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V� 1 â�
 ø�V� V���·Uc 7�B� ð5�Þ«k� N±Ó���� TÒ» ��/�×

�:r õ�]j_� X<×¼������Ér 4�Z4 20{9� �9}¹כ�9} ~ÃÐ 11r� 59ì�rs���.
�:r õ�]j��H ��6£§ ¿º��t� ~½ÓZO� ×�æ ����Ð ]jØ�¦|̈c Ãº e����.

1. Äº��� s�Bj{9��Ð ]jØ�¦���H ~½ÓZO�s� e����.

õ�]j\�¦ ]jØ�¦½+É M:��H áÔ�ÐÕªÏþ�_� �èÛ¼ ��{9�[þt�̀¦ ZIP Ü¼�Ð ·ú�»¡¤�#�

dkkang@dongseo.ac.kr�Ð s�Bj{9��Ð �Ð�·p��.

s�Bj{9��Ð ]jØ�¦½+É M:, s�Bj{9�_� ]j3lq�̀¦ “[OOP2008]”�Ð r������¦ “HW2”,
ìøÍ, �<Æ���, s�2£§ 1px�̀¦ í�H"f@/�Ð l�F�ô�Ç��.

\V\�¦[þt#Q E11ìøÍ�<Æ��� 20061111���<�ªU�́1lxs�õ�]j #2�̀¦]jØ�¦���H�â
Äº��
6£§õ� °ú s� s�Bj{9� ]j3lq�̀¦ æ¼��� �)a��.

¹§ÑÞ: [OOP2008]HW2.E11.20061111. ³Ñò¡Ýå¤Ñò

ìøÍ×¼r� ÕªXO�>� îß�K��̧ ÷&t�ëß�, ��0px���� ��{9�"î
�̧ s�Bj{9� ]j3lqõ� {9�u�
r�v���� y©����� õ�]j\�¦ ì�rÀÓ���H Ãº�¦\�¦ W=� Ãº e����. 7£¤ 0Aü< °ú �Ér �â
Äº,
[OOP2008]HW2.E11.20061111.³Ñò¡Ýå¤Ñò.zips����¦��{9�"î
�̀¦ëß�[þt���~ÃÎ��H
Aá¤\�"f �8 a%~����H �.���s	כ

s�Bj{9�_� ]j3lq�̀¦ $�XO�>� +�ÅÒ��� z�́]j�Ð �:r y©���_� (��ÉÓ'�\�"f��H Bj{9� 9þt

��s����àÔ�� s�Bj{9��̀¦ ��1lxÜ¼�Ð ì�rÀÓô�Ç��. Õª���X<, s�XO�>� &h�#Q�̧ z�́]j�Ð
õ�]j\�¦ ~ÃÎ���Ð��� |	�$í
Ü¼�Ð ]jØ�¦ ���½Ó�̀¦ {9��¦ d�¦o�>� �Ð?/��H �<ÆÒqt[þts� @/

��Ãºs�m�, �̧Õªëß� �8 ����â
 +�ÅÒ%3�Ü¼��� ���H ��Ïþ�s���.

$���� ½©gË:�̀¦ îß�t�v���H |	� @/ÂÒì�r_� �â
Äº �̧�FK Ô�¦¼#�ô�Ç &ñ
�̧t�ëß�, ���©� þj
������|	� �Ð?/��H �<ÆÒqt_� s�2£§�̀¦ æ¼t� ·ú§��H �â
Äºs���. �íl�\� �����_� s�Bj{9�
[O�&ñ
\�"f �����_� �:r"î
�̀¦ V,�t� ·ú§��H �â
Äº�� @/ÂÒì�r���X<, õ�]j\�¦ ]jØ�¦���H
s�Bj{9� ]j3lqs��� �:rë�H\��̧ s�2£§�̀¦ V,�t� ·ú§Ü¼��� ~ÃÎ��H ��|ÃÐs� �2;ô�Ç ��|ÃÐs�

����� s��©� �©�@/�� ¾ºç�Ht� ·ú� Ãº \O���. Õª���X<�̧, z�́]j�Ð s�2£§�̧ îß�æ¼�¦ $�
XO�>� �t��̧ ·ú§�¦ Õªzª� �Ð?/��H �<ÆÒqt[þt�̧ �8�Q e��#Q M®o��. y©����Ð��� ��0px
ô�Ç �̧��H ~½ÓZO��̀¦1lx"é¶K�"fs�2£§�̀¦ Ä»ÆÒK� M®o��HX<Õª>�Ô�¦��0px����� �©�{©�

y� r�çß��̀¦ �è�̧ô�Ç��.

����"f ·ú¡Ü¼�Ð��H, s�Bj{9� ]j3lqs��� �:rë�H\� �����_� s�2£§�̀¦ V,�t� ·ú§��H �<ÆÒqt
�Ér, r�+«>t�\� �:r���_� s�2£§�̀¦ îß���H ��%�!3�, {©����y� &h�Ãº\�¦ ×�¦ Ãº \O�����H &h�
�̀¦ "î
SX�y� ��¦ z�·��.
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2. 'Í	���P: ]jØ�¦ ~½ÓZO��Ér R/Û !QÕª(Web bug)\�¦ :�xK� �©�@/~½Ós� s�Bj{9��̀¦ K®o��H
t� SX�������H �â
Äº ��6£§�Ér Z�~s�t�ëß�, y©���_� Bj{9� 9þt��s����àÔ_� �â
Äº Õª���
SX���� ~½ÓZO��̀¦ l��:r&h�Ü¼�Ð p�o� }���¦ e����. ¢̧ô�Ç �����_� s�Bj{9�s� Û¼Øþ�Ü¼�Ð
Bj{9�s� ì�rÀÓ|̈c Ãº�̧ e��Ü¼Ù¼�Ð, �<ÆÒqt[þt\� ����"f��H ��6£§s� Z�~s�t� ·ú§�̀¦ Ãº
�̧ e���̀¦ �.���s	כ

¿º���P: ]jØ�¦ ~½ÓZO��Ér s���� �<Æl�ÂÒ'� Ãº'��÷&��H R/Û 9þtA�Û¼\� _�ô�Ç ]jØ�¦~½ÓZO�

s���. R/Û 9þtA�Û¼_� <�Ì�̀s�t���H http://webclass.dctl.ac.kr/s���. R/Û
9þtA�Û¼\� [þt#Q��"f �����_� õ�3lqõ� ìøÍ\� [þt#Q����� õ�]j\�¦ ]jØ�¦½+É Ãº e��>�

÷&#Q e����. @/��Ãº_� �<ÆÒqt[þts� R/Û 9þtA�Û¼\�¦ ��6 xK� K®oÜ¼Ù¼�Ð s� ~½ÓZO�\�
@/K� �8 U�́>� [O�"î
½+É ��¹כ��9 \O��̀¦ �.���s	כ

��r� ô�Ç��� ú́��t�ëß� 0A_� ¿º��t� ~½ÓZO� �̧¿º +�"f ]jØ�¦K��̧ ÷&�¦, Õª ×�æ ô�Ç��
t� ¼#�ô�Ç ~½ÓZO��̀¦ Y�J��"f ]jØ�¦K��̧ �)a��. ��ëß�, ¿º��t� ~½ÓZO��̀¦ �̧¿º jþt �â
Äº, y©���
�� ·ú���"f ���\�¦ ���×þ�K�"f G�&h�½+É �.���s	כ
�:r õ�]j\�¦ Û�¦ M:, �<ÆÒqt[þt çß�\� ë�H]j\�¦ Û�¦l� 0Aô�Ç �Ð_���H )�6 x�)a��. 7£¤ �<ÆÒqt

[þt�Ér "f�Ð ë�H]j\�¦ #Qb�G>� Û�¦ ��\�����	כ @/K� ��s�n�#Q\�¦ �§8̈�½+É Ãº e��Ü¼ 9, s�
M:, �̧àÔ�� }9�óøÍ�̀¦ ��6 x½+É Ãº e����. ¢̧ô�Ç ë�H]j\�¦ Û�¦l� 0AK� ���'��Å	�̀¦ �ÃÐ�¦½+É Ãº
e����.
Õª�Q��, �<ÆÒqt[þts� ë�H]j\� @/K� z�́]j �§Ãº\�>� ]jØ�¦½+É ²ú�îß��̀¦ ���$í
½+É M:\���H

R/Û ÚÔ��Äº$�\�¦ ìøÍ×¼r� ã¼�¦ q�ÅÒ\O� C++ü< %7�Û¼àÔ \�n�'� ¢̧��H MS 0>×¼�� ô�Ç
/åJ�̀¦��t��¦�:r���Û¼Û¼�Ð²ú�îß��̀¦���$í
K�"f�Ð?/��ô�Ç��. ¢̧ô�Ç���Ér�<ÆÒqt\�>���
s�n�#Q\�¦%3�%3��̀¦�â
Äº,y��y��_�õ�]j_�²ú�îß�+'\�Õª�<ÆÒqt_�s�2£§�̀¦ìøÍ×¼r����/åL
K��� ô�Ç��. \V\�¦ [þt#Q “<�ªU�́í�H\�>� �:r ²ú�îß�_� ��s�n�#Q\�¦ %3�%3�_þvm���”���¦ +�
"f ]jØ�¦ô�Ç��. s��Qô�Ç �â
Äº, y��&h��Ér ���)� \O���.
ëß�{9����'��Å	\�"f²ú��̀¦�:r�â
Äº,Õª²ú��̀¦ Qo��Ðs�K�ô�ÇÊê,R/ÛÚÔ��Äº$�\�¦ã¼

�¦, �D¥�� jËµÜ¼�Ð Õª ²ú�îß��̀¦ ���$í
ô�Ç��. Õªo��¦ ��"f ��t�}��\� �ÃÐ�¦ ë�H��³Ü¼�Ð ���
'��Å	_� URL ÅÒ�èü< �̀s�t�_� ]j3lq�̀¦ &h�#Q"f ]jØ�¦ô�Ç��. s��Qô�Ç �â
Äº\��̧, y��&h�
�Ér ���)� \O���.
ëß�{9� ÕªXO�t� ·ú§�Ér �â
Äº, ?/6 xs� q�5pwô�Ç ²ú�îß�s� &h�µ1Ï÷&��� &h�µ1Ï�)a �̧��H �<ÆÒqt

\� @/K� \Vü@\O�s� 0&h� %�o�\�¦ ô�Ç��. "é¶A�_� ²ú��̀¦ ��H ��|ÃÐ�̧ 0&h�s��¦, Z�����H ��
|ÃÐ�̧ 0&h�s���. �<ÆÒqt�Ér �����_� ²ú��̀¦ z��s� �<ÊÂÒ�Ð ¿ÇÌ5g"f �Ðt� 3lw��̧2�¤ çß�Ãº½+É
Õþ�e��s� e����.
ëß�{9� �����s� q�ÅÒ\O� C++�Ð áÔ�ÐÕªÏþ��̀¦ ���$í
½+É M: \P�\�"f ���Ér �<ÆÒqts� �̧

ü<1>"f��H îß�÷& 9, ���Ér �<ÆÒqts� áÔ�ÐÕªÏþ��̀¦ ���$í
½+É M: �̧¹¡§�̀¦ ÅÒ#Q"f�̧ îß��)a��.
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V� 2 â�
 ø�V�

�:r õ�]j��H 10 ë�H]js���. %�6£§ ��$Á	 ë�H]j��H Ì�o�̂ t��¾Ó\� @/ô�Ç t�d���̀¦ _�Û¼àÔ�
�¦, ���Ér ��$Á	 ë�H]j��H l��í&h���� ·ú��¦o�7£§\� @/ô�Ç l��í&h���� B�Äº l��í&h���� t�d��
�̀¦ _�Û¼àÔô�Ç��.

2.1 [ËcW�ÐM� �ïe��ªB� Þ«h�ÐM� N� ê�>m�(�×Ça�

��6£§õ� °ú �Ér áÔ�ÐÕªÏþ��̀¦ �Ð��.

01: #include <iostream>
02:
03: int main() /* main */
04: {
05: std::cout << "¬È ª¹¡»¬Ç ² ¡́¿¦Ûå §ÉÞ¡È ¬Ä³µ" << std::endl;
06: std::cout << "¬È ª¹¡»¬Ç ²Ïò³½¦Ûå È°È¡È ¬Ä³µ" << std::endl;
07: return 0;
08: }

s� áÔ�ÐÕªÏþ��̀¦ ����â
�#�, ��6£§õ� °ú s� Ø�¦§4�÷&�̧2�¤ K��Ð��.

¬Á¦È¡´ £Á¡ÖáÈ §Öå¬ÆªÝá¤ §́Ïá

¤µ¤Éî³µ ¤Æ¦È£Ûá ¡¹ ¬ÝáÈªÉòÍò.
¬È ª¹¡»¬Ç ² ¡́¿¦Ûå §ÉÞ¡È ¬Ä³µ

¬È ª¹¡»¬Ç ²Ïò³½¦Ûå È°È¡È ¬Ä³µ

ª ¦́Éò¡½ ÝáªÝå, ¬ ¤̧Öí¬Ûå ©Á¦È¡¼ ¤´£È£Ûá

²¼°Îð§Ñá¬Ç ¡Éíכ¼, ¡Ä¬Ïí¤Öò¬È ¬ÉÞ¤Éò

éß�,$�0A_� main�<ÊÃº��HÕª?/6 xs�]X�@/��7���îß�÷&�¦Õª@/�Ðs�#Q��ô�Ç��.
]jØ�¦½+É áÔ�ÐÕªÏþ�_� �èÛ¼ �ï×¼_� s�2£§�Ér pokemon.cpp�Ð ���� �)a��.

2.2 doubleø� [ËcW��+ ¹û�gכ�

11 �©�\�"f C�î�r Stonewt Ì�o�̂\�¦ Òqty��K� �Ð��.

1. double õ� Stonewt Ì�o�̂_� Y�L!lr, Õªo��¦ Stonewt Ì�o�̂[þt çß�_� Y�L!lr�̀¦ Ðlr
!Q �<ÊÃºü< áÔE$�×¼ �<ÊÃº\�¦ s�6 x�#� ½̈�&³���.
9þtA�Û¼ s�2£§�Ér Stonewt1 s��� ��¦ ]jØ�¦½+É áÔ�ÐÕªÏþ�_� �èÛ¼ �ï×¼_� s�2£§
�Ér Stonewt1.hü< Stonewt1.cpp�Ð ô�Ç��.

2. áÔE$�×¼ �<ÊÃº[þtëß� ��t��¦ ���íß��� �̧!Q�Ðç̀
�#� double õ� Ì�o�̂_� Y�L!lr, Õª
o��¦ Ì�o�̂[þt çß�_� Y�L!lr�̀¦ ½̈�&³���.
9þtA�Û¼ s�2£§�Ér Stonewt2 s��� ��¦ ]jØ�¦½+É áÔ�ÐÕªÏþ�_� �èÛ¼ �ï×¼_� s�2£§
�Ér Stonewt2.hü< Stonewt2.cpp�Ð ô�Ç��.

3. áÔE$�×¼�<ÊÃºü<Òqt$í
��\�¦:�xô�Ç+þA���8̈��̀¦s�6 x�#� doubleõ�Ì�o�̂_�Y�L!lr,
Õªo��¦ Ì�o�̂[þt çß�_� Y�L!lr�̀¦ ½̈�&³���.
9þtA�Û¼ s�2£§�Ér Stonewt3 s��� ��¦ ]jØ�¦½+É áÔ�ÐÕªÏþ�_� �èÛ¼ �ï×¼_� s�2£§
�Ér Stonewt3.hü< Stonewt3.cpp�Ð ô�Ç��.
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2.3 INT

&ñ
Ãº +þA��� int ��¦ >á¤°ú s� ���1lx÷&��H 9þtA�Û¼ INT \�¦ &ñ
_���¦ ½̈�&³���. s�\�¦
0AK�"f��H, �8�l�, NSl�, Y�L�l�, ��¾ºl� 1px1px_�, t�èß� r�çß�\� ���íß��� �̧!Q�Ðç̀

\�"f C�î�r �§F�_� ³ð(645, 646Aá¤)\� ���̧��H ���íß���[þt ×�æ\�"f &ñ
Ãº +þAs� &h�6 x÷&
��H �̧��H���íß��� �̧!Q�Ðç̀
�ÉrÓüt�:r,���8̈��<ÊÃº[þt��t���6 xK���ô�Ç��.��r� ú́��t�
ëß� éß�í�Hy� ��gË:���íß�ëß� �t� ú́��¦ &ñ
Ãº +þAs� &h�6 x|̈c Ãº e����H ��0pxô�Ç �̧��H ���íß�

��[þt\� @/K� �̧!Q�Ðç̀
�̀¦ K��Ð��.
]jØ�¦½+É áÔ�ÐÕªÏþ�_� �èÛ¼ �ï×¼_� s�2£§�Ér INT.hü< INT.cpp�Ð ô�Ç��.

2.4 LLLINT

s����\���H e��_�_� ��@/ô�Ç Ãº_� ���íß��̧ ��0pxô�Ç &ñ
Ãº 9þtA�Û¼\�¦ ½̈�&³K� �Ð��.
&ñ
Ãº��H �Ð:�x 32q�àÔ ¢̧��H 64q�àÔ, 128q�àÔ &ñ
�̧_� ß¼l�\�¦ ��t���H X<, ��\V

e��_�_� ��ÅÒ 	�H Ãº_� ���íß��̧ ��0px�>� K��Ð����H �.���s	כ
s�\�¦ 0AK� Äº��� ��6£§ ¿º ��t� �â
Äº\�¦ ��¾º#Q"f ë�H]j\�¦ Û�¦#Q�Ð��.

1. {9�éß� Ì�o�̂ t��¾Ó�Ér Òqty���t� ú́��¦, 1000 _� Øþ��Ðo�\O� (1000!)�̀¦ ½̈K��Ð��.
s�\�¦ 0AK� #Qb�G>�  »	!lrõ� Y�L!lr ���íß��̀¦ &ñ
_���¦, #Qb�G>� Õüw��[þt�̀¦ $��©�
K��� ½+Ét� �¦���K�"f áÔ�ÐÕªÏþ��̀¦ ëß�[þt�̧2�¤ ô�Ç��. s� áÔ�ÐÕªÏþ��Ér z�́'������
1000!_� ���õ��Ð ���̧��H �̧��H ��o�_� Õüw��\�¦ &ñ
SX�y� Ø�¦§4�K��� ô�Ç��. \V\�¦
[þt��� 1.234E+567 s�����H d��_� t�Ãº ³ð�&³Ü¼�Ð Ø�¦§4�÷&��� îß��)a��.

]jØ�¦½+É áÔ�ÐÕªÏþ�_� �èÛ¼ �ï×¼_� s�2£§�Ér 1000.cpp�Ð ô�Ç��.

2. e��_�_� ��@/ô�Ç Ãº_� ���íß�s� ��0pxô�Ç &ñ
Ãº 9þtA�Û¼_� s�2£§�̀¦ LLLINT ���¦
��¦ z�́]j�Ð ½̈�&³K� �Ð��. s�\�¦ 0AK�"f��H, �8�l�, NSl�, Y�L�l�, ��¾ºl�
1px1px_� t�èß� r�çß�\� ���íß��� �̧!Q�Ðç̀
\�"f C�î�r �§F�_� ³ð(645, 646Aá¤)\�
���̧��H �þt]	כ ×�æ ��0pxô�Ç �̧��H ���íß���[þt�̀¦ �̧!Q�Ðç̀
K��� ô�Ç��.

]jØ�¦½+É áÔ�ÐÕªÏþ�_� �èÛ¼ �ï×¼_� s�2£§�Ér LLLINT.hü< LLLINT.cpp�Ð ô�Ç��.

2.5 String�+ substring

12 �©�\�"f��H 1lx&h� Bj�̧o� ½+É{©��̀¦ ]j@/�Ð �¦�9�#� String Ì�o�̂\�¦ ½̈�&³�l� 0A
ô�Ç ~½ÓZO��̧ C��°?��.

1. s�]j substring l�0px�̀¦ () ���íß���\�¦ �̧!Q�Ðç̀
���H ~½ÓZO�Ü¼�Ð ½̈�&³���. 7£¤
, ��6£§õ� °ú �Ér �ï×¼[þts� ��0px��̧2�¤ ���H �.���s	כ

String str1("Hello");
String str2("World");

String str3 = str1(2); // str3 == "llo"
String str4 = str2(1,4); // str4 == "orl"

]jØ�¦½+É áÔ�ÐÕªÏþ�_� �èÛ¼ �ï×¼_� s�2£§�Ér String1.hü< String1.cpp�Ð ô�Ç
��.
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2. s�]j áÔ�ÐÕªÏþ��̀¦ �8 ��1pu#Q"f, substring l�0pxs� @/{9� ���íß���_� ¢,aAá¤\��̧
�̀¦ Ãº e���̧2�¤ ô�Ç��. \V\�¦ [þt#Q ��6£§õ� °ú �Ér �ï×¼[þts� ��0px��̧2�¤ �����H
�.���s	כ 1

String str1("Hello");
String str2("World");

str1(1) = "elp!"; // str1 == "Help!"
str2(1,4) = "ooo"; // str2 == "Woood"
str1(1) = "appiness"; // str1 == "Happiness"
str2(1,4) = "oo"; // str2 == "Wood"

]jØ�¦½+É áÔ�ÐÕªÏþ�_� �èÛ¼ �ï×¼_� s�2£§�Ér String2.hü< String2.cpp�Ð ô�Ç
��.

2.6 RLE(Run Length Encoding)

��6£§�Ér >�e�� �r�� �Éo��H_� {9��� ë�H]j�Ð ���'��Å	\� /BN>h�)a ë�H]j ×�æ ���s���.
RLE(Run Length Encoding)êøÍ, e��_�_� Ãº\P��̀¦ (ìøÍ4�¤ Ãº, Õüw��)_� �©�Ü¼�Ð �)a

Ãº\P��Ð ëß�×¼��H ÂÒ ñ�o ~½ÓZO�s���. \V\�¦ [þt#Q ��6£§õ� °ú �Ér \P� >h_� Õüw���Ð �)a Ãº
\P�s� e�����¦ ½+É M:,

9, 9, 9, 5, 7, 7, 7, 7, 7, 7

RLE\�¦ s�6 x�#� ��6£§õ� °ú s� #�$Á	 >h_� Õüw���Ð ÂÒ ñ�o½+É Ãº e����.

(3,9), (1,5), (6,7)

K�$3�����, 9�� [j >h e���¦, Õª ��6£§\� 5�� ô�Ç >h, Õª ��6£§\� 7s� #�$Á	 >h ���̧
��H Ãº\P�s�����H >pws���.
s� M:, ("é¶A� Ãº\P�_� Ì�	Ãº) / (ÂÒ ñ�o Ãº\P�_� Ì�	Ãº) \�¦ ·ú�»¡¤Ò�¦s��� � 9, 0A

_��â
Äº\�"f·ú�»¡¤Ò�¦�Ér 10 / 6 = 1.666s���.s�XO�>�ÂÒ ñ�o�)a°úכ�Ér~1�>�"é¶A�°úכ
Ü¼�Ð 4�¤"é¶½+É Ãº e��6£§�̀¦ ·ú� Ãº e���̀¦ �.���s	כ
Õª���X<, "é¶A� °úכÜ¼�Ð ÷&[�to���H �¦̀�	כ �Ð�©��t� ·ú§��H RLE ~½ÓZO��̀¦ ’�<Hz�́ RLE’

�� ���. s� �â
Äº��H 4�¤"é¶Ùþ¡�̀¦ M: �̧	��� Òqtl�>� ÷&��HX<, "é¶A� Ãº\P�õ�_� RMSE
(Root Mean Square Error) \�¦ �̧	��Ð"f &ñ
_�ô�Ç��. ß¼l��� n��� A Ãº\P�õ� B Ãº
\P� ��s�_� RMSE��H ��6£§õ� °ú s� >�íß�ô�Ç��

RMSE(A,B) =

√
(A1−B1)2 + (A2−B2)2 + ... + (An−Bn)2

n

‘�<Hz�́ RLE’ ~½ÓZO��Ér ���ª��>� �>rF��Ù¼�Ð, °ú �Ér Ãº\P�s����̧ ���ª��>� ’�<Hz�́
RLE’ ÂÒ ñ�o ½+É Ãº e����HX<, \V\�¦ [þt#Q, 0Aü< °ú �Ér Ãº\P�_� �â
Äº (10,9) <�Ê�Ér, (10,
7) <�Ê�Ér (3, 9), (7, 7) 1pxÜ¼�Ð ‘�<Hz�́ RLE’ ÂÒ ñ�o½+É Ãº e���̀¦ �.���s	כ
ëß���� (10,9) Ü¼�Ð ÂÒ ñ�oÙþ¡�����, ·ú�»¡¤Ò�¦�Ér 5 s� 9, RMSE��H 2 s���.

1�̧��\�¦ ¹1Ô��ï�r ���F�+À:, "f%ò
�̧ �<ÆÒqt\�>� y����ô�Ç��.
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(10,7) �Ð ÂÒ ñ�oÙþ¡�����, ·ú�»¡¤Ò�¦�Ér 5 s� 9, RMSE��H 1.26 s���.
(3,9), (7,7) �Ð ÂÒ ñ�oÙþ¡�����, ·ú�»¡¤Ò�¦�Ér 2.5 s� 9, RMSE��H 0.63 s���.
s�]j �:r���&h�Ü¼�Ð ë�H]j\�¦ �Ð�̧2�¤ ���.
��6£§õ� °ú s� 128>h_� &ñ
Ãº�Ð �)a Ãº\P�s� e���̀¦ M:,

49, 49, 50, 52, 49, 47, 47, 46, 44, 42, 42, 38, 38, 38, 36, 34,
33, 33, 33, 32, 34, 38, 42, 41, 42, 42, 40, 41, 40, 38, 38, 37,
37, 39, 41, 40, 40, 40, 40, 42, 45, 47, 47, 46, 46, 46, 47, 47,
47, 47, 46, 44, 43, 39, 36, 34, 34, 32, 30, 29, 30, 31, 31, 31,
30, 28, 25, 23, 24, 22, 22, 25, 25, 27, 31, 33, 35, 37, 38, 39,
39, 40, 40, 41, 40, 40, 40, 40, 39, 38, 37, 35, 35, 34, 33, 32,
31, 30, 30, 29, 29, 28, 27, 27, 28, 27, 25, 26, 0, 0, 90, 90,
90, 90, 90, 91, 90, 88, 87, 84, 80, 78, 83, 89, 91, 90, 89, 92

�̧	�\�¦��0pxô�Çô�Ç,���>�%3�]j����"f 32>h_�&ñ
Ãº(·ú�»¡¤Ò�¦ 4)�Ð·ú�»¡¤���H�����
ëß�_� ‘�<Hz�́ RLE’ ·ú��¦o�1pu�̀¦ ëß�[þt�¦, Õª ·ú��¦o�1pu\� _�ô�Ç ÂÒ ñ�o ���õ� Ãº\P�õ�
RMSE\�¦ &h�#Q��. (RMSE �� 1.8 p�ëß�s���� &ñ
²ú�Ü¼�Ð çß�ÅÒ� 9, RMSE�� 1.6�Ð
�� ����̀¦ Ãº2�¤ ��íß�&h� e��6£§.)
ÅÒ_�½+É &h��Ér ²ú��Ér&ñ
SX�y� 32>h_�&ñ
Ãº�Ð ��ü<��� 9 32>h�Ð��&h����� ú́§Ü¼

��� �̧²ú�Ü¼�Ð %�o��)a��.
\V\�¦ [þt#Q, ��6£§�Ér &ñ
Ãº_� >hÃº�� �̧¿º 64 >h s�Ù¼�Ð �̧²ú�s���.

(8,49), (3,44), (5,38), (5,33), (1,38), (8,42), (6,38), (4,40),
(8,45), (4,47), (1,43), (1,39), (3,36), (2,32), (7,29), (3,25),
(3,22), (2,25), (2,31), (2,35), (5,38), (7,41), (3,37), (3,34),
(5,31), (7,28), (2,0), (9,90), (1,84), (2,80), (1,83), (5,89)

¢̧ô�Ç ��6£§�Ér &ñ
Ãº_� >hÃº�� 30 >hs�Ù¼�Ð �̧²ú�s���.

(8,47), (7,38), (6,33), (8,42), (11,40), (14,47), (12,31), (8, 24),
(20,39), (8,30), (6,26), (2,0), (9,90), (1,84), (8,83)

7£¤, ²ú��Ér ��6£§õ� °ú s� 32 >h_� &ñ
Ãºü< 1.8�Ð�� ����Ér RMSE 2�� ��ü<�� ô�Ç��.

(__,__),(__,__),(__,__),(__,__),(__,__),(__,__),(__,__),(__,__),
(__,__),(__,__),(__,__),(__,__),(__,__),(__,__),(__,__),(__,__)

RMSE = ____

2.7 Permutation ø� power set (������TÒ¼)

1. ��$Á	 >h_� Õüw��[þt�̀¦ {9�§4� ~ÃÎ�� ��0pxô�Ç �̧��H permutation �̀¦ Ø�¦§4����H áÔ
�ÐÕªÏþ��̀¦ ���$í
���. Ø�¦§4�|̈c '��_� >hÃº��H 5! 7£¤ 120 >h s���.

\V\�¦[þt#Q,{9�§4�~ÃÎ�ÉrÕüw���� 1,2,3,4,5�����, permutation�Ér��6£§õ�°ú �̀¦�	כ
s���.

2s� ÂÒì�r_� �̧ÀÓ\�¦ t�&h�K� ï�r �̂��&³ô= �<ÆÒqt\�>� y����ô�Ç��.
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1,2,3,4,5
1,2,3,5,4
...
5,4,3,1,2
5,4,3,2,1

áÔ�ÐÕªÏþ�_� s�2£§�Ér perm.cpp ���¦ ô�Ç��.

2. s����\���H ��$Á	 >h_� "f�Ð ���Ér Õüw��\�¦ {9�§4�~ÃÎ�� Õª Õüw��[þt_� �̧��H ÂÒì�r
|9�½+Ë�̀¦Ø�¦§4����HáÔ�ÐÕªÏþ��̀¦���$í
���.Ø�¦§4�|̈c'��_�>hÃº��H 25 Ü¼�Ð 32>h
s���.

\V\�¦ [þt#Q, {9�§4�~ÃÎ�Ér Õüw���� 1,2,3,4,5 �����, Õª ���õ���H ��6£§õ� °ú �̀¦ ��s	כ
��.

{}
{1}
{2}
...
{1,2,3,4}
{1,2,3,4,5}

{9�§4��Ér Z>��̧�Ð �̂ß¼½+É ¹כ��9 \O�s�, "f�Ð ���Ér ��$Á	 >h_� Õüw�����¦ ��&ñ
ô�Ç
��. áÔ�ÐÕªÏþ�_� s�2£§�Ér power.cpp ���¦ ô�Ç��.

2.8 Multiple links

Skip list ��H Binary search tree _� @/îß� ×�æ ����Ð, �©�@/&h�Ü¼�Ð éß�í�Hô�Ç ½̈�̧\�¦
��t��¦e��Ü¼ 9,SX�Ò�¦\���H��K�\O�X<s�àÔ½+ÉÃº�̧e��>�÷&#Qe���� [1]. Skip list��H
Y>�Y>� P2P áÔ�Ð�Ðc+t\�"f z�́]j�Ð ��6 x÷&�¦ e���� [2].
�:rë�H]j��Hl��>r_� linked list\�¦SX��©��#� skip listü<q�5pwô�Ç ½̈�̧\�¦ëß�×¼��H�	כ

s���.s�\�¦0AK���6£§\�[O�"î
���H��\�¦ ½̈�&³�#� LinkedList.hü< LinkedList.cpp
����H s�2£§Ü¼�Ð ]jØ�¦ô�Ç��.
{9�ìøÍ&h�Ü¼�Ð linked list ��H ��6£§õ� °ú �Ér d��Ü¼�Ð &ñ
_��)a��.

class LinkedList
{

int value;
class LinkedList* next; // ¨ ¦́¼ ¤ ¬́Ûí £¼¤Æ

};

Linked list\� @/ô�Ç ��0pxô�Ç Ðlr!Q ���íß�[þt�Ér ��6£§s� e����.

LinkedList();
LinkedList(int value);
~LinkedList();
boolean insert(int index, int value);
boolean delete(int index, int& value);
boolean get(int index, int& value);
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1. LinkedList() ��H n�e�¦àÔ Òqt$í
���Ð, ��Áº X<s�'��̧ \O���H q�#Qe����H a�Aß¼×¼
o�Û¼àÔ\�¦ ëß���H��.

2. LinkedList(int value) ��H Òqt$í
���Ð, value °ú̀�כ¦ ��t���H ���_� �̧×¼��
e����H a�Aß¼×¼ o�Û¼àÔ\�¦ ëß���H��.

3. ~LinkedList() ��H ��õ���s���.

4. boolean insert(int index, int value)��H index���P:0Au�\�Dh �̧×¼
\�¦ ÆÒ��ô�Ç��. Dh �̧×¼_� °úכ�Ér value s���.

5. boolean delete(int index, int& value) ��H index ���P: 0Au�_� �̧×¼
\�¦ \O��±p��. value \���H \O��±p �̧×¼_� °ú̀�כ¦ ìøÍ8̈�ô�Ç��.

6. boolean get(int index, int& value)��H index���P:0Au�_� �̧×¼_�°úכ
�̀¦ value \� ìøÍ8̈�ô�Ç��.

7. insert, delete, get �<ÊÃº��H index_� °úכs� #3�0A µ1Ús����� ���Ér s�Ä»�Ð �<ÊÃº
_� Ãº'��s� z�́J����H �â
Äº false\�¦ ìøÍ8̈���¦, ÕªXO�t� ·ú§Ü¼��� true\�¦ ìøÍ8̈�ô�Ç
��.

s�]j s� a�Aß¼×¼ o�Û¼àÔ\� Y>� >h_� a�Aß¼[þt�̀¦ �8 ÆÒ��K�"f ��6£§õ� °ú �Ér ½̈�̧

�Ð SX��©����.

class LinkedList
{

int value;
class LinkedList* next1; // ¨ ¦́¼ ¤ ¬́Ûí £¼¤Æ

class LinkedList* next2; // ¨ ¦́¼ ¤ ¬́Ûí¬Ç ¤ ¬́Ûí £¼¤Æ

class LinkedList* next3; // ¨ ¦́¼ ¤ ¬́Ûí¬Ç ¤ ¬́Ûí¬Ç ¤ ¬́Ûí £¼¤Æ

class LinkedList* next4; // ¨ ¦́¼ ¤ ¬́Ûí¬Ç ¤ ¬́Ûí¬Ç ¤ ¬́Ûí¬Ç ¤ ¬́Ûí £¼¤Æ

};

0A_� Ðlr!Q ���íß�[þt�̧ s� ��«Ñ ½̈�̧\� ú́�2X"f ?/ÂÒ ½̈�&³�̀¦ ��Ë̈�̧2�¤ ô�Ç��.
s�]j s� a�Aß¼×¼ o�Û¼àÔ ½̈�̧\� @/K�"f << ���íß���\�¦ �̧!Q�Ðç̀
�#� coutÜ¼�Ð

Ø�¦§4�½+ÉÃºe��>�ô�Ç��.\V\�¦[þt#Qa�Aß¼×¼o�Û¼àÔ\� 1,2,3,4,5,6,7,8,9,10s�[þt#Qe��
�����, cout Ü¼�Ð_� Ø�¦§4� ���õ���H ��6£§õ� °ú s� ���̧�̧2�¤ ô�Ç��.

value = 1, next1 = 2, next2 = 3, next3 = 4, next4 = 5
value = 2, next1 = 3, next2 = 4, next3 = 5, next4 = 6
value = 3, next1 = 4, next2 = 5, next3 = 6, next4 = 7
value = 4, next1 = 5, next2 = 6, next3 = 7, next4 = 8
value = 5, next1 = 6, next2 = 7, next3 = 8, next4 = 9
value = 6, next1 = 7, next2 = 8, next3 = 9, next4 = 10
value = 7, next1 = 8, next2 = 9, next3 = 10
value = 8, next1 = 9, next2 = 10
value = 9, next1 = 10
value = 10
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Bj��� áÔ�ÐÕªÏþ�\�"f��H s�XO�>� ô�Ç��. n�e�¦àÔ Òqt$í
���Ð a�Aß¼×¼ o�Û¼àÔ\�¦ ���
ëß�[þt�¦, èß�Ãº\�¦ 20 >h µ1ÏÒqt�#� ���m�� a�Aß¼×¼ o�Û¼àÔ\� V,���H��. s�XO�>� ô�Ç Êê,
a�Aß¼×¼ o�Û¼àÔ\�¦ cout\� Ø�¦§4�ô�Ç��. Õªo��¦ ��"f, a�Aß¼×¼ o�Û¼àÔ_� ?/6 x�̀¦ ���
m�� t�0>"f ���ÂÒ t�î�r +'\� 7áx«Ñô�Ç��.

2.9 ��/�×ÐÏ� ��·�]��e�

8	� ���½Ód���̀¦ ³ð�&³���H áÔ�ÐÕªÏþ�, poly.cpp\�¦ ëß�[þt#Q �Ð��.
y�� �½Ó_� >�Ãº\�¦ {9�§4� ~ÃÎÜ¼���, Õª >�Ãº[þt\� ���� ���½Ód���̀¦ ³ð�&³ô�Ç��. 8	� ��

�½Ód��s�Ù¼�Ð 9 >h_� >�Ãº\�¦ {9�§4�~ÃÎ���� ½+É �.���s	כ
���½Ód���Ér þj@/ô�Ç z�́]j Ãº�<Æ\�"f æ¼s���H ��\� ��¾ú�>� ³ð�&³÷&�̧2�¤ ô�Ç��.
��6£§�Ér s�\�¦ 0Aô�Ç Y>���t� "é¶gË:õ� Õª z�́'�� \Vs���.

1. {©����y� 	�Ãº�� Z�}�Ér í�H"fÂÒ'� ±ú��Ér í�H"f�Ð Ø�¦§4��)a��.

¬Ýî¦ÏÞ: 2 3 4 5 6 7 8 9 10
:Öå¦ÏÞכ 2x^8 + 3x^7 + 4x^6 + 5x^5 + 6x^4 + 7x^3 + 8x^2 + 9x + 10

2. 	�Ãº��H ^ +'\� �����·p��.

3. ��t�}��\� ���̧��H �©�Ãº��H �©�Ãº Õª@/�Ð �����·p��. 7£¤ 10x^0 Ü¼�Ð ����?/t�
ú́��¦ 10Ü¼�Ð ����?/�� ô�Ç��.

4. 0 s� ����� �½Óëß� Ø�¦§4�ô�Ç��.

¬Ýî¦ÏÞ: 0 0 0 1 22 -333 0 1 1
:Öå¦ÏÞכ x^5 + 22x^4 - 333x^3 + x + 1
¬Ýî¦ÏÞ: 0 0 0 0 0 0 -55 5 0
:Öå¦ÏÞכ -55x^2 + 5x

5. y�� �½Ó[þt ��s�\� e����H �8�l�(+)ü< NSl�(-) l� ñ �ª�Aá¤Ü¼�Ðëß� /BNÑþ��̀¦ V,���H
��. Õª ü@\���H Ø�¦§4�\� /BNÑþ�s� e��#Q��� îß��)a��. 0A_� z�́'�� \V\�"f ¬Ýî¦ÏÞõ�
Öå¦ÏÞ�Érכ z�́]j�Ð Ø�¦§4��t� ·ú§��H��.

6. �±p·ú¡\��̧��H�½Ós��ª�Ãºs����ÂÒ ñ\�¦Ø�¦§4��t�·ú§�¦,6£§Ãºs���� -7x^2 + 30x + 6
õ� °ú s� ��s��-Û¼ ÂÒ ñ\�¦ Ø�¦§4�ô�Ç��.

7. ×�æçß�õ��±p+'\� �̧��H6£§Ãº�½Ó�Ér “�8�l�6£§Ãº�½Ó”s���m��� “NSl��ª�Ãº�½Ó”
Ü¼�ÐØ�¦§4�÷&��ô�Ç��.7£¤{9�§4�s� 0 0 0 0 0 0 1 -3 0s���� x^2 - 3x�ÐØ�¦
§4�K���t�, x^2 + -3x�Ð Ø�¦§4����� îß��)a��.

8. �½Ó_� >�Ãº�� 1s����� -1s���� Õª\� ú́�>� Ø�¦§4�÷&#Q�� ô�Ç��. \V\�¦ [þt#Q ��6£§
õ� °ú s� Ø�¦§4�÷&#Q�� ô�Ç��.

¬Ýî¦ÏÞ: 0 0 0 0 0 -1 1 3 -1
:Öå¦ÏÞכ -x^3 + x^2 + 3x - 1
Éå§Ñð¤Ôá :Öå¦ÏÞכ -1x^3 + 1x^2 + 3x - 1
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2.10 k�N��+ ���æ·l� l�ÇÙÐM� ḈÐ�¿

ëß�{9�|9�_�#4�\�	�H��Zþtõ�����Ér��Zþt�̀¦�������±ú��ÐÕªr�>���e�������Ä»d��y�¶ú�

(R�Ðl� ��êøÍ��. {©����ô�Ç E�l�t�ëß� :£¤&ñ
 r�çß�\� @/K� 	�H ��Zþtõ� ����Ér ��Zþt�Ér &ñ

SX�ô�Ç :£¤&ñ
 y���̧\�¦ s�ê�r��. ¢̧ô�Ç @/ÂÒì�r_� ]j@/�Ð ëß�[þt#Q��� r�>���H, r�(O)\�¦ ��
o�v���H ����Ér ��Zþt�Ér 60/5 = 12 ì�r ���� �ígË> ���, 7£¤ 360/60 = 6�̧ëß��pu �������
�¦, �8 &ñ
SX�y���H 2ì�r���� 1�̧\�¦ ������, 1ì�r\���H 0.5 �̧ ������ô�Ç�� 3.
s�]j s� ��z�́�̀¦ %i�¿º\� ¿º�¦, :£¤&ñ
 r�y��s� {9�§4�÷&��� Õª\� ���Ér 	�H ��Zþtõ� ���

�Ér ��Zþt_� y���̧\�¦ Ø�¦§4����H áÔ�ÐÕªÏþ� clock.cpp \�¦ ���$í
K� �Ð��. Ø�¦§4�÷&��H y��
�̧��H 0 �̧\�"f 180 �̧ ��t�_� y���̧s���. (0 ≤ θ ≤ 180)
{9�§4��Ér r�(O)ü< ì�r(6)�̀¦ ¿º >h_� Õüw���Ð K�"f ���_� r�çß��̀¦ ~ÃÎ��H��. Ø�¦§4�

�Ér {9�§4�~ÃÎ�Ér r�çß�Ü¼�Ð s�ÀÒ#Qt���H 	�H ��Zþtõ� ����Ér ��Zþt çß�_� y���̧s���.

12 0
0.00

9 0
90.00

8 10
175.00

½ÇÔ�§ %K�«¹�
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3s� ÂÒì�r_� E�B�ô�Ç &h��̀¦ t�&h�K� ï�r �̂��©�|	� �<ÆÒqt\�>� y����ô�Ç��.
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