÅÒ�Ð��H 2���ì�r×�æ ô�Ç�©�s� ·¡#Q e��5pu)

– �̧�µ	Û¼ +þAI��Ð �̧��H ���s� �������)a î̈
���\� Õª�9��� p��Ð (��ÅÒ�Ð��H 2���

ì�r ¿º�©�s� �̧¿º ·¡#Q e��5pu)

• p��Ð_� �̧|	�

– r����~½Óõ� =åQ~½Óëß� e���¦ ���Ér �̧|	�s� \O���H p��Ð

– r����~½Ó\�"f =åQ~½ÓÜ¼�Ð ����H õ�&ñ
\� =�G ��5g�� ���H ~½Ó[þts� ��� s��©�

e����H p��Ð. s� M: y�¤~�� ~½Ó�̀¦ ìøÍ4�¤K�"f �������� îß�H�d.

– ~½Ó���\�¦ ¹¡§f��{9� M: \��-t� 1s� �è�̧÷& 9, Y>�>h_� ~½Ó[þt\�"f��H Õª ~½Ó

\� ½+É{©��)a &ñ
K���� \��-t�\�¦ �ÐØ�æ½+É Ãº e����. ����̂ p��Ð ~½Ó_� Ì�	Ãº_�

1/10 ÷&��H �íl� \��-t��Ð p��Ð\�¦ ¹1Ô��èq Ãº e��#Q�� ô�Ç��.

�-Áº�� /'î�r p��Ð��H ëß�[þt Ãº e����: \V\�¦[þt#Q �̧��H ~½Ó_� #4��̀¦ )�Óüt��� �)a��. G�

&h��Ér �̧Ñýt�<ÊÃº\�¦ \O����� ú̧� ½̈$í
Ùþ¡Ö¼����H �,�õ	כ ëß�[þt#Q ?/��H p��Ð�� \O����� #Q

�9î�r t�\�¦ l�ï�rÜ¼�Ð ô�Ç��. p��Ð_� èß�s��̧\�¦ óøÍZ>����H G�&h� l�ï�r�Ér Z>��̧2�¤ /BN

t�|̈c �.���s	כ 2

Exercise 4 “p��Ð �̀¦aË>i�� d��óøÍ”

s����\���H0A_�p��Ð �̀¦aË>i��\�"f�Ö̧1lx½+Éd��óøÍ�'a[þt�̀¦ëß�×¼��H �̧Ñýt�<ÊÃº MazeJudgeGen

�̀¦ ½̈$í
ô�Ç��. d��óøÍ�'a[þt�Ér 7áx3lq_� �̧|	�\� ú́���H p��Ð�� ëß�[þt#Q &����H t�\�¦ SX����

K� ï�r��.
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0A_� ë�H]j\�"f ]j���ô�Ç �̧Ñýt�<ÊÃºü< q�5pw�>� p��Ð d��óøÍ�'a_� Ùþ�d���̀¦, F���6 x

��0px��¦ {9�ìøÍ�o�)a �̧Ñýt(parameterized module, functor)�Ð ½̈$í
��¦ y�� 7áx3lq

Z>� p��Ð d��óøÍ�'a[þt�Ér �̧Ñýt�<ÊÃº MazeJudgeGen\�¦ &h�]X�ô�Ç ����� �̧Ñýt\� &h�6 x�#�

��1lxÜ¼�Ð ëß�[þt#Q t��̧2�¤ ô�Ç��. 2
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