
Homework 4

SNU 4190.210 Spring 2006

due: 5/30(Tue) 24:00

Exercise 1 “merge ordered list”

í�H"f@/�Ð ��\P��)a &ñ
Ãº o�Û¼àÔ ¿º>h\�¦ ~ÃÎ��"f ���_� í�H"f o�Û¼àÔ�Ð ëß�×¼��H

�<ÊÃº merge\�¦ &ñ
_����. o�Û¼àÔ\���H °ú �Ér °úכs� ìøÍ4�¤K�"f [þt#Qe��t� ·ú§_þvm���.

Exercise 2 &ñ
Ãºd��[þt_� ½̈�̧\�¦ ��6£§_� ��{9�Ü¼�Ð &ñ
_�Ùþ¡_þvm���:

type expr = NUM of int

| PLUS of expr * expr

| MINUS of expr * expr

| MULT of expr * expr

| DIVIDE of expr * expr

| MAX of expr list

ÅÒ#Q��� expr\�¦ ~ÃÎ��"f &ñ
Ãº°ú̀�כ¦ ëß�[þt#Q?/��H �<ÊÃº eval

eval: expr -> int

\�¦ &ñ
_��[j¹כ. s�M:, MAX [1,3,2] = 3, 7£¤ MAX��H &ñ
Ãºd�� o�Û¼àÔ\�"f ���©� 	�H

&ñ
Ãº\�¦ ¹1Ô��?/��H &ñ
Ãºd��{9�m���. ��� o�Û¼àÔ_� �â
Äº��H 0�̀¦ _�p����H &ñ
Ãºd�� {9�

m���.
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Exercise 3 “Leftist Heaps: ¢,aAá¤¼#�\� j"t�9e����H �n?”

Äº���Ç©(priority queue, “Ä»Z>�èß� Ç©”)����H ½̈�̧_� Ùþ�d���Ér, "é¶�è\�¦ V,��¦ NS��H

�	כ �Ð����H, ]j{9�����H "é¶�è\�¦ ·ú����Ð��H X<\� Ä»èß�y� :£¤�o÷& e������H �.���9�m}	כ

�n?(heap)s� @/³ð&h���� �.¹כ�s�t	כ Õª×�æ\�"f�̧ ¢,aAá¤Ü¼�Ð j"t�2; �n?(leftist heap, ¢,a

j"t�n?)s�����H �¦̀�	כ ½̈�&³K� �̂vr���.
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• ¢,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

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

exception EmptyHeap

fun rank EMPTY = 0

| rank NODE(r, , , ) = r

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

fun findMin EMPTY = raise EmptyHeap

| findMin NODE( ,x, , ) = x

fun deleteMin EMPTY = raise EmptyHeap

| deleteMin 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§���� blog(n + 1)c{9�m���.) &ñ
_�½+É M: ��6£§_� �<Ê

Ãº\�¦ s�6 x�r�l�\�¦:

fun 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)
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Exercise 4 “nMathematica”

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

~�� p�ì�rd�� ���>h\�¦ ëß�[þt#Q�Ð��.
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Write a program diff

diff: ae * string -> ae

that performs symbolic differentiation of algebraic expressions. For example, if

the arguments to the program are ax2+bx+c and x, the program should return

2ax + b. The input algebraic expression is a value of type ae.

type ae = CONST of int

| VAR of string

| POWER of string * int

| TIMES of ae list

| SUM of ae list

For example, ax2 + bx + c is

SUM [TIMES [VAR "a", POWER("x",2)],

TIMES [VAR "b", VAR "x"],

VAR"c"]
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Exercise 5 “Queue = 2 Stacks”

Queue can be implemented such that both the enqueue and dequeue oper-

ations have almost-constant time complexities.

Types of each operations are:

empty: queue

enqueue: queue * elmt -> queue

dequeue: queue -> elmt * queue

A queue [a1, · · · , am, b1, · · · , bn] (bn is the head) is represented as a pair of two

lists L and R:

L = [a1, · · · , am], R = [bn, · · · , b1].

After adding an element x, new queue becomes

[x, a1, · · · , am], [bn, · · · , b1].
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After deleting an element, new queue becomes

[a1, · · · , am], [bn−1, · · · , b1].

When deleting, we sometimes have to reverse the L list and let it be the R list.

Empty queue is ([], []).

Implement a structure IntQuickQueue that contains the queque type and

functions enqueue and dequeue. Queue element is int. 2
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