
Homework 2

SNU 4190.310, 2018 ���̀¦

s� F�g��H

Due: 9/21, 24:00

Exercise 1 (10&h�) “>�íß�l�”

��6£§_� >�íß�l�

calculate: exp -> float

\�¦ ëß�[þvr���.

type exp = X

| INT of int

| REAL of float

| ADD of exp * exp

| SUB of exp * exp

| MUL of exp * exp

| DIV of exp * exp

| SIGMA of exp * exp * exp

| INTEGRAL of exp * exp * exp

\V\�¦[þt#Q Äºo��� æ¼��H Ãºd��s� exp��{9�Ü¼�Ð��H ��6£§õ� °ú s� ³ð�&³�)a��:

∑
10

x=1
(x ∗ x− 1) SIGMA(INT 1, INT 10, SUB(MUL(X, X), INT 1))

∫
10.0

x=1.0
(x ∗ x− 1)dx INTEGRAL(REAL 1.0, REAL 10.0, SUB(MUL(X, X), INT 1))

&h�ì�rd���̀¦ >�íß�½+ÉM:_� ·ú�Ìqts� ß¼l�(dx)��H 0.1�Ð ½+Ëm���.

✷

Exercise 2 (20&h�) “Mathemadiga”
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�¦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

✷

Exercise 3 (20&h�) “Äº���Ç©”

“Äº���Ç©”(priority queue)����H ½̈�̧��H "é¶�è[þt ��s�_� í�H0A�� “{9��©� í�Hs� ��

m���0px§4�í�H”s�����H�.���9�m}	כ "é¶�è[þts�[þt#Q�:rí�H"f\�¦l�ï�rÜ¼�ÐÄº���í�H0A��

B���t�t�(\V, Û¼×þ�s��� Ç©) ·ú§�¦ "é¶�è���� �¦Ä»_� Äº���í�H0A�� t�&ñ
÷&��H ��9�m}	כ

��.

Äº���Ç©��H @/>h "é¶�è\�¦ V,��¦ NS��H�	כ �Ð����H, ]j{9�����H "é¶�è\�¦ ·ú����Ð��H X<

\� Ä»èß�y� :£¤�o|̈em���. �n?(heap)s� @/³ð&h���� ½̈�&³~½ÓZO�{9�m���. Õª×�æ\�"f�̧ ¢,a

Aá¤Ü¼�Ð j"t�2; �n?(leftist heap, ¢,aj"t�n?)s�����H �¦̀�	כ ½̈�&³K� �̂vr���.

• ¢,aj"t�n?: �n?�Ér �n?���X< �̧��H ¢,aAá¤ �̧×¼_� /åLÃº�� �̧�ÉrAá¤ +þA]j �̧×¼_� /åLÃº

�Ð�� ß¼���� °ú ��.

• �̧×¼_� /åLÃº: Õª �̧×¼\�"f �̧�ÉrAá¤Ü¼�Ðëß� ���¦ ?/�9��"f =åQ±ú� M: ��t� ?/

�9��� S��Ãº, 7£¤ �̧�Ér¼#� '��ÆÒ_� U�́s�.

• �n?: s���� ��Áº ½̈�̧�Ð"f �̧��H °ú�A�U�́ U�́3lq_� °úכs� °ú������ Êê_� �̧��H �̧×¼

[þt_� °úכ�Ð�� ������� °ú ��.

¢,aj"t�n?�Ér ��6£§_� ��{9�Ü¼�Ð &ñ
_�|̈em���:

type heap = EMPTY | NODE of rank * value * heap * heap

and rank = int

and value = int

2



V,��¦, NS�¦, 
���H 1px_� �<ÊÃº��H ��6£§Ü¼�Ð &ñ
_�|̈em���:

exception EmptyHeap

let rank h = match h with

| EMPTY -> -1

| NODE(r, , , ) -> r

let insert(x,h) = merge(h, NODE(0,x,EMPTY,EMPTY))

let findMin h = match h with

| EMPTY -> raise EmptyHeap

| NODE( ,x, , ) -> x

let deleteMin h = match h with

| EMPTY -> raise EmptyHeap

| NODE( ,x,lh,rh) -> merge(lh,rh)

�� Qt� �<ÊÃº merge

merge: heap * heap -> heap

\�¦&ñ
_�
�[j¹כ. s�M:,¢,aj"t�n?_��©�&h��̀¦¶ú��9"f#��Qì�rs�&ñ
_�ô�Ç merge��HO(log n)Ü¼

�Ð =åQ���̧2�¤ K��� ½+Ëm��� (n�Ér �n?_� �̧×¼ Ãº). (�ÃÐ�¦��z�́: ¢,aj"t�n?\�"f �̧�ÉrAá¤

'��ÆÒ\� ·¡­#Qe����H �̧×¼Ãº��H ú́§���� ⌊log(n + 1)⌋{9�m���.) &ñ
_�½+É M: ��6£§_� �<Ê

Ãº\�¦ s�6 x
�r�l�\�¦:

let shake (x,lh,rh) = if (rank lh) >= (rank rh)

then NODE(rank rh + 1, x, lh, rh)

else NODE(rank lh + 1, x, rh, lh)

✷

Exercise 4 (20&h�) “Queue = 2 Stacks”

Ç©��H ìøÍ×¼r� 
���_� o�Û¼àÔ{9� ¹��Hכ��9 \O�_þvm���. ¿º>h_� Û¼×þ�Ü¼�Ð Ç©\�¦ ò́

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

|9� Ãº e��_þvm���. (
���_� o�Û¼àÔ0A\�¦ �81pu��H ¿º >h_� �í���'�\�¦ ��ÀÒ%3�~�� C_�

½̈�&³õ� �©�éß�&h��̀¦ q��§K� �Ð[j¹כ.)

y��y��_� Ç© ���íß�[þt_� ��{9�[þt�Ér:

emptyQ: queue

enQ: queue * element -> queue

deQ: queue -> element * queue

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].
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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�_� �̧Ñýt�̀¦ ���$í
½+Ëm���:

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

���ª�ô�Ç Ç© �̧Ñýts� 0A_� Queue ��{9��̀¦ ëß�7á¤r�~�́ Ãº e��_þvm���. \V\�¦[þt#Q:

module IntListQ =

struct

type element = int list

type queue = ...

exception EMPTY Q

let emptyQ = ...

let enQ = ...

let deQ = ...

end

��H &ñ
Ãº o�Û¼àÔ\�¦ Ç©_� "é¶�è�Ð ��t���H �â
Äº��xt¹כ�. 0A_� �̧Ñýt\�"f �<ÊÃº

enQü< deQ\�¦ &ñ
_�
�l� ��³1Ñm���.

s� �̧Ñýt\� e����H �<ÊÃº[þt�̀¦ s�6 xK�"f Ç©\�¦ ëß�×¼��H õ�&ñ
_� \V��H:

let myQ = IntListQ.emptyQ

let yourQ = IntListQ.enQ(myQ, [1])

let (x,restQ) = IntListQ.deQ yourQ

let hisQ = IntListQ.enQ(myQ, [2])

✷
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