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ABSTRACT  

The machine tool industry of the precision machinery industry is one of 
the ten most important industries in Taiwan. In 2004, the production value 
of machine tool has reached 80 billion NT dollars, and the production value 
has already been ranked the fifth in the world. Because of their unique 
characteristics, such as the long lead time of critical components, the various 
categories of product, few amounts of machine tools, high price of product, 
and the information shortage of marketing sales which was produced by 
agent’s sales …etc., it is hard for machine tool’s worker to process the sales 
forecasting. Hence, the company of machine tools always faces the problem 
of delaying the date of delivery, or the company must take the plan of 
increasing the quantities of inventory to solve the problem which we 
mentioned before. 

Since 1988, the concept of CPFR (Collaboration Planning, Forecasting, 
and Replenishment), proposed by VICS (Voluntary Interindustry Commerce 
Standards), had been introduced into many enterprises and had been 
provided with positive performance. 

The well forecasting performance is very important while the company 
of machine tools proceeds to CPFR process. It is one of the critical bases for 
decision making on the supply chain and it causes the tremendous effects for 
the material procurements, inventory control, as well as production 
management. 

The aims of this study are building the model with adding the factor 
which affected the sales quantity, providing by the agent and supplier. Then, 
taking a domestic company of machine tools as example, we are going to 
find out the appropriate method of collaborative forecasting after contrasting 
to the methods of Weighted Moving Averages, Exponential Smoothing, 
Grey Forecasting, and the Multiple Regression Model. Finally, the 
collaborative forecasting prototype system is developed for the company of 
machine tools as a consultation. 

The project is to be implemented in two years. The objectives in the 
second year are to get a collaborative marketing forecast model for the 
precision machinery industry will be proposed. Such task has been 
accomplished. 

 

keywords"Precision Machinery Industry, Collaborative Forecasting, Weighted Moving 

Averages, Exponential Smoothing, Grey Forecasting, Multiple Regression Model 
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� |��Ồ a �� Ì �v�����������������������z�



 1 


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

"]� �Pe f g¤R�� # $ � %

& ' 	 ( ) E R#*Ý�RD ÷ �n * +


� , RQ �M NÔ - �  . ¤�6 6 /

R� 0 } � # 1 23 ® � 0 � � 4 ¢*5

�6 Z ~ * + · 7 P5�R�6 8 z�9�:

5�H I ; < ��� � ¦ K5+� = > 5

? 4 ? @ Í � * + 5 0 ¾ } �P5� A

B�C�q #� 9 �� � ¦ KR�	ã D

~"#EF w y. N�� G + H 50 � ,

R6 8 ¦ K(Category Management,CM) � �
G +� � � � I R� � L ¦ K o p

(Vendor Management Inventory, VMI) � ���������	�
�����������������
(Efficiency  

Consumer Response,ECR) � ]6Z �J K #

� L < M �NRo p # O + P Q �Q �

(Just In Time,JIT)R SRT _ �� � ?� U
L BRè SV ]� � W X R Y Z # $ [ \

] Ð Ñ�w x VICS(The Voluntary Inter- 
industry Commerce Standards)y z{|| �}
~ � � � �5 ` a ? � � (Collaborative 
Planning, Forecasting and Replenishment!
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z{{|�Ã ¬ RCPFR(Collaborative Planning, 
Forecasting, and Replenishment)��#ã J
R� c 2 É � _ `� ó K� � �# § 6 ï �

K � U L � � � � � EM]� �5` a ?

� � Cö ĝ _   ¡��   y L ¤CPFR�
ï ð 
Á � �� ñ N � � � O P � Ró K

� � # Q ö 5r � ¢ - R � �   ¡Ú Û Ý

` a # S T é � � , 2 � � � � R = ¡�

£ [ U # n �� V� W X u # ë �m * ×

_ ö Á F n|}È�± ¤CPFRRï ð #�
Y Z 8 ��9 É ~�Á�7 [ � \ ] �� � #

� �Ä [
50 � , (Demand-Driven)RK
SÈ�̂ Y � 8 ôz9 É ~CPFR�Á����
�   ¡R� ³ � B# �   ¡ O P = ³ v �

v w �¨ ` a Ýd �RU V# t Ï L <�

� � Ro p #[· #¾ f F L 6 R× ¯ ³

N�CPFR Ý� � û �. NL ?�� L §
�   ¡ý � ���� � R` a ö �#¾ �

¨ U V?�_ ` a È� 
b c ð ����z� É ~CPFR Õ Ö�Á��

n v w 
 Ó Ô d � # ¯ ³ �   ` a #n}

e f ö ¦ Kp � Ò g ¥ á � � ��R v w

U VÕ Ö�t u CPFR# � �� � [C ¯
³ a ½ö �k   �Õ « R ¢ h Ò i j U

V# k l I � M N m �5§ ï R n M « ¬

Ý̀ a CU øÈ�à   ~� #CPFR�»I
� ¤ �   � � ` a * â § o R� � � �

b#H I � � q S T � �` a R[ U E #

¾ ÎOÍ � p MÂ � X u �v

CPFR �ý � y�Nb q � \Í �
(Efficient Consumer Response,ECR)_ `�
G# ECR k r VMI # JMI # c ¥ � �
(Continuous Replenishment, CRP)Ý6 8 ¦
K�� 1]�� � �#� +  <� �)


m ³ Ò W � Ï�KS~ â � � / GR ¯

��CPFR � � � �� � �Rk # O P 4
� �Q ë � � R` a ¾ Õ ï ë +�NR�

� Ú �� É £� � GR � � É ~#*Ý�

R s ò 
 � �� � � 4 � t +Ä � R A B

� � 5g ; o p Òf F M N�C�CPFR �
� �   ¡(Collaboration) è S5�U V��
� ý � 5�¨ Òû à Ì GR` a Ò � ��

�� � �R  ¡� , u G 
�7 Ý�R�

�� � �~CPFR � ��7 4 � � 0 Ïk #
O P � � �[ Q 6 7 g# O Î+ H v ¢

�#[· Ò 
 �4 � � O��ë � b� ë

[U R�I � 
CPFRRÝ�� d 
 f F 50 ` a Ý

� � � ��� � E n g ; �� � �Rp �

Ò4 � � � � R�6 ]� � R ¶ ö w â Ä

� R A B� � �~ x +e � �� � 4 � t

u � c 2 § y Ró K� � q 0 Ï  ¡5�

¨ s o O�Ï�� Ry +× 4 W � �~:�

c 2 § y R� �� � #� �CPFRRÝ��
¦�v
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ââ ââäãöâûãöâ�üþýþÿ��ãöâûãöâ�üþýþÿ��ãöâûãöâ�üþýþÿ��ãöâûãöâ�üþýþÿ���
�����
�����
�����
�����

' 6 h � l z M C�M { â R É · _

)`]yÁ50 ÈM È+� | } # n ~ à

� �� � �� 9 RL B « ¬ �nM N` a


 Ó Ô #*â ¢ ~ à � �� � R� � =

¡#y × 4 � � Rv = 50 �VICSP} ~
R ( ) * + &*¿ �� � � q � 6 6 Z ?

M N�� � � Õ P+R� � �  ¬ R�

�5 � _ 5 S T #nÒ� � * ë � ��R

* Ç « ¬ #3 � �� � � Õ [ C 4 H I l

% � _ � �RL B � û 5  ¬ #» � = ¡

�� U bn � �� � G[· ë  b5 L <

L 6 h � lz M [
q � � 
CPFR�u �c 2 � � P/ [#V o �

P� R� � ��(Process Model)&Pn¤y
*��ó K� � Ò ã , U L e f � � ¶ �

|,~VICSy1998�ã � � ó K� � � �
�(White Paper)&} ~CPFRÝ�k r � K
�Ý�R� � « ¬ # � × ê � � �� � ?

K �U L �)ÏCPFR É � ö ± � I { �
Ò � � � ^ Rö È# r x � � � � � �#

á Ê I � � ` a # ë � �� � � � � �Ï

L �� � RÝ�D ÷ #�]y n � �� �

� Õ R[C #]ÁL BO P È, ? � � [ #

4 � É £ 0 Ï� � R  � � � q § ³ D ï

R� �U V#n]�� � � Õ ¿ Ð � � w

R � � Y Z Â#� _ à � �� � [ � § �

� p #¾ ' � ¨ [��v

]�[ H U � � Ú ��#` a � � R

d �»� ��¥ � c 2 Q �?� � ¡�R

� �# � 4 ]� � = a O+Ä � � R 	

~#» 4 +� L <L 6 h � l z M C�M

{ â RX u #Y 4 } � à �CPFRR= ¡ú
�#� 1ã , õ � �P � ³ R` a �� �

�E�ô�v

 �
3 CPFR  "!���& F � o X J z,| _ r  1,2

 ��&����  
z,| _ r  8����

(2002) 

C���� � ¶ ¬ X h�i �
� z,|���� _ r ¤� �!
\A#�% —

]�"�# ¶ ��$��%�&�¶ ��'  

( � B�)
Ã  

lAm�* ]
J2EE *'+ �A� /A0,¸ .�+�, §

(2003) ¬'¹ F{hji{z,|"¤ _�-  ( �/.$< ) 0�1 9
(2004) 

3C
� � ¶ �AR

CPFR
_ r¤ #�%  

( ��2 eB�) Ã  

 
� 1ã , õ � �9 . n= �R` a ö

Èq ^ _ � � ` a �RM N` a #¾ M ±

¤` a R��R× _ E ^ _ ´ µ#¶ · ¸

¹V
� 4 ]̂ _ CPFR � � O#4 É £º
��P² ³ R` a ��^ _ ¸ ¹#»Y 4

+�R} � CPFRR= ¡ú ��v

ââ ââäãäåæã43ãäåæã43ãäåæã43ãäåæã43�çêé�ë í�5�6çêé�ë í�5�6çêé�ë í�5�6çêé�ë í�5�6áüþýþÿ4�üþýþÿ4�üþýþÿ4�üþýþÿ4�87:9êò7:9êò7:9êò7:9êò

]�	�	�RQ � � Õ G#��+

ã e; � R� � � � 8 ô|9# � n � � ð L

R� �  E � 5�5 ÷ C�#° ]�6 R

Q � Y Z ÂG � +   � R�"�]� �5

� ¡ C ¶ ��  OR ¸ � ñ ¢ ¿ #Î × w

â P+R��. / 0 R�� Ò� 7 Q �F

�Ri j #Ï
������Ð ÑCPFRR
��̄ Ó �v

Ï � #I � ��R��ð L � G £ 4

= � � � # � n ]�6 � Ð Ò S T ¤ ÑG

+   � R�¬ E #° ]g¤�6 g ¥ R �

Ð Ò ¤ ÑG W )� �+´~Â x � �C

�q J �ð L ?	  ¡ú �Rð L ^ _ d

¥#� 1£�̧ ô  ITIS Ú Û R��k l +
� ���5� � ¦ § 5 ¨ © ��C�¿ s

�R��ð L � + � í  ß #� > / � 

¿ � é ê � ¥ � Õ #*  ¡ö � k l + 

/ ª # ã + 5 § � Õ � Ñ«� � 5 § � m

A5  ¡à ð	 ~5¦ KU VRk   5Ò

¬  ® ÝC�7 ö ��v

: 7 Ó y  ¡
 Ó Ô R� � � Õ #¤

�	��\G[ ± ~� #�  ̄ CPFRP}
Ò�U VH y � 0 ����8 z�9 Y É ~#

Á�	�. / 0 :; ° 9 #
 g ; c n T

¦ Rp � [· #n� 1�	�� � � � Õ

R� � #� �� ð4 	 �CPFRR± � #»
+� � RÐ Ñ�® �° ÏOà � R��#

Â E ` a R� � E #»�ð L ¡ ¢ � �?

£ R, - )ä �Èv

Ó yG ^ #· ¸ ¹V
� � �	�ð

L P @ [�� � � Õ #»+ � y� �
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CPFR�~
� 4 ��� � ��# . 5�
ð L ² Ï � ; � R ³ y ¦ ´ #Y 5+�Ò

²   ^ _ � � ` a R��#EÏö 4 ¤�

	��\� �CPFROY 4 +P� � � 

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

�L % � ³ ` a ¡
M NRÉ ¡ #�

yÜ $ µ R���z{��� ¶ � Q (Roger 
W. Babson) æ r 5 � L � A B · n�� L
k U ø# Ã a L T m q R ¸ � #~ w â ·

® � ° R� G �C�q #U V�� Ð Ñ�

÷ ¹ º #^ �P � R » @ OJ ��6 ¼

  R @ � ½ ? #I 9 Ro p d d Z [ð L

M × Ú ¾ R ¿ { # V f À � ` a � � R�

�E � V )Ï#  õ �]� ����l�

° Ö6 Z �# 1 2�Å � © M � � C#

¯ ³ ` a q T I p � ; #n g ; o p I 9

R¿ { [· �v

` a 
¦ K} é � ë Á Â � ³ ' ��

�ö È#)
} é PZ [�� �# Ã ~ [

} é O× ` s �� 7 )ä ~ ï �]� �¦

KR�Ä Å �# õ �Q �5p � 5M N5

Æ BCö g# G 5 ³ � ` a R�Ç � È Ï

n � #� 7 · ® « ¬ ?w n "É# V G +

��R` a � � 5 Ê |}�EnÉ :Ç Ê

Èq ` a q ý R Ë B : 8 ��95� � · a Â

³ ; 8 �'9#n8 ¦Ê v w (Neural Network)
` a a Â Ì Í 8 '�95ß � · ~� ; 8 ô�9#

l�»Ë ÷ Kõ � ³ ] ¶ Î [ Ï �` a

8 ôô95¶ Ð Ñ Ò ` a 8 �{9Cö g�v

ââ ââäã43ûãäåã43ûãäåã43ûãäåã43ûãäå<;�=>�>�;�=>�>�;�=>�>�;�=>�>�

Ó Ô r 8 '�9»` a ï ð 
Á¤ m u R

Õ q ÉR�7 p Ö È�P� m u R Õ R×l

m s RØ q É  . É m q R q É# V É �

Ð Q R�E�P Ù ÒR k l : N 7 q É#

`Ø 
 Ú ð R` a (Prediction)�E�P Ù
ÒR . � m q R q É#`Ø 
 Û ð R` a

(Forecasting)�Ü Ý Þ 8 ô�9 } ~̀ a �É ¤

¸ ¹¤ÉR m q X - #l� 1  Ö � R q

Å#^ _ ` r ü Ú 5 Ã a R« ¬ I � �]

û ü ¸ ¹R Ó Ô G# = ³ ` a Kõ ¤¸ ¹

¤ÉRD E #ÝPó R # $ ^ _ � Æ �

�#`Ø �
` a ���~ ` a Pm ³ R

ö ÈÝÄ � `Ø �
` a �� #:�� ß

à �� � � ³ à   E R Æ �� á â ã 8 ��9

V V
` a R� R]y` h m q q 0 l"

É#*	+ � 7 D E æ�ï E 5 ` a E ?

 ï E � 

ââ ââäã43ûãöâã43ûãöâã43ûãöâã43ûãöâ?;�=���@BA;�=���@BA;�=���@BA;�=���@BA

¢ChamberC[2]� · � ` a Rö È×
n�
 � � 8 æ ï E �� (Qualitative 
Methods)#O � � « ��Ò 	 � È(Time 
Series Analysis &Projection)?)���È
(Causal Methods)DeLurgio[30] O »` a ö
È· �
= � :×O� � « Ø59 �� :×)

� ` a Ø?ï E ` a � 8 � ä Ö å 8 �{9V


 G � � �E / #× m ³ [ « � 8 ` a ö

È��^ _ ` a #� � ���, c ��

(Inter-industry Analysis)#Ú ; Ê Ë ���
-(Analysis of Econometric Model)?O�
� « ���` a Rö È+� 9 7 #Ý�+

ÖÚ ö È5ï E ��5 Ê Ë �Ô5)��

�ÈC 8 ��9� È Ïn � # æ �Ë ÷ Kõ 5

�ç Kõ (Fuzzy Theory)#8 ¦Ê v w ?�
è é È(Delphi Method)C# G × n¡
`
a ��	�v

���������  � ��  � ��  � ��  � � ����

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

]&Ü ê R �  ´ µ�#· ¸ ¹V


]CPFR � � [ #u yM Ǹ a � û s 3̀

a ?Ù ; G [ ± RU V#nd R �  9 m

O � � « ` a ¡
` a ��#° = � n ©

ª M N; ¡
` a ��# ¬  M È+�¼

�G [ ± RU V�¶ · ¸ ¹m * ° ÖO �

� « �ÔæF Å Æ¬ Ç È5É :Ç Ê È#

?9 )½Ù ; [ R9 "Í Î��#?Ë ÷

` a GM(1,1)?GM(1,N)�Ôq ² Ã Ä ��
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�Ô� ³ R� ::; #E��P«æ 
 �

4 C _�D o X J�E�F�F %  E�F�F %  1 >1 G�H 2 e'B�) Ã  I�J/K § _ r  L F B�M Ã  GM(1,N) 

z,| _ r  

GM(1,1)  

33 33äãäåæããäåæããäåæããäåæã åå åå�N�O>P�Q>RBSTAN�O>P�Q>RBSTAN�O>P�Q>RBSTAN�O>P�Q>RBSTA

F Å Æ ¬ Ç È  (Weight Moving 
average)&m ³ R�F Å Ç Ú ¾ È#n:
7 ö �q ��m q S T � �# ë ë C:3

R R Õ ò  � RÅ �� É £ r 1:� ì 3

R R Õ ò #n� í ` a ì 3�R:��Æ

¬ Ç × n} � m � U V#³ q ` a M

N5p � 5 � ���l* Ç R m ��F Å

Æ¬ Ç Ì (WMA) Ð ~RÉ d �à � E
Rm , �v

F Å Æ¬ Ç È�»3:î ¿ P+ R

Õ :; � � ï n º 3Å �� o × â ���

O � : « Ç �# V o � [ �3�O � :

« ` a ��W h RF Å Æ¬ Ç Ènô3


Ý#*Ú ¾ ã �E[ , 

1 2 3F A A At t t tα β γ= + +− − −                 
(2) 

. /  
Ft =& î3R̀ a � 
Ai =& ð3R� � � 
α # β # γ 
�3Å � 
0 1α β γ+ + =  

 
    F Å Æ¬ Ç È+ N � Ö ñ RD ò æ
zç ¤yÄ 4 R Õ 3¿ #O � � « R R Õ �

� ¬ ö , Ý � � � � # ò " � ¬ X - #

l R � �� �Ã Ä Ö ñ O#Æ¬ Ç È 4

ó ] q È  � `� ¬ R� O# � ¤* � ¬

+P l ô #Îl ô "É � ¬ Ã Ä õ ö ��ç v

F Å Æ¬ Ç ` a ÈP5 ÷ p R R Õ �Ä

<#EĜ ã �� +ô3�v

33 33äãäåæããäåæããäåæããäåæãûââ ââ>U�VWRWXBAU�VWRWXBAU�VWRWXBAU�VWRWXBA

    É :Ç Ê È
F Å Æ¬ Ç R�7 Ô

�# s ò ]yF Å Ô - × nÄ ø = R $ �

n©   D ù 5�# É £ r 1 ì 3R` � q

` a :�#:�® � � r 1` � R ú X ~

û à #*Ç Ê W :(alpha factor)R� q }
ï Ï û ` a l ô r 1` a � ú X R� �


M,� e f ¬ y� ü z� � #�ç ���ç 'R�


W ³ RÇ Ê W :�: ý :��« � 1R`

a � É £ r 1R` a ú X ~û à v�� ï v�v

'�v ï � W :� þ �× �Q Ä ? RÍ � @

�#° V × 4 �Q l W R k u �Ä  R W

:� ×̀ 4 �Q ` a ���W �Rd ��v

vvvvÉ :Ç Ê ÈRÅ :q w © ª U ø#ve

U ø � : f F #Å : o ã ¤ L  # O Î �

��` a �#�1�� ` a �F G1�3

� � �?1�3` a �X � á ï GÇ Ê É

W :�vÚ ¾ ö �æv

(1 )1 1F A Ft t tα α= + −− −                   
(1) 
     *�v

Ft =& î3R̀ a � 
1At =− 1�3R� � � 

    1Ft =− 1�3R̀ a � 
     α = Ç Ê W :, 0 1α< <  

    Æ¬ Ç È?É :Ç Ê È5��;
R Õ U ø#² eRÅ :�+e �#° ® )

�B ÝR Vï  � ~+ � d �#�# Z

[̀ a ¥ X #® � �̀ a R� � E �¶ ·

¸ ¹º� ³ n � RÅ :̂ _ = ¾ �v

33 33äãäåæããäåæããäåæããäåæãY33 33WZ\[]�B^B_a`Z\[]�B^B_a`Z\[]�B^B_a`Z\[]�B^B_a`

    Ë ÷ Kõ lØ Ë ` a 1Grey Theory2

�� Æ \ � � � #yz{|��yõ � �P

Ð �� R S�² ³ yÕ ÖR, � ��5�

Ôý � # t u ` a Ò} é ö Èq ´ � Õ

Ö# � Õ Ö � b�Ë ÷ Õ Ö� ³ Ú 	 #*

D ÷ � 4 ¤Õ Ö�  � ï E 59 � ; 	

�5 / 
 :£Ò:£  � à ¡+�Ró

K#¾ É £Õ Ö�ÔRÐ Ñ m �¡ m q _


�` a #n} �¤é Ò|} ö Á #Ð Ñ

2 � � [ U � ³ y � �5 Ê Ë 5 a ÂC Ä

Å G�v

    GM(1,1):« Ë ` a ^ _ Rö È× �
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[ « ¿ �U L " 
U L zææ r « ~R Õ :« #Î_ �:« (0)x  

(0) (0) (0) (0) (0)( (1), (2), (3), , ( ))1 1 1 1 1x x x x x k= ⋅⋅⋅         

(3) 
U L �æ̂ _ � F Q [(AGO)ó K#ï ð (1)x


 (0)x R�û AGO� «  
1 2(1) (0) (0) (0)( ( ), ( ), , ( ))

1 1 1

n
x x k x k x k

k k k
= ⋅⋅⋅� � �

= = =
 (4) 

U L ôæÇ �Ú ¾ (1) ( )z k  
(1) (1) (1)( ) 0.5 ( ) 0.5 ( 1)z k x k x k= + −                

(5) 

 
 
U L �æ0 ~Ð Ñ? : aÝË ¡³ ; b  

(1) (0) (1) (0)( ) ( ) ( 1) ( ) ( )
2 2 2

(1) 2 (1) 2( 1) [ ( )] [ ( )]
2 2

n n n
z k x k n z k x k

k k ka
n n

n z k z k
k k

− −� � �
= = ==

− −� �
= =

  (6) 

(1) 2 (0) (1) (1) (0)[ ( )] ( ) ( ) ( ) ( )
2 2 2 2

(1) 2 (1) 2( 1) [ ( )] [ ( )]
2 2

n n n n
z k x k z k z k x k

k k k kb
n n

n z k z k
k k

−� � � �
= = = ==

− −� �
= =

(7) 

U L ¿ æ̂ _ ` a �R= ¾ v
(0)

(0)( 1) (1 )[ (1) ]
ba akx k e x e
a

∧ −+ = − −              (8) 

 vvv � ¯ ³ � � � « R1g  �:£�2
<n1 í ò :£ � �� ý �  GM(1,1)�Ô
�#` a [ � ò :£�& ¿ ò :£�# n �

á »à � ý � � « R* ò u : « R&Ü ò

� �*#� � ý �  GM(1,1)�Ô#á ` a
[ � ò :£�& � ò :£�#¢Ï8 Ã ² �

_ � � « ë �� ò :£
 � # Ø 
 » ¬ ý

��~» ¬ ý �O#3:R@ � V ® � �

` a �Rl � @ �#¶ ]̂ _ GM(1,1)» ¬
ý �O#f n  � 3:^ _ = ¾ ? � @ Ä

² \�v

vvvv]Ë ÷ Kõ �#E�] � « (0)
( )x ki �

1, 2, 3,  ,  i N= ⋅ ⋅ ⋅ ��
(0)

( )1x k 
Õ ÖÝ�_ 
#~

(0) (0) (0)( ), ( ), , ( )2 3x k x k x kN⋅ ⋅⋅ 
� �Ý_ 
R)

½#` × ¯ ³ GM(1,N)�Ô ² ��#* U
L 
�v

U L �æý � _ �:«  
(0) (0) (0) (0) (0)
1 1 1 1 1( (1), (2), (3), , ( ))x x x x x k= ⋅⋅ ⋅  

(0) (0) (0) (0) (0)
2 2 2 2 2( (1), (2), (3), , ( ))x x x x x k= ⋅⋅ ⋅  
(0) (0) (0) (0) (0)
3 3 3 3 3( (1), (2), (3), , ( ))x x x x x k= ⋅⋅ ⋅  

.                  

(9) 
(0) (0) (0) (0) (0)( (1), (2), (3), , ( ))N N N N Nx x x x x k= ⋅⋅ ⋅  

*� 1,2,3, ,k n= ⋅⋅⋅  
U L Ü æý � � þ � � « v

(1) (1) (1) (1) (1)
1 1 1 1 1( (1), (2), (3), , ( ))x x x x x k= ⋅⋅⋅  
(1) (1) (1) (1) (1)
2 2 2 2 2( (1), (2), (3), , ( ))x x x x x k= ⋅⋅⋅  

(1) (1) (1) (1) (1)
3 3 3 3 3( (1), (2), (3), , ( ))x x x x x k= ⋅⋅⋅  

.                 (10) 

(1) (1) (1) (1) (1)( (1), (2), (3), , ( ))N N N N Nx x x x x k= ⋅⋅⋅  

*� 1,2,3, ,k n= ⋅⋅⋅  

 
U L � æ É £þ ��z�� �RÔ�#» � þ � ��

:« /   [v

(0) (1) (1)
1 1

2

( ) ( ) ( )
N

j j
j

x k az k b x k
=

+ =�         (11) 

*� (1) (1) (1)( ) 0.5 ( ) 0.5 ( 1)z k x k x k= + − b 2k ≥  

U L í æ ¯ ³ U L � #J ��� Q [��

:�#× â v

(0) (1) (1) (1)
1 1 2 2(2) (2) (2) (2)N Nx az b x b x+ = + ⋅⋅⋅ +  

(0) (1) (1) (1)
1 1 2 2(3) (3) (3) (3)N Nx az b x b x+ = + ⋅⋅ ⋅+  

.                 (12) 
(0) (1) (1) (1)
1 1 2 2( ) ( ) ( ) ( )N Nx n az n b x n b x n+ = + ⋅⋅⋅ +  

]»Ĝ �ö � / �[� � RÔ�v
(1) (1) (1)(0)
1 21

(1) (1) (1)(0)
21 21

(0) (1) (1) (1)
1 1 2

(2)  (2)    (2)(2)

(3)  (3)    (3)(3)
                        

( ) ( )  ( )    ( )

N

N

NN

z x xx a

bz x xx

bx n z n x n x n

� �� � − � �
� �� � � �−� �� � � �=
� �� � � �
� �� � � �

� �� �� � − � �� � � �

c
c

dd d
c

   (13) 

É £ë  Ç ö È`#|~ 1( )T T
Na B B B Y

∧
−= be:f

: 
(1) (1) (1)(0)
1 21

(1) (1) (1)(0)
21 21

(0) (1) (1) (1)
1 1 2

(2)  (2)    (2)(2)

(3)  (3)    (3)(3)
, ,

                        

( ) ( )  ( )    ( )

N

N
N

NN

z x xx a

bz x xx
Y B a

bx n z n x n x n

∧

� �� � − � �
� �� � � �−� �� � �= = =� �� � �
� �� � �

�� �� � − � �� � � �

gg hh h
g

�
�
�
�

   (14) 

ÏU L × 0 â Ý_ 
)½Ý��½)½�

� R, c � �#Ï, � E V Ø 
Ë , � �v

&¿ U L æ̂ _ ` a �R= ¾ v
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(1)
(0) (1) (1)1 1

1

2 2

( 1) (1) ( 1) ( 1)
N N

aki i
i i

i i

b b
x k x x k e x k

a a

∧
−− −

= =

� 	+ = − + + +
 �
� 

� �    (15) 

ii iikjklmjjklmjjklmjjklmj�nn nn�o:p:q�r�s/t:uavo:p:q�r�s/t:uavo:p:q�r�s/t:uavo:p:q�r�s/t:uav

v]� � R)� M N` a � :�#¢*

% & E +� � Ì E ! Î5 � Ì E ! Î�


� ¡ö � # � Ì E ! Îf �   
Ì E #�

  �n � ¤:(Semi-Log) Ì E ! ÎÝ Q ¤
:(Double-Log)Ì E ! Î�Ô
W h �:ý
Ì E ! Î�Ôï ð E[ æv

�� 9 "Ì E ! Î�Ôæv

0 i iY Xβ β= + ×�                         (16) 

� ¤:Ì E ! Îæv

0ln i iY Xβ β= + ×�                       (17) 

Q ¤:Ì E ! Îæ

0ln lni i j jY X Xβ β β= + × + ×� �           (18) 

*� iX w jX � 
|� � : x iβ w jβ 
º |

� � :�? :v

vvvvÍ Î��V × +�Ró K Í E ¤ã ,

� :R� ��:� � � � ³ � F � :

(Dummy Variables) q �« D ï q 0 R~
"�� F � :� +���#�Ýz y  

  vv· ¸ ¹�# u yÍ Î�Ô�| � � :

�:�X � 1 �# � F � :?� � E � :

� Op ]# � � ³ � ¤:Ì E � :¾  �

e# # Ð Q � :� ��� u ; ü l u � ü

�"É#¶ m Q ¤:Ì E � : @ �n L  

Ï"É 8 �{9# ë �á n¤: 3 _ Rö �^

_ ú X �RÚ ¾ �v

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

 vvv· ¸ ¹�#n� J À �	��\
¸

¹� �¤É#¾ n º �\ ¸ ¹ �! M N;

² 
` a � [ ± J KL J �#)*�¿ M

N � H I = �J KL ^ _ M N#
�¿ �

J KL M N; ë � \# � ! M N; � î ú

M N; �[#¶ ^ _ ` a O[ ± J �. Ù ;

Ï�J KL �G ± �� L J K #) » ¼ ½

¾ 
*, - . / 0 �Ï# ' { A12 3�

�z2ô�!#¶ nÏ� Âð L 
U øq

"� È � ¶ Þ ß nÁ!È
= (�U ø#

¾ »U ø��
 N · � #&� · � 
��

# $ ý � 3#]Ï � � @ ï � Ø :�#E

F Å Æ¬ Ç � ë ² Ø :} ï #&Ü · �


�� D �3#Ï � � º1 � � ���P

� @ � ë ² Ø :^ _ ú � D ��E�zP

«�v

 

z
1 {�|�}�~���������� z  

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

] â ; É d J �# Ó y % � ¤   Ã �R�

�  �I y õ ö ' × � ` a B C & @ ' |

` a � � �8 ô�9#¶ @ * Ç  ( ¤ ú X  

� Ã (MAPE)¡
` a ��� â ; ?Ã Ä
Ó � �MAPE�ç  \ç � #*ã �E[ �

1

/m
i i i

i

A F A
MAPE

m=

−
=�         (19) 

           iA �&i3� � M N;  
         iF �&i3̀ a M N;  

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

    · ¸ ¹n�¿ À Q �̧ ¹ ��	��

\?*�¿ J KL 5» ¼ ½ ¾ �� L 
�

�D �R¤É�¾ � ¶ Þ ß *�����z!2
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�����z�!§ Ú ��3�!��© ª M NU

ø5�4 5p � 5_ M é ê 5S T ¬ - #

§ Ú z� ñ © ª U ø#¡
��?ö ÈD

��»��3�
��J K æn&z ü �|3
�

` a ���# $ · � #�{ ü ��3
ú �a ³

· � �¾ nMAPE
â ; É d � 

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

    ]F Å Æ¬ Ç È#n&z ü �|3M N
; ^ _ ��Ø :õ ö �# $ ��#α5β5
γ �n�ç z
· � ^ _ ³ D § Ú ô���
Ô#¾ nMAPE
â ; É d #� @ ë ² �
Ø :#̀ a �{ ü ��*�M N:; �1z��§

�d �E�'�v

 �
5 ����������������������� 10 �  

α  β  γ  MAPE � �  
0.1 0.1 0.8 11.05632% 1 
0.1 0.2 0.7 11.06184% 2 
0.1 0.3 0.6 11.29082% 3 
0.2 0.2 0.6 11.43656% 4 
0.1 0.4 0.5 11.65791% 5 
0.2 0.3 0.5 11.81824% 6 
0.3 0.1 0.6 11.87172% 7 
0.1 0.5 0.4 12.11455% 8 
0.3 0.2 0.5 12.19886% 9 
0.2 0.4 0.4 12.25498% 10 

 
   v u �'× â s #§ �1� �\#Å ��
d �?Ê D Gë Ê Ä C3Ä �RÅ �ã

¯�*MAPE ë  \#Îα ) �ç z#β ) �ç z#
γ ) �ç |#̂ _ · ¸ ¹��	�� � M N;

?̀ a � Ì �#E���u �× s F Å Æ¬

Ç È]:£* X � ¬ O#Eë � ò ?ë

; ò #+W �Rl � ¾ ' ]M N; � O®

; ü ; O® � ü RX u �° ]M NX u Ç

+ O#E&�{ ü ô�3#® +� ; � R̀ a �

��v

vvvv]α ) �ç z#β ) �ç z#γ ) �ç |Ô _ ` a

&�{ ü ��3RMAPE
zzç ���ô� ï � 
 
 
 
 
 

 z
2 ���������������/�]�/������~������ z  

����� �� �� �� �  ! � " � ! � " � ! � " � ! � " � 

 vvv]É :Ç Ê È#n&z ü �|3M N; ^

_ ��Ø :õ ö �# $ ��#α�n�ç z

· � ^ _ ³ D § Ú z{��Ô#¾ nMAPE

â ; É d #� @ ë ² �Ø :α #̀ a

�{ ü ��*�M N:; �1'�§ �d �E�

��v

 �
6 ����������������������� 5 �  
α  MAPE � �  

0.75 11.09104127% 1 
0.8 11.09555605% 2 

0.85 11.13041343% 3 
0.7 11.18113527% 4 
0.9 11.18292524% 5 

 
   v*MAPE ë  \#Îα ) �ç �'#^ _ ·
¸ ¹��	�� � M N; ?` a � Ì �#

E�ô�v

 
 
 
 
 
 
 
 
 z

3 �������������]�/������~������ z  

����� �� �� �� � # $ 	 % � & � �# $ 	 % � & � �# $ 	 % � & � �# $ 	 % � & � � 

�� ��¡ 4¢Y k£ 4¢Y k£ 4¢Y k£ 4¢Y k£¥¤\¦]§B¨¤\¦]§B¨¤\¦]§B¨¤\¦]§B¨ª©4«¬�£m®k£�¯©4«¬�£m®k£�¯©4«¬�£m®k£�¯©4«¬�£m®k£�¯±°a²°a²°a²°a²

     � ³ Ë ÷ Kõ GM(1,1)��̂ _ ` a

O#� 5© ª M N:£Î× #° ]» ¬ ý

�O � R�e f Ù , P5�3:#̂ _

` a R3:ç 9 #`̀ a �ç _ Ç -#


}ï ë � �3:#· ¸ ¹�� n�35'35

�35�35|3© ª M N:£̂ _ » ¬ ý

 

³´ ³
µ¶³·¸³
¹º³» ³
¼ ³½¶³
¾¿³

´�¹�½À´ ³Á´Â·Ã´ ¼ ´ ÄÅµ¶µÃµ » µÆ¾Å·Ç´È·¿¹É·¸½Å¹º³Ê¹Æ·Ê¹ ¼ ¹ºÄ » µ »¶»Å» ¾
ËÍÌÍÎÐÏÍÑÍÒÍÓÔÍÕÍÖÐ×ÍØÍÙÍÚÍÛÍÜ

 

ÝÞ Ý
ß¶Ýà¸Ý
áºÝâ Ý
ã Ýä¶Ý
å¿Ý

Þ�á�äÀÞ ÝÁÞÂàÅÞ ã Þ æß¶ßÅß â ßÆåçàÇÞà¿áÊà¸äÅáºÝÊáÆàèá ã áºæ â ß â¶âÃâ å
éÍêÍëÍìÐíÍîðïñÍòÍóÍôÍõ
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��á 1�|3# $ · � #m *MAPE ë 
\�Ï� #̂ _ GM(1,1)» ¬ ý �O#� e
a=0�)GM(1,1)̀ a ã �® . / �× 
�

M È̂ _ ` a �t u #~� 1� M ± ¤Ï

�� � ¡́ µR�  #· ¸ ¹
|}Ï�

� � #ºǹ a ã ��  ´�0¡
[ 3̀

a ; ��3GM(1,1)] # $ 3Pâ �MAPE
E[ ����3:̀ a �?� � �� Ì E�

�P«� �
7 ö�÷ GM(1,1) ~������ �  ÷��  MAPE � �  

5 13.70993589% 1 
6 13.772283% 2 
7 14.43292635% 3 
4 14.82137696% 4 
8 15.20935227% 5 

øù ø
ú øû ø
ü øý ø
þ øÿ ø
� ø� ø
ù ø ø

ùçûÊý ÿ��¡ù ù ù û ù ý ù ÿmù � ú ù±ú û ú ý ú ÿ ú � û ù û û û ý û ÿ û � ü ù ü û ü ý ü ÿ ü � ý ù±ý û ý ý ý ÿ ý � þ ù

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

z
4
��� ÷�� GM(1,1) ~����B��� z  

 
    3:@ � R  � ® +  � R ` a �
�� u G� × s # � n 3: ç � � Ì ç Ç

-#° *W � 1 � �R� �V ç �#E]

zô ü z� 3M N X u 
[4 #° �� Ì ¤Ï

[4 X u R l � # � ¢ � ³ 3: ç �~ç

� +Pl � #�y ' 3\1 2]M N; 


[ Ê O¢ 2 l ô � [4 R` a ��n· Á

Â ~� n ' 3© ª M N; ^ _ » ¬ ý �+

ë � R� � E �~*& �{ ü �� 3� MAPE

 16.6822%� 

�� ��¡ 4¢Y �� 4¢Y �� 4¢Y �� 4¢Y �� ¤\¦]§B¨¤\¦]§B¨¤\¦]§B¨¤\¦]§B¨ª©4«¬�£m® �è¯©4«¬�£m® �è¯©4«¬�£m® �è¯©4«¬�£m® �è¯±°a²°a²°a²°a²

]̂ _ GM(1,N)�1#r ¤ z� ñ )½
² �p Ö æ 

AS�º J KL M Nµ 3  
MS��	��\M Nµ 3  
VS�» ¼ ½ ¾ �� L M Nµ 3  

MC��	��\�4 ¯ ³ N 
VC�» ¼ ½ ¾ �� L �4 ¯ ³ N 
AI�º J KL p � ì �4 : 
MI��	��\p � ì �N 
VI�» ¼ ½ ¾ �� L p � ì �N 
H���ÑE ® �£ Ø Ñ�� +#�

1�� M #�
 0 

P�e!�£ +n M « ¬ �� +#�

1�� M #�
 0 

B�Ê Ë J ��7 ã � �Á��Q �É
:�Ð Ñ �	�8 È 

ER��5 6 _ Pã � �� !7 NÇ  
 
u nGzz ñ )½̂ _ ¤�	��\M

Nµ 3 ^ _ �| 3 GM(1,11)ý ��0 â �
Ë , � :�#E[ � | P«æ�

�
8 !#"%$����  & �  !#"%$��'�  

a 1.9071 
AS -0.4568 
VS 0.0409 
MC 77.8015 
VC -34.2179 
AI 0.1105 
MI -0.083 
VI 0.0213 
H 1.2835 
P -1.7544 
B 0.2854 
ER 0.2884 

J �̀ a ö � �â �v
(0) (0) (0) (0) (0)

(0) (0) (0) (

-0.4568 0.0409 77.8015
MS ( 1) [MS (1) AS ( 1) VS ( 1) MC ( 1)

1.9071 1.9071 1.9071
-34.2179 0.1105 -0.083 0.0213

                      VC ( 1) AI ( 1) MI ( 1) VI
1.9071 1.9071 1.9071 1.9071

t t t t

t t t

+ = − + − + − +

− + − + − + − 0)

(0) (0) (0) (0) 1.9071t

(0) (0)

( 1)

1.2835 -1.7544 0.2854 0.2884
                      H ( 1) P ( 1) B ( 1) ER ( 1)]

1.9071 1.9071 1.9071 1.9071
-0.4568 0.0409

                       + AS ( 1)+ VS ( 1)+
1.9071 1.9071

t

t t t t e

t t

−

+

− + − + − + − +

+ + (0)

(0) (0) (0) (0)

(0) (0

77.8015
MC ( 1)

1.9071
-34.2179 0.1105 -0.083 0.0213

                      + VC ( 1)+ AI ( 1)+ MI ( 1)+ VI ( 1)
1.9071 1.9071 1.9071 1.9071

1.2835 -1.7544
                      + H ( 1)+ P

1.9071 1.9071

t

t t t t

t

+

+ + + +

+ ) (0) (0)0.2854 0.2884
( 1)+ B ( 1)+ ER ( 1)

1.9071 1.9071
t t t+ + +

  

(20) 
*̀ a � Ì E� ' P«v

 
 
 
 
 
 
 (

) (
* (
+ (
, (

-/.102-	34-�5 ) - ) . ) 063738395 * - * . * 08.:3;.<5 + -

=?>A@CBCDCEAFGCHAI
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 z
5 GM(1,11) ~����B���  

 
    GM(1,11)��]& �{ ü �� 3+� Ä ;
� MAPE *�
 {ç ���|z� ï �s yF Å Æ
¬ Ç ?É :Ç Ê È�° �  8 �ô9 É ~ �

GM(1,N)��P@ R � :I 9 #+× 4 ®
8 9 à � Õ ÖR� � E #¶ ± ¤ : ý )½

× ¼ �Ù ; #5Ê I Ë , � � @ �á _ ;

<#
± ¤Ï� � � #· ¸ ¹á ^ _ [ �

= R	 �)½
 � � D � �� ��¡ 4¢Y 4¢ 4¢Y 4¢ 4¢Y 4¢ 4¢Y 4¢ ¤1J'K/L#MON�¤\¦�§B¨¤1J'K/L#MON�¤\¦�§B¨¤1J'K/L#MON�¤\¦�§B¨¤1J'K/L#MON�¤\¦�§B¨ ©4«¬�£m® �è¯©4«¬�£m® �è¯©4«¬�£m® �è¯©4«¬�£m® �è¯ ° ²QP° ²QP° ²QP° ²QP
RTSVU�WOXRTSVU�WOXRTSVU�WOXRTSVU�WOX
    G= m * z��� :̂ _ ý �#Ë , �

? :È n a *( ¤�Î�«Ë , � �#E
� { P«v

 �
9 Y & �Z"%$V[

�
 & �  !#"%$'[  

AS 0.239525982 
VS 0.021446175 
MC 40.79571077 
VC 17.94237324 
AI 0.057941377 
MI 0.043521577 
VI 0.01116879 
H 0.673011379 
P 0.919930785 
B 0.149651303 
ER 0.151224372 

 
   v�� :, � �:�R�  #*� � ¢
ð ¾  ��# � « � R, � > � y ���

, - 8 ��9#*§ � E� z��É £? @A8 ��9

É ~#]Ë , � �] �ç � nG�«º � :

¤Õ ÖR 	 ~+�ï � �R� ��]· Â

�Ë , � �] �ç � nGR¢� 
�	��

\� 4 ¯ ³ N5 » ¼ ½ ¾ �� L � 4 ¯ ³

N5� £ + n M « ¬ 5��Ñ E ® � £ Ø

Ñ� m e B Õ ÖR 8 9 I 9 #»nË , �

�] �ç � nGR� :̂ _ ý �#¶ m ³ Ï

� ñ � :á _ ý � GM(1,4)���*̀ a �

@ E� ��v

 �
10 11 Y & ��!#"%$ �'\  & �  !#"%$'[  �'\  

MC 40.79571 1 
VC 17.94237 2 

P 0.919931 3 
H 0.673011 4 
AS 0.239526 5 
ER 0.151224 6 
B 0.149651 7 
AI 0.057941 8 
MI 0.043522 9 
VS 0.021446 10 
VI 0.011169 11 

 
 
 
 
 
 
 
 
 
 z

6 GM(1,4) ~����B���  

 
 vvv Ê 
 � I � R GM(1,4) + � Ã
GM(1,11)Ä � R� � �#*�{ ü ��3MAPE
�
 |ç ô�����ï �¶ �« GM(1,11)���
)¼ �R zz�� :#� 8 Ä  	� �R�

:PZ [¤Õ ÖR 8 9 # � â ` a � � �

 E. m * ��� :Pý � GM(1,4)���v

����� �� �� �� � ' ( ) * � & � �' ( ) * � & � �' ( ) * � & � �' ( ) * � & � � 

    9 "Í Îý �ÈE&� ê P̂ #m Q ¤

:Ì E ! Î�Ô#¾ ¤w � :D E #¤*

¡² e�  #nC :
 z� ^ _ �  #�Ô

E[ æv
log ( ) 0 1 log ( ) 2 log ( ) 3 ( )
                    4 ( ) 5 ( ) 6 ( ) 7 ( )
                    8 ( ) 9 ( ) 10 log ( ) 11 log ( )

MS t b b AS t b VS t b MC t
b VC t b AI t b MI t b VI t

b H t b P t b B t b ER t

= + × + × + ×
+ × + × + × + ×
+ × + × + × + ×
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y �  b0 1.878583985 0.468 1.371 
AS b1 0.007584829 0.027 3.630 
VS b2 0.146003482 0.091 7.975 
MC b3 0.459741996 0.060 4.411 
VC b4 -0.202089159 0.061 1.789 
AI b5 -0.030310709 0.019 2.394 
MI b6 -0.158173494 0.032 1.159 
VI b7 -0.016849346 0.013 1.170 
H b8 0.014247929 0.006 1.140 
P b9 -0.005620774 0.006 6.785 
B b10 0.203322684 0.088 2.495�  
ER b11 -0.616695717  0.227�  1.371 
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Then, taking a domestic company of machine tools as example, we are 
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