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Abstract 

 
This research work applies four different approaches including Grey Prediction (GP), 
Neural Network (NNW), Genetic Algorithm (GA) and Grey Decision (GD) to 
construct sophisticated stock selecting models which are capable of providing 
profitable outcomes for investment and reducing the risks from human subjective 
judgment. 
 
Based on using financial ratios as criteria to evaluate the electronic industry 
companies listed in Taiwan Stock Exchange (TSEC) for portfolio selection, all 
designed models perform well on selecting promising stocks and the operational 
average returns exceed the defined benchmarks. The outcomes of four models are 
then combined and fused with Dempster Shafer combination rules and integrated as 
the named DS model. The total average return acquired from the DS model increases 
significantly to 112.45 % and surpassed other models. The results show that the data 
fusion of four models is able to produce optimal synergy and demonstrates higher 
evaluation performance. 
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mn � &' � ¤ $ � c @ S 'à g � Ï Ð @ \ � É g N h @ 7 B Cd &' � e

� � i @ \ � à g � Ï Ð @ S ':  
 
",NNW ( ).Ü a ï ^ Ù zÚ Û (Neural NetworkCNNW) N � � � > o

I @ * "# ( )Cn ( ); h mÜ � Ý � I 1 / A � 
 À j � ° @ Q� _ C�

� e^ Ù zÚ Û @ � ! C? � > ñ @ � 
 ù j � ° s ¹ Cæ �  Ä h mÜ � Ý

Y� E µ ¼ Cæ ä @ ø � 10 = k x l m � C; ´ � E µ ¼ ë � � � � ! c @ ^

Ù zÚ Û YC? g ^ Ù z@ ë Q ° :- ; n ë Q ° À O â ° m E C � h mÜ �

Ý Y@ � H D s (Fitness Function) Ê 8� N � ï . 

( )1 2

11

1
1

T

gannactual
t

FF r r
T =

= −
−
∑ �

 

ÁYC actualr
N n O @ ¹ 	 ° C gannr� N Ú Û > ? g @ ë Q ° C 1T

N � � s :

e Í Î � É o p C © ë 8n Ú Û �  !   < C e Í Î ¸ É o p C © ñ K 0 E µ

¼ � H D s @ � Ì c d h mÜ � Ý Y J ¤ ,W � À K r @ Ó � � ` :� � h m

Ü � Ý Ü a ? g �� l m � C; Ás ° ë � w � q Ô r ^ Ù zÚ Û � � 
 ù j

� ° C " Ú Û � ! c d T � � � Ó : 
 
�,DS ( ). J K � L  (Dempster-Shafer TheoryCDS)CÊ H I f Ï Ó ¬

è 3 � � c d &'j k :n ^ 3 � s � } � J K à x Ï Ê t CÏ Ó ¬CÏ   » C

Ñ m u v CÄ � � w Í @ è J :J K � L eDempster ® Q C- L z� Shafer (1976, 
1986), Å c � ¾ ç � < @ x � ( ï :J K � L x ; ä v � L ½Ê ~ e �  Ï Ó

¬ è À �  Ï � y 9 f @ Î �Cmn Ê Ø 5> o G J K c d &' � é - ø � í

5 @ A B : 
    J K � L ; 0 # z - � ý @ » ¼ � ª ¬ ¶ N % e { � θ - ¢ I é ¥ D s

Bel � | } D s Pl à { � > o G @ J K À � % CS ´ í= \ O I (~el(A),Pl(A))
8� S < \ O A @ é ¥ Ó ' Ä � Ï Ó ¬ ~ t @ ä v C- Ê , K % e { � @ h �

| v j � D s M ¤ Q� ? g A @ é ¥ Ó ' C¿ n   < S Ï Ó ¬ è � % @ { � : 
S f � = J K é ¥ Ó ' @ Ã 5C� miC mj j e 8� Ï Ð 3 � @ é ¥ j �

Ó ' C0 B � � � e ® Ä @ 3 � > ? g C© Ã 5� @ é ¥ D s Ê 8� N  (Wu et 
al., 2002). 
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��������� � � � � � 	 
 �� � � � � � 	 
 �� � � � � � 	 
 �� � � � � � 	 
 �  

 
ef Æ á ¿ � � ¥ á â � ¹ @ 3 � ø û � ø 
 á C � Z[ ø ] N J V W X

> YW X � �
 @ ø ] C T � _ T U Q � ú û gZ[ ú û N l C� � � � T U

J V W X > Z[ \ ] @ _ ` a b N l q � � S s :3 y � ; f T U z z { �

(TEJ)C� � ­ t N 2001ß 6�� 2007ß 9�C3 y F u gv 3 y N l CÀ �

6ß 24v:N þ O P � � C; _ ` ¸ N � ß,Þ ­ ¾ ; � ` gù� � ­ t 3 y

� X & � a b © � � | : � � g � o p > o I @ r s � C� � � º I @ r s C

j e N % � � ° E ,́ % � � ,� Ì E ,� � E v ,¡ �  � @ Ç 3 ø � � v , 
% � � Ì � � v ,  � w Y v ,H o Í ¡ w Y v , � ÷ E v , ^ ÷ E v , � o

< N v , � Ì v ,� ¾ Ö I � 13 � r s � N $ % � © � r s : 
�� ­ � � ; w x 3 y Y Ò < 7 B · ' � Cü Ê ze$ % ( )¤ Q � � 5

2 3 � a b C�� g � f | � |  � % � � � v p q 2 3 6 7 @ � © C- F �

2 3 � � v � Î 
 f �
 � d 3 = �  ¡ ¢ v ùT U � � % � � s À T U Z[
^ % � � s � � � v : � w x 3 y Ç · ' Y Ò C| þ ö � ´ µ üý&'@ � �

±C � Ê � 3 y @ ~ � } | :½1 3 y Y Ò � � C ­ � F � r s @ � � � t f

_ Y 7 B · ' , � Y · ' Ä � � Y7 B · ' Cg � ; 0 r s t è À ¬ ¶ M � f

8 1: 
 

8 1 r s ª «  

r s � 4  ¬ ¶  

% � � ° E  ` � S f a b � ° @ p q  
´ % � �  p q a b @ � ¢ § Á  
� Ì E  2 3 ª ¶ ­ < a b @ < N � Á  
� � E v  3 ø Ç � � � ø E ï e � � 3 
 > � H  
ROA( ¡ �  � ) ± � ´ 1 � Ç 3 ø > � ? @ ¡ �  � � ¢  

ROE ± � ´ 1 � % � � Ì > � ? @ ¡ � � ¢  
  � w Y v  õ ­ Y � ] c Q   � @ � � " s  
H o Í ¡ w Y v  � ] 1 õ ­ [ � ø g o 9 @ � � " s  
� ÷ E v  ± � � ] 1 , ­ G � c � u @ § Á  
^ ÷ E v  ± � � ] 1 � |   � � f , ­ G � c � u @ § Á  
� o < N v  ± � a b @ � ¢ < N Å '  
� Ì v  p q a b 1 � � õ YO â > � ? @ � ¢  
� ¾ Ö I  ± � a b S f ý { ø û 2 � @ 3 x  



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

 
� � � ª « GP ( ),GA ( ),GD ( ),NNW ( )� ? @ A B C- ;

< "= ( )� � A 5D E F G � J K Ã 5M 5N DS ( )C- E �� t @ Î
�X�� T À Z[ ^ % � � s ,T U � � % � � s ,» ¼ @ � � � � � � v ù

�
 � d 3 = �  ¡ ¢ v E �CgG J ( )@ 6 7 : 
 
í,~ v ( )O J A B  
e8 2 Ê � C ´ ív 0 ( ) J ¤ N ° ? 2 3 @ � � b a b � � > Î �:g

2007 ß * ív N ï CGP ( )g´ µ ¶ ·( )� � � CÊ ? � < vÙ ¤ N ° ?
2 3 @ � � b a b j e Á Ú , � × , /   CGA ( ) © N Ê < , & � , � / C

GD ( ) © N Y ¡ ,¢ £ ,_ ¤ CNNW ( ) © N Y ¡ ,� × ,¢ £ : ÁY GD
( )ù NNW ( )> ? g A B �N m Þ :ef ´ v @ � � � ® Ä @ C õ vÙ �

N ° ? 2 3 � a b 1 � ív! Ê § Ù ¤ Q C; ´ v > ¤ Q @ � � b a b Ç " s

Õ Q:ÁY¾ 9 Y ¡ ,¢ £ � � " Ù GP ( ) � ¤ N � 52 3 @ a b :� Ê < ,

& � � � " Ù GA ( ) � ¤ N � 52 3 @ a b :ef ´ í# ( )� &'ö Ý À

w � � > Î �C[ GD ( ) ´ v > ¤ Q @ � � b a b Ç " s Õ QÊ ¾ 9 T �

Z, ¥ ¦ � � ­ � ¤ N � 52 3 @ a b : Á Ú ,Y ¡ © � " Ù NNW ( ) � ¤

N � 52 3 @ a b :R S ´ " c � ð 2 3 í b a b @ íî 2 3 = > � ÊC ´ v

> ¤ Q @ � � b a b Ê � N ¤ % &'@ ñ K : 
 

8 2  W 2 3 a b � � � b a b  (g 2007/Q1 N ï ) 
GP GA GD NNW 

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

2348 � 	  -36.16 2474 
 �  -21.21 2474 
 �  -21.21 1435 � 
  14.31 

2302 � �  18.35 3035 � �  24.18 2354 � �  1.76 2329 � �  58.3 

2482 � �  8.31 2353 � �  0.79 5203 � �  -4.92 2331 � �  5.65 

2358 � �  -6.35 5203 � �  -4.92 2353 � �  0.79 2340 �   26.22 

2329 � �  58.3 2354 � �  1.76 3035 � �  24.18 2348 � 	  -36.16 

2388 ! "  2.93 2485 # $  21.24 2473 % &  18.07 2388 ! "  2.93 

2396 � '  52.8 2355 ( )  2.86 2485 # $  21.24 2427 * + ,  8.64 

2429 - #  -9.51 2317 � .  -3.48 2317 � .  -3.48 2429 - #  -9.51 

2364 / 0  44.89 2439 � 1  13.82 2330 2 3 ,  -2.02 2472 4 5 ,  18.54 

2361 � 6  108.15 2473 % &  18.07 2439 � 1  13.82 2478 7 8  98.49 

9 : � � �  24.171 9 : � � �  5.311 9 : � � �  4.823 9 : � � �  18.741 

 
d d N þ p q ( )@ Ê d è C º I � f | � |  m[ � % � � � v � N p

q n ( ï @ 6 7 :e8 3 ? � Cz 24v / 0 · � ­ t Ce GP ( )> ¤ Q @ 2
3 4 5 � � v (2.44%) 1 Ì f » ¼ � � (2.72%),½� f Z [ ^ % � � s
(-0.28%),T U � � % � � s (0.44%) À �
 � d �= �  ¡ ¢ v (0.44%):8�
2 3 ª ; 3 
 2 � ze GP ( )> ¤ Q @ 2 3 4 5CÁ6 7 E ; 3 
 2 � Z[
^ > � a b � � N T U J V W X > > � _ ` a b à ? � :| n � ±Cze GP
( )> � ? @ 2 3 4 5� � v � f �
 � d �= �  ¡ ¢ v C8� ; 3 
 2 �
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f ( )> � ? @ 2 3 4 5� � ; « � f � d © � @ ¢  CÊ É g * � � ¯ � °

@ ¹ @ : 
z GD ( )g´ µ üý&'� ( )� � � Cñ K 0 = ¹ 	 @ t è Ï Ð CQ

� Q @ 7 B · ' ! Ï Ð : ¹ 	 7 B · ' Ê � M ¼ � � � ¬Cíî j N _ Y 7 B

· ' , � Y 7 B · ' ù � Y7 B · ' :e8Y? � Cze GD ( )> ¤ Q @ 2
3 4 5� � v (3.05%) � f » ¼ � � :Ð Ö U f ÁÂ p q � 	 : ¤ ç ¢ I NNW
( )gh mÜ � � ^ Ù zÚ Û  ! $ % ( ) � d $ % &'- � Q � 5@ 2 3 4

5:1 � d ( ) � � S ­ q � s � gP ¬CÁ � s @ P ¬° 0 8 4 > � : m Ð
8CN þ G J ( )@ Ê d è C� � � º I � f | � |  � % � � � v � N p q

< ( ï @ 6 7 :ze NNW ( )> ¤ Q @ 2 3 4 5� � v (2.84%) � f » ¼ � �
(2.72%),Z[ ^ % � � s ,T U � � % � � s À �
 � d �= �  ¡ ¢ v :z
e GA ( )> ¤ Q @ 2 3 4 5� � v (3.30%) � f » ¼ � � CÐ Ö À ÁÂ �# (
)> ¤ Q � 2 3 4 5� � � v E �CÁ� � v N > � ( )� § : 

8 3d ( )2 3 4 56 7 E �8 

; < = >  
? @ � � �  
9 : A  

B GP C D E F G H I J K  2.44 

B GA C D E F G H I J K  3.30 

B GD C D E F G H I J K  3.05 

B NNW C D E F G H I J K  2.84 

L M N O   2.72 

, P Q ? @ R A  -0.28 

2 S T U ? @ R A  0.44 

V 7 W X 3 Y Z [ \ ] �  0.44 

 
8 4 NNWù GA ( )� � s P ¬ 

� s � 4  � s P ¬°  � s � 4  � s P ¬°  
Ú Û ¨ s  2 Ú Û � � " s  3000 
Y � D s  © ª 
 D s  � á ^ v  0.5 
W � v  0.8 ¤ $ ö ï  Roulette Wheel 
K r v  0.3 ú ¼ 
 ¦  20 

 
9,DS M 5( )O J A B  
² ³ e_ - � A B ¾ 9 GA ( )� ? @ 2 3 4 5� � v U f ÁÂ �# (

)CÐ Ö GP ( )� 89 �Î C½ GP ( )� ´ µ ¶ ·¸ � f w x 3 y � D E

F G C � M ¤ ; 0 v 3 y  ( ¶ ·Cmn Ê § 4 5 $ % &'_ Ï � > Í Î :m

n ; 3 y � z� D E F G � C 0 B < v 3 y « ¨ D E F G C ¾ ¸ 1 3 y � Ê 3

~ G C© Å gH I Dempster-Shafter � L Ã 50 ( )A B � DS M 5( ) ! @
$ % ( )¶ ·C�� T Q� > � · � ­ � � � � � v A B N 4.69%C| þ � f



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

» ¼ � � (2.72%),Z[ ^ % � � s ,T U � � % � � s À �
 � d �= �  ¡
¢ v ±- U f > � ÁÂ "# ( )� A B : 

   
�,( )Ø 5E �j k  
    ; _ - 0 ( )� � � � � v A B E �� ? � C> � ( )� � � s � �

f T U � � % � � s ,Z[ ^ % � � s � � � f �
 � d � �= �  ¡ ¢ v C

8� £ L 1 ¬ = � � Y¤ $ ¥ ¦ ( )C� § ¨ © 2 3 ª @ 2 3 � � v « � f ¬

­   ¡ ¢ v C® � � ¯ n O � ° C- L ( ) DS @ 2 3 4 5� � 6 7 E ÁÂ 2
3 4 5� :N þ È Þ í � þ A �# ( )¦ f 2 3 6 7 � c C� � � ; 0 ( )j

e µ · � ­ t Ç � � � � v ù· � ­ t ¹ º » ¼ � � � � � � v " s c d E

�CA B � 8 5: 
 

8 5d 0 ( )Ç � � � � v E �8 

^ � � �  GP GA GD NNW DS Benchmark 

2007/Q3 -0.65 6.20 3.57 4.03 4.03  2.67 

2007/Q2 8.88 13.75 9.32 11.97 13.75  12.02 

2007/Q1 24.17 5.31 4.82 18.74 24.17  8.97 

2006/Q4 8.53 9.25 10.62 6.70 9.25  10.12 

2006/Q3 4.31 4.10 3.90 2.16 4.10  2.32 

2006/Q2 -13.61 -5.84 -5.38 -7.06 -5.38  -8.47 

2006/Q1 9.73 6.47 5.98 3.28 5.98  3.83 

2005/Q4 15.41 7.77 7.99 11.21 7.77  13.06 

2005/Q3 4.98 8.22 5.98 2.25 4.98  3.33 

2005/Q2 7.76 4.67 3.13 6.38 7.76  9.07 

2005/Q1 4.59 0.87 0.47 -1.04 4.59  0.40 

2004/Q4 8.37 7.75 8.06 9.25 8.06  5.09 

2004/Q3 -4.62 -3.48 -2.25 0.59 -2.25  -3.31 

2004/Q2 -11.74 -6.35 -6.01 -11.53 -11.53  -8.61 

2004/Q1 -9.89 -3.72 -4.04 -3.30 -3.30  -7.36 

2003/Q4 -0.84 4.79 4.07 8.70 8.70  2.10 

2003/Q3 2.83 0.22 -0.84 1.56 1.56  -1.58 

2003/Q2 19.08 6.73 7.35 9.33 6.73  14.20 

2003/Q1 -6.94 -3.16 -5.22 -4.74 -3.16  -4.61 

2002/Q4 -5.55 -6.19 -7.00 -11.00 -7.00  -9.86 

2002/Q3 -11.18 -4.01 -6.03 -16.98 -6.03  -10.48 

2002/Q2 -23.12 -14.49 -10.63 -19.17 -10.63  -15.78 

2002/Q1 4.37 10.12 11.28 8.35 10.118 13.18 

2001/Q4 23.73 30.18 33.98 38.56 40.18 34.95 

_ � �  58.57 79.13 73.13 68.23 112.45 65.23 
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8 6d 0 ( )� � v ¹ � » ¼ � � " s E � 

 C D ` a 9 : � � b A  c d L M N O 9 : � � b A  

e f C D  GP GA GD NNW DS GP GA GD NNW DS 

2007/Q3 0 0 0 1 0 0 1 1 1 1 

2007/Q2 0 1 0 0 1 0 1 0 0 1 

2007/Q1 1 0 1 0 1 1 0 0 1 1 

2006/Q4 0 1 0 0 0 0 0 1 0 0 

2006/Q3 0 1 0 0 0 1 1 1 0 1 

2006/Q2 0 0 1 0 1 0 1 1 1 1 

2006/Q1 0 0 1 0 0 1 1 1 0 1 

2005/Q4 0 1 0 0 0 1 0 0 0 0 

2005/Q3 1 1 0 0 0 1 1 1 0 1 

2005/Q2 1 0 1 0 1 0 0 0 0 0 

2005/Q1 1 0 0 1 1 1 1 1 0 1 

2004/Q4 0 0 1 0 0 1 1 1 1 1 

2004/Q3 0 0 1 0 0 0 0 1 1 1 

2004/Q2 0 0 0 1 0 0 1 1 0 0 

2004/Q1 0 0 0 1 1 0 1 1 1 1 

2003/Q4 0 0 0 1 1 0 1 1 1 1 

2003/Q3 0 0 0 1 0 1 1 1 1 1 

2003/Q2 0 1 0 0 0 1 0 0 0 0 

2003/Q1 0 1 0 0 1 0 1 0 0 1 

2002/Q4 0 0 1 0 0 1 1 1 0 1 

2002/Q3 0 0 1 0 0 0 1 1 0 1 

2002/Q2 0 0 1 0 1 0 1 1 0 1 

2002/Q1 0 1 0 0 0 0 0 0 0 0 

2001/Q4 0 1 0 0 1 0 0 0 1 1 

b A  4 9 9 6 10 10 16 16 9 18 

g h ;  17% 38% 38% 25% 42% 42% 67% 67% 38% 75% 
 

e8 6 ? � CM ¼ � Ê0 B gÇ � � � � à E � Ä �# ( )Y ­ ? Ç � �

� � �� " s à ® CDS ( )� N �# ( )Y � d 6 7 � c @ ( ): 0 B g¹
� » ¼ � � " s @ ¬ ' E �CDS ( ) � � N > � ( ) G 6 7 � c @ ( ):NNW
( )² ³ f ( )�� � � � � " s ¯ � GP ( )C½Á¹ � » ¼ � � � � � �
" s ð E GP ( )Ì : e ° ® � $ % ( )© J V m n ä ! > o I CgO I è �

ÊC # � g DS ( )N �� x ± ( ): 
² ³ GP ( ),GA ( ),GD ( ),NNW ( ) � "# ( ) � d 6 7 � �

Ï w @ 89 C ð £ Ý \ � ¶ � ´ v � ¶ ·Y¦ f ( )�N 
 q CH < º I ² í

^ ( ):mn £ Ý ¢ I ´ # ( ) U ýgË Ì ¶ · j Í @ ä v :� � �  ! Q í



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

R M 5 DS $ % ( )C- L ³ I "# ( )S $ % &'@ � � Ó ' ùÑ Ò A 5 n

� c d Ã 5� ¶ ·Cg® � ��Ø 57 B � ( )C® � 2 3 
 � � N ¤ $ 2 3

	 @ ½ íö i ¤ $ :DS M 5( )f · � ­ t ¹ º » ¼ � � � � � � v " s N

18 "CÇ � � � � � É 112.45% « ¹ � ÁÂ ( ):O J A B J « < ( )ze
� f 3 y � D E F G CÐ Ö A 5ÁÂ ( ) ë Q A B >  ! @ $ % M 5( )> �

? @ 2 3 4 5� � ; Ê N 2 3 f ­ ? �
 � � - É g * � � ¯ � ° @ ¹ @ : 
 

 
��������
 

 

 

 
  

 
ª \ C D ,Q� C D À 3 y . E � N Þ ßà { ´ � � � ö Ý :Á� L Ï Ð

f Q � ( )½ ð Ê ® � íî 2 3 ª È ö � @ $ % ' 1 ( )¤ $ C� �f p q 2

3 &':� � � g 2001ß� 2007ß3 y CH I Ï Ð � L ( ï c d � # $ % (
)� O J C- R S 0 ( )O J A B m Ñ E �CÐ Ö A B §  ! Q í R ��� $

% ' 1 ( )Cg® � © 2 3 
 � > o I :� � Dempster-Shafer J K � L Ã 5Î
�è A B C- gD E F G � N ( )M 5� ñ K  Ä M 5( )c d Ø 5E �CÁ

A B � � > � ( )� � � v � � s � � f T U � � % � � s ,Z[ ^ % � � s

� � � f �
 � d � �= �  ¡ ¢ v C8� £ L ¤ $ ¥ ¦ ( )C� § ¨ © 2 3

ª @ 2 3 � � � � v � f ¬­   ¡ ¢ v C® � � ¯ n O � ° : 
 
² ³ GP ( )´ µ ¶ ·� 6 7 ¸ § ¹ º » ¼ � � � � � � v C½O J A B

¾ 9 GP ( )zD E F G � - ¿ eÁÂ ( )� O J A B Ã 5>  Ä � DS M 5
( )� 2 3 4 5CÁ� � 6 7 �w "# h � ( )� 2 3 4 5
 Å * � CÁY DS
M 5( )� Ç � � � � È � É 112.45%Cen Ê � f ´ µ ¶ ·( )Y¢ I D E
F G Ê Ë Ì Í Î - S Ï Ð ( )c d Ñ Ò A 5CS � � v � ® Æ Ó O � Ô 
 @ Õ

�C ÐÖ> !@$%()Ê¾×�
�¶·Ø7: 
 
0 B g 0 ()� � v ¹ � » ¼ � � " s ö ï p q E � CDS ()N >� (

)Y 6 7� c @():GP()² ¯ � NNW()C½ Á 2 3 � � v ð E NNW
()Ì :n A B ª « � � ¯ v " s Ï í ¬ Ï ­ ? � � �� � :e f � � � Y Z

£ Ý * + >� r s CÐÖ� �S s � N T U _ ` �\ ] Z [ ø ] C¸ * } Á Â
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