
Homework 8

SNU 4190.210 Fall 2015

Chung-Kil Hur

due: 12/13 (Sun) 23:59

s���� ņq]j_� 3lq&h��Ér

• �̧Ñýt(module) áÔ�ÐÕªA�bç
 ���_þv�l�.

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

Exercise 1 “Ç© �̧Ñýt”

Ç©��H"é¶�è[þts�[þt#Q����Hí�H"f@/�Ð���̧��H(first-in-first-out) ½̈�̧���X<,Ç©��H

ìøÍ×¼r� ���_� o�Û¼àÔ�Ð ½̈�&³½+É ¹��Hכ��9 \O�_þvm���. ¿º>h_� o�Û¼àÔ�Ð Ç©\�¦ ò́Ö�¦

&h�Ü¼�Ð ½©�&³½+É Ãº e��_þvm���. Ç©\� V,��¦ NS��H ���\O�s� ��_� ô�Ç Û¼9\�\� s�ÀÒ#Q|9�

Ãº e��t¹כ�.

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].

õü� M:, M:M:�Ð L o�Û¼àÔ\�¦ +'|9�#Q"f R�Ð °ú �� ö"�����x_þvm���. ��� Ç©��H ([], [])

s���xt¹כ�.

��6£§õ� °ú �Ér Queue ��{9�
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module type Queue =

sig

type element

type queue

exception EMPTY Q

val emptyq: queue

val enq: queue * element -> queue

val deq: queue -> element * queue

end

_� �̧Ñýt ¿º >h(��A�)\�¦ 0A_� ��s�n�#Q\�¦ s�6 xK�"f ½̈�&³�[j¹כ:

• �̧Ñýt StringQ: Ç©_� "é¶�è�� ë�H��\P���� �â
Äº.

• �̧Ñýt StringQQ: Ç©_� "é¶�è�� StringQ.queue��� �â
Äº.

s� M: Ç©_� "é¶�è[þt�Ér ×�æ4�¤|̈c Ãº e��_þvm���.

��A�ü< °ú s� �̧Ñýt &ñ
_�\� �̧Ñýt ��{9�(���'��̀s�Û¼ interface)�̀¦ "î
r�K�"f (“:

Queue” ÂÒì�r)

module StringQ: Queue = struct ... end

module StringQQ: Queue = struct ... end

��6£§ ¿º ��t�\�¦ ��1lxÜ¼�Ð ���7£x��̧2�¤ OCamlr�Û¼%7�\� �2³àÔ\�¦ ×�̈r���:

• 'Í	P:��H, �̧Ñýt[þts� Queue��{9�õ�#QÖ�¦o���Ht�(þj�èô�Ç Queue��{9�\�"f×¼�Q

�·p �¦þt�̀]	כ &ñ
_���¦ e����H t�) ��1lxÜ¼�Ð SX�����>� ½+Ëm���.

0Aü< °ú s� &ñ
_�ô�Ç ��s	כ OCamlr�Û¼%7�_� ��{9� r�Û¼%7��̀¦ Áº��y� :�xõ�Ùþ¡��

���, #��Qì�rs� &ñ
_�ô�Ç ¿º �̧Ñýt�Ér þj�èô�Ç Queue\�"f ×¼�Q�·p �¦þt�̀]	כ &ñ
_�ô�Ç

�.���9�m}	כ

• ¿º ���P:��H, ü@ÂÒ\�"f StringQü< StringQQ\�¦ ��6 x½+É M: Queue\�"f ×¼�Q

�·p �¦ëß��̀	כ ��6 x���H t� ��1lxÜ¼�Ð SX�����>� ½+Ëm���.

Õª s��©�_� �¦̀�	כ ü@ÂÒ\�"f ��6 x�>� ÷&��� ��{9� r�Û¼%7��̀¦ :�xõ��t� 3lw�>�

|̈em���. áÔ�ÐÕªA� Q�� Queue����H���'��̀s�Û¼ëß��̀¦ü@ÂÒ\�/BN>hK�Z�~�¦��H

Õª s��©�_� �¦̀�	כ ��6 x��9�¦ �m¹כ���.

s� �©�S!��̀¦ ���#Q�̂vr���:

– s� ¿º>h_� �̧Ñýt\� e����H �<ÊÃº[þt�̀¦ s�6 xK�"f Ç©\�¦ ëß�×¼��H õ�&ñ
_� \V�Ð

��A�°ú s� ô�Ç���¦ ½+Ër���.

let csQ = StringQ.enq
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(StringQ.enq

(StringQ.emptyq, "¡Ýå¤Ñò"),

("Öá³Ëòכ"

0Aü< °ú �Ér áÔ�ÐÕªÏþ��Ér Queue\�"f &ñ
ô�Ç �	כ s��©��̀¦ ��t��¦ áÔ�ÐÕªÏþ�

ô�Ç �â
Äº{9�m���. �̧Ñýt ��{9� Queue\�"f��H Ç©_� "é¶�è ��{9� elements�

Áº%Á	���t�\�¦ /BN>h�t� ·ú§�¦ e��_þvm���. ��{9�s�����H ��z�́s�ü@\���H &ñ


�Ð��\O�_þvm���. ����"f0A\�"f StringQ.enq\�¦��6 x½+ÉM:"é¶�è��ë�H

��\P� ��{9�s�����H �¦̀�	כ ��&ñ
��¦ "¡Ýå¤Ñò"s��� " ¦̀�"Öá³Ëòכ "é¶�è�Ð ���²ú�

���� “a�?&ñ
0AìøÍ”s� |̈em���. OCaml�Érs��Qô�Ç�©�S!��̀¦%3�x9�y�SX�����

�¦ ���7£xK� ×�̈m���.

– s�\�¦ K�����l� 0AK�"f��H ��A�ü< °ú s�:

module StringQ: Queue with type element = string

= struct ... end

module StringQQ: Queue with type element = StringQ.queue

= struct ... end

�̧Ñýt ��{9� Queue_� ��{9� element�� Áº%Á	���t�\�¦ �Ð�̧�Ð ³ð�&³K��� ½+Ë

m��� (“with type element = string” ÂÒì�r).

Õª�Q��� s�]j��H ü@ÂÒ\�"f StringQ_� element��{9�Ü¼�Ð ë�H��\P��̀¦ ��

6 x½+É Ãº e���¦, StringQQ_� element��{9�Ü¼�Ð StringQ.queue\�¦ ��6 x

½+É Ãº e��>� |̈em���.
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Exercise 2 “|9�½+ËÇ©�̧ Ç©”

°ú �Ér �̧Ñýt ��{9�\� ú́���H ���Ér &ñ
_�[þt�̀¦ ô�Ç ��� K� �̂vr���. s�]j 0A\� ½̈�&³

ô�Ç¿º>h_�Ç© �̧Ñýt�̀¦ “|9�½+ËÇ©”\�¦ ½̈�&³���H�.���Ü¼�Ð��ÜãLr	כ |9�½+ËÇ©êøÍÇ©���X<

×�æ4�¤�)a "é¶�è[þt�̀¦ ��t��¦ e��t� ·ú§�Ér Ç©{9�m���. |9�½+ËÇ©��H V,�Ü¼�9��H "é¶�è�� s�p�

e��Ü¼��� V,�t� ·ú§���� ��xt¹כ�.

s�M:, |9�½+ËÇ©[þt�Ér 0A\� &ñ
_�ô�Ç �̧Ñýt ��{9� Queue\�¦ ëß�7á¤K��� ½+Ëm���. 0A_�

�̧Ñýt StringQü< StringQQ\�¦ ���+þAK�"f

module StringSetQ: Queue with type element = string

= struct ... end

module StringSetQQ: Queue with type element = StringSetQ.queue

= struct ... end

\�¦ ¢-a$í
�[j¹כ. 2

3



Exercise 3 “Ç© �̧Ñýt�<ÊÃº”

0A_� Exercise1\�"f,Ç© �̧Ñýt�̀¦B�������Ðëß�[þt>�÷&�����_�°ú �Ér&ñ
_�\�¦ìøÍ

4�¤K�"f �>� ÷&��H �¦̀�	כ ���%3��̀¦ ���m���. �̧Ñýt�<ÊÃº QueueMake\�¦ ��� ëß�[þt#Q"f

���ª�ô�Ç Ç©\�¦ QueueMake\�¦ s�6 xK�"f /BN���Ð ~1�>� ëß�[þt Ãº e���̧2�¤ ½+Ër���.

�̧Ñýt�<ÊÃº QueueMake��H ��6£§õ� °ú s� &ñ
_� |̈em���:

module QueueMake (Arg: ArgTy): Queue with type element = ...

= struct ... end

������Ð ���²ú�÷&��H �̧Ñýt Arg�Ér �̧Ñýt ��{9� ArgTyõ� #QÖ�¦�9�� ��¦(þj�èô�Ç Õª

ëß��pu_� &ñ
_��� e��#Q�� ��¦), ëß�[þt#Q ?/��H �̧Ñýt�Ér Queue ��{9�õ� #QÖ�¦�9�� ½+Ëm�

��. ÕªA�"f ���ª�ô�Ç Ç©�� ��A�ü< °ú s� ~1�>� ëß�[þt#Q t�>��FK:

module StringQ = QueueMake(...)

module StringQQ = QueueMake(...)

ÕªA�"f ��A�ü< °ú s� ��6 x½+É Ãº e����H t�\�¦ SX�����[j¹כ.

let csQ = StringQ.enq

(StringQ.enq

(StringQ.emptyq, " ¡Ýå¤Ñò"),

" ("Öá³Ëòכ
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Exercise 4 “�½Ó¶ú� n������”

�½Ó¶ú� Áº](_� ����̂½̈�̧��H @/>��� ����Ér l��:r Áº]([þt_� ìøÍ4�¤{9�m���. l��:r Áº

](��H &ñ
 ��y��+þA\� Õª�94Re�����¦ ½+Ër���. Áº](\�¦ n���������H ���\O��Ér l��:r &ñ
��

y��+þA[þt�̀¦ 4>h�Ð ��|9�l�K�"f 	�H &ñ
��y��+þA_� �̧�ª��̀¦ ëß�[þt�¦, s��þt]	כ 4>h�Ð ��r�

�Ð�� 	�H &ñ
�����+þA�̀¦ ëß�[þt�¦, ÷&%3��� z�·Ü¼��� n�������)a &ñ
 ��y��+þA[þt�̀¦ ìøÍ4�¤K�"f

�½Ó¶ú�\� ��V,���H ~½ÓZO��̀¦ 2[���xt¹כ�.

Õª ���\O� õ�&ñ
�̀¦ �̧Ñýt�<ÊÃº(functor)�Ð ³ð�&³½+É Ãº e����HX<, ��6£§õ� °ú _þvm���.

�ï×¼\�¦ ú̧� {9�#Q�Ð�¦, �ï×¼\�"f “...” ÂÒì�r�̀¦ BjË̈#Q �Ð[j¹כ.

type design = TURTLE | WAVE | DRAGON (* three design patterns *)

type orientation = NW | NE | SE | SW

type box = BOX of orientation * design | GLUED of box * box * box * box

module type FRAME =

sig

val box: box

val rotate: box -> box (* rotate box M to 3 to W to E *)

val pp: box -> int * int -> unit (* pretty printer *)
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val size: int

end

module BasicFrame (Design: sig val design: design end): FRAME =

struct

exception NON BASIC BOX

let box = BOX (NW, Design.design) (* a box is defined *)

let rotate = ...

let pp b center = match b with

BOX(NW,x) -> () (* dummy, fill it if you want *)

| BOX(NE,x) -> () (* dummy, fill it if you want *)

| BOX(SE,x) -> () (* dummy, fill it if you want *)

| BOX(SW,x) -> () (* dummy, fill it if you want *)

| -> raise NON BASIC BOX

let size = 1

end

module Rotate (Box: FRAME): FRAME =

struct

...

end

module Glue (Nw: FRAME) (Ne: FRAME) (Se: FRAME) (Sw: FRAME): FRAME =

struct

exception DIFFERENT SIZED BOXES

...

end

��, 0A_� �ï×¼\�¦ s�6 xô�Ç ��6£§_� n������õ�&ñ
�̀¦ �Ð[j¹כ:

module A = BasicFrame(struct let design = TURTLE end)

module B = BasicFrame(struct let design = WAVE end)

module A’ = Rotate(A)

module A’’ = Rotate(A’)

module B’ = Rotate(B)

module B’’ = Rotate(B’)

module A4 = Glue (A) (B) (A’) (B’)

module B4 = Glue (A) (A’) (B) (B’)

module A4’ = Rotate(A4)
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module B4’ = Rotate(B4)

module C = Glue (A4) (B4) (A4’) (B4’)

let bluePrint = C.pp C.box

2
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