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Abstract To deal with the difficulty of the traditional house of quality (HOQ) in analyzing and manag-

ing dynamic customer requirements, a method based on the improved grey forecasting model to analyze

dynamic and future customer requirements was presented. First, a new optimization model based on the

combination of the initial condition and the background value was proposed to improve the precision de-

gree of the grey forecasting model. Then, a dynamic HOQ (DHOQ) framework was introduced to analyze

dynamic customer requirements. The improved grey forecasting model was integrated into the DHOQ

framework to fit and forecast dynamic customer requirements. The trend of the importance of each tech-

nical characteristic could be monitored and analyzed using the DHOQ so as to fulfill dynamic customer

requirements. Finally, a software system development case was provided to illustrate the applicability and

validity of the proposed method.

Keywords quality function deployment; dynamic customer requirements; requirements forecasting; GM(1,

1) model; background value; initial condition

1 VW

������ (Quality function deployment, QFD) ������������, �	���� (Cus-
tomer requirement, CRs) �������	����

	�� (Technical characteristics, TCs), 	
�
��	, 	�����
�, �	����
�
�������������, ��������
�����������	�������� [1−3] .

��������������, QFD ��������������
��, ������,
������, �������, ��������� [3]. ����� QFD �����������, �
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��������%$��, #��$��"&%�'$�&�%%'�������(), ��	*�
����#( [4]. ����&� QFD )*�&����+��+��$'. �%�(�������
 &%%'�+��, !�'(')"��+�. *, ��"&%�'$�����%%'�����
��(), ,%	*�����(), ,'	"(�����()�)+. 
	���*+�--#)$
���#���.$%%'�����,&, 	*�	-	"����
	����(#�*+*$'$.
+� QFD ��--/,�' —— ��- (House of quality, HOQ) ���)*+��$%-.+���,
���.%$��)*��((, -)0.,�1/�.

*���, %' QFD �
+0+(1%�2 “���” ����, 
	��*+�#3�4�%'+�
����� [5−6]. ���, ������*��/�, 20�+��15��$�.-3. /0�����
��23�-30��,, 1--"������1.
�+!��2/��".%, '#�4��42.
065�7(�0/"0, 5��/-3�����-+66�167(���
	��#)$, 	���
87
��8��2��9����'(*+�. �/�2(3�����94�, ��!	����
�+6:�2;3�&�89, ��6������, 	�������, �����:4�1;2.

<5, 65�<.��
:��6;"���(3 “)"�” ������$,�7�. ���, =/+
�<
;=
=>;=�73>4���<.89(3�����%��-�#�. ��, +�<
;=�
=>��?�58
>��, 9(36�7�7:, :�+�;��7;; 73>4��?�+;��*<8
�@9 [7], ��7�:<. !,, 	�=���%�����(��A��. BC [8] ;�@=	�?"(3
�@���-�>&, 9"<���6�%/A;D&��A. BC [9] ��B89;=�"(3����
/-3, ��.B�	*+��89��BBE;�= 5 >, �) HOQ &�;�C?@FG, -���
���D�>7�&. *���, CA����"��;��7�+H, 4 �	�*<!	8�<�(3,
:�:5?, (36�7�7�, <5>+��(3��6�EF�. CA GM(1, 1) ���CA�����
/,�BG�, #��&�%(3��� [10] . 99< GM(1, 1) ��#�+�CI, �-�D8
+�H�
?D�E@ [11−15]. -JD8!;I;�E> [14] : AD8���*;4���; B��FK@�D8; C�
DA$�D8.

��, 8���D8���6����FC�&, +�����E3!G��6�,6;��2�
�. <5, <B�.=��6��FK@�DA$+E3���� GM(1, 1) ��8�=D8, 0�G"<
���6�;���. *���, B%+�� HOQ :4)G� &, ��C=�/�����, <	���
�-3C.��2;=�)*, <B�+�� HOQ 8�=D8, �.=���/��- (Dynamic house of
quality, DHOQ) ;=DH. I�, 	�=D8�6�6��CA(3��H@ DHOQ ;=DH, �	I:
�(3 QFD &��/����. �	 DHOQ ���"EF�;=
	��*+��-389, !	6J
2�2�/�����. �8�GJ@������H$�=.�����	�.

2 ��� GM(1, 1) �]

2.1 GM(1, 1) �^��� !
�	� GM(1, 1) ��LE"9�MI;=!J [12], +��NOKKG� Z(1)(k) = x(1)(k)+x(1)(k−1)

2

�L;K
∫ k

k−1
x(1)(t)dtG��LE��I9< GM(1,1) ��I:�(36���, ���E�0+K<. B

C [12]	 x(1)(t)FP�D;LQ x(1)(t) = BeAt,I��,E3�DA$KK� Z(1) (k)= x(1)(k)−x(1)(k−1)
ln x(1)(k)−ln x(1)(k−1)

.

.����������=<�6�. ��, L%BC [12] � x(1)(t) �FP	�&M=53, M(= b/a -

�%, )+=DA$�
∫ k

k−1
x(1)(t)dt �G?�0, �I%���;7H (|a| ≤0.2) +, BC [12] ����I

:�(36��RA%9< GM(1, 1) ��. �:%���;�J�$7;+, ���LE#7;.

9%5, BC [15] $%= b/a %, 	 x(1)(t) FP�D;LQ x(1)(t) = BeAt + C, ?,6�DA$E
3KK:

Z(1)(k) =
x(1)(k) − x(1)(k − 1)

ln
[
x(1)(k) − x(1)(1)

] − ln
[
x(1)(k − 1)

] − x(1)(1) · x(1)(k − 1)
x(0)(k) − x(1)(1)

, k = 2, 3, · · · , n (1)

G, GM(1, 1) ���I:�(36�;;��.

*���, �$DN#2)+ GM(1, 1) ���I:�(36�-��� [11,13−14] . +���$D�K
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F;�<
�H��;�$ x(0)(1), -�M���
�� [11] , +�623�;�#�1I;. N��, F
6�;��(3$�)+F; [10]. BC [13] 	 x(1)(n) ��FK@<N GM(1, 1) ��, -.���1I;
;�623, &,=7J�(3�0.

��, �DA$��F$G�8J2D8�������6����FC>7�& [14] . <5, <B�.
=	 x(1)(n) M��FK@�6�DA$E3KK (1) 7):���� GM(1, 1) ��8�=D8, 0�G
"<���6�8�K��.
2.2 "#� GM(1, 1) �^

$% 1 � X(0) �NOKF<
:

X(0) = {x(0)(1), x(0)(2), · · · , x(0)(n)} (2)

-&, x(0)(k) ≥ 0, k = 1, 2, · · · , n; X(1) � X(0) � 1-AGO <
:

X(1) = {x(1)(1), x(1)(2), · · · , x(1)(n)} (3)

-& x(1)(k) =
∑n

i=1 x(0)(i), k = 1, 2, · · · , n; Z(1) � X(1) �OPQ$.'<
:

Z(1) = {z(1)(1), z(1)(2), · · · , z(1)(n)} (4)

-&,

Z(1)(k) =
x(1)(k) − x(1)(k − 1)

ln
[
x(1)(k) − x(1)(1)

] − ln
[
x(1)(k − 1)

] − x(1)(1) · x(1)(k − 1)
x(0)(k) − x(1)(1)

, k = 2, 3, · · · , n (5)

O α = {a, b}T �*;, :

Y =

⎡
⎢⎢⎢⎢⎣

x(0)(2)
x(0)(3)

...
x(0)(n)

⎤
⎥⎥⎥⎥⎦ , B =

⎡
⎢⎢⎢⎢⎣

−z(0)(2) 1
−z(0)(3) 1

...
...

−z(0)(n) 1

⎤
⎥⎥⎥⎥⎦ (6)

?:
1) CU;�� x(1)(k) + az (1)(k) = b ��HPL4�*;�2

â = (BTB)−1BTY = [a, b]T (7)

2) CU;�� x(1)(k) + az (1)(k) = b �M3�� dx(1)

dt + az(1)(k) = b �+�+�A;�

x̂(k) =
[
x(1)(n) − b

a

]
e−a(k−n) +

b

a
(8)

3) CU;�� x(1)(k) + az (1)(k) = b �+�+�A;�:

x(1)(k) =
[
x(1)(n) − b

a

]
e−a(k−n) +

b

a
, k = 1, 2, · · · , n (9)

4) ,K$
x̂(0)(k + 1) = x̂(1)(k + 1) − x̂(1)(k), k = 1, 2, · · · , n (10)

3 Æ&'(_)*`+,

L%+� HOQ :4)G� &�, ��C=�/�����, <	����-3C.��2;=�)
*, 6#�	�����-3+N
	�PR, ��	
	��&$-3���. 4�	��2, <B;O
0 HOQ )G���;=��S��8�=D8, G<= DHOQ ;=DH: A���-&�QQ4RT?
�, PU����RT, ���JRV&��*+���B�RT�66, 	-
	BE	��BE�RT;
B���-DH&�Q+�V�, GG!	�%;=<+������
	���-3>&; C�D8�C
A(3��8��/�����(3�;=, 	6/�2QW���-389, �	XOPS���	�&
RP���-3, 	����/�������SF, 	�"�������.

DHOQ;=DH/M 1"T. &%UT,<B�Y���-&�
�1;�;=. M 1&, t1, · · · , tk, · · · ts
�T��+�; wi(tk) ?�T�H tk +����� CRi(i = 1, 2, · · · , m) �*+�; Rij ����� CRi

�
	�� TC j(j = 1, 2, · · · , n) G��7((���; Tw j(tk) ��H tk +�
	�� TC j �*+�, !
LXK�,:

Twj(tk) =
m∑

i=1

wi(tk)Rij , j = 1, · · · , n; k = 1, · · · , s (11)
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- 1 ./a01 (DHOQ) 2b34

� DHOQ �;=DH&, ����;�!�	1RZ[���	*����DN�U,. �	;=�
(3����0+��-3, !	QW
	���-389, ������V6-+�/�2D�. �8, %
��6���1R, U&6;�8, !	RT'����JRV, �����-
	��*+�8��+�
66�16, 	�2�/-3�����. <5, 9%�$66���1R;�, -.���R%�(��S
(\;=, ��'S&T��2,'UF�� “%'�” � “	"�” ��.

��=��;=�94�, X�W.=9%D8CA(3����/����;=���]^KT:
Uc 1 VX	*�����*+�;�.
Uc 2 �D8� GM(1, 1) ��8�;��I�(3.
1. �&+�+�K:
1) U,KF<
 X(0) = {x(0)(1), x(0)(2), · · · , x(0)(n)};
2) , X(0) � 1-AGO <
 X(1);
3) �K (5) �:OPQ$.'<
 Z(1);
4) �K (7) �,���; −a �CAM�� b;
5) ,K (9) "T�+�+�K.
2. �: CRi ��I$, CI:6�W_.
3. �K (10) �:<����(3$.
Uc 3 5���>&G<�/��-, ;= CRi � TC j ��/-3, -+16�����898@.

O�V+, G<8(��/��-	V�����(.

4 56d7

H KW�YV��0N`PJ@�����, -
���������WZWVX�6�. <8��
H KW�W�:M(�, �� H KW��3_[\���XX�%#3�8�Æa, B&"���Y'
�2��% H KW�G>�YXJ@��%# (D %#) &. 
+��/��230+��;=�6�.K
WVX�' 5 �+�XZ;��94�U,�. �=[�YZ�+�� H KW�+�, � D %#&�KF
;�8����Y�, 9Y�8�;�M�D-K";����, ��)+<B"������. *���,
D %#)�7;, \-�����Z�. �5?],, [D-& 4 %����"$�<B"������	
�. [D�����--�<+��*+�/� 1 "T.

[ 1 D Z�89:;<=e>fg?
b�  #^_ `Z 1 `Z 2 `Z 3 `Z 4 `Z 5

CR1 Æ[\c\]"^a_ 1.221 1.492 1.822 2.226 2.718

CR2  bc]^`\d 3.775 4.028 4.413 4.886 5.318

CR3 �# def 2.287 2.479 2.813 3.227 3.699

CR4 \c\]gefb_h 3.684 3.175 2.763 2.458 2.167

4.1 @A�BCD�]E !
�W_<B"��D8�CA(3���6�����, X��;���I6�8�>7;=.
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g\,aBC [10, 16–17]&���� GM(1, 1)0 ��,aBC [15]&�DA$E3� GM(1, 1)� GM(1,
1)1 ��, aBC [13] &�	 x(1)(n) ��$� GM(1, 1) � GM(1, 1)2 ��, a<B&�E3 GM(1, 1) �
��6 GM(1, 1) ��.
4.1.1 hFiGj

	� 1 & 4 %��<+��*+��KF<
, !, X
(0)
i = {x(0)

i (1), x(0)
i (2), x(0)

i (3), x(0)
i (4), x(0)

i (5)}, i

= 1, 2, 3, 4, ,� 2.

[ 2 kHlIm
b� x

(0)
i (1) x

(0)
i (2) x

(0)
i (3) x

(0)
i (4) x

(0)
i (5)

CR1 1.221 1.492 1.822 2.226 2.718

CR2 3.775 4.028 4.413 4.886 5.318

CR3 2.287 2.479 2.813 3.227 3.699

CR4 3.684 3.175 2.763 2.458 2.167

4.1.2 JKLMnoN
	�=KF<
;O<N GM(1, 1)0
GM(1, 1)1
GM(1, 1)2 �6 GM(1, 1) ��, ��.���+�

+�K.
�%���� CR1
CR2
CR3 � CR4, GM(1, 1)0 ���+�+�K�:

x̂
(1)
1 (k) = 6.740902e0.199283(k−1) − 5.519902,

x̂
(1)
2 (k) = 41.237219e0.093194(k−1) − 37.462219,

x̂
(1)
3 (k) = 17.177075e0.134106(k−1) − 14.890075,

x̂
(1)
4 (k) = −26.518854e−0.126829(k−1) + 30.202854.

GM(1, 1)1 ���+�+�K�:

x̂
(1)
1 (k) = 6.740874e0.199947(k−1) − 5.519874,

x̂
(1)
2 (k) = 41.208993e0.093304(k−1) − 37.433993,

x̂
(1)
3 (k) = 17.152146e0.134416(k−1) − 14.865146,

x̂
(1)
4 (k) = −26.509872e−0.127075(k−1) + 30.193872.

GM(1, 1)2 ���+�+�K�:

x̂
(1)
1 (k) = 14.998902e0.199283(k−5) − 5.519902,

x̂
(1)
2 (k) = 59.882219e0.093194(k−5) − 37.462219,

x̂
(1)
3 (k) = 29.395075e0.134106(k−5) − 14.890075,

x̂
(1)
4 (k) = −15.955854e−0.126829(k−5) + 30.202854.

6 GM(1, 1) ���+�+�K�:

x̂
(1)
1 (k) = 14.998874e0.199947(k−5) − 5.519874,

x̂
(1)
2 (k) = 59.853993e0.093304(k−5) − 37.433993,

x̂
(1)
3 (k) = 29.370146e0.134416(k−5) − 14.865146,

x̂
(1)
4 (k) = −15.946872e−0.127075(k−5) + 30.193872.

4.1.3 OP GM(1, 1) �^��BCD]E
L�=+�+�K!;O�, X(1) ����I$, I�C 1-IAGO ,K, !, X(0) ����I$. �

[hUT, �
.�I6��>7)0, ,� 3. !J, �%_%����, 6 GM(1, 1) �]E)���
)Q7�LEQ��H. -$��		 x(1)(n) M��FK@�6�DA$E3KK (1) 7):���, !
	8�K�� GM(1, 1) ���6����bi. ^-%���;7;+ (���� CR1 ����; a =
−0.199947458), (36�6���`X, _�%+���. -G,6��'�*+����`�7����
'$. 7>BC [16–17] &;=����+"S�� GM(1, 1)0 ��, <B"G<�6 GM(1, 1) ��LE
6H
6�6�, <5�6 GM(1, 1) ��"I:�(3<+������, -)0#26!a.
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[ 3 Qp GM(1, 1) Rq;STU?aV
^_i�c ibj`k_

GM(1, 1)0 GM(1, 1)1 GM(1, 1)2 � GM(1, 1) GM(1, 1)0 GM(1, 1)1 GM(1, 1)2 � GM(1, 1)

CR1 0.0004494 2.7226E-07 0.0001052 2.7204E-07 0.0046430 –7.1614E-06 0.0020006 –4.7029E-06

CR2 0.0012341 0.0011704 0.0012006 0.0011697 0.0007984 8.2929E-05 0.0005361 4.7294E-05

CR3 0.0004055 0.0002581 0.0003053 0.0002533 0.0020123 0.0005339 0.0011861 0.0003426

CR4 0.0007536 0.0007202 0.0008117 0.0007199 0.0011144 –4.0232E-05 0.0018276 5.2734E-06

4.2 Wr"#XYsb�^�Z[\]t^ !
4.2.1 _`\]t^u
Dsbj

	���� CR1 �H, ;�6 GM(1, 1) ���+�+�K!�, CR1 �+� 6 �(3$:

x̂
(1)
1 (k) = 14.998874e0.199947(k−5) − 5.519874,

? x̂
(0)
1 (6) = x̂

(1)
1 (6) − x̂

(1)
1 (5) = 12.79882116− 9.479 = 3.319821156 ≈ 3.320.

>j, !�6 GM(1, 1) ���, CR2
CR3 � CR4 ��I�(3$, /� 4 "T. 4 %�����-
389,M 2. 0&!J, ��� CR2 �@;�cl/���*0, -*+���:=(��; ��� CR1

	aRZ)0�dK�� CR3 :��:ml#�7�+�, 9PS�*+����T��H% CR2; $,
1���, ��� CR4 RZ)0.Tk<�*�*0��cde:, $���XX����M&�*$%
CR1
CR2 � CR3 ���, � CR4 �fl898@.

[ 4 <=e>;RSvwam
`Z 1 `Z 2 `Z 3 `Z 4 `Z 5 "!d

CR1
Med 1.221 1.492 1.822 2.226 2.718 N/A

�md 1.221 1.492 1.822 2.226 2.718 3.320

CR2
Med 3.775 4.028 4.413 4.886 5.318 N/A

�md 3.775 4.030 4.424 4.857 5.332 5.853

CR3
Med 2.287 2.479 2.813 3.227 3.699 N/A

�md 2.287 2.468 2.823 3.229 3.694 4.225

CR4
Med 3.684 3.175 2.763 2.458 2.167 N/A

�md 3.684 3.164 2.786 2.454 2.161 1.903

CR1 CR2 CR3 CR4

- 2 <=e>fg?;ebcd-

4.2.2 eJfghiZ[xjk
5�[D� 4 %����G<��)* DHOQ, ���/ CRs 	 TCs �PS. DHOQ �G<	��

+� HOQ7j, �n7(f�� CRs � TCsG�7((�b;�94�, ,��)* DHOQ /M 3 "
T. -&, 
	�����1
KW���XX-Rg7(
	8g8U,�, / “c�K*
hBdK;

�:l�” �, ,M 3 �d. DHOQ &� “�
&
o” (�;O�fg �
©
∆ �T, -;$S� 5, 3, 1.

DHOQ !		 CRs �-3� TCs �)+pn2��.". �	 DHOQ, CRs �-389�!���
TCs�-389. iL TCs�-3>&, ��!	�4���8�����, 	6Q:��;3�&�89.
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<+� TCs �-389/M 4 "T. �<%#&, ^-�1�
	�� TC 1 � TC 2. �H 1 �+�,
TC 1 �*+��% TC 2, ��0�+��15, TC 1 *+�cde:, � TC 2 ?e��89. 0<+��
-3>&"0, ��Wh TC 2 6��(1. *2, TC 3
TC 4 � TC 5 �*+���0+������;,
�*@(1.

TC 1 TC 2 TC 3 TC 4 TC 5

w i ( t1) w i (t 2) w i (t 3) w i (t 4) w i (t 5) w i (t 6)

CR 1 1.221 1.492 1.822 2.226 2.718 3.319
CR 2 3.775 4.028 4.413 4.886 5.318 5.853
CR 3 2.287 2.479 2.813 3.227 3.699 4.225
CR 4 3.684 3.175 2.763 2.458 2.167 1.903

Tw j (t 1) 12.273 9.88 18.875 15.21 21.162
Tw j (t 2) 11.017 11.488 20.14 16.423 22.619
Tw j (t 3) 10.111 13.523 22.065 18.478 24.878
Tw j (t 4) 9.6 16.016 24.43 21.021 27.657
Tw j (t 5) 9.219 18.908 26.59 23.813 30.289
Tw j (t 6) 9.028 22.448 29.265 26.978 33.49

- 3 lmno./a01

TC1 TC2 TC3 TC4 TC5

- 4 pqryfg?;ebcd-

4.2.3 eJstuzZ[xjk
8�K2, 5�q����-�� [2,18−19], ,!	G<X�h��-. �<fH&, 	 TCs � 6 �+�

�*+�M�r@, ������j�� (Functional module characteristics, FMCs) M�r., G<��3
i DHOQ, /M 5 "T. 0��3i DHOQ &!J FMCs 0+���/-3>&.

+1���, FMCs �<+��*+�LXK��:

Fwk(ti) =
5∑

j=1

Twj(ti)Rjk, k = 1, 2, · · · , 5; i = 1, 2, · · · , 6 (12)

-&, Tw j(ti) �<+� TCs �*+�; Rjk � TCs � FMCs G��7(�;, g(�� “�
&
o” ;O
�fg �
©
∆ �T, -;$S� 5, 3, 1.

<+� FMCs �-389/M 6 "T. �<%#&, �*@(1���j�� FMC 2
FMC 3
FMC 4

� FMC 5, <�-J FMCs �*+�0+��15��$�Q. ^-� FMC 4, -*+��T�c, L��
F�H 2k��'H 1k, o�������)+�;. #�$, �J@��++*@(1 “hBdK”�
��>&. ��% FMC 1 ?#�8@	�89, <�0��+�"0, -*+�p����7�7:�().

�� TCs � FMCs �-389M./�(3�94�, ����XX�J@���j8�=6Qli
���, �J@(m=li�.n, %�����-6+, D-GJ�j*;�!, 0�fl=8���-
6.
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 FMC 1 FMC 2 FMC 3 FMC 4 FMC 5

Tw j (t 1) Tw j (t 2) Tw j (t 3) Tw j (t 4) Tw j (t 5) Tw j (t 6)

TC 1

TC 2

TC 3

TC 4

TC 5

Fw k (t 1)

Fw k (t 2)

Fw k (t 3)

Fw k (t 4)

Fw k (t 5)

Fw k (t 6)

- 5 vwx{./a01

FMC1 FMC2 FMC3 FMC4 FMC5

- 6 vwRyryfg?;ebcd-

4.3 o|}z !
� D %#&���, $�<B"���'�	X�A�E@:
1) �	�6��(3����/-3�����M.(3, !	6J2D���������. L%�

����$%=���-3, :6�6�2(3=��+�� CRs *+�, j�	�/��-���,
G��XX��= TCs � FMCs �-�89. I�, D���XX�J@)G8�=s����, (m=.
n, %���-6+, D-GJ�j*;�!, 0�ho=8���-6.

2) %�� CRs +�.-6+, �k:$%--3��-)+, 5�--389�D��)"��+
��+*@(1� TCs � FMCs, �R%��89�6E3i.

3) 9%D8�CA(3����/����;=, �������&�-6Q4�V=7�!a��
�
�, G-6�(6Qpq. ho=	*��-6Q4$�
a7(f�3_�ij.

5`, � H KW�RT, <�����,�.2���k"=	X�l:
1)�����,86Dfl.��<B"���/��;=��,����1D�KW8�:�
l

i����j��, GJ@'�=s��)G, fl8���-6. *���#�8/j�����-
3D�=F�@. <5,���!	,+J�F�,���g+qk,=	m,+#fl=86D.

2) �������. L%'l=rJ��/����;=�+�?�, G,����	��cl+��
����-6, G"qk���6J2�2=���+�, G�����7���.

5 {|

�����, ^-�J@��+, ��-6�!ho, �:-6�R%�;&�2�2�@��. /j/
�(3���-389, QW-.-3�8(�����)+�$,
+�[r. <B9%����--�
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���/�0/, ��D8�CA(3��% QFD &, ";=�/-3�����. g\, �		 x(1)(n)
M��FK@�6�DA$E3KK7):���, � GM(1, 1) ��8�=D8. -m, �	;��I6�
�>7, ��D88� GM(1, 1) ��6�6�
���6�. I��D8� GM(1, 1) �����+��
�����/-3C.=6�6���I�(3, nI;;�Y�23C.�(�#�. .�, ��/�
�-;==�/�����
	������j���)+, ��=PS�-389, 	?����XX6
J2EF���, ���&89�6l;3. �	�GJ@��%#&�����, $�<B"�����

!�.

n}~~

[1] Akao Y. Quality Function Deployment[M]. Tokyo: JUSE Publishing Company, 1996.

[2] Houser J R, Clousing D. The house of quality[J]. Harvard Business Review, 1988, 66(3): 63–73.

[3] Chan L K, Wu M L. Quality function deployment: A literature review[J]. European Journal of Operational

Research, 2002, 143(3): 463–497.

[4] Min D K, Kim K J. An extended QFD planning model for selecting design requirements with longitudinal effect

consideration[J]. Expert Systems with Applications, 2008, 35(4): 1546–1554.

[5] Carnevalli J A, Miguel P C. Review, analysis and classification of the literature on QFD — Types of research,

difficulties and benefits[J]. International Journal of Production Economics, 2008, 114(2): 737–754.

[6] sst, tmn, uÆu, �. ��voÆ"���o [J]. pw���o, 2009, 45(2): 280–293.

Li Y L, Tang J F, Yao J M, et al. Progress of researches on building house of quality[J]. Journal of Mechanical

Engineering, 2009, 45(2): 280–293.

[7] Chen C H, Khoo L P, Yan W. A strategy for acquiring customer requirement patterns using laddering technique

and ART2 neural network[J]. Advanced Engineering Informatics, 2002, 16(3): 229–240.

[8] x�q, �pp. �!qq��p"�rvt"!�� [J]. ST���K�ML, 2008, 28(1): 71–77.

Xia G N, Jin W D. Model of customer churn prediction on support vector machine[J]. Systems Engineering —

Theory & Practice, 2008, 28(1): 71–77.

[9] Shen X X, Xie M, Tan K C. Listening to the future voice of the customer using fuzzy trend analysis in QFD[J].

Quality Engineering, 2001, 13(3): 419–425.

[10] wus, rr�, ��t. #"ST�Kuvst [M]. 3 s. tx: ��usw, 2004.

Liu S F, Dang Y G, Fang Z G. Grey System Theory and Application[M]. 3rd ed. Beijing: Science Press, 2004.

[11] uvv, �xw, y�z. #""!xa"�K{yu"� [J]. ST���K�ML, 2002, 22(8): 140–142.

Zhang D H, Jiang S F, Shi K Q. Theoretical defect of grey prediction formula and its improvement[J]. Systems

Engineering — Theory & Practice, 2002, 22(8): 140–142.

[12] yr, wus, rr�. #"�� GM(1,1) vy [J]. ������, 2003(8): 50–53.

Luo D, Liu S F, Dang Y G. The optimization of grey model GM(1, 1)[J]. Engineering Science, 2003(8): 50–53.

[13] rr�, wus, ww. w x {(1)}(n) zx|{z" GM �� [J]. ������, 2005(1): 132–134.

Dang Y G, Liu S F, Liu B. The GM models that x {(1)}(n) be taken as initial value [J]. Chinese Journal of

Management Science, 2005, (1): 132–134.

[14] ux, |y, ���. #"�� GM(1, 1) "z{�vy�z [J]. ST���K�ML, 2007, 27(4): 141–146.

Zhang Y, Wei Y, Xiong C W. One new optimized method of GM (1, 1) model[J]. Systems Engineering — Theory

& Practice, 2007, 27(4): 141–146.

[15] w{, �{�, �y�. �!z|do|�z" GM(1, 1) ��vy [J]. T �}{, 2009, 277(1): 153–155.

Liu L, Wang H G, Wang B W. GM(1, 1) model optimization based on the construction of background value[J].

Statistics and Decision Making, 2009, 277(1): 153–155.

[16] Wu H H, Liao A Y H, Wang P C. Using grey theory in quality function deployment to analyze dynamic customer

requirements[J]. International Journal of Advanced Manufacturing Technology, 2005, 25(11/12): 1241–1247.

[17] s�~, }Æ}, |Æ~, �. �!#"ST�K"��v�#Æ #"�!�"! [J].  dp}|}|ST, 2009,

15(11): 2272–2279.

Li Z K, Tan J R, Feng Y X, et al. Analysis and prediction for dynamic requirements in house of quality based

on grey theory[J]. Computer Integrated Manufacturing Systems, 2009, 15(11): 2272–2279.

[18] ��. ��p~o� [M]. tx: y��~usw, 2005.

Xiong W. Quality Function Deployment[M]. Beijing: Chemical Industry Press, 2005.

[19] ��. ��~~o�: }�K~ML [M]. tx: ��usw, 2009.

Xiong W. Quality Function Deployment: From Theory to Practice[M]. Beijing: Science Press, 2009.


