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Abstract Aiming at the problem how to get the importance of measures of performance (MOP) in require-

ments demonstration of weapons and equipment, an approach based on quality function deployment(QFD)

and set pair analysis (SPA) methods was proposed and applied in this paper. As a computation framework,

house of quality (HOQ) was used to set interrelationship between operation requirements and MOP. Re-

quirements satisfaction of the same type of equipments was evaluated by multivariate connection number.

Application result shows that by the provided approach different opinions of experts are centralized and

the importance of MOP are quantified. In addition, the persuasion of MOP analysis result is also enhanced

in the process of requirements demonstration of weapons and equipment.

Keywords quality function deployment; house of quality; set pair analysis; multivariate connection

number; requirements demonstration
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0�#���$1�
���������	������, ��2���	����, �
�$3)4�
���������5*56�, 01��������
�Æ67�������+�, 2371���
	��������4�.

2 OP,QRS-T

QFD (quality function deployment, QFD) ��8+!*&.���5896 1966 ,+7�� [4], �
��
!Æ8,�	-$.���������.�/���, 9-.89�::��.. 
�0�#, 6
7���$���
�8,0����2-$�����, 2���
�8,.���:����, ��

8,;��	��<�/���=���
>. QFD ;<! “�	 - 0� - =/” �>��	�1= “ ?
0;” �?;�	�1���, �����2@Æ8,�	�0�3����<A6.

QFD 19A6"*&41<5�67��@. 1975 ,, *&=B<5
>�30�#6"7A8,�
�	��. 80 ,;9, QFD 
�*&�Æ2��<5>82�, �2��CB<59C6, �DD�3E�
?��4E56�
6��. 2����@F7�8G23, 9::
FA�;</.��.8 �H (Grow
Opportunity Alliance of Lawrence/Quality Productivity Center, GOAL/QPC)�2�BA;I� (American
Supplier Institute, ASI) 
2��<58G!G�� QFD <4, = QFD ��

2�ÆJ8,0���
� � ���. ��,QFD KÆ2��*&�7A��J��LJ�>C���ÆJ�=DE�CB>5
4�01FG�
>�A6 [5−8].

QFD ��6MN�����#, ��?O7H������
����, �$67���
8,0��
@?, 
� “8A? (Whats)” � “9?8 (Hows)” H67��BI7��018,�����@JC���
�P���.8K��2-$. QFD �#�	BIH�.�Q (house of quality, HOQ), C�.��6N>
7H�6:A;�0M< [9]. ��2
 �LB67���������8,JCC<=D��	E�
�
�ED�RF��8,�����67������������������������>�����.
��M��.�Q &
KJ ��G�M 1 9H.
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U 1 VWXY?@Z[A

3 BCD\-T

6
�� (set pair analysis, SPA) ��66;�IN�)4�JA��E�&S�T39������
������#, �!#��=EFK 20LL 80,;��. C���
GH�Æ�66�����UGH
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ON, 2H���������
��N��������V3��*5P����I�N�.
;�I [10−11] �6
���I���, �6I���J	����;����6�2
�
F (6
)

�������������. C<Q1� :

U = A + Bi + Cj,

C�, A�B�C K
@O�I, ���R<H��6�P�O������V��3���, �S
;�I
�����TV��
��. i�j �R
TV� B ��I�
�� C ��I. �U�� , i Æ [−1, 1] P�
���QG; j QG
 −1. Q�6
����6�� N �P�O�, C���O�� S �, �3O�� P

�, L?�VO�� F = N − S − P �. ��:
���: A = S/N ; TV�: B = F/N ; 
��: C = P/N .

B:;�I�;�I U = A + Bi + Cj Æ Bi 	��001��6��I7
K�RI: U = A + B1i1 +
B2i2 + · · ·Bnin + Cj, �US
 n + 2 :;�I, A, B1, B2, · · · , Bn, C 
;���. M;�VI N = A +
B1 + B2 + · · ·Bn + C , �$01S���;�I

u = a + b1i1 + b2i2 + · · · bnin + cj =
A

N
+

B1

N
i1 +

B2

N
i2 + · · · + Bn

N
in +

C

N
j.


!A6���W, B:;�I��W�X
� N1:

u = a + bi + cj + dk + el + fm + · · · + xy.

3DT�	��@G��UGN��
����;��6��,�$6;�IIOV��������
�. a HG, bn � c HY, 	��DTG.�. ��, W	 a�bn � c ��<IG, X�$
DT

*5�
YE�. Q�DT�	��YE�	I V = {Vi}, i ∈ {1, 2, · · · , n}, C� n <HDT

��YI; � L �

DTIJ, ZIJR� w = [w1, w2, · · · , wL]; �X i �DTIJX j ��	�R�
 wij , DTIJ i XL

B ki �DT�	, J� wi = [wi1, wi2, · · · , wiki ]; 6 n :;�I u = a + b1i1 + b2i2 + · · ·+ bn−2in−2 + cj 


DT
>*5DT��<YK�:
1) 	BD[
>�;�I u;
Q� n �D[�Y�;1P�RZ
 V = {V1, V2, · · · , Vn}, SD[
>X i �D[IJX j ��	�

D[�Y
 pij , M

bij =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

1, pij = V1,

i1, pij = V2,
...

...
in−2, pij = Vn−1,

j, pij = Vn,

L?D[

�;�I u =
∑L

i=1 wi(
∑ki

j=1 (wij · bij)).
Q���� m Z��Z�D[, 2
DT<R�
 η = [η1, η2, · · · , ηm], J1LD[

�;�I U =∑m

i=1 (ηi · ui), 1� ui <HX i Z��D[

�;�I.
2) ��;�����IQG, 2	BD[
>�;�IG;
W	B:;�I���, Q j = −1, i1�i2�· · ·�iv Æ [−1, 1]��W	 “K�!J”QG,\ iv�iv−1�· · ·�i1

�R
A" [−1, 1] P�� v � v + 1 ��N. Q�, v=2, J i1=0.333, i2 = −0.333. v=3, J i1=0.5, i2=0,
i3 = −0.5 �.

3) ��D[
>�DT�Y
W	 “K�!J” 3 [−1, 1] P�K�
 n �P�, �R
A Vn�Vn−1�· · ·�V1 � n �DT�Y, D[


>�;�IQGRÆS�P�, JD[


0P�
A�DT�Y.

4 M] QFD/SPA N^_`OabD\PQ

4.1 RSTUVcd
67����� QFD ���1
�:���]T, �<TL �LB67��=[�67�����

D[$J67��C<=D[4����U. C�, 67��C<=D[ ����8,JC
�8,ÆU
W67����9N�V\C<+�, D[

6"[]M 1 ��\]J�. QFD A6"��
����
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��, ������C<
�ÆUW67�������+�
^!�
����%01, �!"���<
�%�XW�
������, =0����
��D[
>8��V_^^�9��. 
�&'����
#�$
)4������V_*56������, ��

W"7W[] QFD C<=D[A;.

 " QFD/SPA���
������# &2X�: 
� QFD.�Q1�
�67������	
������, C6 SPA B:;�I
��������
�ÆUW67�������+�*5�YD
[, 2
��
�Æ67������Z*5DE. +_, ����67��JC �����	; C7, `
��;<��S^������
�, aX��
�D[Y2D����
��C< ; 1�, 1���

�67��.�Q, ���
�
67��A0Q1�UW�� (	E�
), 	B�
�Æ2	67���
���ED, 2[].�Q�C�A;, `YY4�B#0�2���	����JC�b.
4.2 Zefg

&YT$����c A 8+�	
Q, 
����#A6��*5��. `6�67����	�	
KI>Æ_Yd���[ 2005 ,Z` –2006 ,``a9���J�Z��		�a� e9� CGX 8+
�	bbc[12].

1) 67�����

CGX  �6"GVf�e�21Q[cdP\5 E� ;]TL, ���X�$6"�
����
gJ[. �����
�I\], CGXA������ �< 19H. ��,< 2X��!bb�
" CGX
����	��.

^ 1 CGX Lhij_k^
�� 1 2 3 4

`a^_ d``a^_ e*`a^_ e\`a^_ bahi^_

^ 2 CGX limc_k^
�� 1 2 3 4 5 6

j^b� efj kgj &b_ lf_ d`2(-. e\2(-.

�� 7 8 9 10 11 12

j^b� e*+h-. +hi]-. gc-. djdd-. e^e-. bahi-.

2) 67��C<=D[
`Q;< A 4��	�
������c A1 ���������c A2, �
67��C<=D[


>. Q�aX1����f<���	� 5 e>5�� P1–P5 2
D[Y2, D[Y21�!���c2
	��� �D[�	<�, kg���%32	�	�D[

�
 “f
>_ (O)- h
>_ (V)- ��
�
 (G)- h
R� (F)- @^R� (P)”5 �DT�Y, 2��! A1 � A2 Æ67��U��DT�	��
9N����
. KX���R=� η = (0.2, 0.2, 0.2, 0.2, 0.2). m"_i, �gh��!3���� �C
<=D[3��, D[�	���l�<5< 3 �< 4.

^ 3 inLhijojmc
klm efj B1 0.35 *cg_ B2 0.3 e*+hg_ B3 0.3 nma B4 0.05

b�m

f` C11 0.25 nceÆ C21 0.4 +h]( C31 0.3 abjc C41 0.5

k`j C12 0.25 ]lho C22 0.4 b�ho C32 0.4 odjc C42 0.5

efj C13 0.25 nc]( C23 0.2 +h/f C33 0.3

lf_ C14 0.25

W	���c��+��DT�Y�I1��YE�	I V = {V1, V2, V 3, V4, V5} � 5 :;�I�<
Q1 u = a + bi + cj + dk + el, Q l = −1. W	 “gK�!J”, Q i = 0.5, j = 0, k = −0.5. kg'����
C<=D[	BYK, 1L	B01 A1 � A2 � 5 :;�IG

U1 = 0.071 + 0.372i + 0.291j + 0.158k + 0.108l = 0.07,

U2 = 0.256 + 0.369i + 0.199j + 0.107k + 0.071l = 0.316.

W	 “K�!J”, E� “f
>_”�“h
>_”�“���
”�“h
R�” � “@^R�” 5 �DT�
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Y�;�IVf�R� [0.6, 1]�[0.2, 0.6]�[−0.2, 0.2]�[−0.6,−0.2]� [−1,−0.6]. ��, A1 � A2 Æ3��
�� ����YD[

�R� “���
” � “h
>_”. �n, X	B01! A1 � A2 ÆC�4�
��� ����YD[

, �< 59H. Æ QFDA;��$C6 “5-4-3-2-1”�Y	I7W
C<=D
[

*5[]. �3���� ��, QFD C<=D[A;� A1 � A2 9N���+�A�R[X�Y
I “3” � “4”.

^ 4 ppq_^

b� A1 A2

P1 P2 P3 P4 P5 P1 P2 P3 P4 P5

C11 G O G G V V V O O O

C12 V V V G G O V G O V

C13 G G V G G G G V V V

C14 G V O V V F F P F P

C21 P F P F P O O O O V

C22 V V V V V V G G V G

C23 F G F G F P P F P F

C31 F P P F F V V V V V

C32 G V G G V O O O V V

C33 O V V O V G G G V V

C41 G F F G F F F F F F

C42 G O G G V V V O O O

^ 5 qrrstuMojYs
`a^_ d``a^_ e*`a^_ e\`a^_ bahi^_

itugm-.
A1

�-hi �-hi nojp �-hi
3 3 4 3

A2
nojp nojp nojp kpjp

4 4 4 5

3) ����.�Q�1�
C6������ QFD Capture1�!���c “��� -���	”.�Q,�M 29H. C�,�

�� ���!����
�0��=lTL��0�,��� ����	���A;!�%=o���
��7W��, C6! “5-3-1”�Y	I, �R;<2	���	���� ������GY
 “ ”�“�
�” � “j”. 
����
�	E�
�R$���c A1 � A2 
I, ��1L������ = ��� 
��� × �ED = ��� ��� × (���c A2 ��+�/���c A1 ��+�). ���	���
	BC6	I�R��#J, �X i 	�����
 Ii, ��X j 	���	�����
 Sij , JX j 	�

��	���� TiSj =
∑n

i=1 IiSij , j = 1, 2, · · · , m.

�M 2 ��$N�, ���c A 
!T
��TL, ������	
�/
&���.l �3��
 ���. �/
&��1
���!� �����, �����
�
"2	��� ��Epq��
qG, ������
4�0������
X��hG��*. 
�$���0��
����	���
�B��<4Æ��r��Z\, 
���	Æ�	-$A0m���*5;�.

5 vwx

���	�����
���������U,������n�
������
����+�*5

�, �
�����2���	��<��. &'�� " QFD/SPA ���
������#, ���
$F�>�q������W, ����
����	���, �
����?O7H, 

��k. ��,
0�#X�r3��
��������
����
��%XW*56�, Ns�
�����U��,
�r�!C<=D[

�3����K��.

������, QFD �B�h�o
sl�2X�pt, ����=6���C��#*5m�. &'
nn�
C<=D[A;��	G��*5!no, 
!u�GHI��
��
�*5����, XAÆ
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QFD �6
���C������*5u
p8��q, �_T�
������������#.
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