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Ü��O, Ù`:´U
�O¤kÏf�Ì�A(main effect)9�Ü�p�^(interaction).

�´, �XÏfê�O\, ¤kÏf�Y²|Üê×�O\. ~X, 10��Y²Ïf�¤k

Y²|ÜêÒ��
1024. duÉ²¤�Ï����, Xdêþ�Á�gê´��Á�¤

Ã{«É�. ù«�¹e, Á�ö�UÀ���O��Ü©5¢�Á�, ¡�Ü©Ïf�

O(fractional factorial design). XÛl�ÜÁ�¥]À��Ð�Ü©?1Á�, ±��Á

�Sü��Æ!¢�Á��²L!�ÇÚ°Ý�p, ¿d©Û�Ñ�ûü�`�8�¤�

Á�ö�'%�¯K. ù�¯K¦�éÏf�O��`5OKÚ�E�{�ïÄ¤�IS

Á��O+�����Ï�­�ïÄ�K. lþ­V80c�±5, éÁ��O�ïÄké

õ`D�¤JÚ#�â», �©éù
¤J�{�8Bo(.

§2. Ä�Vg

b���Á�¥kn��Y²Ïfa1, a2, . . . , an, �k2n�ØÓ�Y²|Ü, �´�U

?12kgÁ�(k < n). -

1 = (−1,+1,−1,+1, . . . ,−1,+1,−1,+1)′,

2 = (−1,−1,+1,+1, . . . ,−1,−1,+1,+1)′,

...

k = (−1,−1, . . . ,−1,−1,+1,+1, . . . ,+1,+1)′

�k�2k��þ, Hk = H(1, 2, . . . , k)L«dÕá�1, 2, . . . , k)¤��Ú�O, =

Hk = {1, 2, 12, 3, 13, 23, 123, . . . , k, 1k, 2k, 12k, . . . , 12 · · · k},

Ù¥, 12L«d1Ú2ü�Õá�éA���¦È)¤��þ, Ù§¦È�, X13�aq�

�. PN = 2k, w,, Hk´��N × (N − 1)�Ý
. XH3 = {1, 2, 12, 3, 13, 23, 123}L«d
3�8��þ1, 2, 3)¤��Ú�O, ´��8× 7��Ý
, XL1¤«.

3Hk¥À�n��¦Ù¥�¹k�Õá�, Ø���5, �±b��¹Õá�1, 2, . . ., k.

rn�Ïfa1, a2, . . . , an©OSü3À¥�n��þ. Ø��a1, a2, . . . , akSü3�1, 2, . . .,

kþ, ,	�n − k�ÏfSü3Ù{��þ, ��n − k�Õá�½Âi(defining word),

ùn − k�½Âi)¤��+, ¡�½Âéìf+(defining contrast subgroup), P�G. ½

Âéìf+G¥Øü �I±	�z����Ñ¡�½Âi, ½Âi¥i1��ê¡�T½

Âi�i�(wordlength). d½Âéìf+û½��O¡��5�O(regular design), ÄK

¡���5�O(nonregular design). ~^2n−(n−k)½ö2n−p (Ù¥p = n− k)L«k2k�Y

²|Ü, p�Õá�, dp�Õá�½Âiû½��5Ü©Ïf�O, §´k2n�Y²|Ü�

��O�2−pÜ©. w,, ��2n−p�Od´��N × n�Ý
, §´�Ú�OHk���f


, e¡¡��Hk�n�ÝK.
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L1 3��Y²Õá�)¤��Ú�OH3

1 2 12 3 13 23 123

−1 −1 +1 −1 +1 +1 −1

+1 −1 −1 −1 −1 +1 +1

−1 +1 −1 −1 +1 −1 +1

+1 +1 +1 −1 −1 −1 −1

−1 −1 +1 +1 −1 −1 +1

+1 −1 −1 +1 +1 −1 −1

−1 +1 −1 +1 −1 +1 −1

+1 +1 +1 +1 +1 +1 +1

^1, 2, 3, 4, 5P5�Ïf, r1, 2, 3©OSü3�Ú�OH3��1, 2, 3þ, r4, 5©OS

ü3H3��12, 13þ, ��ü�Õá�½Âi124Ú135, ùü�Õá�½Âi)¤½Âé

ìf+G = {I, 124, 135, 2345}, ½öP�I = 124 = 135 = 2345, ¡��½Â'X(defining

relation). ù�½Âéìf+½ö½Â'Xû½
��25−2�Od0, §´25��O���

2−2Ü©. d½Âéìf+½½Â'X�±���Od0��Am�·,'X(¡�O¶8,

alias set):

1 = 24 = 35 = 12345, 2 = 14 = 345 = 1235, 3 = 15 = 245 = 1234,

4 = 12 = 235 = 1345, 5 = 13 = 234 = 1245, 23 = 45 = 125 = 134,

25 = 34 = 123 = 145.

(2.1)

��/, ��2n−p�Ok2n − 1��A(effect), k2k − 1 (k = n − p)�O¶8, z�O

¶8¥k2p��A, Ù§�2p − 1��A�¹3½Âéìf+¥. 3Ó��O¶8�2p��

A¥, Ù¥���A���¿�^�´Ù§�AÑ�±�Ñ(�MukerjeeÚWu, 2006). Ï

d, ��Ð��OAT;�­���A�m��p·,. Ï~�¹e, Á�ö@�Ïf��

A÷vXe�A©��K(�WuÚHamada, 2000, 2009):

(1) $��A'p��A­�;

(2) Ó��AÓ�­�.

¢SÁ�¥²~�âI�æ^Ïf�õ�Y². ez�Ïf�Y²êÑ´s (≥ 2), ·

�¡��sY²�O(½é¡�O), �s > 2�¡�pY²�O. eÏf�Y²êØ���

�, ù���O¡�·ÜY²�O(½�é¡�O). pY²�OduÙU�	Ïf���

5�A
É�Á�ö��à, ·ÜY²�OKduÙÏfY²�õ�5
äk�2��·

^5. ,
·ÜY²��O�±d$Y²��O^O�{�E��, �'�E�{�±ë

�Addelman (1962), Wu (1989), Wu�(1992).

3'�E,�Á�¥,   �ÏLA�óSâU¼�Á�(J, ù
óS­E�J´
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§ÝØÓ, 
Á�¥¤�	�Ïfq©OáuØÓ�óS. �
~�J­E�óS�­E

gê, Á�ö�±U­E�J´§ÝrÏf©«, �{ü�´©��«(whole-plot)Úf«

(sub-plot)üaÏf. 3Á��, k�ÅÀ½�«Ïf�,��Y²|Ü, éÀ½�f«Ï

f�Y²|Ü�Å¢�Á�, ,�2�ÅÀ½�«Ïf�,��Y²|Ü, E,éÀ½�

f«Ïf�Y²|Ü�Å¢�Á�, ­EþãL§���¤��Á�. ù��Á��{�

±¦J­E�óS��Á�, 
N´­E�óSõ�Á�, �ª��{zÁ�L§�8�.

ùaÁ�¡��«(split-plot)Á�, �A��O¡��«�O(split-plot design).

�
;�XÚØ�éÁ�(J�K�,   �¦éÁ�?1�Åz. Á���Åzk

��cJ^�, Ò´��Á�ü��¦äkÓ�5(homogeneity). ,
, Á�ü��Ó�

5²~ØU���y, AO´Á�gê���. Á�ü�ØäkÓ�5²~¬�Á��5

��Ø�, l
��éÁ�(J�ÚO©Û�°Ýeü. )ûù�(J�~^�{´òÁ

�ü�©¤eZ�|, ¡�«|(block), ¦���«|S�Á�ü�äkÓ�5, 
ØÓ«

|m�Á�ü��±k���O.

b���Á�¥kr�Ï�¬K�Á�ü��Ó�5, �{üå�, b�z�Ï�Ñ´

�Y². ùr�Ï�¡�«|Ïf, éA�c¡J��Ïf¡�?nÏf. ò��2n−p�

Odw¤´�Ú�OHk�n�ÝK, lHk¥2À�r�Õá�, rr�«|Ïf©OSü�

ùr��þ. duùr�Õá��k2r�Y²|Ü, ù2r�Y²|Ürd�2n−p�Y²|Ü©

¤2r�«|, z�«|Sk2n−p−r�Y²|Ü. ù�Ò����«|�O, P�2n−p : 2r,

L«r��2n−p�O©¤2r�«|. 'u«|�O, Ø
þ¡'u?nÏf�b�, <�~

é«|Ïf?�Ú�Xeb�, Ú¡�«|�O��A©��K:

(3) «|Ì�A�«|�p�^Ó�­�;

(4) «|Ïf�?nÏf�m�p�^ØwÍ.

�â�A©��K, Á�öATÀJ$��A�m�·,����O¢�Á�. ï

Äö�â�A©��KlØÓ��ÝÑuJÑ
ØÓ��`5OK, X��©EÝOK

(�BoxÚHunter, 1961)!��$�·,OK(�FriesÚHunter, 1980)!XÀ�AOK(�

WuÚChen, 1992)!���ONþOK(�Sun, 1993)!����$�·,OK(�Zhang�,

2008).

§3. �`5OKÚ�`�O��E

3.1 ��©EÝOK

^Ai(d)L«2n−p�Od¥i��i�½Âi��ê, i = 1, 2, . . . , n. -

W (d) = (A1(d), A2(d), A3(d), . . . , An(d)).

¡W (d)��Od�i�.(wordlength pattern). A1(d) > 0¿�X�Od�,����1, ù

���ØU�	Ïf�Ì�A, ù´Á�öØUN=�, 
A2(d) > 0¿�X�Od�,ü
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�����Ó, l
ØU«©ü�Ïf�Ì�A, �´Á�öØUN=�. Ïd, ����

ÄA1(d) = A2(d) = 0��O, ¿rW (d){z�

W (d) = (A3(d), A4(d), . . . , An(d)). (3.1)

-r´÷vAi(d) 6= 0����i, ¡r��Od�©EÝ(resolution). 5¿���ÄA1(d)

= A2(d) = 0��Od, l
d�©EÝ���3. e�Od�©EÝ�R, KØ�3d�c-��

p�^�$u(R − c)-��p�^·,. Ïd, ��Ð��OATk��©EÝ. ��©E

ÝOK(�BoxÚHunter, 1961)À�äk��©EÝ��O��`�O. �´, du�õê

�¹eäk��©EÝ��O�õ, 3ù
�O¥?�Ú«©¿À��`�O¤�e�Ú

ó��­:.

3.2 ��$�·,OK

�ÄXen�27−2�O:

L2 n�27−2�O

�O ½Â'X üÏf�p�^�m�·,�¹

d1 I = 1236 = 2347 = 1467 12 = 36, 13 = 26, 14 = 67, 17 = 46,

24 = 37, 27 = 34,16 = 23 = 47

d2 I = 1236 = 1457 = 234567 12 = 36, 13 = 26, 14 = 57, 15 = 47,

16 = 23, 17 = 45

d3 I = 12346 = 12357 = 4567 45 = 67, 46 = 57, 47 = 56

±þn��O�©EÝÑ´4, =���`Q? �â�A©��K, Ïf�Ì�A�­

�, Ùg´üÏf�p�^. du©EÝ�4��OØ�3Ì�AÚüÏf�p�^�m

�·,, üÏf�p�^�m�·,Ò¤�ùa�O¥�î­�·,'X. 3þãn��

O¥, �Od3�üÏf�p�^�m�·,��, ��Od3´�`�. 5¿�d3�k���

�4�½Âi, ddN´é����4�½Âi��, �O�Ð. rù��{í2, Ò���

�$�·,OK(�FriesÚHunter, 1980).

½Â 3.1 �d1, d2´ü�2n−p�O, �r´¦�Ai(d1) 6= Ai(d2)����i. XJ

Ar(d1) < Ar(d2), K¡�Od1'd2k���$�·,. eØ�3�Od'd1k���$�·

,, K¡d1k��$�·,(minimum aberration, MA), ½¡d1���$�·,�O, {¡

�MA�O.

��5�O3¢SÁ�¥k�~2��A^, r��$�·,OKí2���5�

Okéõ`D�ïÄ¤J, 'XDengÚTang (1999), TangÚDeng (1999), XuÚWu (2001),

Ye (2003), PangÚLiu (2010). �©Ì�é�5Ïf�O��'nØ?18Bo(, é��

5�O��'(JØ2Kã.

《
应
用
概
率
统
计
》
版
权
所
有



1nÏ ë�|: �5Ü©Ïf�O��`5nØ��E�{ 325

d½Â3.1�±wÑ, MA 2n−p�O3¤k2n−p�O¥^S��zi�.(3.1), Ïd

MA 2n−p�O�½3¤k2n−p�O¥äk��©EÝ. þãn��O�i�.©O´:

W (d1) = (0, 3, 0, 0, 0), W (d2) = (0, 2, 0, 1, 0), W (d3) = (0, 1, 2, 0, 0).

w,, ùn��O�©EÝÑ´4, 3��$�·,OKe, d3'd2k���$�·,, d2

'd1k���$�·,. ¯¢þ, d3´MA 27−2�O(�MukerjeeÚWu, 2006).

��O�Y²|Üê'��, =n − p'��, ½ö�O�½Âi'��, =p'��

�, MA 2n−p�O��E�éN´. Franklin (1984)�Ñ
©EÝR ≥ 4�n − p ≤ 9�MA

2n−p�O��E(J, Ó���Ä
nY²MA�O��E. ChenÚWu (1991)ïÄ¿�Ñ


p = 3, 4�MA 2n−p�O�nØ�E�{. Chen (1992)�Ñ
p = 5�MA 2n−p�O�

nØ�E�{. ChenÚWu (1991), Chen (1992)¥��{éJ2UYí2�p ≥ 6��/.

Chen�(1993)�Ñ
���{, ¿/ÏO�Å|¢��
äk16, 32, 64�Y²|Ü��Y

²Úäk27�Y²|Ü�nY²��
Ü©Ïf�O, Á�ö�±�âgC�I�l¥À

��Ð��O. du/ÏO�Å|¢���`�OÉ��{9O�Å$��Ý���, ù

a�{�U^u)ûY²|Üê����`�O�|¢�E. �ud, ïÄöm©lÙ§

�ÝïÄMA�O��'nØ.

ChenÚHedayat (1996)JÑ
f��$�·,(weak minimum aberration)�O�V

g¿?Ø
f��$�·,�O��E�{. d�Od´�Ú�OHk�n�ÝK, rHk¥

íØd±����Ý
´Hk�N − n − 1�ÝK, ¡��d�Ö�O. TangÚWu (1996)ïá


2n−p�O�ÙÖ�O�i�.m�'X, ¿|^ù«'X¼�
¤k÷v2n−p−n− 1 =

1, . . . , 11�MA 2n−p�O. Suen�(1997)��
qY²�O�ÙÖ�O�i�.�m�'X,

¿|^ù«'X�Ñ
ÙÖ�O¥k3, . . . , 13��¤kMA�O��E�{.

XJ���O²L1!�½öY²����±��,���O, K¡ùü��O´

Ó��. Ó��O�w�´�Ó��O. XÛ�äü��O´ÄÓ�´��éJ)û

�¯K. Liu�(2011), PangÚLiu (2011)éd?1
ïÄ, JÑ
��k���{, ²w

�ü$
^O�Å|¢�Ó��O��JÝ. -FL«�Ú�OHk��N/2��¤�Ý


. Butler (2003)y²
�5N/16 + 1 ≤ n ≤ N/2�, 3Ó�¿Âe, ��MA 2n−p�Od�

½´F�n�ÝK, ¿��Ñ
d�Ù'uF�Ö�O�'X. ChenÚCheng (2006)y²


�9N/32 < n ≤ 5N/16�, ��MA 2n−p�Od�½´d½Â'XI = 12345û½�25−1�

O\�(double) log2(N/16)g±�������Ú�O(second order saturated design)�

ÝK. ChengÚTang (2005)lÚO�.ÑuJÑ
��$�·,�����5�nØ, �

��$�·,Jø
��Ú��µe, ¿�Á�öé�Ü·�OKJø
��XÚ��{.

MukerjeeÚWu (2001)^k�ÝKAÛ��óä, ïá
üa·ÜY²�O�ÙÖ�

O�i�.�'X, ¿�E
¹k��(½ü�)oY²ÏfÚÙÖ�O¥kØ�L12�

(½8�)�Y²Ïf���$�·,·ÜY²�O, ±9¹k��ÊY²ÏfÚÙÖ�O

¥kØ�L8�nY²Ïf���$�·,·ÜY²�O. AiÚZhang (2005)|^ëì�O
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(consulting design)±9Ïf�O�?ènØ�éX, ¼�
·ÜY²�O�Ùëì�O�

i�.�'X, ¿ÏLù
'Xïá
|^ëì�O�E��$�·,·ÜY²�O�

nØ�{. ZhangÚShao (2001)¥�E
Ó�k�Y²ÚoY²Ïf!nY²ÚÊY²Ï

f!oY²Ú�8Y²Ïf�na·ÜY²��$�·,�O. Li�(2007)?Ø
¹k�

�oY²ÏfÚeZ�Y²Ïf�·ÜY²�O3(f)��$�·,OKe�5�Ú�E

¯K. k'·ÜY²�O���$�·,nØ3MukerjeeÚWu (2006)¥k���[�0

�, d?Ø2Kã.

'u�«�O���$�·,OK, �±ë�BinghamÚSitter (1999a), MukerjeeÚ

Wu (2006). BinghamÚSitter (1999a)�Ñ
���{�E��$�·,�«�O, ¿|^

T�{�E
k8Ú16�Y²|Ü���$�·,�«�O. BinghamÚSitter (1999b)ïÄ


�«�O�i�.Ú©EÝ�±Ï5, |^ù
(J±9Y²|Üê�����$�·

,�«�O�±�EY²|Üê�����$�·,�«�O. Yang�(2009)ïÄ
pY

²�«�O�i�.Ú©EÝ�±Ï5. Yang�(2007)ïÄ
f��$�·,�«�O�

�E�{.

é��2n−p : 2r«|�O, -Ai,0L«�A�2n−p�O¥��i�½Âi��ê, Ai,1L

«�«|Ì�A½öÙ�p�^·,�i�?n�A��ê. w,, A1,1 6= 0¿�Xk?n

Ì�A�«|�A·,, 
�â�A©��K, ��Ð�«|�OAT;�?nÌ�A�

«|�A�·,. Ïd, Á�öÏ~��ÄA1,1 = 0��O. -

Wt = (A3,0, A4,0, . . . , An,0), Wb = (A2,1, A3,1, . . . , An,1).

©O¡WtÚWb�«|�O�?ni�.Ú«|i�..

�â�A©��K, ��Ð��OAT¦þ~�$�?n�A�m±9$�?n�

A�«|�A�·,. Ïd, ïÄög,�F"é�U
Ó�^S��zWtÚWb�«

|�O. �´, ¢Ã�´ù��«|�OØ�3(�ZhangÚPark, 2000). �
)ûù�J

K, Sun�(1997), MukerjeeÚWu (1999)JÑ
NN(admissibility)�O�Vg¿ïÄ
N

N�O�3�^�9�E�{. �´, du�õê�¹e, NN�O�êþ�õ, <�

E,I�l¥ÀJ�Ð��O. ChenÚCheng (1999), ChengÚWu (2002), Sitter�(1997),

ZhangÚPark (2000)rWtÚWb|Ü3�å��
Xeo«ØÓ�i�.:

Wscf = (A3,0, A2,1, A4,0, A3,1, A5,0, A4,1, . . .),

Wcc = (3A3,0 + A2,1, A4,0, 10A5,0 + A3,1, . . .),

W1 = (A3,0, A4,0, A2,1, A5,0, A6,0, A3,1, . . .),

W2 = (A3,0, A2,1, A4,0, A5,0, A3,1, A6,0, . . .).

XJ��«|�O^S��z,�i�.W∗, K¡Ù���$�·,W∗�O, ùpW∗

´Wscf,Wcc,W1½öW2. Sitter�(1997)JÑ
i�.Wscf, ¿�Ñ
k16, 32Ú64�Y²
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|Ü���$�·,Wscf�O. ChenÚCheng (1999), ZhangÚPark (2000)�ÑWscf¥��

�üSvk�l�A©��K. ChenÚCheng (1999)JÑ
i�.WccÚW2, ¿é��$

�·,Wcc�O�(�?1
ïÄ. ChengÚWu (2002)JÑ
i�.W1ÚW2, ¿ïÄ
�

�$�·,W1ÚW2�O��E�{. ZhangÚPark (2000)�Õá�JÑ
i�.W2¿ï

Ä
��$�·,W2�O��E�{. 'uW1ÚW2�«O3ChengÚWu (2002)¥k�

[�)º. Xu (2006)|^?ènØ�{ïÄ
o«i�.���$�·,�O��E, �

Ñ
�Ük32Ú81�Y²|Ü���$�·,�O, ±9äk64�Y²|ÜØ�L32�

����$�·,�O. XuÚMee (2010)�E
äk128�Y²|Ü8�64�����$�

·,W1�O. Zhao�(2013a)ïÄ
A2,1�e., �Ñ
��Te.��O��E�{, ¿

y²
3�½^�e��Te.��Oéi�.Wscf, WccÚW2´f��$�·,�O.

ZhaoÚLi (2015)ïÄ
'uo«i�.Ñ´��$�·,�O�«|�O�(�, |^ù


(Ø±9yk�MA 2n−p�O�±�E�
'uo«i�.Ñ´��$�·,�O�

«|�O. AiÚZhang (2004b), Ai�(2006)ïÄ
©«|·ÜY²�O3��$�·,O

Ke�5�, ¿�E
¹k��½öü�oY²ÏfÚeZ�Y²Ïf�k16Ú32�Y²

|Ü�©«|·ÜY²��$�·,�O. Li�(2005)?Ø
k«|(��S0Á���

`Ð©�O�ÀJ¯K.

3.3 XÀ�AOK

�ÄXeü�29−4�O:

d4 : I = 1236 = 1247 = 1258 = 13459 = 3467 = 3568 = 24569 = 4578 = 23579

= 23489 = 12345678 = 15679 = 14689 = 13789 = 26789,

d5 : I = 1236 = 1247 = 1348 = 23459 = 3467 = 2468 = 14569 = 2378 = 13579

= 12589 = 1678 = 25679 = 35689 = 45789 = 123456789.

ü��O�i�.©O´:

W (d4) = (0, 6, 8, 0, 0, 1, 0), W (d5) = (0, 7, 7, 0, 0, 0, 1).

3��$�·,OKe, d4`ud5.

�Äþãü��O�üÏf�p�^�m�·,�¹:

d4 : 12 = 36 = 47 = 58, 13 = 26, 14 = 27, 15 = 28, 16 = 23, 17 = 24, 18 = 25,

34 = 67, 35 = 68, 37 = 46, 38 = 56, 45 = 78, 48 = 57,

d5 : 12 = 36 = 47, 13 = 26 = 48, 14 = 27 = 38, 16 = 23 = 78, 17 = 24 = 68,

18 = 34 = 67, 28 = 37 = 46.
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�Od4k8�üÏf�p�^Ø�Ì�A9Ù§üÏf�p�^·,, ù8�üÏf�p�

^´: 19, 29, 39, 49, 59, 69, 79, 89. �Od5k15�üÏf�p�^Ø�Ì�A9Ù§üÏ

f�p�^·,, ù15�üÏf�p�^´: 15, 25, 35, 45, 56, 57, 58, 59, 19, 29, 39, 49,

69, 79, 89. �â�A©��K, Ì�A´�­��, Ùg´üÏf�p�^. þ¡ü��O

ÑØ�3Ì�A�üÏf�p�^�·,, Ïd, üÏf�p�^�m·,����OA

T´Ð�. 3nÏf�p�^��p���p�^�±�Ñù��f�b�e, �Ä��

¹Ì�AÚüÏf�p�^��A��5�., XJ��üÏf�p�^Ø�Ì�A·,,

�Ø�Ù§üÏf�p�^·,, Kù�üÏf�p�^��A����¦�OÒ´Ã 

�O. ù��üÏf�p�^¡�XÀ�(�WuÚChen, 1992).

½Â 3.2 e��Ì�A½üÏf�p�^Ø�Ù§Ì�A½öüÏf�p�^·

,, K¡ù�Ì�A½öüÏf�p�^´XÀ�(clear).

é©EÝ�4��O, ATÀJXÀüÏf�p�^�õ��O���`�O(�WuÚ

Hamada, 2000, 2009). Ïd, 3XÀ�AOKe, d5`ud4.

éXÀ�AOKe�`�O�ïÄ�¹ü�Ì���¡: ��¡´�o^�e¬�3

�¹XÀ�A��O; ,��¡´XÛ�E�¹�õ�XÀ�A��O. ChenÚHedayat

(1998)ïÄ¿��
©EÝ´3½4��Y²�5�O�¹XÀüÏf�p�^�^�.

Tang�(2002)ïÄ
äk�õXÀüÏf�p�^��Y²�5�O��E�{, �E


�
äk�õXÀüÏf�p�^��O, Ù¥Ü©�Oäk�õ�XÀüÏf�p�^.

YangÚLiu (2006), Yang�(2006a), ZhaoÚZhang (2008a)U?
Tang�(2002)¥��E�

{, ��
�
#�äk�õXÀüÏf�p�^��Y²�5�O. WuÚWu (2002)|

^ãL«{y²
WuÚHamada (2000)¥�,
�Y²�5�Oäk�õ�XÀüÏf

�p�^. Yang�(2005)ïÄ
äk�õXÀüÏf�p�^�©EÝ�4�2n−p�O�

�E�{.

AiÚZhang (2004a)í2
ChenÚHedayat (1998)�(J, ïÄ
���é¡�O�¹

XÀÌ�A½öXÀüÏf�p�^�^�, ¿�E
¹k�õXÀÌ�A½öXÀüÏ

f�p�^�k16Ú32�Y²|Ü��Y²�O, ±9k27Ú81�Y²|Ü�nY²�O.

ZhaoÚZhang (2008b), Zhao�(2008)ïÄ
Ó�¹k�Y²ÚoY²Ïf�·ÜY²�O

�¹XÀüÏf�p�^¤©�^�Ú�Eäk�õXÀüÏf�p�^¤©��O�

�{, Ù¥�E��
�O¥¹k�XÀüÏf�p�^¤©ê��
��. Zi�(2007)ï

Ä
·ÜY²(�é¡)�O�¹XÀÌ�AÚXÀüÏf�p�^¤©�^�.

Yang�(2006b)ïÄ
�Y²�«�O�(�A:, ��
�Y²�«�O�¹�a

XÀ�A�¿�^�. Zi�(2006)�E
�
äk�õXÀüÏf�p�^��Y²�

«�O, Ù¥�
�O�XÀüÏf�p�^ê��
��. ZhaoÚChen (2012a, 2012b)

©OïÄ
¹k��oY²f«Ïf½ö��oY²�«ÏfÚeZ�Y²Ïf�

·ÜY²�«�O�(�A:, ��
ùüa�«�O�¹�aXÀ�A�¿�^�.

Wang�(2015)ïÄ
3�«Úf«�¹k��oY²ÏfÚeZ�Y²Ïf�·ÜY²
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�«�O�(�A:, ��
Ta�«�O�¹�aXÀ�A�^�. YuanÚZhao (2015)

ïÄ
¹k��lY²Ïf(3�«½öf«)ÚeZ�Y²Ïf�·ÜY²�«�O�(

�A:, ��
ùüa�«�O�¹�aXÀ�A�^�. 8c�vk'uXÛ�E¹k

�õXÀüÏf�p�^�·ÜY²�«�O�ïÄ(JuL.

Li�(2006)ïÄ
�¹�õXÀüÏf�p�^�«|�O���$�·,«|�O

�'X. Chen�(2006)ïÄ
�¹XÀÌ�AÚXÀüÏf�p�^�«|�O�3�^

�, ¿ïÄ
¹k�õXÀüÏf�p�^�«|�O��E�{. Zhao�(2013b)ïÄ


©EÝ�4�«|�O�(�A:, ��
da�O¹kXÀüÏf�p�^�¿�^�,

¿�Ñ
���{^u�E¹k�õXÀüÏf�p�^�©EÝ���4�«|�O,

���Ñ
�Ü¹k�õXÀüÏf�p�^�©EÝ���4�k16Ú32�Y²|Ü�

«|�O.

3.4 ���ONþOK

Sun (1993)JÑ
�ONþ(estimation capacity)�Vg, Ù�{´ÀJ���O¦Ù

U
�O¦�Uõ��¹¤kÌ�AÚÜ©üÏf�p�^��.. -Er(d)L«��

2n−p�OdU
�O��¹¤kÌ�AÚr�üÏf�p�^��.��ê, Ù¥1 ≤ r ≤
n(n− 1)/2. ùpI�rN�´Ó��O¶8¥�õ�U�O���A, l
Ó��O¶8

¥�õ�Uk���A�¹3�.¥. £�1§ 1!¥�Od0�O¶8(2.1), �r = 1�, 3

Ù§üÏf�p�^9n�Ún�±þ�p�^Ñ�±�Ñ�b�e, �Od0U
�O�

�.k4�, ù4��.Ø
Ñ�¹Ì�A1, . . . , 5�	, ©O�¹üÏf�p�^23, 45, 25,

34, Ïd, E1(d0) = 4. aq/, r = 2�, �Od0U
�O��.�k4�, ù4��.Ø


Ñ�¹Ì�A1, . . . , 5�	, ©O�¹ü�üÏf�p�^23�25, 23�34, 45�25, 45�34,

Ïd, E2(d0) = 4. w,, �3 ≤ r ≤ 10�, Er(d0) = 0.

XJ���O��z¤k�Er(d), r = 1, . . . , n(n − 1)/2, K¡T�Ok���ON

þ(maximum estimation capacity). ChengÚMukerjee (1998), Cheng�(1999)ïÄ
äk

���ONþ��O�5�, �E
�
äk���ONþ��O, Ó�ïÄ
���O

Nþ�OÚ��$�·,�O�éX, y²
äk���ONþ��O�üÏf�p�

^3Ø¹Ì�A�O¶8¥©Ù�þ!. k'���ONþ�O��'nØ��±ë�

MukerjeeÚWu (2006).

3.5 ����$�·,OK

Ó�l�A©��KÑu, �
é���z$��A�m·,��O, Zhang�(2008)

l�O�O¶8Ñu, JÑ
����$�·,OK. -#
iC

(k)
j L«�k�j-��A·,

�i-��A��ê, ¿UìkéÙüS, ��e¡��þ

#
iCj = ( #

iC
(0)
j , #

iC
(1)
j , . . . , #

iC
(Kj)
j ),
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Ù¥Kj =

(
n

j

)
, 2�â�A©��Ké#

iCj?1üS, ��Xe�þ

#C = ( #
1C1,

#
0C2,

#
1C2,

#
2C1,

#
2C2,

#
0C3,

#
1C3,

#
2C3,

#
3C1,

#
3C2,

#
3C3, . . .). (3.2)

�þ(3.2)¡�O¶�Aê.(aliased effect-number pattern). ZhangÚMukerjee (2009a)�

Ñ(3.2)¥�,
��±dc¡��û½, 'X#
jC

(1)
1 =

∑
k≥1

k #
1C

(k)
j , ¿�é©EÝ���

3��O, #
1C1�

#
0C2Ñ´~ê�þ, l
, �þ(3.2)�±�{z�

#C = ( #
1C2,

#
2C2,

#
1C3,

#
2C3,

#
3C2,

#
3C3, . . .). (3.3)

Äu(3.3), ����$�·,OK½Â�µ

½Â 3.3 -#Cl´(3.3)ª#C¥�1l�©þ, #C(d1)Ú
#C(d2)©O´�Od1Úd2�

O¶�Aê.. b�#Ct´¦�
#Cl(d1) 6= #Cl(d2)�1��©þ. XJ#Ct(d1) > #Ct(d2),

K¡d1'd2k�����$�·,. XJvk�O'dk�����$�·,, K¡�O

dk����$�·,(general minimum lower-order confounding, GMC), ¿¡�Od��

���$�·,�O, {¡�GMC�O.

HuÚZhang (2011)ïÄ
��$�·,�O�(�5�, é�
���O��zÌ�

A�üÏf�p�^¤äk�·,(�, ¿?�Úy²
���Oäkù«(��¿�

^�´��zÙi�.�1��A3. ZhangÚMukerjee (2009a)?Ø
GMC 2n−p�O�

�E¯K, ��
2n−p�Od�ÙÖ�O�O¶�Aê.m�'X, ¿|^ù«'X�E


÷v2n−p − n − 1 = 1, . . . , 15�¤k�GMC 2n−p�O. Li�(2011)�Ä
5N/16 + 1 ≤
n ≤ N − 1�GMC 2n−p�O��E¯K, y²
�Ú�OHk��n��¤��OÒ´

GMC 2n−p�O. ChengÚZhang (2010), ZhangÚCheng (2010)©O�Ñ
N/4 + 1 ≤ n ≤
9N/32Ú33N/128 ≤ n ≤ 5N/16�GMC 2n−p�O��E�{, ChenÚLiu (2011)K�Ñ


5N/16 < n ≤ N/2, 9N/32 < n ≤ 5N/16Ú17N/64 < n ≤ 9N/32n«�¹eGMC

2n−p�O��E�{. nÜ'�ChenÚLiu (2011), ChengÚZhang (2010), Li�(2011),

ZhangÚCheng (2010)¥��E(J, o�©z¥©O�Ñ
ØÓ��SGMC 2n−p�O

�nØ�E�{, �3�p­U«mÜ©�E��O´Ó��, ùo�©zXÚ/)û


N/4 + 1 ≤ n ≤ N − 1«m��S¤kGMC 2n−p�O�nØ�E¯K. Zhou� (2013)?

Ø
2n−p�O�O¶�Aê.�5�9ÙA^.

Li�(2013, 2015)©Or����$�·,OKí2�nY²�OÚpY²�O, ïá


nY²�OÚpY²�O�����$�·,OK�Ù§OK�éX. Wei�(2010)r

����$�·,OKí2��«�O, ïá
�«�O�����$�·,OK�Ù§

OK�éX, �Ñ
32�Y²|ÜØ�L14���GMC �«�O.

ZhangÚMukerjee (2009b)r����$�·,OKí2�«|�O, ¡�B-GMCO

K, ¿ïá
��«|�O�ÙÖ�O3B-GMCOKe�éA'X, �Ñ
Ö�O¥�ê
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����Y²ÚnY²«|�O��E(J. Wei�(2014)�r����$�·,OKí

2�«|�O, JÑ
�B-GMCØÓ�OK, ¡�B1-GMCOK, ¿�B-GMCOK?1


'�. Zhang�(2011)r����$�·,OKí2�õ�«|Cþ�«|�O, ¡�B2-

GMCOK, ¿�B1-GMCOK!«|�O�MAOK?1
'�, �Ñ
16, 32Ú64�Y²

|Ü��«OKe��`�O. Zhao�(2013), ZhaoÚSun (2015), Zhao�(2015)ïÄ
B1-

GMCOKe2n−p : 2r�O��EnØ, ©O�Ñ
n ≥ 5N/16 + 1, N/4 + 1 ≤ n ≤ 9N/32,

17N/64 + 1 ≤ n ≤ 5N/16n�«m��S¤kB1-GMCOKe�`«|�O��E�{,

l
XÚ)û
n ≥ N/4 + 1��S�B1-GMCOKe�`«|�O��E¯K.

§4. � (

gl=IÚOÆ[R.A. FisherMáÁ��O±5, Á��OduÙ2��A^�µ


��É�<��'5, ÙïÄSN��X­.²L�uÐ
Øä*Ð, �)Ïf�O!�

��O!þ!�O!­èëê�O!£8�O!·��O!O�ÅÁ��O�, Ñ´Á�

�O­��ïÄ��. �©Ì�é�5Ïf�Og1980c±5��`5nØÚ�E�{?

1
{�o(. �±wÑ, �Y²�O�ïÄ¤J´�´L�, Ù§�a�O�ïÄ¤J�

é��. ÄÙ�Ï, �V´�Y²�O�(��{ü, Ù§�a�O(��é'�E,
ï

Ä�{'��E¤�. ?�Úmuéda�OïÄ�#�{AT´e�Ú�ïÄ��.

É�Ì¤�, �©vké���O!þ!�O!­èëê�O!£8�O!·��

O!O�ÅÁ��O�ïÄ+��¯KÚïÄ¤J?1ÎnÚ8Bo(, éÏf�O�é

õ`D�¤J�vk�)?5, éd�L¢Ã!
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The Optimality Theories and Construction Methods on

Regular Fractional Factorial Designs

Zhao Shengli

(School of Statistics, Qufu Normal University, Qufu, 273165 )

The fractional factorial designs are widely used in various experiments. The optimality theories and

construction methods of the fractional factorial designs are the core of the investigation on experimental

designs. Many researchers have investigated this issue since 1980. This paper gives a summary on the

optimality theories and construction methods of the regular fractional factorial designs.

Keywords: Regular fractional factorial designs, resolution, minimum aberration, clear, estimation

capacity, general minimum lower order confounding.
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