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Abstract 
 

This research focuses on using the characteristics of the Genetic Algorithms (GA) 
and Particle Swarm Optimization (PSO) for efficiently sourcing solution to construct 
optimal equity portfolios. The internal equity portfolios’ monthly data from Jan. 2004 
to Dec. 2006 was adopted. The data set were divided into three sub-periods for getting 
different stocks, and the experiment is divided into two stages. The first stage carries 
on the fund evaluation in view of the fund achievements target, constructing h value 
evaluation. There are 8 factors were taken into account in the portfolios performance 
evaluation, including Ratio of Return, Standard Deviation, Beta Coefficient, Shape 
Index, Jensen Index, Treynor Index, Information Ratio and Turnover which Republic 
of China investment trust on securities and consultant the trade association announce. 
Then selects top 15 funds to own stocks the proportion highest top five great stocks to 
carry on the stock evaluation once more, and selects its reward variation ratio highest 
stock. In the second stage, we apply the GA and PSO algorithms to these stocks in 
search for the optimal capital allocation for equity portfolios by using the moving 
interval windows. The research compared the returns of the equity portfolios with that 
of TWSI and that of the best return of equity fund.  

The result shows that the ratio of return of our research is better than that of 
TWSI and that of the best return of equity fund. The result also displays that the 
investor must perform elastic operation the order to obtain the higher ratio of returns 
in demand.  
 

Keywords����Equity portfolio, Fund Performance Evaluation, Genetic Algorithms, 
Particle Swarm Optimization 
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1. ���������������������������� 

	 1983
� � 
 � � �� �� � � �� �� � 2007
 10�� � �� �  
! " #$ % & ' 2.2 ( ) *+, - . �� � / 0 " #1 �2 3 45 6 �7 89 :
; < $ % => ? @ ��2 3 AB C; 8D � D E F �+G H IJ K1 ; < L �M

N O P Q R S IT U �VW J K�X Y 8�2 3 Z [ \ 1 ] @ ^ _ *N ` 	R a

1 b c � d �/ 0 " #1 �2 3 6 e R a f g �h i 8; j < k l m n o 6 J

K�p p q �2 3 r s R t 1 �2 T U �] uv w xy z *Z ��{ | 6 	; j

< k } a 1 �2 3 ~ �C� Q � � J K1 �� " #* 
 �3 � � � � � � � 1 ��� 
� �� � A� �� L � � � �� � 1 � " �

� � � �Genetic Algorithms,   ¡ GA¢£% ¤ ¥ ¦ �Fuzzy Theory¢£§ ¨ © ª «
�Neural Network,   ¡ NN¢£¬ ) ­ ® (Ant System)£¯ ° $ ± � �Genetic 
Programming,   ¡  GP¢�V� ² 
P ³ A� 1 ´ µ ¶ ] · ¸ � � � (Particle 
Swarm Optimization,   ¡ PSO)*�a � GA � ¹ º ] · ¸ » ¼ ½¾ ^ _ ] �¿ À
� � �Á Â GA8¹ º ] · ¸ ^ _ Ã Ä � 
 Å 1 �Æ 3 � � � � � �Ç � � x�
2 » ¼ L 1 � . £C; È2 #½¾ � É *� PSO +Ê Ë � � Ì 1 � � P ³ ³ Í
Î�8Ï Q a � � ] · ¸ 1 � � Q Ð �Ñ Ò Ó Ô Õ Ö 8× Õ �Ø Ù Ú 1 � Û �8

Ü ��Ý Þ 1 ¾ ß *+à�Ü ��á � Chang et al.(2007)C; â ã ä �å æ �2
» ¼ ç l �è éê � GA ë PSO ì í � � � î�O í 1 � ¸ Q Ð ] · *~ �ï
ð � � ï ½; ñ â ò ~ ó T U ô ê � �- | Ü ��å æ 1 �2 » ¼ �Q õ ö ÷ �

2 3 ø Á L ] H ù 1 T U * 

 

2. ��� 	��� 	��� 	��� 	  

Ü ¦ ú ��Á 1 ��3 � � � 1 � � å æ ; j �2 » ¼ �4C� 2 #½¾ �

É 1 û ü *�ý þ æ �2 » ¼ ^ _ �� Ú � � . £C; �V2 #� É � Ø � M�

��Ü �� � M1 � ��¹ º 2 #½¾ � É ^ _ �� àê � " � � � � �V´ µ

¶ � � � 1 Ä � Q Ð �4�� � � � 	 ; j 
 " #������~ ó ì Ø Ý Þ Ã

� 
 � 
 5 � - � ~ ó ���� � ] · 2 #½¾ É � �~ � � S ] · 1 ; j �2

» ¼ *� � � � � ó � � �� ~ �Îë� � 1 � � ï ½; ñ â ò T U ô V� - ]

· ; j 
 " #T U ô ~ ó ê � �- | Ü ��1 ; j �2 » ¼ T U ô Q � � x� -

; j 
 " #ë� � ï ½; ñ â ò T U ô *� � Q Ñ Ò Ó �2 3 Ö 8" #© ¥ 3 �

§ 1 �2 � Û �Vå æ � � � ¥ � T U 1 ; j �2 » ¼ �Ü ��  Á 1  ¥ N

î!1. " # ° ® � � $% â ã �å æ Ü ��1 $% % 
 *2. � & a � " � � � �
ë´ µ ¶ � � � É � 2 #å æ ; j �2 » ¼ �4ê � O í å æ Q Ð � ` ] · *3.
' ( Ý Þ ) * 1 5 � �ê � + � , ; 1 - . / 0 8Ï Q � x� 1 - 2 � �2 » ¼

1 T U 3 ` *4. � � " � � � � ë´ µ ¶ � � � � � xÊ Ë � � Ì 1 4 5 6 *
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3.1. � � � � � �� � � � � �� � � � � �� � � � � �  

�2 3 +�� " #1 C� Ì �Ç � 7 8 ° ® � � â ã 1 $% ä 9 : ��� �

� �Ç � ; 8 �� " # � � $% 1 3 ` �ä ��2 » ¼ 2 < É � 1 Ù Ú ç l *�

2 3 = � MC� � � > Ë ? @ V� � A � c � B 1 " #� � C �] ¾ M8C� D

E " # - ä � � 1 F G * 
Treynor�1965¢a � H I < k J(Security Market Line, SML) K L ��� 1953


 M 1962
 N � 1 20E " #�Ñ ÷ �� " # � � â ã Treynor â ã �O â ã P
" #1 T U Q = R J Ka ô �S = �­ ® 6 J K�TU + � V W ­ ® 6 J KîÇ

R t 1 T U *Treynor X D Il " #1 � � D · *Shape�1966¢l 7 8 2 Ü < k
J(Capital Market Line, CML)�� 1954
 M 1963
 N � 34E� � 
 " #1 
2
Y V� Z [ � × â ò �< k T U ô ~ ó � � â ã 1 * � �3 ` \ U @ ] � �� "

#1 � � 4 ^ � x< k �2 » ¼ 1 � � *Shape _ ��2 í � ø 1 � O 8�2 »
¼ 1 ` J K��5 a 8­ ® 6 J K�� àÑ ÷ Shape â ã �� Shape X D @ �T
U O " # � � D · *Jensen�1968¢b c H I < k d e J�Ñ ÷ Jensen â ã �$
% + f g - � � �� � J Kz ç  î�" # � � 8Ï � IxÖ W xÁ ã �2 » ¼

 � � T B *Jensen�� 1945
 M 1964
 N � 1 115E� � 	 " #�3 ` \ U
Ý Þ 1 �� " # h Ä � � 4 ^ � x S&P â ò Z * � ÷ 1 T U ô *Eun, Kolodny 
and Resnick�1991¢i � Treynor â ã £Shape â ã �V Jensen â ã j �N � 19
E � k 
 " #1 � � T B *��3 ` \ U �a � Treynor â ã £Shape â ã $%
� � � 11E " # � � � x< k �2 » ¼ �� i � Jensen â ã $% �l a � 5E
" # � � � x< k �2 » ¼ *   

3.2. � � � �� � � �� � � �� � � �  

' ( » ¼ l Æ 5 � 1 H I 
 ��2 » ¼ �Ç � i  ! J K m W *n �x�9

o � 	 C� ; j �4¼ p 
 �2 » ¼ ��Q i » ¼ J K m W *EvansÈ Archer(1968)
8] , ��9 o � � � (random diversification) 1 J K� � � ` �_ �Ø & ; j 1
T U ô �q 5 $ r 1 s t ] � �Ç © # ¼ p �� u v w �' 
 � � J K1 � ` * 

�] , 1 �2 » ¼ ¥ ¦ 8#x y z © { Ô | t � Harry Markowitz+ 1952

Z Ñ ÷ *+� . 4 } � ~ � 1 �X � � � J K*� ��� � Q å � �2 » ¼ % 
 �

�2 í ��P J K s ò � �� ¸ *�MarkowitzA� ÷ " Ü 1 �2 » ¼ % 
 ��
÷ 2 < �2 » ¼ 1 � - T U ô V � - J K X *� � M¦ ß +x f g J Kî�� �

� - T U ô � @ ¸ �+ f g � - T U ô î�� � J K � � ¸ *Markowitz�1952¢
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Ñ ÷ �� � ò - s � ò �2 » ¼ ¥ ¦ �(Mean-Variance Model, MV ç l )�à¥ ¦
� ~ �2 » ¼ ' M J K� � Ö 8T U ¥ � î2 < É � 1 ç l *Grubel�1968¢A
B � 2 < É � 1 K L Ä � x� k 2 < É � �� P �2 ã 1 � � �� C H I < k �

l O �2 » ¼ Ç ' M J K� � 1 � ` �Ã Q R t � · 1 � � � ô Â � *Levy and 
Sarnat�1970¢� Markowitz 1 �2 » ¼ ¥ ¦ % 
 ~ ó ���4Ã � ) R J Ka
ô � +� " �� � 5 � a ô z ç î1 �2 » ¼ ��3 ¦ ë Grrbel � � � " # �
k 2 < É � � � � J KÃ Ñ IT U *Levy and Lerman�1988¢��� � � I �2 £
� H I �2 �V H I ï � I � ¼ �2 � Æ � 	 ��x � ô Â � ~ ó �����3

` \ U H I ï � I 1 � ¼ 
 �2 / 0 1 � ô Â � ] · �TU CS �2 » ¼ 2 < É

� . �Ç P H I < k È � I < k � p � ð Ú �*Siegel�1991¢��â ÷ �2 3
+ � � � � (business cycle) 1 � � ß ~ ó ; j È � I �2 ã 1   1 � , �Ç � ~
� 1 Ñ I�2 » ¼ T U ô *Brianton�1997¢â ÷ Markowitz 1 �2 » ¼ ¥ ¦ Z
� ÷ 1 � ô Â � 8 ; 8 � - �2 T U ô £ã ç ¡ È� s � ò � Ø s ò ��à � ¢

�ð M £ 8� �¤ ¥ 1 �� �ð M £ � Z s t �Ç Q ¦ t M ¡ � � @ 1 � ô Â �

§ J*Clarke and Silva�1998¢_ � P 5 � ¨ © î�2 » ¼ J KëT U a � ï ½
� � 1 � 	 Z R t 1 3 ` � i � ª « 2 Y Z t 1 � ô Â � ¬ ï ­ � Ã � � ô * 

3.3. � � � � �� � � � �� � � � �� � � � �  

" � � � � �Genetic Algorithms�GA¢1 " Ü ¥ ¦ 8#Hollandx1975
 ®
¯ Ñ ° �8" x ± � C� ( ² 1 �Æ ] · ¸ ³ � o æ � ´ µ ¶ È� · ¸ �1999¢*
" Ü ­ ¨ +x% ¹ º   Õ L   » ¼ � £� ½ ¾ ¿ 1 ± � ~ ¸ � l �Q � C�   Æ

L Û � � F À 6 1 Á Â �9 o 6 1 � u Ã , Ä à1 " � 2 Å ��- Æ Q < º � Ì

� Á Â ¬ � Ç 1 µ Â �5 : È � ¸ î É � < º 4 � 6 ] Ê 1 ] ·   Æ *" � � �

� l 1 � Ø � MÄ � µ � Ë Ì �Reproduction¢£ Ã É �Crossover¢£�V Í s
�Mutation¢*D ² 
� �| 6 Ô í � Î � 	 Ï GA1 ��� � �ÐGoldberg(1989)
Ñ a � " � � � � ä � o Ò Ô Ó Ô Õ ­ ® 1 Ö ¥ o × ��� 5 Ø Ô í Ñ � � +�

� �2 » ¼ Ù � [ 1 � � (Orito, Yamamoto, 2003�Xia, Liu, Wang, & Lai,2000)*
Xia, Y., Liu, B., Wang, S. and Lai, K. K. (2000) Ñ ÷ ��2 » ¼ C� % 
 �' ( � �
H I - Æ T U ô 1 Ú Û �a � " � � � � � � � ] @ ¸ �2 � � *Ý H 3 ` \ U

i � à% 
 Z t M 1 �2 » ¼ � � �� ° ® �2 » ¼ · *Kyoung-jae Kim and 
Ingoo Han (2000)�1989�1998 
 � 1 Ü � ; < ������a � " � � � � Ý
À Þ � ß Èº g � � ; ñ 1 § ¨ © à 3½ X ���3 ` \ U �̀ ç � c ê i ° á

§ ¨ © ª « I÷ 10â11ã*R.J.Kuo,C.H.Chen & Y.C.Hwang (2001)�1991 �1997 

1 � � ; < ��� ä Ü �á � GFNN(GA based FuzzyNeural Network) % 
 �3
¼ � ¸ È å � ¸ � £ �� � _ �; j < k @ ] � æ i � � ¸ 1 â ã �4 } � Ú ç

M å � ¸ 1 � £ *��3 ` \ U GFNN % 
 1 3 ` � �F �� � Ã è é ò ' 90
ã�Ì *Orit, Y. and Yamazaki, G.(2001)� ê ë ; < L ë@ . � � ² c � I1 Â
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1100E ; j �� 
 9 » ; j » ¼ ä �C; ã 1 �a � " � � � � xâ ò " #1 C
; Ì ³ � � · 1 �2 » ¼ *� 4 � ì ò # � � ² c ë�2 » ¼ J Kì s ò ï ½»

¼ �
 �Á 1 � � � � ² c ] @ Ã J K] � 1 �2 » ¼ *Ý H 3 ` \ U �i � "

� � � � + = t © CS â ò " #�2 » ¼ 1 � � �� f g 
 � 1 » ¼ · *J. 
Korczak and P. Roger(2002) Ä � " � � � � �V í t � � J�Á 1 ���; j 0
î ß 1 � � ��� � ; < ������#CAC40 â ò L �ï C÷ 24E ; j *��
- � #1997
1�2=�1999
11�10=�� L ð ñ - �261¼�� ò - �7¼*�
�3 ` AB ��£" � � � � Z t  / 0 @ ] � � 0 ð 2 � / 0  T U ô � t

I�ó£ l ô õ T U � 1 � � 6 ö x0*Rui Jiang and K. Y. Szeto(2002) Ä � " �
� � � �V í t � � J� � Mä �; j 0 î ß 1 � � *�� ä Ü �Microsoft£
Intel£DellVOracle1 ; ñ �- � �1990
1�1=�2002
8�30=�3305 ÷ Ã è
2 Y *Â2000 ÷ 2 Y Ý � ð ñ - �u1305 ÷ 2 Y ä � � ò - *��3 ` AB ��£
R a ~ \ Ix0 ð 2 � / 0 �ó£�GAZ t  ð ñ - T U ô W x � ò � T U ô * 

3.4. � � � � � �� � � � � �� � � � � �� � � � � �  

´ µ ¶ � � � (Particle Swarm Optimization, PSO)8# James Kenney È 
Russell Eberhart ì W Ô í x 1995
Z Ñ ÷ 1 � ø ù _ � ± � Õ L 1 | 6 B �æ
Ç Q 
 �� � � A� 1 � ú �	 1990 
 � û �a � ü ý ± � Õ L ¶ ! ó ��A
� ] · ¸ û ü þ �� y �A� ÷ � º   ¶ ! �� ¦ ­ ® �� � � 1 * � û ü ��

¦ ­ ® 8© # % �   V Ø ! Z » 
 1 ¶ ! ë � � �VëØ !  � 1 u t ó ���

� 8 a � � ] Å � Z < º 1 � � ó �	� ¹ º ^ _ *8� Æ � ¸ * �

(Evolutionary computation)� ú ± x 	 ¶ 1 º 
 Ó 6  ó ����% � º   í t
V � � 1 ( ² �� M K L � º   Ø ! Û � Ô Ó V 
 � Q Ð �C� �± � Ü � � ]

@ � � 1 © Þ �ä �Ø ! í t ( ² 1 9 : ç l (Chang, Chu, Roddick & Pan 
2005)*Shi and Eberhart�1998¢Ñ ÷ � 6 ½¾ � µ (w)�� � � s ´ µ 1 � c �
4Ã S t � � ³ � ë � � ³ �  � 1 � j ß �� ¬ � È � M � � ] · ¹ *� ¥ ¦

" � 8a � ´ µ ¶ @ � � ³ � u�� 6 � µ � û � Ø ´ µ � c �{ ´ µ ~ ð � F

1 � � ä ³ � *Ô í � � 6 � µ � ì Æ g � ��8 P � 6 � µ � � � ò �� �Ø

8{ � 6 � µ 7 . � s � �uí ¦ { � c 9 : . � � q J6 � Ø *7 8�à��

x � 6 ½¾ ) � Ì  � } � � g 1 � � *! M Shi and Eberhart�1998¢" � � 6
½¾ � µ ~ ó � � �4Ã Ñ Ò � 6 ½¾ ëÔ Ó � µ Ý Þ � · 1 å # ò X �wmax
� 0.9�wmin� 0.4�V c1=c2=2.0* 

Kennedy and Spears�1998¢Ä � 5 à $ 1 ´ µ ¶ � � � ë � Æ 5 � 1 " �
� � � ~ ó ê � �� & �5 Ú ç Í s £5 Ú ç Ã É �VÚ ç Ë Ì £Í s £Ã É �

��3 ` � � ² Y + �´ µ 1 ´ µ ¶ ] · ¸ � ` � ½ ( " � � � � �\ U ´ µ ¶

� � � 1 T B � � � ô * 
Yoshida et al. (1999)8� �Ø � � ´ µ ¶ � � � xB Ý º 
 Ì �Ä � + % Ð

­ ® ë % & ' × Ì �� & á � à $ 
 ë ß � 
 1 ' × s ò ~ ó ���i ´ µ ¶ �

� � Q +àì ' × s ò î� . ~ ó ] · ¸ Ä � *Abido�2002¢å æ b c 1 ´ µ
¶ � � � xº g t Ð ­ ® ( g 6 ] · 1 Ù ò ò X �+à��L �) �Ù ò 1 � c
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* + × +� g 1 ò X ��h , + t © ² - L 5 � j 1 + × ^ _ *Ujjin and Bentley
�2003¢� � ´ µ ¶ � � � xª « . / ­ ® �Ý Þ 3 ` AB ´ µ ¶ � � � � � "
� � � � � � I � � ç � c �4Ã ´ µ ¶ � � � Q ¬ � � 1 R t ] 0 X *

Baumgartner, Maggele and Renhart�2004¢Ä � ´ µ ¶ � � � x6 Á ã ] · ¸ ^
_  �����3 ` \ U PSO+ Pareto-optimal front. àÆ 6 Á ã ] · ¸ ^ _ �
� � Ç � 1 1 
 ` *Nenortaite and Simutis�2004¢Ä � ´ µ ¶ � � � % � § ¨
© ª « x; j Ã è ­ ® �� & �x 2 � ô ï ð ëÏ ~ ó ���Ý H 3 ` \ U � 5

Ú ç 2 � ô �à��2 » ¼ �2 T U @ x S&P500�2 T U 3 M 4 5 �� 2 � ô
@ x 0.2% l �2 x S&P500 ¦ � ¼ ¥ *��_ �´ µ ¶ � � � Ç �� � � � x
; j < k 0 î  ] · ¸ ^ _ * 

 

4. �� ��� ��� ��� �  

Ü �� P Ý Þ � 
 ì 6 
 �� � 6 
 " � " #1 � � â ã ~ ó " #$C�C

S � � Â 7 3 Û ; j 
 " #�4 P � 2 ; ê 8 ] I1 Â 3 @ ; j S é ~ ó ; j $

C�] uCS � T U s � ê ô � I1 ; j �å æ 
 �; j �2 » ¼ �� ó 6 
 l

' ( " � � � � V´ µ ¶ � � � ~ ó ; j �2 » ¼ L Ø & ; j �2 ½¾ 1 É � * 

 

4.1. ��! " #��! " #��! " #��! " #  

��þ æ é1 � � 6 
 � 82 Y 1 � ú £Ý Þ - � 1 ) g £" #ã 1 CS £

� � â ã Ù ò ã ç ¸ 1 ( ² �V; j ã 1 CS *��þ æ é � ~ xé 4-1* 
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é 4-1 ��þ æ é 

������������������ ��� ��� ��� � ���� 	 
 �	 
 �	 
 �	 
 � � 
 � �� 
 � �� 
 � �� 
 � � �

 


 � � � � GA 

1

  
n

k k
k

Max F v r
=

=∑  

 
 

�� ���� ���� ���� ������� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � � �

" # � � â ã 9

� �  � � � � � � � � � � � � � � � � � � � � � � �� � �� � � �
� �  �  ! � � � � " � � � # $ �% � & $ � � �

' �  ( ) * � � � � � � � � � � � � � + � � � , - . � �
/ �  0 12 $ 3 � � � � � � � � � � � � � 4 � � � 
 �5 6 � �

7 * �  8 9 1 :�

; < = > ? @ A 
 ��

B > � � C ? @ A 
 �D E F G ? @ �

; < = > ? @ �

GA ? @

H , I J  

K L M N  

? O � *  

PSO ? @

H , I J  

Ý Þ 3 ` ë� �  

P Q R S? @ H , I J SR �T U �

P Q V S? @ H , I J SW �X ? �

�
  
�

 �
�

 

Y Z [ � � � PSO 

1

  
n

k k
k

Max F v r
=

=∑  
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4.2. $ % & '$ % & '$ % & '$ % & '  

Ü ��� � 6 
 CS " #ë; j 1 Ý Þ - � � 2004
 1�� 2006
 12�
( : � 93
 1�� : � 95
 12�)�� 36 Ø �  �2 Y *�� P ��- � � �
� ] ; � l � 12 Ø �� � M8 < Æ +CS 1 ( ² � L � � Ø - � Ç �� & CS
5 � 1 " #�4Ã R t 5 � 1 ; j �2 ã 1 ��- Ü ��Z á � 1 " � � � � ë

´ µ ¶ � � � +5 � - � £5 � �2 » ¼ æ Q � B F 1 � ` * 

4.3. $ % ( )$ % ( )$ % ( )$ % ( )  

Ü ��� � 6 
 CS " #. á � � � � � 	 ; j 
 " #~ ó $C*� � 6 


C� " # = ò ] 6 1 ; j 
 " #�+C� " #. �Ú � ì Æ � £ ! 
1. +Ý Þ - � � $ 1 " #� � � & x � - � L � $ 1 " #* 
2. + � - � � � $% â ã R ¯ > 1 " #* 

    © #CS " #$% Ä �  u�] 0 �����Â 7 3 = " #Z 2 � 1 Â 3 @
; j �4Ã S é © ( $C* 

 

4.4. $ % * +$ % * +$ % * +$ % * +  

4.5.1. � , - .� , - .� , - .� , - .  

B 6 
 1 " #C� � M 7 8 � @ ? \ ê ë @ � b A B ~ ó " # � � $% Z

á � 1 C Æ $% â ã �Ý �Ü ��$% â ã h X 1 Ù ò ã ç ¸ � µ �� h X 1 »

 � 	 � ~ N î! 

  
7

1

( )d j
j

h FR I
=

= +∑                                              (1) 

  ∑
=

=

12

1m
md eFR                                                (2) 

   
12

1

, 1 ~ 7j jm
m

I i j
=

= =∑                                           (3) 

 
sòg� 

    1. FRd! D Î 7 ó Ø � l ; j 
 " # 1 ª « T U ô* 

    2. em!l ; j 
 " # 1 ª « � T U ô* 
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    3. Ij� l ¢ $ % " #  � � â ã D Î 7 ó Ø � òX* 

    4. ijm!l " # 4 ¢ � � â ã � � E N î  

      
i1m! ã ç ¡  

      i2m!βX 
      i3m!Sharpe â ã  
      i4m!Jensen â ã  

      i5m!Treynor â ã  
      i6m! 2 Å ê ô 

  i7m! " # F � ô 

 

# x l ¢ � � â ã ã ç 5 � �� � +~ ó " # $ C .Q � � � 1" ç �� à

� � Z i � 1" # � � â ã � � ¯ ' ( Ä � ¸   1Î G � � á � � Xc $ ¸

(Min-max normalization)1� 	 * � �� 	 N î ! 

    newnewnew
m eee

ee
ee

e minminmax
minmax

min )( +−
−

−
=                               (4) 

    ( )min
max min min

max min

new new new
jm

i i
i i i i

i i
−

= − +
−

                                 (5) 

� Xc $ ¸ � 	 (4) V � 	 (5) 8 P òXf g x � � [0,1]�4 7 8 * � u +à

� � 1òX ~ ó ê � ��R t � � " ç * 

$ % â ã hX= � ï ð ª « T U ôä ���* �  C �H Ú �� � ø " # �

� â ã �� �L 1ã ç ¡ È βXë" # � � 8 q B I � ��� J â ã N !Sharpe

â ã £Jensen â ã £Treynor â ã £2 Å ê ô�V " # F � ôë" # � � l q B

c � �* K � + * � Ì Q � � � � " ç �� à â ã ë" # � � q B I � �1 ]

��+ c $ ¸ .& © P òXÝ � � � 1 ) * � i �+" # $ C � ¸ � c X* 

 

4.5.2.  ���������������� 

' ( Ì L " # C � � ~  u �C S � 	 (1)hX Â 7 3 @ 1" # �4 Ã 7 8 )

� = " # Â 3 @ 2 ; ê 8 1; j � S ~ ó $ C *� $ C 1� 	 �T U s� ê ô

(Reward Variation Ratio)� � ~ N î ! 

    k f

k

r r
S

σ

−
=                                                 (6) 
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�L �STU ) � J K  î  ô õ T U * 

      rkTU � k E ; j 1T U ô* 

      kσ TU � k E ; j 1J K ( ã ç ¡ )* 

      rfTU R J K a ô* 

 

7 8 � 	 (6) � x S X ~ ó Ú - �4 ÃC S ; j � # x Ý Þ - � �� � - �

l ¦ R t � Æ 5 � 1; j » ¼ * 

+; j C � � [ �Ý Þ � �a � 2004� 2006
�� � 
- � î 5 � 1; j

» ¼ ��~ ó �2 # ½ ¾ É � *� � M × " # ©¥ 3 ~ ó ; j � 2 .�� x 2 ;

] ; � � N 2 I c O 6 V y t 6 �� P � � h � ; < 1s ¸ �� Ý Þ ó ¹ � " #

©¥ 3 - . / 0 �� & � + Ø � C S �; j � 2 ã 1�S �� 
ä � � $ - � �

å æ ; j » ¼ �~ ó �2 # ½ ¾ É � * 

 

4.5.3.  � � � � 	 � 
 � � 
 �� � � � 	 � 
 � � 
 �� � � � 	 � 
 � � 
 �� � � � 	 � 
 � � 
 �  

Ü � � 1Ý Þ - � á � í t . � Q R ü L �+ S Ø � ) g�� Ý Þ - � ��

L Â � Ø � � ð ñ - � �u � Ø � l � � ò - � *a � " � � � � ë´µ ¶ � �

� å æ ; j � 2 » ¼ �2 # ½ ¾ ��É ¼ Ü � � þ æ � ; j � 2 » ¼ �Ü Ý Þ 1

4 � ì ò(Fitness Function)�! 

        1

1

  

0 0.1  ,   1

n

k k
k

n

k k
k

Max F v r

v v

=

=

=

< ≤ =

∑
∑

                           (7) 

�L �FT4 � ì òX* 

      kv T � 2 » ¼ � � k E ; j 2 # ½ ¾ * 

      kr T � k E ; j 1 ª « T U ô* 

 

�x 2 # ½ ¾ É � ^ _ �# x H I � 2 � T " # U ¥ V � $ g+ � " # � 2

x W � Ì < Ö Ì X � � ; j V � � � Ö # Y � I  ` # õ �5 t ô ( Ü " # Z 2
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< ñ X [ �  7 *Ü � � ) gO ; j 0 ð � 2 � �5 t Y I î \ �� à ) gl

; j 12 # �É ½ ¾ � � @ x ] Ã5 t I x [ �  7 *� � ^ _ ½ ¾ X kv
` È +

� � ( ² L I x 11 ` a A º �ö 
 Ä � ( ² b c Ö Ý Þ } ¿ 1Ç Q 6 �� à +

² 	 Ì ~ ó � �½ ¾ 1 ) g�� ½ ¾ ` ¼ I x 1.�l P l ½ ¾ c $ ¸ � 0M 1

 � � i �H d ` ¼ � 11 + × * 

 

 

4.5.4.  � � � � � � � � �� � � � � � � � �� � � � � � � � �� � � � � � � � �  

1. e û ¸ Á ! !á � Ü Ý Þ � ò Þ � � ò ÷ 1 160 f g ! ò�� ) g�

160* 

2. h i o × !� j ¼ 2 Y 
 © � á � Ý ò h i �k l � ó Ä � 1. � �

4 Ñ I ­ ® 1ç � c � m ï ³ �  ! ] ·¹ 1 o ¦ * 

3. 4 � ì òX1 * � !Ü � � 1 4 � ì òN 	 (7)�8 " � Ü Ý Þ n å æ

1; j � 2 » ¼ Z ) * �3 ¼ ½ ¾ ëT U ô1Ä � ��- � ÷ j ¼ Ü

Ý Þ 1] @ X* 

4. Ë Ì o × ! á � � o 1 p . � �� Ë Ì ô� 0.5* 

5. Ã É o × !Ã É ôI W ¦ q r Ý Þ ( ² 1 3 ` �Ã É ôo I �¦ R �

A s � Ç   Æ 1 À 6 �� � È �Ã É ôo W �l ¦ i ³ � ( ² t u *

� Ü � � L �C � ] 4 � 1 Ã É ô� 0.5�� Ã É � 	 �ì ß Ã É * 

6. Í so × !Í sô ( I �P � v ­ ® R � � � w x �4 } É � " � �

� � 1Ü @ *h l ) g t o � �l è y ð � ] ] ·¹ �� à Ü � � )

� 0.03* 

7. 0 � z { !� ý Ý Þ á � 1 0 � z { � ì Æ �� 8 ' MÏ ¯ Z � g1

Á ã �� � Æ 8 ü ý 4 � ì òX�� w x ö x f gX�l 0 � � � � *

Ü � � á ò Þ � � ò 1] ·Âò� 5000Â�� Ü � � á � 5000Â�

0 � z { * 
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T 4-1 " � � � � Ù ò ) g � | T 

Ù ò ¢ Á  Ù òX 

e û Á ! @ �  160 

h i o ×  Ý ò h i  

0 � z {  5000Â 

Ã É � 	  ì ß Ã É  

Ë Ì ô 0.5 

Ã É ô 0.5 

Í sô 0.03 

������� � 	 
  

 

 

4.5.5. � � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �  

1. ´µ ¶ ò!Ü � � �~ ó " � � � � ë´µ ¶ � � � � ¸  ê � ���

Z �+à 1´µ ¶ ò � � á � ë f g ! ò� � 1ò��� C � ´µ ¶ ò

Ù ò� 160* 

2. � ¸ } Âò!Ü � � á ò Þ � � ò 1] ·Âò� 5000Â�� Ü � � á �

5000Â� 0 � z { * 

3. ] @ � c ) g! ] @ � c 8 º g´µ +à é � � í t 1] @ ~ ß � � c

( @ Ö ( � ¦ � Ý Þ 3 ` < º R � ô1 � 2 �Z �Ü � � Ù Ú � �ú �


 � � ) g Vmax=4 Ã Vmin= -4�l ÂT+ Â Ç í t  ] @ � c � �

� 8* 

4. Ô Ó � µ ! Ü � � Ù Ú � �ú � 
 � � ) g Ô Ó � µ 1 2 2c c= =
* 

5. � 6 ½ ¾ ! � 6 ½ ¾ � µ Q m ï e - � � ] ·¹ 1Q Ð �+u - � Q �

� w x �Ç � �  � � ë � � ¹ 1 ³ � Q Ð *+à á � � ý ú � 
 � 1

Ù ò�� e û ½ ¾ ) g� 0.9�] 0 ½ ¾ ) g� 0.4�4 Ã q J 6 á � * 

6. t � z { ! t � z { �� ¸ } Âò�ç � � � 5000 } Â* 
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T 4-2 ´µ ¶ � � � Ù ò ) g � | T 

���������������� ������������  

´µ ò 160 

Vmax 4 

Vmin -4 
Ô Ó � µ  1 2 2c c= =  

e û ½ ¾  0.9 
] 0 ½ ¾  0.4 
t � z {  5000Â 

       ������� � 	 
  

 

5. � � � �� � � �� � � �� � � �  

+à P " � � Ø Ý Þ - � 1; j » ¼ �~ ó ì Ø Ý Þ �® ¯ a � hX C ; ~

� Ä � " � � � � V ´µ ¶ � � � ~ ó 2 # ½ ¾ �É *Ý Þ � �� 
� � $ - �

C S 1; j �4 ~ ó í t Q R ���S ëï ½ ; ñ â òT U ôä ê � *� Ý Þ ó

1; j » ¼ �� 
� � $ - � �+ Ø � � � & C S T U s� ê ô� I 1Â ó 7 E

; j �i t + � í t Q R 1- � ��; j � 2 » ¼ 8 # l Æ 5 � 1; j � 2 ã 1

Z » ¼ � 
 �S ; 8 " � � � � V ´µ ¶ � � � Z � t 12 # ½ ¾ �* � �T U

ô4 ëï ½ ; ñ â ò�V � - ] ·1; j 
 " # T U ôä ê �  * 

5.1. �  ! " # $ %�  ! " # $ %�  ! " # $ %�  ! " # $ %  

# T 5-1 \ U �Ü � � + 2004 
; j � 2 » ¼ L �a � " � � � � ë´µ

¶ � � � Z å æ  � 2 » ¼ GAA1 ë PSOA1�©2 # ½ ¾ É � � 
 u  
T U

ô� & � 35.79%ë 35.22%�� ï ½ ; ñ â ò
T U ô� 5.59%�à � 6 
 �;

j � 2 » ¼ GAA1
T U ô�] ·* 

   

� + 2005 
; j � 2 » ¼ L �a � " � � � � ë´µ ¶ � � � Z å æ ÷  

; j � 2 » ¼ GAB1ë PSOB1��
T U ô l ± � 96.23%ë 125.64%�� ï ½

; ñ â ò
T U ô� 7.48%�à � 6 
 �; j � 2 » ¼ PSOB1
T U ô�] ·�

� 8 +Ý Þ � L 
T U ô] I 1; j � 2 » ¼ * 

] u �+ 2006 
; j � 2 » ¼ L �a � " � � � � ë´µ ¶ � � � Z å æ

÷  ; j � 2 » ¼ GAC1ë PSOC1��
T U ô l ± � 67.39%ë 87.10%�� ï

½ ; ñ â ò
T U ô� 18.80%�à � 6 
 �; j � 2 » ¼ PSOC1
T U ô�]
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·* 

 
T 5-1 Ý Þ � ; j � 2 » ¼ T U ôê � ��T 

           � �  


 �  

; j � 2 » ¼  
T U ô 

(GA) 

; j � 2 » ¼

T U ô 

(PSO) 

ï ½ ; ñ â

òT U ô 

� � - (2004
) 
35.79% 
(GAA1) 

35.22% 
(PSOA1) 

5.59% 

� ó - (2005
) 
96.23% 
(GAB1) 

125.64% 
(PSOB1) 

7.48% 

� � - (2006
) 
67.39% 
(GAC1) 

87.10% 
(PSOC1) 

18.80% 

5.2. �  & " # $ %�  & " # $ %�  & " # $ %�  & " # $ %  

Ý Þ ó Ñ � � ¬ � � ; j 
 " # 1å æ � 	 �Z � 7 8 ; j 
 " # I y t £

Û O 6 1 À 6 �¹ � " # ©¥ 3 + Î � - ä  î �P ; j 
 " # L + Ø � � 2 ã

1ä � s�Ú � Q j ¼ " # ©¥ 3 Ý k - . 1 À 6 �� P Ý Þ ó  Ý Þ - � S �

�
 + � Ø � � » ; j � 2 ã 1�å æ � 
 � $ - � 1 � » ; j � 2 » ¼ *Ý Þ

ó 7 � á � � Ø � � ð ñ - �� Ø � � � ò - 1 í t Q R � ~ ó � � * 

# T 5-2 \ U �Ü � � Ý Þ ó a � " � � � � ë´µ ¶ � � � Z å æ  � 2

» ¼ GAA2 ë PSOA2�©2 # ½ ¾ É � � 
 u  
T U ô� & � 99.53%ë

105.35%�� ï ½ ; ñ â ò
T U ô� 5.59%��V ] ·; j 
 " # - ) @ � � "

# 
T U ô� 23.65%�©ê � u à � 6 
 �; j � 2 » ¼ PSOA2
T U ô�]

·* 

� + 2005 
; j � 2 » ¼ L �a � " � � � � ë´µ ¶ � � � Z å æ ÷  

; j � 2 » ¼ GAB2ë PSOB2��
T U ô l ± � 151.71%ë 159.80%�� ï ½

; ñ â ò
T U ô� 7.48%��V ] ·; j 
 " # - L � L � 
 " # 
T U ô�

75.10%�©ê � u à � 6 
 �; j � 2 » ¼ PSOB2
T U ô�] ·* 

] u �+ 2006 
; j � 2 » ¼ L �a � " � � � � ë´µ ¶ � � � Z å æ

÷ ; j � 2 » ¼ GAC2ë PSOC2��
T U ô l ± � 156.57%ë 167.28%�� ï

½ ; ñ â ò
T U ô� 18.80%��V ] ·; j 
 " # - ¸ � @ A " # 
T U ô�

40.70%*+à � Ý Þ 6 
 L �; j � 2 » ¼ GAC2 �" � � � � Z å æ  � 2

» ¼ L �T U ô] I 1� 2 » ¼ � � ; j � 2 » ¼ PSOC2 
 �+Z � Ý Þ - �

î T U ô] I 1; j � 2 » ¼ *� ¼ �Ì Z L �Ç �A B �´µ ¶ å æ 1; j �
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2 » ¼ T U ôT B ] � � Ç �� H ~ �� � � ] ·¸ 1 À 6 * 

 

 
T 5-2 Ý Þ ó ; j � 2 » ¼ T U ôê � ��T 

           � �  


 �  

; j � 2 » ¼  
T U ô 

(GA) 

; j � 2 » ¼

T U ô 

(PSO) 

ï ½ ; ñ â

òT U ô 
; j 
 " #  

� � - (2004
) 
99.53% 
(GAA2) 

105.35% 
(PSOA2) 

5.59% 
23.65% 
( ) @ � � ) 

� ó - (2005
) 
151.71% 
(GAB2) 

159.80% 
(PSOB2) 

7.48% 
75.10% 
( L � L � 
 ) 

� � - (2006
) 
156.57% 
(GAC2) 

167.28% 
(PSOC2) 

18.80% 
40.70% 
( ¸ � @ A ) 

5.3. �  ! ' �  & ( ) *�  ! ' �  & ( ) *�  ! ' �  & ( ) *�  ! ' �  & ( ) *  

T 5-3�
T U ôê � ���3 ` � ~ Ü � � Z þ æ 1; j � 2 » ¼ �5 ¦

Ý Þ � Ö 8 Ý Þ ó 1 3 ` � ê ï ½ ; ñ â òT U ô�V ] ·; j 
 " # T U ô

� t I �� Ý Þ ó  ; j � 2 » ¼ � � x Ý Þ �  ; j � 2 » ¼ Q R t � ·1T

U ô�� �8 + 2006
1; j � 2 » ¼ PSOC2
T U ô � I ' 167.28%�W�

l - 
T U ô  � �� é 8 2005
1; j � 2 » ¼ PSOB2
T U ô 159.80%�

H ~ ; j � 2 » ¼ + Î � 1 - ä  î Ç �R S � I 1T U ô*	 Ý Þ � Ö 8 Ý Þ

ó 1� � 3 ` Ç A B �´µ ¶ � � � Z å æ 1; j � 2 » ¼ T U ô�æ ê " � �

� � Z å æ 1; j � 2 » ¼ � t ·�= � + 2004
; j � 2 » ¼ PSOA1 T U ô

35.22% 0 W x � - 1 GAA1 T U ô 35.79%� # à Ç � �´µ ¶ � � � +Ü � �

1Ý Þ ) * L �Û � � ·1 ³ � ^ _ ¹  Q Ð * 
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T 5-3 ; j � 2 » ¼ 
T U ôê � �� 

- �  
Ý Þ �  

; j � 2 » ¼  

Ý Þ ó  

; j � 2 » ¼  
; j 
 " #  

ï ½ ; ñ  

â ò 

GAA1 35.79% GAA2 99.53% 
2004
 

PSOA1 35.22% PSOA2 105.35% 
) @ � �  23.65% 5.59% 

GAB1 96.23% GAB2 151.71% 
2005
 

PSOB1 125.64% PSOB2 159.80% 
L � L � 
  75.10% 7.48% 

GAC1 67.39% GAC2 156.57% 
2006
 

PSOC1 87.10% PSOC2 167.28% 
¸ � @ A  40.70% 18.80% 

6. " +" +" +" +  

Ü � � a � " � � � � ë´µ ¶ � � � Z å æ ÷ 1; j � 2 » ¼ �Ý Þ � 3

` \ U + 2004
1Ý Þ - � î �; j � 2 » ¼ GAA1
T U ô� 35.79%£PSOA1


T U ô� 35.22%�� ï ½ ; ñ â ò
T U ô� 5.59%�2005
1Ý Þ - � î �

; j � 2 » ¼ GAB1
T U ô� 96.23%£PSOB1
T U ô� 125.64%�� ï ½

; ñ â ò
T U ô� 7.48%�+ 2006
1Ý Þ - � î �; j � 2 » ¼ GAC1


T U ô� 67.39%£PSOC1 
T U ô� 87.10%�� ï ½ ; ñ â ò
T U ô�

18.80%*Ý Þ 3 ` A B �Ü � � Z å æ 1; j � 2 » ¼ T U ôT B �� � x ï ½

; ñ â ò1T U ô�� Ý j ¼ Ü � 1 � - *� l - 1
T U ô � � � d �´µ ¶

� � � Z å æ 1; j � 2 » ¼ ��� ¸ � ` � � x " � � � � Z å æ 1; j � 2

» ¼ * 

�x Ý Þ ó 1 ) * ] ; �¹ � " # ©¥ 3 �� � ; j < k 16 s6 �á S +

� , ; 1� 	 ~ ó � � �� m ï � 2 O 6 �Ý Þ ó 3 ` \ U �+ 2004 
1Ý Þ

- � î �Ü � � Z å æ 1; j � 2 » ¼ GAA2
T U ô� 99.53%£PSOA2
T

U ô� 105.35%�� ï ½ ; ñ â ò
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