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�'â�
��dn�âf|¤�«+x = (x1, x2, · · · , xn)3D�|¢�m¥±�½��Ý�1§z�âf3|¢�§KÜ�&EÚ{¤&E§?1 �£½G�!)¤�Cz"�'Cþ½ÂXeµ1i�âf� �: xi = (xi1, xi2, · · · , xiD)T¶1i�âf��Ý: vi = (vi1, vi2, · · · , viD)T¶1i�âf��N�`)µpi = (pi1, pi2, · · · , piD)T¶«+S¤kâf�+N�`)µpg = (pg1, pg2, · · · , pgD)T"Ù¥1 ≤ i ≤ m, 1 ≤ d ≤ D§iL«âf?Ò§DL«�)¯K��ê"��5`§âf� �Ú�ÝÑ´3ëY�¢ê�mS��"
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k
id − xkid) + c2r2(p

k
gd − xkid) (1)

xk+1
id = xkid + vk+1

id (2)Ù¥d = 1, 2, · · · ,D¶i = 1, 2, · · · , n¶kǑ��S�gê¶c1, c2 ∈ R+¡ǑÆSÏf½\�Xê§Ï~�¹e§c1Úc2�Ǒ2¶r1Úr2´0u[0, 1]�mþ!©Ù��Åê"��òÙ �Ú�Ý©O��3«m[−Xmax,Xmax]Ú[−Vmax, Vmax] ���S"
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3. ���ÝVmax���ÝVmaxû½
âf3�gS�¥���£Äål"
Vmax ��§|¢UåOr§�´âfN´�L��)¶
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a b dc • ã: âf�ÿÀ(�«¿ã.
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ÏL¡�0�§�±òIOâf+�{�Ú½8BXeµ
Step 1 µ�©zâf+§�Å�½ �xiÚ�Ývi¶
Step 2 µ3z�g?z£S�¤¥O�z�âf�·A�¶
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ã: âf+�{6§ã.
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Step 5 µ�âúª£3¤Ú£4¤éâf� �xiÚ�Ývi?1�#¶
Step 6 µe���Ê�^�§K=�Step 2"XJr«+¥¤kâfÑ�Ǒ��¤
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�!ÏL��~f5`²IOâf+�{�$1L§"~~~1 �^IOâf+�{�)min f(x) = 4x3 + 3x2 − 6x +
1, x ∈ [−1, 1]§��Ñ�{�1�'�Ú½§°Ý��ê:�2 "
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Ú½1

)µ�âIOâf+�{�Ú½§�)min f(x)�Ú½Xeµ
Step 1 µ�©zâf+"�«+��Ǒn = 3,�Å�½ �xiÚ�Ývi§O�z�âf�·A�§��âf�{¤�` �PbestiÚ�Û�� �Gbest"
p1: v1 = 3, x1 = −1, f1 = 4× (−1)3 + 3× (−1)2 − 6× (−1) + 1 = 7, P best1 =

x1 = −1

p2: v2 = −3, x2 = 1, f2 = 4× 13 + 3× 12 − 6× 1 + 1 = 2, P best2 = x2 = 1

p3: v3 = 2, x3 = −0.5, f3 = 4× 03 +3× 02 − 6× 0+1 = 1, P best3 = x3 = −0.5

Gbest = Pbest3 = −0.5
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Step 2 µ�#âf��ÝÚ �"�ââf�{¤�` �PbestiÚ�Û�� �Gbest§�#âf� �xiÚ�Ývi"
p1: v21 = ωv1

1
+c1r1(p11−x1

1
)+c2r2(p1g−x1

1
) = 0.5×3+0+2×0.1×(−0.5−(−1)) =

0.1

x2

1
= x1

1
+ v2

1
= −1 + 0.1 = −0.9

p2: v22 = ωv1
2
+c1r1(p12−x1

2
)+c2r2(p1g−x1

2
) = 0.5×(−3)+0+2×0.2×(−0.5−1) =

−0.18

x2

2
= x1

2
+ v2

2
= 1 + (−0.18) = 0.82

p3: v23 = ωv1
3
+ c1r1(p13 − x1

3
) + c2r2(p1g − x1

3
) = 0.5× 2 + 0 + 0 = 1

x2

3
= x1

3
+ v2

3
= −0, 5 + 1 = 0.5Ù¥§wǑ.5��§���w ∈ [0, 1.4]§ùp�0.5¶c1Úc2Ǒ\�Ïf§��½�2.0¶r1Úr2�0u[0, 1]�mþ!©Ù���Åê"
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Step 3 µµ�âf�·AÝ¼ê�§�#PbestÚGbest"
p1:f̂1 = 4× (−0.9)3 + 3× (−0.9)2 − 6× (−0.9) + 1 = 5.91 < f1 = 7

f1 = f̂1 = 5.91

p2:f̂2 = 4× 0.823 + 3× 0.822 − 6× 0.82 + 1 = 0.30 < f2 = 2

f2 = f̂1 = 0.30

p3:f̂3 = 4× 0.53 + 3× 0.52 − 6× 0.5 + 1 = −0.75 < f3 = 1

f3 = f̂1 = −0.75

Gbest = Pbest3 = −0.75
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Step 4 µe���Ê�^�§K=�Step 2"
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lIO�âf+�{�±wÑ§«+5����´KǑ�{5U�Ì�Ï���§���âââ²²²���§§§âââfffêêê������������������ǑǑǑ
n ∈ (20, 40)"«+5������âäN�)�¯K5½§��5`§«+5����3�)L§¥´�±ØC�§8�ØU�Ñ���äÜn��"
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�«Ä�N�«+5�üÑXeµ
1. XJâf��¿©U?§�âf´��¥���§KíØ«+¥�âf¶
2. XJâfv��¿©U?§�âf´��¥�Z�§KE�âf"
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3�Ý�#úª¥§1�Ü©´.5�^ÚÙU
�1�Ä��y§Ù�^´²²²ïïïâââfff������ÛÛÛÚÚÚÛÛÛÜÜÜ|||¢¢¢UUUååå"XJ3�#úª¥§-c1 = 0, c2 = 0§b��©�Ý�"§�o�w > 1�§âf��Ý¬�X�1�m�O\O�����ÝVmax ; �w < 1�,âf��Ý¬�X�1�m�O\~��0§Ê�âf�$Ä"¢�ïÄL²w�Ün����Ǒ∈ [0, 1.4]§�w ∈ [0.8, 1.2]�§�{¬\�Âñ¶�w > 1.2�§N´���{Âñ�}"
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1. ���½½½�������½���`:´âf3¥�1¥U©ª�±�Ó�|¢Uå"¯KØÓ§��Ǒ´ØÓ�"ïÄuyµ«+5���§é.5�������§�kù�â�±�ÖâfØv|¢Uå�±ØC§��âfL�Âñ¶��§«+5���§é.5�������§ÏǑâf�±�õ�'5�C�«�"
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2. ���555���CCC������Ǒ
�±âf��Û|¢Uå§3�{$1�Ï�����.5��§�ÏǑ
�±âf�ÛÜ|¢Uå§�^���.5��".5�����±ÏLXeúª5O�µ

w = (w1 − w2)×
MaxIter − CurIter

MaxIter
+ w2 (5)Ù¥w1Úw2L«.5����©�Ú�ª�§MaxIterL«��S�ê§CurIterL«�S�ê"ù´�«�54~�CzL§§Ǒ�±æ^��54~��ª§�5�C��´¢SA^¥�Ǒ2���«"
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3. ���


������|^�
XÚ5Ä��N���"�
XÚd±eÜ©|¤µü�Ñ\§��L«�Û�` ��·AÝ§,��L«.5�����¶��ÑÑ§L«.5���UC¶n��
8§©OǑLOW!MEDIUMÚHIGH¶eZ�
5K§.5���âù
5K5O�UC�"
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4. ���ÅÅÅ������Ǒ
�ï��5�|¢�{§�UXe�ªÀJ��µ

w = 0.5 +
rand()

2
(6)Ù¥rand()Ǒ[0, 1]�m��Åê"ÏL©Û�±wÑ§.5���²þ�Ǒ0.75§w3[0.5, 1]�mCz"¢�L²µT�{3�{�1�ÏU
\�âfÂñ§¿�é�õê`z¼êÑUé�'���)"
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ÆSÏf��
âf�g�²�Ú+N²�éâf��1;,¬�)é��KǑ§¤±N�âf�g�²�Ú+N²�k|uâf����� �§ùüÜ©�±ÏLN�âf�ÆSÏf£\�Ïf¤c1 Úc25¢y"ÏdéÆSÏf�U?w�ék7�"
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ÆSÏf��
c1Úc2Ì��N
âf�m�&E�6Ú��"XJc1 > c2§z�âf¬�õ/��gC��N�Z �§��Lõ�ûi¶XJc1 < c2§âfLõ����Û�`� �§��âfL�/À��`):"
c1Úc2���$§��'�²w�âf;,§��âf3�£�`«��ûi����«�¶
c1Úc2���p§��âfäk���\�Ý§��âfâ,�£�½ö�L���«�"
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ÆSÏf��
ÓÓÓÚÚÚ{{{µµµòÆSÏfc1Úc2�������Ǒ[cmin, cmax]§��S�gêǑItermax §K1igS��ÆSÏf�L«Ǒµ

c1 = c2 = cmax −
cmax − cmin

Itermax

× i (7)úª7 ¥c1Úc2ÓÚ�5~�"
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ÆSÏf��ÉÉÉÚÚÚ{{{µµµÙ8I�´3�{�1��Ï\r�Û|¢§3�{�1��Ïr�âfÂñ��Û�`)"



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
ÆSÏf��ÉÉÉÚÚÚ{{{µµµÙ8I�´3�{�1��Ï\r�Û|¢§3�{�1��Ïr�âfÂñ��Û�`)"äääNNN���{{{µµµc1ØØØäää~~~���ÚÚÚc2ØØØäääOOO���"""



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
ÆSÏf��ÉÉÉÚÚÚ{{{µµµÙ8I�´3�{�1��Ï\r�Û|¢§3�{�1��Ïr�âfÂñ��Û�`)"äääNNN���{{{µµµc1ØØØäää~~~���ÚÚÚc2ØØØäääOOO���"""ÆSÏfN�Xeµ

c1 = (c1e − c1s)
CurIter

MaxIter
+ c1s (8)

c2 = (c2e − c2s)
CurIter

MaxIter
+ c2s (9)Ù¥MaxIterL«��S�gê§CurIterL«�S�gê§c1sÚc1e©OL«c1��©�Ú�ª�§c2sÚc2e©OL«c2��©�Ú�ª�"



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
ÆSÏf��
ïÄ¥uy§ÆSÏf��Ǒµc1e = 0.5, c1s = 2.5, c2e =
2.5, c2s = 0.5§`z�J��"



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
��ÿÀ(���
âf�ÿÀ(�Ǒ¡��¬(�§z�âf3�g���Sp���&E§âf�ÿÀ(���©ǑÄÄÄuuu¢¢¢ÚÚÚÒÒÒ���ÿÿÿÀÀÀ(((���ÚÚÚÄÄÄuuuååålll���ÿÿÿÀÀÀ(((���"



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
��ÿÀ(�U?
1. ÄÄÄuuu¢¢¢ÚÚÚÒÒÒ���ÿÿÿÀÀÀ(((���Äu¢ÚÒ�ÿÀ(��A:´Ø�Äâfm��é �



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
��ÿÀ(�U?
1. ÄÄÄuuu¢¢¢ÚÚÚÒÒÒ���ÿÿÿÀÀÀ(((���Äu¢ÚÒ�ÿÀ(��A:´Ø�Äâfm��é �`̀̀:::µµµ O�m��"



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
��ÿÀ(�U?
1. ÄÄÄuuu¢¢¢ÚÚÚÒÒÒ���ÿÿÿÀÀÀ(((���Äu¢ÚÒ�ÿÀ(��A:´Ø�Äâfm��é �`̀̀:::µµµ O�m��"£1¤�/(��/(�´�«Ä����ÿÀ(�§z�âf��Ù¢ÚÒ�C�N�âf�ë�¤Tâf���"



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
��ÿÀ(�U?
1. ÄÄÄuuu¢¢¢ÚÚÚÒÒÒ���ÿÿÿÀÀÀ(((���Äu¢ÚÒ�ÿÀ(��A:´Ø�Äâfm��é �`̀̀:::µµµ O�m��"£1¤�/(��/(�´�«Ä����ÿÀ(�§z�âf��Ù¢ÚÒ�C�N�âf�ë�¤Tâf���"`̀̀:::´́́µµµ�/(�¥§«+¥��Ü©âf�Uààà888uuuÛÛÛÜÜÜ���`̀̀§,�Ü©âf���UUUààà888uuu���ÛÛÛ���`̀̀§½UY3)�m¥Ï`§ù�Ò;�
âfL��uÛÜ�`��¹"



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
��ÿÀ(���kÆö3�/ÿÀ(�¥\\ü^$»£shortcut¤���k$»��/ÿÀ(�§Ǒ
�±�´�ëÏ5§âf���ÅÅÅ///ÀÀÀ���«+¥�,��âf�ǑgC���¤
§l\\\rrr


ØØØÓÓÓâââfff���mmm���&&&EEE���666ÚÚÚ������§ á
��m�ål§��«+U
�¯Âñ"

ã: �$»�/ÿÀ(�«¿ã.



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
��ÿÀ(���
£2¤¸/(�¸/(�´k�����:::âââfff§Ù�âfØ
�T�:âf�ë	§��m¿Ø�ë§¤k�âf���:âf?1&E�6Ú��§l¢y
âf�m�©l"



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
��ÿÀ(���
£2¤¸/(�¸/(�´k�����:::âââfff§Ù�âfØ
�T�:âf�ë	§��m¿Ø�ë§¤k�âf���:âf?1&E�6Ú��§l¢y
âf�m�©l"�:âfÏL'�Ù���Ù�âf�Ly5N!Ù�1;,¿��� ��C§ù�Ò¢y
 ���#",��:âf2ò&E*Ñ����âf"



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
��ÿÀ(���
£2¤¸/(�¸/(�´k�����:::âââfff§Ù�âfØ
�T�:âf�ë	§��m¿Ø�ë§¤k�âf���:âf?1&E�6Ú��§l¢y
âf�m�©l"�:âfÏL'�Ù���Ù�âf�Ly5N!Ù�1;,¿��� ��C§ù�Ò¢y
 ���#",��:âf2ò&E*Ñ����âf"�:âfå�Àì��^§k��~�
��)3«+¥�*Ñ�Ý"



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
��ÿÀ(���Ǒ�±3¸/(�¥\\ü^$»���k$»�¸/(�§Xã5¤«"ù«ÿÀ(��A:´µ£1¤U
�)Ǒ\��£Mini−Neighborhood¤��:âf�ë�âf��KǑXǑ\��¥�	�âf§ùò���Ǒ\���6&E�f«+�±�¯/Âñ§�:âf��Àìqk��{�
��«+L�ÂñuÛÜ�`"£2¤Ǒ�U�)��y�KǑf«+m�éX§��f«+SÜ?1&E��§Õá/?1¯K�`z§l��&E�6�~�§��
�á��NØU����«+��� �¶Ǒ�«+Ù�âfØU©���á��N|¢¥¼��¤õ&E"

ã �$»¸/ÿÀ(�«¿ã



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
��ÿÀ(���
£3¤(.(�(.(�¥�z�âfÑ�±w����:§ò��«+��gC���



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
��ÿÀ(���
£4¤�Å(��Å(�´�«'�{ü�ÿÀ(�§3«+5�ǑN�âfm�Å/ïáN�é¡�üüé("



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
��ÿÀ(���
2. ÄÄÄuuuååålll���ÿÿÿÀÀÀ(((���O���âf�«+¥Ù�âf�m�ål§,��âål5(½Tâf���(�"



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
��ÿÀ(���
2. ÄÄÄuuuååålll���ÿÿÿÀÀÀ(((���O���âf�«+¥Ù�âf�m�ål§,��âål5(½Tâf���(�"�«;.��{´µ3|¢m©�§âf����kâf��§òÙ�N�`)�Ǒ���`)§�XS�gê�ØäO\§��Åì*�§����ò+N¥¤kâfÑ�ǑgC���"ù���`:´�©S��§âfk���&¢5U§3�ÏS��k���mu5U"



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
��ÿÀ(���
2. ÄÄÄuuuååålll���ÿÿÿÀÀÀ(((���éu��¥�1i�âf§O�Ù�«+¥Ù�¤kâf�m�ål"1j�âf�1i�âf£j 6= i¤�m�ålP�dist[j]§âf�m���ålP�distmax"½Â��L«�S�gê�¼êfracµ

frac =
3.0× Iter + 0.6×MaxIter

MaxIter
(10)XJfrac < 0.9§ dist[l]

distmax
< frac§�oTâf|¤�âfi���¶XJfrac > 0.9§�o«+¥¤kâf�Ǒ�âfi���"



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
·Ü�{
âf+�{�Ù��U`z�{(ÜÏ`ǑÚå
�
Æö�'5§/¤
�«���Äuâf+�{�·Ü�U�{"ù
·Ü�{�V�±©Ǒµ£1¤�DÚ?z�{¥��fKÜ§'XKÜ¢D�{¥�ÀJ�f!���fÚCÉ�f�¶£2¤��ÚÙ��U�{(Ü§'X(Ü�[ò»!�©?z!�¼�{ÚBR|¢�¶£3¤KÜêÆ!Ôn!)Ô��'Æ�¥��
g�ÚEâ5��âf+�{"



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
lÑ��
âf+�{3)ûëY`z¯K�LyÑ
é��`�5§¤õ�)û
Nõ¢S¯K"�NõÆö�ïÄǑÌ�8¥3�)ëY¼êþ§âf��ÝÚ\�Ý�ëêÑ´ëY�"�´y¢)¹¥kNõó§¯KÑ´lÑ�§~X'�²;�lÑ|Ü`z¯Kk0 − 1��¯K!TSP¯K!NÝ¯K!Ú´d5y¯K�"



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
lÑ��
���???���PSO���{{{:�Ý�#úªµ

vid ← vid + ϕ(pid − xid) + ϕ(pgd − xid) ��#úªµ
xid =

{

1 if rand() < sig(vid)

0 otherwise

sig(vid) = 1/(1 + exp(−vid))



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
lÑ��ooo���ÊÊÊ\\\{{{:^?ÖãÚë�ã5©OL«�©��?ÖÚ?nì§ÏL�½�5Kò?ÖãÚ?nìë�ãN��ëYâf�$Ä�m"



O��U—–âf+�{�û�8¹Ä��nIOâf+�{IOâf+�{�A^Þ~âf+�{�U?
lÑ��
\\\~~~{{{���{{{:Ú\��fÚ��S��Vg"3����fS = Swap(i, j)���âf1i�Ú1j���� �§����S�´��|±A½^S���f"âf��Ý´�âfǑ���`)I�é� ��1�Ä���S"

Vt+1 = c1Vt ⊕ c2(pit −Xt)⊕ c3(pgt −Xt) (11)

Xt+1 = Xt + Vt+1
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