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�:r õ�]j_� X<×¼������Ér 5�Z4 25{9� �9}¹כ�9} ~ÃÐ 11r� 59ì�rs���.
�:r õ�]j��H 13 ë�H]js���. ·ú¡_� ë�H]j[þt�Ér Ì�o�̂ t��¾Ó\� @/ô�Ç t�d���̀¦ _�Û¼àÔ�

�¦, +'_� ë�H]j[þt�Ér l��í&h���� ·ú��¦o�7£§\� @/ô�Ç ½̈�&³ 0px§4��̀¦ _�Û¼àÔô�Ç��.
�̧��H õ�]j �'aº�� &ñ
Õþ��Ér õ�]j #2ü< 1lx{9����.
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1. ��6£§õ� °ú s� %7�e�¦o�àÔBj��áÔ�ÐÕªA�bç
�̀¦ s�6 x�#� 5>h_�n�Û¼ß¼ü< 3 >h
_� ú́�Ánq�̀¦ ����� ��̧s�_� »1Ñ�̀¦ ÉÒ��H Bj�� �<ÊÃº\�¦ ���$í
���.

7á§ �8 [O�"î
������, s�\�¦ 0AK� 9þtA�Û¼ %7�e�¦o�àÔ\�¦ ���$í
K��� ô�Ç��. ¢̧ô�Ç %7�
e�¦o�àÔ Bj�� áÔ�ÐÕªA�bç
s�Ù¼�Ð ìøÍ×¼r� Bj�� �<ÊÃº\�¦ ���$í
K�"f ��̧s�_�

»1Ñ�̀¦ ½̈�&³K��� ô�Ç��. Bj�� �<ÊÃºêøÍ Õª �<ÊÃº�� ��H áÔ�ÐÕªÏþ�s� z�́'�� ×�æ��� ���
��e��\� z�́'��÷&��H �<ÊÃº�� ��m���, (����{9� ×�æ��� (����{9� ��e��\� z�́'��÷&��H �<Ê
Ãºs���. s��Qô�Ç Bj�� �<ÊÃº\�¦ ���$í
���H ��s	כ %7�e�¦o�àÔ Bj�� áÔ�ÐÕªA�bç
s�
��. �<ÆÒqt[þt_� s�K�\�¦ [�vl� 0AK� ��6£§_� URL[þt�̀¦ {9�#Q�ÐU�́ �Ý¶ô�Ç��.

http://ko.wikipedia.org/wiki/±Îí²Ûå¦Ýð_ §¹± ²́Æ¦¼¡Æ¦µ§Ýò
http://ricanet.com/new/view.php?id=blog/070303#none
http://cdecl.tistory.com/6
http://redo.egloos.com/249263
http://redo.egloos.com/172276

7£¤ ��̧s�_� »1Ñ ·ú��¦o�7£§s� (����{9� ��e��\� s�p� �� z�́'��÷&�¦, áÔ�ÐÕªÏþ��̀¦
z�́'������ &ñ
K���� °ú̀�כ¦ ?/Z�~>� áÔ�ÐÕªÏþ��̀¦ ���$í
���H ��s	כ �:r ë�H]j�� ̈½¹כ

���H �.���s	כ ÕªXO�t� ·ú§�¦ áÔ�ÐÕªÏþ� z�́'�� r�çß�\� ��̧s�_� »1Ñ ·ú��¦o�7£§s�
Ãº'��÷&��H �â
Äº, &h�Ãº\�¦ ÅÒt� ·ú§��H��.

#include <iostream>
using namespace std;

... // ªÖÞ¹£Ûá ¬È ¨Á¨Öá¬Ûå µ¬Á£Ûáכ ¡Íð

int main()
{

Hanoi<1,2,3,5>::move();
return 0;

}

��̧s�_� »1Ñ�̀¦ �̧ØÔ��H ��|ÃÐ�̀¦ 0AK� [O�"î
������, (�a�¦_� {9�7áxs���. [j >h
_� l�Ñüæõ� s� l�Ñüæ\� g1O�̀¦ Ãº e����H ß¼l��� ���ª�ô�Ç "é¶óøÍs� e���¦, (�a�¦�̀¦ r�
����l����\���H ô�Çl�Ñüæ\�"é¶óøÍ[þts�����Ér �s�0A\�e���̧2�¤í�H"f@/�Ð	כ Áú¢#�

e����. >�e��_� 3lq&h��Ér ��6£§ ¿º ��t� �̧|	��̀¦ ëß�7á¤r�v����"f, ô�Ç l�Ñüæ\� g1O�2³
"é¶óøÍ[þt�̀¦ Õª í�H"f Õª@/�Ð ���Ér l�ÑüæÜ¼�Ð �̀���"f ��r� Áú¢��H �.���s	כ

(a) ô�Ç���\� ���_� "é¶óøÍëß� �̀�U�́ Ãº e����.

(b) 	�H "é¶óøÍs� ����Ér "é¶óøÍ0A\� e��#Q"f��H îß��)a��.
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2. (a) ��6£§õ� °ú s� �<ÊÃº %7�e�¦o�àÔ\�¦ s�6 x�#� :£¤&ñ
 X<s�'� +þA�̀¦ ��t���H °úכ
[þt�Ð ½̈$í
�)a C�\P� ?/ÂÒ_� ��«Ñ[þt�̀¦ &ñ
§>=���H ���×þ� &ñ
§>= (selection
sort) áÔ�ÐÕªÏþ��̀¦ ���$í
���. éß�í�Hy� �<ÊÃº %7�e�¦o�àÔëß��̀¦ ëß�×¼��H �â
Äº
s�Ù¼�Ð, Bj�� �<ÊÃº\�¦ æ¼t� ·ú§���� ô�Ç��.

#include <iostream>
using namespace std;

template<typename T>
void selection_sort(T* array, int arr_size)
{
... // ªÖÞ¹£Ûá ¬È ¨Á¨Öá¬Ûå µ¬Á£Ûáכ ¡Íð

}

int main()
{

int arr1[10] = { 10, 4, 11, 6, 7, 9, 1, 32, 9, 64 };
for (int i=0;i<10;i++) cout << arr1[i] << " "; cout << endl;
selection_sort(arr1, 10);
for (int i=0;i<10;i++) cout << arr1[i] << " "; cout << endl;

double arr2[20] =
{ 10., 14.3, 11.23, 6.65, 777., 90.1, 1.111, 32.5, 9.12, 64.,

1.11, 2.33, 50., 34.11, 15.22, 3.4, 11.1, 218., 999., 21. };
for (int i=0;i<20;i++) cout << arr2[i] << " "; cout << endl;
selection_sort(arr2, 20);
for (int i=0;i<20;i++) cout << arr2[i] << " "; cout << endl;

char arr3[7] = { ’D’, ’o’, ’N’, ’g’, ’S’, ’e’, ’O’ };
for (int i=0;i<7;i++) cout << arr3[i] << " "; cout << endl;
selection_sort(arr3, 7);
for (int i=0;i<7;i++) cout << arr3[i] << " "; cout << endl;
return 0;

}

Ø�¦§4� \V��H ��6£§õ� °ú ��.

10 4 11 6 7 9 1 32 9 64
1 4 6 7 9 9 10 11 32 64
10 14.3 11.23 6.65 777 90.1 1.111 32.5 9.12 64 1.11 2.33 50 34.11 15.22 3.4 11.1 218 999 21
1.11 1.111 2.33 3.4 6.65 9.12 10 11.1 11.23 14.3 15.22 21 32.5 34.11 50 64 90.1 218 777 999
D o N g S e O
D N O S e g o
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(b) %7�e�¦o�àÔ Bj�� áÔ�ÐÕªA�bç
�̀¦ s�6 x�#� 10 >h_� &ñ
Ãº C�\P� ?/ÂÒ_� ��
«Ñ[þt�̀¦ &ñ
§>=���H ���×þ� &ñ
§>= (selection sort) Bj�� �<ÊÃº\�¦ ���$í
���.

#include <iostream>

using namespace std;

... // ªÖÞ¹£Ûá ¬È ¨Á¨Öá¬Ûå µ¬Á£Ûáכ ¡Íð

int main()
{

int arr1[10] = { 10, 4, 11, 6, 7, 9, 1, 32, 9, 64 };
for (int i=0;i<10;i++) cout << arr1[i] << " "; cout << endl;
SelectionSort<10>::sort(arr1);
for (int i=0;i<10;i++) cout << arr1[i] << " "; cout << endl;

}

Ø�¦§4� \V��H ��6£§õ� °ú ��.

10 4 11 6 7 9 1 32 9 64
1 4 6 7 9 9 10 11 32 64

�2³àÔ�Ð ��A� URL_� !Q�̂¦ �èàÔ ·ú��¦o�7£§�̀¦ �ÃÐ�¦���.

http://ubiety.uwaterloo.ca/~tveldhui/papers/Template-Metaprograms/meta-art.html

��r� ú́��t�ëß�,�:rë�H]j��H!Q�̂¦�èàÔ·ú��¦o�7£§�̀¦ ½̈�&³�����H ú́�s���
m���, ���×þ� &ñ
§>= ·ú��¦o�7£§�̀¦ %7�e�¦o�àÔ Bj�� áÔ�ÐÕªA�bç
Ü¼�Ð ½̈�&³�
����H >pws���. 7£¤ (����{9� ��e��\� z�́'��÷&��H Bj�� �<ÊÃº�Ð ���×þ� &ñ
§>=�̀¦
(����{9� ��e��\� �� z�́'��K�"f =åQ?/ !Qo��¦, z�́'�� r�çß�\���H ���õ�ëß� Ø�¦
§4��>� ëß�[þt����H �.���s	כ �:r ë�H]j��H ÕªXO�>� áÔ�ÐÕªÏþ��̀¦ ���$í
�t� ·ú§
Ü¼��� &h�Ãº\�¦ ~ÃÎ�̀¦ Ãº \O���.
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(c) ·ú¡_� ¿º ë�H]j\�"f �7H_��)a �<ÊÃº %7�e�¦o�àÔ\�"f_� X<s�'� +þA B�>h ���Ãº
ü< %7�e�¦o�àÔ Bj�� áÔ�ÐÕªA�bç
�̀¦ s�6 x�#� :£¤&ñ
 X<s�'� +þA�̀¦ ��t���H

°úכ[þt�Ð ½̈$í
�)a C�\P� ?/ÂÒ_� ��«Ñ[þt�̀¦ &ñ
§>=���H ���×þ� &ñ
§>= (selection
sort) áÔ�ÐÕªÏþ��̀¦ ���$í
���.

#include <iostream>

using namespace std;

... // ªÖÞ¹£Ûá ¬È ¨Á¨Öá¬Ûå µ¬Á£Ûáכ ¡Íð

int main()
{

int arr1[10] = { 10, 4, 11, 6, 7, 9, 1, 32, 9, 64 };
for (int i=0;i<10;i++) cout << arr1[i] << " "; cout << endl;
SelectionSort<int, 10>::sort(arr1);
for (int i=0;i<10;i++) cout << arr1[i] << " "; cout << endl;

double arr2[20] =
{ 10., 14.3, 11.23, 6.65, 777., 90.1, 1.111, 32.5, 9.12, 64.,

1.11, 2.33, 50., 34.11, 15.22, 3.4, 11.1, 218., 999., 21. };
for (int i=0;i<20;i++) cout << arr2[i] << " "; cout << endl;
SelectionSort<double, 20>::sort(arr2);
for (int i=0;i<20;i++) cout << arr2[i] << " "; cout << endl;

char arr3[7] = { ’D’, ’o’, ’N’, ’g’, ’S’, ’e’, ’O’ };
for (int i=0;i<7;i++) cout << arr3[i] << " "; cout << endl;
SelectionSort<char, 7>::sort(arr3);
for (int i=0;i<7;i++) cout << arr3[i] << " "; cout << endl;

return 0;
}

Ø�¦§4� \V��H ��6£§õ� °ú ��.

10 4 11 6 7 9 1 32 9 64
1 4 6 7 9 9 10 11 32 64
10 14.3 11.23 6.65 777 90.1 1.111 32.5 9.12 64 1.11 2.33 50 34.11 15.22 3.4 11.1 218 999 21
1.11 1.111 2.33 3.4 6.65 9.12 10 11.1 11.23 14.3 15.22 21 32.5 34.11 50 64 90.1 218 777 999
D o N g S e O
D N O S e g o

�:r ë�H]j�̧ %7�e�¦o�àÔ Bj�� áÔ�ÐÕªA�bç
Ü¼�Ð ½̈�&³�����H _�p�s�Ù¼�Ð,
(����{9� ��e��\� z�́'��÷&��H Bj�� �<ÊÃº�Ð z�́]j ���×þ� &ñ
§>=�̀¦ (����{9� ��e��

\���z�́'��K�"f=åQ?/!Qo��¦,z�́'��r�çß�\���H���õ�ëß�Ø�¦§4��>�ëß�[þt��
��H �.���s	כ ÕªXO�>� áÔ�ÐÕªÏþ��̀¦ ���$í
�t� ·ú§Ü¼��� &h�Ãº\�¦ ~ÃÎ�̀¦ Ãº \O�
��.
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3. (a) ��6£§õ� °ú s� %7�e�¦o�àÔ Bj�� áÔ�ÐÕªA�bç
�̀¦ s�6 x�#� z�����Ãº\�¦ ~ÃÎ��
"f s����Ãº�Ð Ø�¦§4����H dec2bin Bj���<ÊÃº\�¦ ���$í
���.

#include <iostream>

... // ªÖÞ¹£Ûá ¬È ¨Á¨Öá¬Ûå µ¬Á£Ûáכ ¡Íð

int main()
{

std::cout << 0 << " : " << dec2bin<0>() << "\n";
std::cout << 1 << " : " << dec2bin<1>() << "\n";
std::cout << 2111165535 << " : " << dec2bin<2111165535>() << "\n";
std::cout << 2147483647 << " : " << dec2bin<2147483647>() << "\n";
std::cout << 2147483646 << " : " << dec2bin<2147483646>() << "\n";
return 0;

}

Ø�¦§4� \V��H ��6£§õ� °ú ��.

0 : 0
1 : 1
2111165535 : 1111101110101011101010001011111
2147483647 : 1111111111111111111111111111111
2147483646 : 1111111111111111111111111111110

(b) ��6£§õ� °ú s� %7�e�¦o�àÔ Bj�� áÔ�ÐÕªA�bç
�̀¦ s�6 x�#� s����Ãº\�¦ ~ÃÎ��
"f z�����Ãº�Ð Ø�¦§4����H bin2dec Bj���<ÊÃº\�¦ ���$í
���.

#include <iostream>

... // ªÖÞ¹£Ûá ¬È ¨Á¨Öá¬Ûå µ¬Á£Ûáכ ¡Íð

int main()
{

std::cout << "0" << " : " << bin2dec<0>::value << "\n";
std::cout << "1" << " : " << bin2dec<1>::value << "\n";
std::cout << "111" << " : " << bin2dec<111>::value << "\n";
std::cout << "110011" << " : " << bin2dec<110011>::value << "\n";
std::cout << "1100111" << " : " << bin2dec<1100111>::value << "\n";
return 0;

}

Ø�¦§4� \V��H ��6£§õ� °ú ��.

0 : 0
1 : 1
111 : 7
110011 : 51
1100111 : 103
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4. ��6£§õ� °ú s� %7�e�¦o�àÔ Bj�� áÔ�ÐÕªA�bç
�̀¦ s�6 x�#� ÅÒ#Q��� X<s�'� +þA_�
s�2£§�̀¦ Ø�¦§4����H type_printer Bj���<ÊÃº\�¦ ���$í
���.

#include <iostream>

... // ªÖÞ¹£Ûá ¬È ¨Á¨Öá¬Ûå µ¬Á£Ûáכ ¡Íð

int main()
{

std::cout << type_printer<int>() << "\n"
<< type_printer<char *>() << "\n"
<< type_printer<long const * &>() << "\n"
<< type_printer<short[10]>() << "\n"
<< type_printer<volatile int>() << "\n";

return 0;
}

Ø�¦§4� \V��H ��6£§õ� °ú ��.

int
char *
long const * &
short [10]
int volatile
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5. (a) cout �̀¦ printf()�Ð ½̈�&³���. s�\�¦ 0AK�, my_ostream s�����H 9þtA�
Û¼\�¦[O�>���¦ my_couts�����HÌ�o�̂\�¦ëß�[þt#Q��6 xô�Ç��. my_ostream
9þtA�Û¼?/ÂÒ\�"f printf()\�¦��6 x� 9,Óüt�:r #include <iostream>õ�
Õª K��8\� &ñ
_��)a l�0px[þt�̀¦ ��6 x���� îß��)a��.

(b) printf()\�¦ coutÜ¼�Ð ½̈�&³���. s�\�¦ 0AK� �����&h���� ���Ãº\�¦ %�o�
½+É Ãº e����H my_printf() �<ÊÃº\�¦ cout�̀¦ ��6 x�#� ½̈�&³�÷&, Óüt�:r
#include <cstdio>, ¢̧��H #include <stdio.h>ü< Õª K��8\� &ñ
_�
�)a l�0px[þt�̀¦ ��6 x���� îß��)a��.
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6. ��6£§õ� °ú s� Ø�¦§4� Û¼àÔaË>\� @/ô�Ç s�'�YUs�'� oIter \�¦ ½̈�&³���. Óüt�:r,
#include <iterator>ü< Õª K��8\� &ñ
_��)a l�0px[þt�̀¦ ��6 x���� îß��)a��.

#include <iostream>
using namespace std;

... // ªÖÞ¹£Ûá ¬È ¨Á¨Öá¬Ûå µ¬Á£Ûáכ ¡Íð

int main()
{

oIter<char> outChar(cout);

*outChar = ’X’; // Öå¦ÏÞכ
outChar++;
*outChar = ’Y’; // Öå¦ÏÞכ
outChar++;
*outChar = ’ ’; // Öå¦ÏÞכ

char str[] = "Dongseo University.";
char *p = str;
while(*p) *outChar++ = *p++;
cout << endl;

oIter<double> outDouble(cout);
*outDouble = 187.23; // Öå¦ÏÞכ
outDouble++;
*outDouble = -102.7; // Öå¦ÏÞכ
cout << endl;

return 0;
}

Ø�¦§4� \V��H ��6£§õ� °ú ��.

XY Dongseo University.
187.23-102.7
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7. dynamic_castü< 1lx{9��>� 1lx������H ptr_cast %7�e�¦o�àÔ\�¦ ½̈�&³���. ��
ëß�, s� ptr_cast ��H dynamic_cast �� V,� �í���'�(7£¤, 0)�̀¦ ìøÍ8̈����H �â
Äº
\�, @/��� bad_cast \Vü@\�¦ ±ú��2;��.
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8. ÅÒ#Q��� &ñ
Ãº x�� e���̀¦ M:, 0\�"f x ��t�_� &ñ
Ãº\�¦ ÏÒ¹¡¤ Ø�¦§4�½+É M: ���̧��H
‘1’_� >hÃº\�¦ f(x)���¦ ���. \V\�¦ [þt#Q f(13)�̀¦ ½̈�l� 0AK� 0ÂÒ'� 13��
t� Ø�¦§4�K� �Ð��� ��6£§õ� °ú ��.

0 1 2 3 4 5 6 7 8 9 10 11 12 13

0A\�"f 1_� >hÃº�� 6 >h e��Ü¼Ù¼�Ð f(13) = 6 s���.

f(1) = 1�Ð {9�§4�õ� Ø�¦§4�s� °ú ��. ÕªXO������ f(n) = n �̀¦ ëß�7á¤���H �̧��H &ñ

Ãº n [þt ×�æ 1 �Ð�� ß¼���"f ���©� ����Ér n �Ér Áº%Á	���t� ½̈���H áÔ�ÐÕªÏþ��̀¦ ���
$í
���. (Ì�o�̂t��¾Ó&h�Ü¼�Ð ���$í
�t� ·ú§���̧ H�d)
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9. http://en.wikipedia.org/wiki/Mandelbrot_set\����Ð���ëß�4SqÚÔ�Ð|9�
½+Ë�̀¦ 4�¤�èÃº (complex number) ýa³ð>�\� Õªo�l� 0Aô�Ç »1ÏØ�¦ r�çß� ·ú��¦o�
7£§(escape time algorithm)s� ���:r��. Õª ·ú��¦o�7£§_� @/|ÄÌ&h���� �ï×¼\�¦ ���
6 x���� ��6£§õ� °ú ��.

For each pixel on the screen do:
{

x = x0 = x co-ordinate of pixel
y = y0 = y co-ordinate of pixel

iteration = 0
max_iteration = 1000

while ( x*x + y*y <= (2*2) AND iteration < max_iteration )
{

xtemp = x*x - y*y + x0
y = 2*x*y + y0

x = xtemp

iteration = iteration + 1
}

if ( iteration == max_iteration )
then

colour = black
else

colour = iteration

plot(x0,y0,colour)
}

�ÃÐ�¦�Ð,ëß�4SqÚÔ�Ð|9�½+Ë�̀¦Õªwn=M:,4�¤�èÃºýa³ð>�\�"f_�þj�í_��â
>���H�Ð
:�x ¢,aAá¤ �±p 0A_� &h��Ér (−2, i), �̧�ÉrAá¤ �±p��A�_� &h��Ér (1,−i)�Ð &ñ
ô�Ç��.

(a) ëß�4SqÚÔ�Ð |9�½+Ë�̀¦ %7�Û¼àÔ�Ð Ø�¦§4����H áÔ�ÐÕªÏþ��̀¦ ���$í
���. Ø�¦§4� \V
��H �ïÛ¼ <�Ì�̀s�t�\�¦ �ÃÐ�¦���.

(b) ëß�4SqÚÔ�Ð |9�½+Ë�̀¦ �o���\� Ø�¦§4����H áÔ�ÐÕªÏþ��̀¦ ���$í
���. Ø�¦§4� \V��H
�ïÛ¼ <�Ì�̀s�t�\�¦ �ÃÐ�¦���.
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10. Monte Carlo ~½ÓZO�Ü¼�Ð ��s�(π)\�¦ ½̈���H áÔ�ÐÕªÏþ��̀¦ ���$í
���. s�\�¦ 7á§
�8 [O�"î
������ ��6£§õ� °ú ��.

2	�"é¶ ýa³ð>�\� "é¶&h�s� ×�æd��s��¦ ìøÍt�2£§_� U�́s��� 1��� "é¶õ�, Õª "é¶\� ü@
]X����Hô�Ç���_�U�́s��� 2s��¦W1>h_����[þts� X,Y ýa³ð»¡¤\� î̈
'��ô�Ç&ñ
��
y��+þA�̀¦Òqty��K��Ð��.Õª&ñ
��y��+þA�Ér (−1, 1), (1, 1), (1,−1), (−1,−1) �̀¦=�G
t�&h�Ü¼�Ð��t�>��)a��.s�]j -1\�"f 1��s�_�z�́Ãº xü< y\�¦�½� ü�Ü¼�ÐØ�æì�r
y� ú́§s� Òqt$í
ô�Ç��. (\V\�¦ [þt#Q 10000 ��� Òqt$í
ô�Ç��.) Òqt$í
ô�Ç &h� (x, y)�� "é¶
?/ÂÒ\� e��Ü¼��� count\�¦ 7£x��r������. þj7áx&h�Ü¼�Ð count °ú̀�כ¦ ��t��¦ π\�¦
½̈ô�Ç��.
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11. ú́§�Ér ��|ÃÐ[þts� ���Òqt�Ér ×�¦�̀¦ ú̧� "f�� ô�Ç���¦ ô�Ç��. s�]j ×�¦�̀¦ ú̧� "f��H áÔ�Ð
ÕªÏþ��̀¦ Òqty��K� �Ð��.

m "î
_� �í�Ð\�¦ {9�§>=�Ð [j0>"f, k ���P: �í�Ð\�¦ º¡¤s��¦ Õª ��o�\�"f ��6£§
k ���P: ��|ÃÐ�̀¦ º¡¤�����. ÏÒ¹¡¤ [j#Q �������� ��t�}�� ��|ÃÐ�̀¦ t���u���� %�6£§
��|ÃÐÜ¼�Ð çß���. Õª��� d��Ü¼�Ð k ���P: ��|ÃÐ�̀¦ >�5Åq º¡¤s�����, �±p ��t�}��\�
z����H ô�Ç "î
�̀¦ ¶ú��2;���¦ ���. s� M: %�6£§\� Y>� ���P: ��o�\� "f�� ¶ú���z���̀¦
Ãº e����Ht� >�íß����H áÔ�ÐÕªÏþ��̀¦ �� �Ð��.

s�K�\�¦ [�vl� 0AK�, \V\�¦ [þt��� ��6£§õ� °ú ��.

(a) ms� 41s��¦ k�� 3��� �â
Äº, 41 "î
_� �í�Ð�� e���¦ [j���P: ��|ÃÐ�̀¦ º¡¤#�
������H d��s� �)a��. s� �â
Äº 31���P: ��|ÃÐs� ¶ú���z����H��.

(b) ms� 1s���� k\� �©��'a \O�s�, ô�Ç ��|ÃÐ µ1Ú\� \O�Ü¼Ù¼�Ð 'Í	���P: ��|ÃÐs� ¶ú�
��z����H��.

(c) ms� 2s��¦ k�� 2��� �â
Äº, 'Í	���P: ��|ÃÐs� ¶ú���z����H��.

(d) ms� 3s��¦ k�� 2��� �â
Äº, [j���P: ��|ÃÐs� ¶ú���z����H��.

(e) ms� 4s��¦ k�� 2��� �â
Äº, 'Í	���P: ��|ÃÐs� ¶ú���z����H��.

(f) ms� 5s��¦ k�� 2��� �â
Äº, [j���P: ��|ÃÐs� ¶ú���z����H��.

(g) ms� 6s��¦ k�� 2��� �â
Äº, 5���P: ��|ÃÐs� ¶ú���z����H��.

(h) ms� 7s��¦ k�� 2��� �â
Äº, 7���P: ��|ÃÐs� ¶ú���z����H��.

(i) ms� 8s��¦ k�� 2��� �â
Äº, 'Í	���P: ��|ÃÐs� ¶ú���z����H��.

(j) ms� 9s��¦ k�� 2��� �â
Äº, [j���P: ��|ÃÐs� ¶ú���z����H��.

(k) ms� 10s��¦ k�� 2��� �â
Äº, 5���P: ��|ÃÐs� ¶ú���z����H��.

(l) ms� 11s��¦ k�� 2��� �â
Äº, 7���P: ��|ÃÐs� ¶ú���z����H��.

(m) ms� 12s��¦ k�� 2��� �â
Äº, 9���P: ��|ÃÐs� ¶ú���z����H��.

(n) ms� 13s��¦ k�� 2��� �â
Äº, 11���P: ��|ÃÐs� ¶ú���z����H��.

(o) ms� 14s��¦ k�� 2��� �â
Äº, 13���P: ��|ÃÐs� ¶ú���z����H��.

(p) ms� 15s��¦ k�� 2��� �â
Äº, 15���P: ��|ÃÐs� ¶ú���z����H��.

(q) ms� 16s��¦ k�� 2��� �â
Äº, 'Í	���P: ��|ÃÐs� ¶ú���z����H��.

áÔ�ÐÕªÏþ��Ér mõ� k����H¿º>h_�&ñ
Ãº\�¦{9�§4�~ÃÎ��H��.Óüt�:rs�M:, m�Ér k�Ð
��ß¼��.Õªo��¦áÔ�ÐÕªÏþ��Érº¡¤l��Ð���×þ��)a��|ÃÐ[þt�̀¦	�YV�ÐØ�¦§4�ô�Ç��.z�́
'�� \V��H ��6£§õ� °ú ��.

m : 41 <-- 41 ¬Ýî¦ÏÞ

k : 3 <-- 3 ¬Ýî¦ÏÞ

3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36, 39, 1, 5, 10, 14, 19, 23, 28, 32,

37, 41, 7, 13, 20, 26, 34, 40, 8, 17, 29, 38, 11, 25, 2, 22, 4, 35, 16, 31.
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12. Suffix tree��HÛ¼àÔa�A�̀¦Ò�o����#�$��©��l�0Aô�ÇàÔo�X<s�'� ½̈�̧s���.s�
\�¦ 0AK�"f ÅÒ#Q��� Û¼àÔa�A_� ��t�}��\� Û¼àÔa�A_� =åQ�̀¦ ����?/��H ë�H��(ÅÒ�Ð
‘$’)\�¦ ·¡��� Êê, Ò�o���ô�Ç��. \V\�¦ [þt#Q “banana”����H Û¼àÔa�A\� @/ô�Ç suffix
tree��H ��6£§õ� °ú ��.

7

1

banana$

3

a

2

na

1

$

1

$

2

na

1

$

1

na$

1

$

1

na$

ÕªaË> 1: “banana$”Û¼àÔa�A\�@/ô�Ç suffix tree. �̧×¼_�Õüw����HJ����_�µ1ÏÒqt����̧\�¦
����ÍÇr.

Äº��� ÅÒ#Q��� “banana” Û¼àÔa�A �±p +'\� ‘$’\�¦ ·¡�����. Õªo��¦ ��"f, ]X�p�
#Q, 7£¤ suffix [þt�̀¦ ëß�[þt#Q"f ���m�� àÔo�\� V,���H��. s��Qô�Ç suffix [þt�Ér
“banana$”, “anana$”, “nana$”, “ana$”, “na$”, “a$”, Õªo��¦ “$” s���.

àÔo�_� root �̧×¼�ÐÂÒ'� y��y��_� leaf �̧×¼��t� ����H path��H ���_� suf-
fix\�¦ �����·p��. :£¤&ñ
 J����s� ÅÒ#Qt����, root �̧×¼�ÐÂÒ'� Õª J�����̀¦ ����
çß� path\�"f ���©�����î�r ��A�Aá¤Ü¼�Ð �̧×¼_� Õüw����ÕªJ����s�µ1ÏÒqtô�Ç Õüw
��s���. \V\�¦ [þt���, “banana$”\�"f “na” J�����Ér 2 ��� ����èß���.

áÔ�ÐÕªÏþ��Ér |�� Û¼àÔa�A�̀¦ {9�§4� ~ÃÎ��"f suffix tree\�¦ ëß�[þt�¦, J�����̀¦ {9�§4�~ÃÎ
�� Õª J����s� ÅÒ#Q��� Û¼àÔa�A\�"f µ1ÏÒqt���H >hÃº\�¦ Ø�¦§4�ô�Ç��. ëß�{9� J����s�
µ1ÏÒqt�t� ·ú§��H����� Óüt�:r 0�̀¦ Ø�¦§4�ô�Ç��.

Suffix tree��Ho�m�#Q��e��(linear time)\�ëß�[þtÃºe����H·ú��¦o�7£§s�e��t�ëß�
�:r õ�]j\�"f��H Õª &ñ
�̧\�¦ "é¶�t���H ·ú§�¦, Õªzª� ÅÒ#Q��� Û¼àÔa�A\�"f ]X�p�#Q
[þt�̀¦ ëß�[þt#Q"f àÔo�\� Õªzª� ¶ú�{9��#� ½̈$í
���H ~½ÓZO�Ü¼�Ð î̈
s��>� ëß�[þt

#Q�̧ �)a��.

PS: �-Áº {©����ô�Ç E�l�t�ëß�, ëß�{9� ���'��Å	\�"f *��̧��H �èÛ¼ �ï×¼\�¦ ���)� s�
K��t��̧ 3lw����"f ��l��� ô�Ç ������ª	כ 4�¤��K�"f �Ð�·p ��z�́s� ×¼�Q±ú� �â
Äº,
�:r õ�]j ����̂\�¦ 0 &h� %�o�ô�Ç��. ��r� ú́��t�ëß�, ���'��Å	\� *��̧��H �èÛ¼��H
�����_�/BNÂÒ\�¦ 0AK��ÃÐ�¦ëß� ��0px�t�Õª �èÛ¼_�#Q*�ô�Ç ÂÒì�r�̧ �����s�]j

Ø�¦½+É áÔ�ÐÕªÏþ�\� V,�#Q"f��H îß��)a��.

\V\�¦ [þt#Q ���'��Å	\�"f *��̧��H �èÛ¼\�¦ s�K��̧ 3lw����"f ��î�r ~ÃÎ�� $�����Ý¶

s��� ëß���H ��|ÃÐ s�2£§ °ú �Ér ��þtëß]	כ t�Äº�¦ ]jØ�¦ô�Ç������, “XXX\�¦ �ÃÐ�¦Ùþ¡
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_þvm���”���¦ æ¼l�ëß� ��¦ ��Áº Òqty�� \O�s� >á¤°ú �Ér ?/6 x�̀¦ Õª@/�Ð 4�¤��K�
"f ]jØ�¦���� õ�]j�� 0&h� %�o�|̈c ÷�r�8�Q ýe|9�\� ���� �:r õ�3lq�̀¦ F %�o�½+É
�.���s	כ
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13. ���©� ��¥ô�Ç ��{9� ·ú�»¡¤ ~½ÓZO��Ér run length ~½ÓZO�s���. Õª�Q��, s� ~½ÓZO��Ér :£¤
&ñ
 ë�H���� J����s� Y>���� ��������Ht�\�¦ $��©����H ~½ÓZO�Ü¼�Ð, ×�æ�¦1px�<ÆÒqt�̧
·ú� &ñ
�̧�Ð î̈
s����.

�:r õ�]j\���� )�áÔëß��ïç̀
�̀¦ ½̈�&³���H ��{9� ·ú�»¡¤x9�K�]jáÔ�ÐÕªÏþ��̀¦ ���$í


K� �Ð��. s�\�¦ 0AK�"f��H ÅÒ#Q��� ��{9�\�"f ë�H��[þt_� ì�r�í\�¦ ½̈K�"f )�áÔëß�
àÔo�\�¦ Òqt$í
�#� s�\�¦ :�xK� ����� U�́s� �ï×¼ _�s��̂¦�̀¦ ëß���H��. ½̈$í
�)a )�
áÔëß� àÔo�\� _�ô�Ç ����� U�́s� �ï×¼ _�s��̂¦�̀¦ :�xK�"f ÅÒ#Q��� ��{9��̀¦ �����

U�́s� �ï×¼�Ð ����ïç̀
ô�Ç��. Õªo��¦ ��"f _�s��̂¦õ� Dh\�v>� ����ïç̀
�)a ��{9��̀¦
°ú s� Dh�Ðî�r ·ú�»¡¤ ��{9��Ð $��©�ô�Ç��.

ëß�[þt#Q��� áÔ�ÐÕªÏþ��Ér ÅÒ#Q��� ��{9��̀¦ ��t��¦ )�áÔëß� àÔo�\�¦ ½̈$í
�#� ��

��� U�́s� �ï×¼ _�s��̂¦�Ð ·ú�»¡¤�̀¦ ��¦ 1lxr�\� ·ú�»¡¤Ò�¦�̀¦ Ø�¦§4�ô�Ç��. \V\�¦ [þt
#Q 100 ��s�àÔ_� ��{9�s� 60 ��s�àÔ�� ÷&��� ·ú�»¡¤Ò�¦�Ér 60%s���. ÅÒ#Q��� ��
{9�s� ß¼��� 9þtÃº2�¤, Õªo��¦ %7�Û¼àÔ ��{9���� �â
Äº, �8 a%~�Ér ·ú�»¡¤Ò�¦�̀¦ �Ð{9� �	כ
s���.

)�áÔëß� àÔo�\�¦ ���$í
���H ~½ÓZO��Ér ��6£§_� URL�̀¦ �ÃÐ�¦�l� ��êøÍ��.

http://kaistizen.net/project/Zip/Huffman.html
http://myhome.naver.com/gginnie1/datacomm/huffman_coding.htm

PS: ���Ð ·ú¡_� ë�H]j%�!3� %i�r� ëß�{9� ���'��Å	\�"f *��̧��H �èÛ¼ �ï×¼\�¦ @/Ø�æ
4�¤��K�"f �Ð�·p ��z�́s� ×¼�Q±ú� �â
Äº, õ�]j ����̂\�¦ 0 &h� %�o������ ýe|9�\�
	�H �â
Äº �:r õ�3lq\� @/K� F %�o�ô�Ç��.
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