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• �<Æ_þv3lq³ð

. ·ú��¦o�7£§_�[O�>�(design)~½ÓZO��̀¦C�î�r��.

. ·ú��¦o�7£§_�ì�r$3�(analysis)
�#�>�íß�4�¤ú̧��̧\�¦ ½̈
���H~½ÓZO��̀¦C�î�r��.

. ë�H]j\�@/ô�Ç>�íß�4�¤ú̧��̧(computational complexity)\�¦/BNÂÒô�Ç��.

• áÔ�ÐÕªÏþ�[O�>�õ�&ñ
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V� 1â�
 N±Ó�§h�¤æ̧

• Ça��+ 1.1:N±Ó�§h�¤æ̧(Algorithm) -ë�H]j\�@/ô�Ç²ú��̀¦¹1Ôl�0AK�"f>�íß�
���H]X�	�\�¦·ú��¦o�7£§s�
���¦ô�Ç��.��r� ú́�
����,

. éß�>�Z>��ÐÅÒ_�U�·>�[O�>��)a>�íß�õ�&ñ


. {9�§4��̀¦~ÃÎ��"fØ�¦§4�Ü¼�Ð���8̈�r�&�ÅÒ��H{9�º��_�>�íß�]X�	� (computational steps)

• �Ðl�

. ë�H]j(problem):����o��� ñÂÒ\�"f “<�ªU�́1lx”s�����H��|ÃÐ_�s�2£§¹1Ôl�

. ·ú��¦o�7£§(algorithm):

1. í�H	����Ò�o(sequential search):'Í	 Aá¤ÂÒ'� <�ªU�́1lxs�����H s�2£§s� ���̀¦ M:��t� í�H"f@/�Ð
¹1Ô��H��.

2. Ãº&ñ
�)as�������Ò�o(modified binary search):����o��� ñÂÒ��H ������í�HÜ¼�Ð÷&#Qe��Ü¼Ù¼
�Ð���$� “�”s�e���̀¦ëß�ô�Ç/BMÜ¼�Ð�Å����:rÊê·ú¡+'�Ð+'&h�#��� 9¹1Ô��H��.

. ì�r$3�(analysis):#Q�"�·ú��¦o�7£§s��8a%~�Ér��?
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1.1 %K�V��+ Ø̧e�

• ë�H]j\�¦³ðl�
���HX<�9¹כ�ô�Ç���½Ó

. ë�H]j(problem):²ú��̀¦¹1Ô�¦��ÅÒ��H|9�ë�H

. B�>h���Ãº(parameter):ë�H]j\�¦ [O�"î

���H õ�&ñ
\�"f #Q�"� :£¤&ñ
ô�Ç °úכs� t�&ñ
÷&#Q e��t� ·ú§�Ér
���Ãº(variable)

. ë�H]j_���YV(instance) ={9�§4�(input):ë�H]j\�ÅÒ#Q���B�>h���Ãº\�#Q�"�:£¤&ñ
°ú̀�כ¦t�&ñ
ô�Ç�	כ

. ��YV\�@/ô�ÇK�²ú�(solution) =Ø�¦§4�(output):#Q�"���YV\�@/
�#�ë�H]j\�_�K�"f]jl��)a|9�
ë�H\�@/ô�Ç²ú�

• �Ðl�:���Ò�o(Searching)

. ë�H]j: n>h_�Ãº(number)\�¦�����o�Û¼àÔ S\� x����HÃº��e����Ht����&ñ

�r��̧.²ú��Ér x�� S\�
e��Ü¼��� “\V”, ÕªXO�t�·ú§Ü¼��� “��m��̧”.

. B�>h���Ãº: S(o�Û¼àÔ), n(Sîß�\�e����HÃº_�>hÃº), x(¹1Ô�¦��
���H�½Ó3lq)

. {9�§4�_�\V: S= [10,7,11,5,13,8], n = 6, x = 5

. Ø�¦§4�_�\V: “\V”

1.2 N±Ó�§h�¤æ̧�+ Ø̧e�

• �����#Q(%ò
#Q ¢̧��Hô�Ç/åJ)

• áÔ�ÐÕªA�bç
���#Q: C, C++, Java, ML1px

• _����ï×¼(pseudo-code):f��]X�z�́'��½+ÉÃºe����HáÔ�ÐÕªA�bç
���#Q��H��m�t�ëß���_�z�́]jáÔ�ÐÕªÏþ�
\���¾ú�>�>�íß�õ�&ñ
�̀¦³ð�&³½+ÉÃºe����H���#Q (·ú��¦o�7£§�Ér�Ð:�x_����ï×¼�Ð³ð�&³ô�Ç��) -#�l�"f
��H C/C++\�����î�r_����ï×¼\�¦��6 x�<Ê

1.3 �×e�: ~É�aËc
�e�

1.3.1 'K�	�~É�aËc(Sequential Search)N±Ó�§h�¤æ̧

• ë�H]j:ß¼l��� n���C�\P�(array)S\� x��e����H��?

• {9�§4�(B�>h���Ãº): (1)�ª�Ãº n, (2)C�\P� S[1..n] , (3)¹1Ô�¦��
���H�½Ó3lq x

• Ø�¦§4�: x�� S_�#Qn�\�e����Ht�_�0Au�.ëß���� x�� S\�\O������ 0.

• ·ú��¦o�7£§(�����#Q): xü<°ú �Ér�½Ó3lq�̀¦¹1Ô�̀¦M:��t� SC�\P�\�e����H �̧��H�½Ó3lq�̀¦	�YV�Ðq��§ô�Ç��.
ëß�{9� xü<°ú �Ér�½Ó3lq�̀¦¹1ÔÜ¼��� SC�\P��©�_�0Au�\�¦?/ÅÒ�¦, S\�e����H �̧��H�½Ó3lq�̀¦�����
��¦�̧
¹1Ôt�3lw
���� 0�̀¦?/ï�r��.

• ·ú��¦o�7£§(_����ï×¼):

void seqsearch(int n, // ¬Ýî¦ÏÞ (1)
const keytype S[], // (2)
keytype x, // (3)
index& location) // Öå¦ÏÞכ

{
location = 1;
while (location <= n && S[location] != x) // (A)

location++;
if (location > n) // (B)

location = 0
}

• �̧|	�ë�H_�_�p�
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– (A) :��f�������½+É�½Ó3lqs�e���¦, x\�¦¹1Ôt�3lwÙþ¡��?

– (B) : �̧¿º�����
�%i�Ü¼�� x\�¦¹1Ôt�3lwÙþ¡��?

• �'a¹1Ï���½Ó:s�·ú��¦o�7£§Ü¼�Ð#Q�"��½Ó3lq(key)̀�¦¹1Ôl�0AK�"fC�\P� S\�e����H�½Ó3lq�̀¦Y>�>h�����Ò�o
K���
���H��?s���H¹1Ô�¦��
���H�½Ó3lqs�#Qn�\�0Au�
��¦e����H��\�²ú��9e����xt�ëß�,þj���_��â

Äº,7£¤,¹1Ô�¦��
���H�½Ó3lqs� S[n] \�0Au�
��¦e������,��\V\O���H�â
Äº\���Hþj�èô�Ç n>h��H���Ò�o
K���ô�Ç��.

• 7á§�8��ØÔ>�¹1Ô�̀¦Ãº��H\O��̀¦��?��z�́�8s��©�À1Ïo�¹1Ô�̀¦Ãºe����H·ú��¦o�7£§�Ér�>rF�
�t�·ú§��H��.
�=��
����C�\P� S\�[þt#Qe����H�½Ó3lq[þt\�@/ô�Ç&ñ
�Ð�����)�\O���H�©�S!�\�"f��H �̧��H�½Ó3lq�̀¦���Ò�o

�t�·ú§�¦e��_�_��½Ó3lq x\�¦�½Ó�©�¹1Ô�̀¦Ãºe������H�Ð�©��Ér\O�l�M:ë�Hs���.Õª�Q����6£§]X�\�"fü<
°ú s�ëß����C�\P� S��s�p� �̧2£§	�í�HÜ¼�Ð&ñ
§>=(sorting)÷&#Qe����H�â
Äº\���H7á§�8���Érr�çß�îß�
\����Ò�o½+ÉÃº��e����.

1.3.2 l�&P�~É�aËc(Binary Search)N±Ó�§h�¤æ̧

• ë�H]j:ß¼l��� n���&ñ
§>=�)aC�\P�(array)S\� x��e����H��?

• {9�§4�(B�>h���Ãº): (1)�ª�Ãº n, (2)C�\P� S[1..n] , (3)¹1Ô�¦��
���H�½Ó3lq x

• Ø�¦§4�: x�� S_�#Qn�\�e����Ht�_�0Au�.ëß���� x�� S\�\O������ 0.

• ·ú��¦o�7£§:

void binsearch (int n, // ¬Ýî¦ÏÞ (1)
const keytype S[], // (2)
keytype x, // (3)
index& location) // Öå¦ÏÞכ

{
index low, high, mid;

low = 1; high = n;
location = 0;
while (low <= high && location == 0) { // (A)

mid = (low + high) / 2;
// ­ÍòªÁ £ £́ÁªÎí ( £ §́¸­È ¨¸¦Ýí)

if (x == S[mid])
location = mid;

else if (x < S[mid])
high = mid - 1;

else
low = mid + 1;

}
}

• �'a¹1Ï���½Ó: �̧|	�ë�H_�_�p�

– (A) :��f�������½+É�½Ó3lqs�e���¦, x\�¦¹1Ôt�3lwÙþ¡��?

• �'a¹1Ï���½Ó:s�·ú��¦o�7£§Ü¼�Ð#Q�"��½Ó3lq(key)̀�¦¹1Ôl�0AK�"fC�\P� S\�e����H�½Ó3lq�̀¦Y>�>h�����Ò�o
K���
���H��?s��â
Äº while ë�H�̀¦Ãº'��½+ÉM:�������Ò�o@/�©�_�8úxß¼l���ìøÍm��y���è
�l�M:ë�H
\�þj���_��â
Äº���̧ lgn+1>hëß����Ò�o
�����)a��.

1.3.3 j�¬̈: 'K�	�~É�aËc7�l�&P�~É�aËc

• ��A� ³ð\�"f �̂¦ Ãº e��1pws�,C�\P�_� ß¼l��� &�|9�Ãº2�¤ ¿º ·ú��¦o�7£§_� ���Ò�o S��Ãº_� 	�s���H ß¼>�
ZO�#Q�����.
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¨µ¬Ïå¬Ç °Æ¡È ªÖáכ´¡ÍíªÊÞ ¬È̈Öá¡ÍíªÊÞ
n n lg n + 1 ÉÞ¬Ç¬¿כ ¡Ïò¬Á

128 128 8
1,024 1,024 11

1,048,576 1,048,576 21
4,294,967,296 4,294,967,296 33

1.4 �×e�: n£U>G1q��×��w�ÊÁÄ©
�e�

1.4.1 q��×��w�(Fibonacci)ÊÁá~
�+Ça��+

f0 = 0
f1 = 1
fn = fn−1 + fn−2 for n≥ 2

\V: 0,1,1,2,3,5,8,13,21,34,55,89,144,233,377,610,987,1264, · · ·

1.4.2 bCÉÙ��̧(recursive)'�×ß��

• ë�H]j: n���P:x��Ð��~�Ãº\�¦ ½̈
�r��̧.

• {9�§4�:�ª�Ãº n

• Ø�¦§4�: n���P:x��Ð��~�Ãº.

int fib (int n)
{

if (n <= 1)
return n;

else
return fib(n-1) + fib(n-2);

}

• �'a¹1Ï���½Ó:0A_�·ú��¦o�7£§�ÉrÃº'��5Åq�̧�� B�ÄºÖ¼o���(inefficient).�=��
����,°ú �Érx��Ð��~�Ãº
\�¦×�æ4�¤
�#�>�íß�
�l�M:ë�Hs���.\V\�¦[þt���, fib(5) \�¦>�íß�½+ÉM: fib(2) \�¦ 3���×�æ4�¤
�#�>�
íß�ô�Ç��. fib(5) \�¦ >�íß�
���HX< fib �<ÊÃº\�¦ ÂÒØÔ��H S��Ãº\�¦ >�íß�
�l� 0AK�"f��H �§F� 14Aá¤_�
ÕªaË> 1.2ü<°ú s�÷&ÂÒ2£§��Áº(recursion tree)\�¦Õª�9"fÕª��n�(node)_�>hÃº\�¦[j#Q�Ð����)a��.
T(n)�̀¦ fib(n) �̀¦>�íß�
�l�0AK�"f fib �<ÊÃº\�¦ÂÒØÔ��HS��Ãº,7£¤,÷&ÂÒ2£§��Áº�©�_���n�_�Ãº
���¦
����,��6£§õ�°ú s�>�íß�½+ÉÃºe����.

T(0) = 1;
T(1) = 1;
T(n) = T(n−1)+T(n−2)+1 for n≥ 2

> 2×T(n−2) sinceT(n−1) > T(n−2)
> 22×T(n−4)
> 23×T(n−6)
· · ·
> 2n/2×T(0)
= 2n/2

• Ça�h� 1.1:0A_�·ú��¦o�7£§Ü¼�Ð ½̈$í
ô�Ç÷&ÂÒ2£§��Áº_���n�_�Ãº\�¦ T(n)s����¦
����, n≥ 2��� �̧
��H n\�@/K�"f T(n) > 2n/2s���.

7£x"î
: n\�@/K�"fÃº�<Æ&h�)
±ú�ZO�(mathematical induction)Ü¼�Ð7£x"î
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)
±ú�Ø�¦µ1Ï&h�(induction base):

T(2) = T(1)+T(0)+1 = 3 > 2 = 22/2

T(3) = T(2)+T(1)+1 = 5 > 2.83≈ 23/2

)
±ú���&ñ
(induction hypothesis):2≤m< n��� �̧��H m\�@/K�"f T(m) > 2m/2����&ñ
.

)
±ú�]X�	�(induction step):T(n) > 2n/2e���̀¦�Ð#���ô�Ç��.

T(n) = T(n−1)+T(n−2)+1
> 2(n−1)/2 +2(n−2)/2 +1 )
±ú���&ñ
\�_�
�#�
> 2(n−2)/2 +2(n−2)/2

= 2×2(n/2)−1

= 2n/2

1.4.3 ð5�¡�́�\�(iteration) '�×ß��

• ë�H]j: n���P:x��Ð��~�Ãº\�¦ ½̈
�r��̧.

• {9�§4�:�ª�Ãº n

• Ø�¦§4�: n���P:x��Ð��~�Ãº.

int fib2 (int n)
{

index i;
int f[0..n];

f[0] = 0;
if (n >0) {

f[1] = 1;
for (i = 2; i <= n; i++)

f[i] = f[i-1] + f[i-2];
}
return f[n];

}

• �'a¹1Ï���½Ó: ìøÍ4�¤&h� ·ú��¦o�7£§�Ér Ãº'��5Åq�̧�� ��ØÔ��(efficient). �=��
����,÷&ÂÒ2£§ ·ú��¦o�7£§õ���H
²ú�o�×�æ4�¤
�#�>�íß�
���H�â
Äº��\O�l�M:ë�Hs���.>�íß�
���H�½Ó_�8úxÌ�	Ãº��H T(n) = n+1s��)a��.
7£¤, fib2(n) �̀¦>�íß�
�l�0AK�"f��H f[0] ÂÒ'� f[n] ��t�ô�Ç���m��ëß�>�íß�
�����)a��.

• �'a¹1Ï���½Ó:�§F� 16Aá¤_�³ð 1.2\�0A_�¿º·ú��¦o�7£§_�Ãº'��r�çß��̀¦q��§K�Z�~��¤��.

V� 2â�
 N±Ó�§h�¤æ̧&P��7�: k�ë5Ñ¡�́O±Õ�¿&P��7�

• ·ú��¦o�7£§ì�r$3�(analysis of algorithms)s�êøÍ? -{9�§4�ß¼l�\�����"fl��:r1lx���s�Y>����Ãº'��÷&��Ht�
\�¦���&ñ

���H]X�	� [=r�çß�4�¤ú̧��̧(time complexity)ì�r$3�]

2.1 k�ë5Ñ¡�́O±Õ�¿��· Ø̧«Å�
�ÐM�PL!�
³Àø5�����¿

• l��:r1lx���(basic operation):q��§ë�H,t�&ñ
ë�H(assignment statement)1px

• {9�§4�ß¼l�(input size, parameter):C�\P�_�ß¼l�,o�Û¼àÔ_�U�́s�,'��§>=\�"f'��(row)ü<\P�(column)_�
ß¼l�,��Áº½̈�̧(tree)\�"f��n�(vertex)_�Ãºü<��t�(edge)_�Ãº1px
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2.2 &P��7�'�×ß���+¤4 ÇÚ

• �̧��H�â
Äº\�¦�¦�9ô�Çì�r$3�(every-case analysis)

. �̧��H�â
Äº\�¦�¦�9
�#�ì�r$3�ô�Ç4�¤ú̧��̧(complexity)��H��6£§_�$í
|9��̀¦�������. “{9�§4�_�ß¼l�
ü<��H�'aº��s�e���¦(dependent),{9�§4�_�°úכõ���H�'aº��s�\O���(independent).”

. l��:r&h����1lx���s�Ãº'��÷&��HS��Ãº��H{9�§4�_�°úכ\��©��'a\O�s��½Ó�©�{9�&ñ

���.

• þj���_��â
Äº\�¦�¦�9ô�Çì�r$3�(worst-case analysis)

. þj���_��â
Äº\�¦�¦�9
�#�ì�r$3�ô�Ç4�¤ú̧��̧��H��6£§_�$í
|9��̀¦�������. “{9�§4�_�ß¼l�ü<�̧�'aº��
s�e���¦(dependent),{9�§4�_�°úכõ��̧�'aº��s�e����(dependent).”

. l��:r&h����1lx���s�Ãº'��÷&��HS��Ãº��þj@/����â
Äº\�¦×þ�ô�Ç��.

• î̈
ç�H&h�����â
Äº\�¦�¦�9ô�Çì�r$3�(average-case analysis)

. î̈
ç�H_��â
Äº\�¦�¦�9
�#�ì�r$3�ô�Ç4�¤ú̧��̧��H “�̧��H{9�§4�\�@/K�"f·ú��¦o�7£§s�l��:r1lx����̀¦
Ãº'��
���HS��Ãº_� î̈
ç�H(l�@/u�)s���.”

. y��{9�§4�\�@/K�"fSX�Ò�¦�̀¦½+É{©�½+ÉÃº�̧e����.

. þj���_��â
Äº\�¦�¦�9ô�Çr�çß�4�¤ú̧��̧ì�r$3��Ð��@/�̂�Ð>�íß�
�l���4�¤ú̧�
���.

• þj���_��â
Äº\�¦�¦�9ô�Çì�r$3�(best-case analysis)

. þj���_��â
Äº\�¦�¦�9
�#�ì�r$3�ô�Ç4�¤ú̧��̧��H �̧��H{9�§4�×�æ\�"f·ú��¦o�7£§s�þj�è�Ðl��:r1lx
����̀¦Ãº'��
���HS��Ãºs���.

2.3 �×e�: :�á~
(Array) Á'
û�g

2.3.1 N±Ó�§h�¤æ̧

• ë�H]j:ß¼l��� n���C�\P� S_� �̧��HÃº\�¦�8
�r��̧.

• {9�§4�:�ª�Ãº n,C�\P� S[1..n]

• Ø�¦§4�:C�\P� S_� �̧��HÃº_�½+Ë

number sum (int n, const number S[])
{

index i;
number result;

result = 0;
for (i = 1; i <= n; i++)

result = result + S[i];
return result;

}

2.3.2 k�ë5Ñ¡�́O±Õ�¿&P��7� I

• l��:r1lx���: »	!lr

• {9�§4�_�ß¼l�:C�\P�_�ß¼l� n

• �̧��H�â
Äº\�¦�¦�9ô�Çr�çß�4�¤ú̧��̧ì�r$3�:C�\P�\�#Q�"�Ãº��e����Ht�\��©��'a\O�s� for-Ð�r[�ts�(loop)��
n���ìøÍ4�¤�)a��.Õªo��¦y��Ð�r[�ts����� »	!lrs� 1�rÃº'���)a��.����"f n\�@/K�"f »	!lrs�Ãº'��÷&
��H8úxS��Ãº��H T(n) = ns���.
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2.3.3 k�ë5Ñ¡�́O±Õ�¿&P��7� II

• l��:r1lx���:t�&ñ
ë�H - for-Ð�r[�ts�_�'����@/{9�ë�H�í�<Ê

• {9�§4�_�ß¼l�:C�\P�_�ß¼l� n

• �̧��H�â
Äº\�¦�¦�9ô�Çr�çß�4�¤ú̧��̧ì�r$3�:C�\P�\�#Q�"�Ãº��e����Ht�\��©��'a\O�s� for-Ð�r[�ts��� n���
ìøÍ4�¤�)a��.����"ft�&ñ
ë�Hs� T(n) = n+n+1���Ãº'���)a��.

2.3.4 ®̧�P±Ó��/�×

• 0A\�"fl��:r1lx����̀¦��ØÔ>�4�§Ü¼�Ð"fr�çß�4�¤ú̧��̧����ØÔ>���M®o��.Õª�Q����z�́�ÉrÑüt��°ú �Ér
4�¤ú̧��̧ 
�_��¦o�\�5Åqô�Ç���¦ú<�̧�)a��.��[jô�Ç���½Ó�Ér+'\�	�Ãº(order)\�¦C�Ö�¦M:��ÀÒ>��)a
��.

2.4 �×e�: ¬̈».ÉÇa�Ý~
(Exchange Sort)

2.4.1 N±Ó�§h�¤æ̧

• ë�H]j:q�?/aË>	�í�H(nondecreasing order)Ü¼�Ð n>h_�v�(key)\�¦&ñ
§>=

• {9�§4�:�ª�Ãº n,C�\P� S[1..n]

• Ø�¦§4�:q�?/aË>	�í�HÜ¼�Ð&ñ
§>=�)aC�\P� S

void exchangesort (int n, keytype S[])
{

index i,j;

for (i = 1; i <= n-1; i++)
for (j = i+1; j <= n; j++)

if (S[j] < S[i])
exchange S[i] and S[j];

}

2.4.2 k�ë5Ñ¡�́O±Õ�¿&P��7� I

• l��:r1lx���: �̧|	�ë�H - S[j] ü< S[i] \�¦q��§
���H1lx���

• {9�§4�_�ß¼l�:&ñ
§>=½+É�½Ó3lq_�Ãº n

• �̧��H �â
Äº\�¦ �¦�9ô�Ç r�çß�4�¤ú̧��̧ ì�r$3�: j-Ð�r[�ts��� Ãº'��|̈c M:���� #Q*�ô�Ç �â
Äº\��̧ �̧|	�ë�Hs�
1���m��Ãº'���)a��.����"f �̧|	�ë�Hs�Ãº'��÷&��H8úxS��Ãº��H��6£§õ�°ú s� ½̈½+ÉÃºe����.

i = 1{9�M:, j-Ð�r[�ts� n−1���Ãº'��
i = 2{9�M:, j-Ð�r[�ts� n−2���Ãº'��
i = 3{9�M:, j-Ð�r[�ts� n−3���Ãº'��
· · ·
i = n−1{9�M:, j-Ð�r[�ts� 1���Ãº'��
����"f T(n) = (n−1)+(n−2)+(n−3)+ · · ·+1 = (n−1)n/2

2.4.3 k�ë5Ñ¡�́O±Õ�¿&P��7� II

• l��:r1lx���:�§8̈�
���H1lx��� - exchange S[i] and S[j]

• {9�§4�_�ß¼l�:&ñ
§>=½+É�½Ó3lq_�Ãº n

• þj���_��â
Äº\�¦�¦�9ô�Çr�çß�4�¤ú̧��̧ì�r$3�: �̧|	�ë�H_����õ�\�����"f�§8̈�
���H1lx���s�Ãº'��|̈cÃº
�̧ e���¦, ÕªXO�t� ·ú§�̀¦ Ãº�̧ e����. ����"f þj���_� �â
Äº, 7£¤, �̧|	�ë�Hs� �½Ó�©� �ÃÐ°ú̀�כ¦ ��t���H �â

Äº({9�§4�C�\P�s�%i�í�HÜ¼�Ð&ñ
§>=÷&#Qe����H�â
Äº)\�¦�¦�9K��Ð���0A_�ì�r$3�õ���ðøÍ��t��Ð T(n) =
(n−1)n/2s��)a��.
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2.5 �×e�: 'K�	�~É�aËc

• í�H	����Ò�o(sequential search)·ú��¦o�7£§_��â
Äº{9�§4�C�\P�_�°úכ\�����"f���Ò�o
���HS��Ãº����ØÔ
Ù¼�Ð, �̧��H�â
Äº\�¦�¦�9ô�ÇK�$3��ÉrÔ�¦��0px
���.

2.5.1 k�ë5Ñ¡�́O±Õ�¿&P��7� I

• l��:r1lx���:C�\P�_��½Ó3lqõ�¹1Ô��Hv� xü<\�¦q��§
���H1lx���

• {9�§4�_�ß¼l�:C�\P�îß�\�e����H�½Ó3lq_�Ãº n

• þj���_��â
Äº\�¦�¦�9ô�Çr�çß�4�¤ú̧��̧ì�r$3�: x��C�\P�_���t�}���½Ó3lqs�����C�\P�îß�\�\O��̀¦�â
Äº
\���Hl��:r1lx���s� n���Ãº'���)a��.����"fW(n) = n

2.5.2 k�ë5Ñ¡�́O±Õ�¿&P��7� II

• l��:r1lx���:C�\P�_��½Ó3lqõ�¹1Ô��Hv� xü<\�¦q��§
���H1lx���

• {9�§4�_�ß¼l�:C�\P�îß�\�e����H�½Ó3lq_�Ãº n

• î̈
ç�H_��â
Äº\�¦�¦�9ô�Çr�çß�4�¤ú̧��̧ì�r$3�:C�\P�_��½Ó3lqs� �̧¿º��ØÔ���¦��&ñ

��¦,��6£§õ�°ú s�
r�çß�4�¤ú̧��̧\�¦>�íß�ô�Ç��.

. �â
Äº 1: (x��C�\P� Sîß�\�e����H�â
Äº)

? 1≤ k≤ n\�@/K�"f, x��C�\P�_� k���P:e���̀¦SX�Ò�¦ = 1/n

? ëß���� x��C�\P�_� k���P:e�������, k\�¦¹1Ôl�0AK�"fÃº'��
���Hl��:r1lx���_�S��Ãº = k

? ����"f,

A(n) =
n

∑
k=1

(k× 1
n
)

=
1
n
×

n

∑
k=1

k

=
1
n
× n(n+1)

2
=

n+1
2

. �â
Äº 2: (x��C�\P� Sîß�\�\O���H�â
Äº)

? x��C�\P� Sîß�\�e���̀¦SX�Ò�¦�̀¦ p���¦
����,

· x��C�\P�_� k���P:e���̀¦SX�Ò�¦ = p/n

· x��C�\P�_� k���P:\O��̀¦SX�Ò�¦ = 1− p

? ����"f,

A(n) =
n

∑
k=1

(k× p
n
)+n(1− p)

=
p
n
× n(n+1)

2
+n(1− p)

= n(1− p
2
)+

p
2

2.5.3 k�ë5Ñ¡�́O±Õ�¿&P��7� III

• l��:r1lx���:C�\P�_��½Ó3lqõ�¹1Ô��Hv� xü<\�¦q��§
���H1lx���

• {9�§4�_�ß¼l�:C�\P�îß�\�e����H�½Ó3lq_�Ãº n

• þj���_��â
Äº\�¦�¦�9ô�Çr�çß�4�¤ú̧��̧ì�r$3�: x�� S[1]{9�M:,{9�§4�_�ß¼l�\��©��'a\O�s�l��:r1lx���s�ô�Ç
���ëß�Ãº'���)a��.����"f B(n) = 1
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2.5.4 ®̧�P±Ó��/�×

• þj���_��â
Äº�Ð�� î̈
ç�H_��â
Äº_�ì�r$3�s�f���'a&h�Ü¼�Ð�8s�u�\� ú́����Ð�����.Õª�Q��0A_��â
Äº
¿ºì�r$3�_����õ��� �̧¿º°ú �Ér4�¤ú̧��̧ 
�_��¦o� Θ(n)\�5Åqô�Ç��.��z�́{9�ìøÍ&h�Ü¼�Ð��_�@/ÂÒì�r_�
�â
Äº ¿º ì�r$3� ~½ÓZO�\� ���Ér ���õ�_� 	�s���H \O���. (Óüt�:r \Vü@��H e����.)����"f >�íß�
�l��� �s̀���
çß�éß�ô�Çþj���_��â
Äº\�¦s�6 x
���H���_���s�{9�ìøÍ&h�s���.Õªo��¦þj	כâ
Äº\�¦���×þ�
���H��Érq��&³	כ
z�́&h�s���.

2.6 Ça���È�¿&P��7�(Analysis of Correctness)

1. ·ú��¦o�7£§s�"é¶A�_��̧ô�Ç@/�Ðz�́]j�ÐÃº'��s�÷&��Ht�\�¦7£x"î

���H]X�	�

2. &ñ
SX�ô�Ç·ú��¦o�7£§s�êøÍÁº%3������? - “#Q*�ô�Ç{9�§4�\�@/K�"f�̧ ú́���H²ú��̀¦Ø�¦§4�
����"f"3�ÆÒ��H·ú�
�¦o�7£§”

3. &ñ
SX�
�t�·ú§�Ér·ú��¦o�7£§s�êøÍ? - “#Q�"�{9�§4�\�@/K�"f"3�ÆÒt�·ú§���� ¢̧��Hd�¦�2;²ú��̀¦Ø�¦§4�
����
"f"3�ÆÒ��H·ú��¦o�7£§”

V� 3â�
 	�ÊÁ

• 	�Ãº(order)��H·ú��¦o�7£§_�4�¤ú̧��̧(complexity)\�¦³ðr�
�l�0A
�#�æ¼��H{9�7áx_�³ðl�ZO�s���.

• \V\�¦[þt���, Θ(n2)�Ér 2	��<ÊÃº(quadratic function)�Ðì�rÀÓ÷&��H �̧��H4�¤ú̧��̧�<ÊÃº_�|9�½+Ë�̀¦�����·p
��.��r�ú́�K�"f, Θ(n2)\�5ÅqK�e����H �̧��H4�¤ú̧��̧�<ÊÃº��H	�Ãº�� n2s����¦@/³ðK�"fÂÒ\�¦Ãºe��
��.����"f 5n2, 5n2 +100, 0.1n2 +n+100�̧¿º	�Ãº�� n2s���. (�§F� 27Aá¤_�³ð 1.3�ÃÐ�̧)

• s�M: ±ú��Ér 	�Ãº_� �½Ó(low-order term)�Ér Áºr�K��̧ �©��'a\O���.�=��
���� ���©� Z�}�Ér 	�Ãº_� �½Ós�
����̂�½Ó_�$í
|9��̀¦t�C�
�l�M:ë�Hs���.

3.1 ¡�́O±Õ�¿
�Yc�§h�

• Θ(lgn)

• Θ(n) : ���+þA(linear)

• Θ(nlgn)

• Θ(n2) : 2	�(quadratic)

• Θ(n3) : 3	�(cubic)

• Θ(2n) : t�Ãº+þA(exponential)

• Θ(n!)

1. �§F� 28Aá¤_�ÕªaË> 1.3õ� 29Aá¤_�³ð 1.4\�¦�Ðr��̧.

2. °ú �Ér 
�_��¦o�\� 5Åqô�Ç #Q�"� �<ÊÃº�̧ ��z�́�Ér Õª 
�_��¦o�\�¦ @/³ð½+É Ãº e����.Õª�Q�� ¼#�_��©� ��
�©�çß�éß�y�³ðr�½+ÉÃºe����H�<ÊÃº�ÐÕª
�_��¦o�\�¦³ð�&³
���H�.���s�:�xYVs	כ

3.2 GD9(Big)O Ø̧e�ß��

• Ça��+ 2: �\�FD9�\�(�×ø5�(Asymptotic Upper Bound)
ÅÒ#Q���4�¤ú̧��̧�<ÊÃº f (n)\�@/K�"f g(n) ∈ O( f (n))s������6£§�̀¦ëß�7á¤ô�Ç��: n≥ N��� �̧��H&ñ
Ãº
n\�@/K�"f g(n)≤ c× f (n)s�$í
wn�
���Hz�́Ãº c > 0ü<6£§s������&ñ
Ãº Ns��>rF�ô�Ç��. (�§F� 29Aá¤
_�ÕªaË> 1.4(a)\�¦�Ðr��̧.)

• g(n) ∈O( f (n))�Ér “g(n)�Ér f (n)_�	�H �̧(big O)”���¦ÂÒ�Ér��.
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• #Q�"��<ÊÃº g(n)s� O(n2)\�5Åqô�Ç����H ú́��Ér,Õª�<ÊÃº��HÏãÎ�FG\���"f��H (7£¤,#Q�"�e��_�_� N°úכ�Ð��
	�H°úכ\�@/K�"f��H)#Q�"� 2	��<ÊÃº cn2_�°úכ�Ð����H¼ÇÐÖR�°ú̀�כ¦��t�>��)a����H�.��pwô�Ç<¦̀�	כ (ÕªA�
áÔ�©�\�"f��H��8�\�0Au�)��r�ú́�K�"f,Õª�<ÊÃº g(n)�Ér#Q�"� 2	��<ÊÃº cn2�Ð����HÏãÎ�FG&h�Ü¼�Ð¤4Á
���¦ (l�Ö�¦l���H±Ø���¦) ú́�½+ÉÃºe����.

• #Q�"� ·ú��¦o�7£§_� r�çß�4�¤ú̧��̧�� O( f (n))s������,{9�§4�_� ß¼l� n\� @/K�"f s� ·ú��¦o�7£§_� Ãº'��
r�çß��Ér ��ÈÁh� �æ¼#a�¿ f (n)�Ér �)a��. ( f (n)s� (�×ø5�s���.)��r�ú́�
����,s� ·ú��¦o�7£§_� Ãº'��r�çß�
�Ér f (n)�Ð��]X�@/�Ð�8Ö¼wn=Ãº��H\O�����H ú́�s���.

• �Ðl� 1.3: n2 +10n∈O(n2)e���̀¦�Ðs�r��̧.
(1) n≥ 10��� �̧��H&ñ
Ãº n\�@/K�"f n2 +10n≤ 2n2s�$í
wn�ô�Ç��.Õª�QÙ¼�Ð, c = 2ü< N = 10̀�¦���
×þ�
����, ”	�H O”_�&ñ
_�\�_�K�"f n2 +10n∈O(n2)s����¦����:rt��̀¦Ãºe����. (�§F� 30Aá¤_�ÕªaË>
1.5\�¦�Ðr��̧.)
(2) n≥ 1��� �̧��H&ñ
Ãº n\�@/K�"f n2 +10n≤ n2 +10n2 = 11n2s�$í
wn�ô�Ç��.Õª�QÙ¼�Ð, c = 11ü<
N = 1�̀¦���×þ�
����, “	�H O”_�&ñ
_�\�_�K�"f n2 +10n∈O(n2)s����¦����:rt��̀¦Ãºe����.

• �Ðl� 1.4: 5n2 ∈O(n2)e���̀¦�Ðs�r��̧.
c = 5ü< N = 0�̀¦���×þ�
����, n≥ 0��� �̧��H&ñ
Ãº n\�@/K�"f 5n2 ≤ 5n2s�$í
wn�ô�Ç��.

• �Ðl� 1.5: T(n) = n(n−1)
2 �Ér#Qb�G>� |̈c��?

n≥ 0��� �̧��H &ñ
Ãº n\� @/K�"f n(n−1)
2 ≤ n2

2s� $í
wn�ô�Ç��.Õª�QÙ¼�Ð, c = 1
2ü< N = 0�̀¦ ���×þ�
����,

T(n) ∈O(n2)s����¦����:rt��̀¦Ãºe����.

• �Ðl� 1.6: n2 ∈O(n2 +10n)e���̀¦�Ðs�r��̧.
n≥ 0��� �̧��H&ñ
Ãº n\�@/K�"f, n2≤ 1× (n2+10n)s�$í
wn�ô�Ç��.Õª�QÙ¼�Ð, c= 1ü< N = 0�̀¦���×þ�

����, n2 ∈O(n2 +10n)s����¦����:rt��̀¦Ãºe����.

• �Ðl� 1.7: n∈O(n2)e���̀¦�Ðs�r��̧.
n≥ 1��� �̧��H &ñ
Ãº n\� @/K�"f, n≤ 1× n2s� $í
wn�ô�Ç��.Õª�QÙ¼�Ð, c = 1ü< N = 1�̀¦ ���×þ�
����,
n∈O(n2)s����¦����:rt��̀¦Ãºe����.

• �Ðl� 1.8: n3 ∈O(n2)s���_���̀¦�Ðs�r��̧.
n≥N��� �̧��H n\�@/K�"f n3≤ c×n2s�$í
wn�
���H cü< N°úכ�Ér�>rF�
�t�·ú§��H��.7£¤,�ª�����̀¦ n2Ü¼
�Ð��¾º���, n≤ c��÷&��HX< c\�¦��Áºo�ß¼>� ú̧��8���̧Õª�Ð���8	�H ns��>rF�ô�Ç��.

• �ÃÐ�¦:�§F� 32Aá¤_�ÕªaË> 1.6(a)\�¦�Ðr��̧.

3.3 Ω Ø̧e�ß��
• Ça��+ 1.3:�\�FD9�\�
�ø5�(Asymptotic Lower Bound)
ÅÒ#Q��� 4�¤ú̧��̧ �<ÊÃº f (n)\� @/K�"f g(n) ∈ Ω( f (n))s���� ��6£§�̀¦ ëß�7á¤ô�Ç��: n≥ N��� �̧��H &ñ
Ãº
n\�@/K�"f g(n)≥ c× f (n)s�$í
wn�
���Hz�́Ãº c > 0ü<6£§s������&ñ
Ãº Ns��>rF�ô�Ç��. (�§F� 29Aá¤
_�ÕªaË> 1.4(b)\�¦�Ðr��̧.)

• g(n) ∈Ω( f (n))�Ér “g(n)�Ér f (n)_� �̧Bj��(omega)”���¦ÂÒ�Ér��.

• #Q�"��<ÊÃº g(n)s� Ω(n2)\�5Åqô�Ç����H ú́��Ér,Õª�<ÊÃº��HÏãÎ�FG\���"f��H (7£¤,#Q�"�e��_�_� N°úכ�Ð��
	�H°úכ\�@/K�"f��H)#Q�"� 2	��<ÊÃº cn2_�°úכ�Ð����HGD9°ú̀�כ¦��t�>��)a����H�.��pwô�Ç<¦̀�	כ (ÕªA�áÔ
�©�\�"f��H�D\�0Au�)��r�ú́�K�"f,Õª�<ÊÃº g(n)�Ér#Q�"� 2	��<ÊÃº cn2�Ð����HÏãÎ�FG&h�Ü¼�Ð��ìÃ��
�¦ (l�Ö�¦l����âÀ���¦) ú́�½+ÉÃºe����.

• #Q�"� ·ú��¦o�7£§_� r�çß�4�¤ú̧��̧�� Ω( f (n))s������,{9�§4�_� ß¼l� n\� @/K�"f s� ·ú��¦o�7£§_� Ãº'��
r�çß��Ér ��ÈÁh� W±Ó���¿ f (n)µ1Ú\� ÷&t� ·ú§��H��. ( f (n)s� 
�ø5�s���.)��r�ú́�
����,s� ·ú��¦o�7£§_�
Ãº'��r�çß��Ér f (n)�Ð��]X�@/�Ð�8��\�¦Ãº��H\O�����H ú́�s���.

• �Ðl� 1.9: n2 +10n∈Ω(n2)e���̀¦�Ðs�r��̧.
n≥ 0��� �̧��H&ñ
Ãº n\�@/K�"f n2 +10n≥ n2s�$í
wn�ô�Ç��.Õª�QÙ¼�Ð, c = 1ü< N = 0�̀¦���×þ�
����,
n2 +10n∈Ω(n2)s����¦����:rt��̀¦Ãºe����.
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• �Ðl� 1.10:5n2 ∈Ω(n2)e���̀¦�Ðs�r��̧.
n≥ 0��� �̧��H&ñ
Ãº n\�@/K�"f, 5n2 ≥ 1×n2s�$í
wn�ô�Ç��.Õª�QÙ¼�Ð, c = 1ü< N = 0�̀¦���×þ�
����,
5n2 ∈Ω(n2)s����¦����:rt��̀¦Ãºe����.

• �Ðl� 1.11:T(n) = n(n−1)
2 �Ér#Qb�G>� |̈c��?

n≥ 2��� �̧��H n\� @/K�"f n−1≥ n
2s� $í
wn�ô�Ç��.Õª�QÙ¼�Ð, n≥ 2��� �̧��H n\� @/K�"f n(n−1)

2 ≥
n
2 ×

n
2 = 1

4n2s�$í
wn�ô�Ç��.����"f c = 1
4õ� N = 2\�¦���×þ�
����, T(n) ∈ Ω(n2)s����¦����:rt��̀¦Ãº

e����.

• �Ðl� 1.12:n3 ∈Ω(n2)e���̀¦�Ðs�r��̧.
n≥ 1��� �̧��H&ñ
Ãº n\�@/K�"f, n3 ≥ 1×n2s�$í
wn�ô�Ç��.Õª�QÙ¼�Ð, c = 1ü< N = 1�̀¦���×þ�
����,
n3 ∈Ω(n2)s����¦����:rt��̀¦Ãºe����.

• �Ðl� 1.13:ns� Ω(n2)s���_���̀¦�Ðs�r��̧.
�̧í�HÄ»�̧\�_�ô�Ç7£x"î
(Proof by contradiction):n∈ Ω(n2)s����¦��&ñ
.Õª�Q��� n≥ N��� �̧��H&ñ

Ãº n\�@/K�"f, n≥ c×n2s�$í
wn�
���Hz�́Ãº c > 0,Õªo��¦6£§s������&ñ
Ãº Ns��>rF�ô�Ç��.0A_�
ÂÒ1pxd��_��ª�����̀¦ cnÜ¼�Ð��¾º��� 1

c ≥ n���)a��.Õª�Q��s�ÂÒ1pxd���Ér]X�@/�Ð$í
wn�½+ÉÃº\O���.��
��"f0A_���&ñ
�Ér �̧í�Hs���.

• �ÃÐ�¦:�§F� 32Aá¤_�ÕªaË> 1.6(b)\�¦�Ðr��̧.

3.4 Θ Ø̧e�ß��
• Ça��+ 1.4: (Asymptotic Tight Bound)
ÅÒ#Q��� 4�¤ú̧��̧ �<ÊÃº f (n)\� @/K�"f Θ( f (n)) = O( f (n))∩Ω( f (n)). ��r�ú́�
����, Θ( f (n))�Ér ��
6£§�̀¦ëß�7á¤
���H4�¤ú̧��̧�<ÊÃº g(n)_�|9�½+Ës���: n≥ N��� �̧��H&ñ
Ãº n\�@/K�"f c× f (n) ≤ g(n) ≤
d× f (n)s�$í
wn�
���Hz�́Ãº c > 0ü< d > 0,Õªo��¦6£§s������&ñ
Ãº Ns��>rF�ô�Ç��. (�§F� 29Aá¤_�
ÕªaË> 1.4(c)\�¦�Ðr��̧.)

• �§F� 32Aá¤_�ÕªaË> 1.6(c)\�¦�Ðr��̧.

• �ÃÐ�¦: g(n) ∈Θ( f (n))�Ér “g(n)�Ér f (n)_�	�Ãº(order)”���¦ÂÒ�Ér��.

• �Ðl� 1.14:T(n) = n(n−1)
2 �Ér O(n2)s����"f Ω(n2)s���.����"f T(n) = Θ(n2)

3.5 ¼ÇÐÖR�(Small) o Ø̧e�ß��

• ����Ér o��H4�¤ú̧��̧�<ÊÃºz�o�_��'a>�\�¦����?/l�0Aô�Ç³ðl�ZO�s���.

• Ça��+ 1.5:¼ÇÐÖR� o
ÅÒ#Q���4�¤ú̧��̧�<ÊÃº f (n)\�@/K�"f o( f (n))�Ér��6£§�̀¦ëß�7á¤
���H �̧��H4�¤ú̧��̧�<ÊÃº g(n)_�|9�½+Ë
s���: �̧��Hz�́Ãº c > 0\�@/K�"f g(n)≤ c× f (n) (#�l�"f n≥ N��� �̧��H n\�@/K�"f)s�$í
wn�
���H
6£§s������&ñ
Ãº Ns��>rF�ô�Ç��.

• �ÃÐ�¦: g(n) ∈ o( f (n))�Ér “g(n)�Ér f (n)_�����Ér �̧(o)”���¦ÂÒ�Ér��.

• �ÃÐ�¦:	�H Oü<_�	�s�&h�

. 	�H O -z�́Ãº c > 0×�æ\�"f
���ëß�$í
wn�
�#Q�̧H�d

. ����Ér o - �̧��Hz�́Ãº c > 0\�@/K�"f$í
wn�
�#����<Ê

• �ÃÐ�¦: g(n) ∈ o( f (n))�Ér~1�>�[O�"î

������ g(n)s�ÏãÎ�FG&h�Ü¼�Ð f (n)�Ð���s̀���zf���(a%~��)��H_�p�
s���.z�́YV\�¦�Ð��.

• �Ðl� 1.15:n∈ o(n2)e���̀¦�Ðs�r��̧.
7£x"î
: c > 0s����¦
���. n≥ N��� �̧��H n\�@/K�"f n≤ cn2s�$í
wn�
���H N�̀¦¹1Ô����ô�Ç��.s�ÂÒ
1pxd��_��ª�����̀¦ cnÜ¼�Ð��¾º��� 1

c ≤ n�̀¦%3���H��.����"f N≥ 1
c��÷&��H#Q�"� N�̀¦¹1ÔÜ¼����)a��.#�

l�"f N_� °úכ�Ér c\� _�K� ýaÄº�)a��.\V\�¦ [þt#Q ëß���� c = 0.0001s����¦ 
����, N_� °úכ�Ér þj�èô�Ç
10,000s�÷&#Q��ô�Ç��.7£¤, n≥ 10,000��� �̧��H n\�@/K�"f n≤ 0.0001n2s�$í
wn�ô�Ç��.
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• �Ðl� 1.16:ns� o(5n)s���_���̀¦�Ðs�r��̧.
�̧í�HÄ»�̧\�_�ô�Ç7£x"î
: c = 1

6s����¦
���. n∈ o(5n)s����¦��&ñ

����, n≥ N��� �̧��H&ñ
Ãº n\�
@/K�"f, n≤ 1

6 ×5n = 5
6ns�$í
wn�
���H6£§s������&ñ
Ãº Ns��>rF�K���ô�Ç��.Õª�Q��Õª��� N�Ér]X�

@/�Ðe���̀¦Ãº\O���.����"f0A_���&ñ
�Ér �̧í�Hs���.

• �Ðl� 1.17:n2s� o(n)s���_���̀¦�Ðs�r��̧.
�̧í�HÄ»�̧\�_�ô�Ç7£x"î
: (ņq]j)

• Ça�h� 1.2:¼ÇÐÖR� oÿ?��ÒR� Ø̧e�ß��ø��+ ®̧�N�
g(n) ∈ o( f (n))s������, g(n) ∈O( f (n))−Ω( f (n))s�$í
wn�ô�Ç��.7£¤, g(n)�Ér O( f (n))s�l���H
�t�ëß�,
Ω( f (n))�Ér��m���.

. g(n)�Ér O( f (n))e���̀¦7£x"î
(f��]X�7£x"î
)
g(n)∈ o( f (n))s�Ù¼�Ð�̧��Hz�́Ãº c> 0\�@/K�"f g(n)≤ c× f (n)s� n≥N��� �̧��H n\�@/K�"f
$í
wn�
���H Ns��>rF�ô�Ç��.#�l�"fe��_�_� c\�¦���×þ�
�#��̧ s�ÂÒ1pxd���Ér$í
wn�
�Ù¼�Ð g(n)�Ér
{©����y� O( f (n))s���.

. g(n)�Ér Ω( f (n))s���_���̀¦7£x"î
(�̧í�HÄ»�̧\�_�ô�Ç7£x"î
)
g(n) ∈Ω( f (n))s����¦��&ñ

���.Õª�Q��� n≥N1��� �̧��H n\�@/K�"f g(n)≥ c× f (n)�̀¦ëß�7á¤
r�v���Hz�́Ãº c> 0õ�6£§s������&ñ
Ãº N1s�ìøÍ×¼r��>rF�ô�Ç��.Õª�Q�� g(n) ∈ o( f (n))s�l�M:
ë�H\�, n≥ N2��� �̧��H n\�@/K�"f g(n)≤ c

2× f (n)�̀¦ëß�7á¤r�v���H N2���>rF�ô�Ç��.����"f,

c f(n)≤ g(n)≤ c
2

f (n)

y���½Ó�̀¦ f (n)Ü¼�Ð��¾º���,

c≤ g(n)
f (n)

≤ c
2

s� ¿º ÂÒ1pxd��\� _�
���� N1õ� N2�Ð�� 	�H �̧��H n\� @/K�"f $í
wn�K��� 
���HX<,s���H z�́]j�Ð
Ô�¦��0px
���. �̧í�HÄ»�̧$í
/BN!

• �ÃÐ�¦:{9�ìøÍ&h�Ü¼�Ð O( f (n))−Ω( f (n))���4�¤ú̧��̧�<ÊÃº��H o( f (n))s�l��̧ 
���.Õª�Q���½Ó�©� ÕªXO�
t���H·ú§��. (��[jô�Ç���½Ó�Ér�§F� 36Aá¤�ÃÐ�̧)

3.6 	�ÊÁ�+ÌÁ³ÀÅ]���


1. g(n) ∈O( f (n)) iff f (n) ∈Ω(g(n))

2. g(n) ∈Θ( f (n)) iff f (n) ∈Θ(g(n))

3. b > 1s��¦ a > 1s����, logan∈ Θ(logbn)�Ér�½Ó�©�$í
wn�.��r� ú́�
�����ÐÕª(logarithm)4�¤ú̧��̧�<ÊÃº
��H �̧¿º°ú �Ér
�_��¦o�\�5Åqô�Ç��.����"f:�x�©� Θ(lgn)Ü¼�Ð³ðr�ô�Ç��.

4. b > a > 0s����, an ∈ o(bn). ��r�ú́�
����t�Ãº+þA(exponential)4�¤ú̧��̧�<ÊÃº�� �̧¿º°ú �Ér
�_��¦o�
îß�\�e����H�.����Ér��m	כ

5. a> 0��� �̧��H a\�@/K�"f, an ∈ o(n!).��r�ú́�
����, n!�Ér#Q�"�t�Ãº+þA4�¤ú̧��̧�<ÊÃº�Ð���̧��åÔ��.

6. 4�¤ú̧��̧�<ÊÃº\�¦��6£§í�HÜ¼�Ð��\P�K��Ð��.

Θ(lgn),Θ(n),Θ(nlgn),Θ(n2),Θ(n j),Θ(nk),Θ(an),Θ(bn),Θ(n!)

#�l�"f k > j > 2s��¦ b > a > 1s���.4�¤ú̧��̧�<ÊÃº g(n)s� f (n)�̀¦�í�<Êô�Ç
�_��¦o�_�¢,aAá¤\�0A
u�ô�Ç���¦
����, g(n) ∈ o( f (n)).

7. c≥ 0, d≥ 0, g(n) ∈O( f (n)),Õªo��¦ h(n) ∈Θ( f (n))s����, c×g(n)+d×h(n) ∈Θ( f (n)).



]j 3]X� 	�Ãº 13

3.7 ;³�ø5�(limit)��·l�£� 
�#b	�ÊÁ��·Ä©
�ÐM�'�×ß��

• Ça�h� 1.3:

lim
n→∞

g(n)
f (n)

=







c > 0 s���� g(n) ∈Θ( f (n))
0 s���� g(n) ∈ o( f (n))
∞ s���� f (n) ∈ o(g(n))

• �Ðl� 1.16:��6£§s�$í
wn��<Ê�̀¦&ñ
o� 3�̀¦s�6 x
�#��Ðs�r��̧.

.
n2

2
∈ o(n3)

lim
n→∞

n2/2
n3 = lim

n→∞

1
2n

= 0

. b > a > 0{9�M:, an ∈ o(bn)

lim
n→∞

an

bn = lim
n→∞

(a
b

)n
= 0�=��
����, 0 <

a
b

< 1

• Ça�h� 1.4:�×q�R±Ó(L’Hopital) �+ß��ÓÏ�

lim
n→∞

f (n) = lim
n→∞

g(n) = ∞s����

lim
n→∞

g(n)
f (n)

= lim
n→∞

g′(n)
f ′(n)

s���.

• �Ðl� 1.17:��6£§s�$í
wn��<Ê�̀¦&ñ
o� 3õ� 4\�¦s�6 x
�#��Ðs�r��̧.

. lgn∈ o(n)

lim
n→∞

lgn
n

= lim
n→∞

1
nln2

1
= 0

. logan∈Θ(logbn)

lim
n→∞

logan
logbn

= lim
n→∞

1
nlna

1
nlnb

=
logb
loga

> 0


