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§1. Ú ó

Á��O´ÚOÆ���©|��, §3à�!��!zó±9)Ô�+�äk2

��A^. g FisherMáÁ��O±5, �
ÀJ�`�O, �U�)�«�`OK. ~

X: ��©EÝOK!��·,OK!±9���ONþOK�. BoxÚ Hunter [1] JÑ

��©EÝ (maximum resolution, MR)OK, ¿@�©EÝ����O��`�. ,,

��O�©EÝ���, MROKòÃ{�ä�O�`�. b½$�Ïf�A'p�Ïf

�A��; Ó�Ïf�AÓ��, �¡��AüS�K. Äu�AüS�K, FriesÚ

Hunter [2] JÑ��·, (minimum aberration, MA)OK, §´3MROK�Ä:þuÐ

5, ÏL½Â'X¥�i�5ÀJ�`�O. 3MAOK¥, Ai (i = 1, 2, · · · , n)L«�

3 sn−m �O D¥i�� i�½Âi��ê. Uìi��eI il���?1ü�, ½Â

W (D) = (A1, A2, · · · , An)��O D �i�. (word-length pattern, WLP). ^S��z

�þW (D)��O���·,�O, = MA�O. ©EÝ R½Â�i�.W (D)¥1�

��" Ai �eI i. Ïd, MRÚ MAOKþ±i�.�Ä:. �
U
�O¦�Uõ

��¹¤kÌ�AÚÜ©�Ïf�p�A��., Sun [3] JÑ
���ONþ (maximum
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estimation capacity, MEC) OK. MEC OKq��i�.vk���éX, , Hu Ú

Zhang [4]�ÑXJMEC�O�3�='5Ì�AÚ�Ïf�p�A�^�e, MEC�O

Ò�duMA�O. 3ù«�¹e�±@�MECOK�´ïá3i�.þ. Ïd, éuþ

ãOK, �
¼��`�OïÄÙi�.�'�. �õ�SN�ë�©z [5, 6].

�
�«þãOK�S3��, Zhang� [7] �é�Y²�O3�AüS�K�Ä:þ

JÑO¶�Aê., ��±þOK�©a�ªþ´O¶�Aê.�,«¼ê. ¦��âO

¶�Aê., JÑ����$�·,OK5ÀJ�`�O. ZhangÚ Cheng [8] ÏL�Y²

O¶�Aê.��
i�.¥Ü©�� Ai (i = 3, 4, 5)�O�úª, HuÚ Zhang [4]��y


T(Ø. é©EÝ� IV��Y²�O, ChenÚ Liu [9]��
 Ai (i = 4, 5, 6)�O¶�A

ê�m�L�/ª. ù
(Ø�«
MAOK¥�i�. Ai (i = 3, 4, 5, 6)��þ´O¶

�Aê.¥,
���²þ, ù`² MA�Oä²þ¿Âe���$�·,5�. ,,

é Ai (i > 6)´Ä�´O¶�Aê.,
���²þEI�?�ÚïÄ.

ZhangÚ Mukerjee [10] rTOKí2� s (s > 2)Y²�/, Ù¥ s��ê½�ê�.

é�Y²�O, Ïf�¤©�m´��éA�'X, �nY²±þ�Ïf�p�AéAu

õ���¤©, ÏdI�ÏLÏf¤©�A�O¶'X5�« sY²�O���·,&E.

b�$�¤©�A'p�¤©�A��; Ó�¤©�AÓ��, ¡��¤©�AüS

�K. Äu¤©�AüS�K, Li� [11] JÑ
nY²�O¶¤©ê.9 GMCOK, ��


^S��z Ai �du^S��zO¶¤©ê.�,
��. ?�Ú, Li� [12] ïÄ
 s

Y²�O¶¤©ê.�þãOK�m�'X, ¿y²
 A3 ´Ì�A��Ïf�p¤©�

m·,�²þ, 3©EÝ R > IV�^�e, A4´�Ïf�p¤©·,�²þ.

,, é sY²�5�O, ÙO¶¤©ê.�5�!±9§�i�. Ai (i > 5)�m�

'XïÄ¤J��. Äud8�, �©Ì�ïÄO¶¤©ê.�i�.!O¶¤©ê�m

�5�, ��
����(J, �õ
 sY² GMCnØ. 3�©¥, �Ä©EÝ R > III�

�O. ÙSN(�Xe: 1 2!Ì�£�
k' GMCOK��
Ä�Vg!PÒ9Ü©

(J. 1 3!ïÄ
 sY²�O�O¶¤©ê.�i�.�m�'X. ÏLO¶¤©ê�

±O�i�., ¿��â®�i�.�±O�,
O¶¤©ê. 31 4!¥, ��
�Y²

�5�O�O¶¤©ê�m�O�úª. 1 5!Jø
���(.

§2. Ä�Vg9PÒ

3Á��O¥, òK�ÑÑ(J�Cþ (Ï�)¡�Ïf, ^ F1, F2, · · · , FnL«. Ïf

���¡�Y², Ï~�¹e^êi 0, 1, · · · , s5L«. e¤kÏf�Y²Ñ´�Ó�, K

¡T�O�é¡�, ��¡��é¡�. ò�¹¤kÏfY²|Ü��O¡����O.

éu�� sn é¡�O, §L«�¹ n�Ïf� sY²���O. � n���, ���O�

±�Ñ¤kÏf�Ì�AÚ�p�A, �Ð/©ÛÁ�êâ. �� n���, ò¤k|Ü
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Ñ�Ñ5, ¤�Ñ��m!¤�  ´ã��, Ïd�)
Ü©ÏÛ�O. - q = n −m

Ú N = sq, sn−m �O´���O sn � s−m Ü©, §k n�Ïf Fi (i = 1, 2, · · · , n)!q

�Õá�!m�Õá�½ÂiÚ N �Y²|Ü. m�Õá�½Âi)¤�f+¡�½Â

éì+. 3½Âéìf+¥, Ø
ü �	½Âi�¹i1��ê, ¡�T½Âi�i�.

Fi1 ×Fi2 ¡� Fi1 Ú Fi2 �m�üÏf�p�A, ±9 Fj1 ×Fj2 × · · ·×Fji �¡� i�Ïf

�p�A, Ù¥ i1, i2, ji ∈ {1, 2, · · · , n}. ?Û�� i�Ïf�p�A�±©)¤ (s− 1)i−1

���� i�¤©�A ({¡¤©). X, nY²�O¥üÏf�p�A F1 × F2©)¤ü�

F1F2Ú F1F
2
2 ��¤©.

Äu�AüS�K, Zhang� [7] JÑ
�Y²�5�O�O¶�Aê.5�«ÙÏf

�m�·,&E. - #
iC

(k)
j L«� k� j ��AO¶� i��A��ê, P

#
iCj = (#iC

(0)
j ,#iC

(1)
j , · · · ,#iC

(Kj)
j ), i, j = 0, 1, · · · , n,

Ù¥ Kj =
(
n
j

)
. �âXe5Kò #

iCj ?1ü�: (i) max(i, j) < max(s, t); (ii) � i < s�,

max(i, j) = max(s, t); (iii) � i = sÚ j < t�, max(i, j) = max(s, t), e÷v (i) – (iii)¥

?¿��, Kò #
iCj �u

#
sCt�c. ¡

#C = (#1C1,
#
0C2,

#
1C2,

#
2C1,

#
2C2, · · · ) (1)

�O¶�Aê. (aliased effect-number pattern, AENP). ÄuO¶�Aê., ¡^S��

z (1)��Y²�Oäk����$�·, (general minimum lower-confounding, GMC).

ZhangÚMukerjee [10], Li� [12] í2 GMCOK� s (s > 2)Y²�/, 3¤©�Aü

S�KÄ:þÚ\O¶¤©ê., E÷^PÒ #
iC

(k)
j , �Ù¹ÂL«� k� j �¤©�AO

¶� i�¤©�A��ê. ZhangÚMukerjee [10]ò#½Âe�S� (1){z�

#C = (#1C2,
#
2C2,

#
1C3,

#
2C3,

#
3C2,

#
3C3, · · · ). (2)

¡§�O¶¤©ê. (aliased component-number pattern, ACNP). AO�, �Y²�

AENP�¡� ACNP. 3 sY²e, ^S��zS� (2)��O�¡� GMC�O. éu�

þ #
iCj ó, ½Â 0t L«�þ #

iCj ¥ëY t�". XJ�þ #
iCj ¥këY"����Ü,

�òÙ�ÑØO.

~ 1 �Ä�� 35−2�OD = {1, 2, 3, 122, 12232}�½Â'X� 4 = 122, 5 = 12232,

¡ 1, 2, 3, 4, 5 �Ì�A, 24, 142, 452 �üÏf�p¤©. O��Ù½Âéìf+� G =

{I, 12242, 1223252, 122345, 3425}, ½öP�

I = 12242 = 1223252 = 122345 = 3425.

dd��, i�.W (D) = (0, 0, 2, 1, 1)�©EÝ R = III. d	, ¤k�Ì�AÚüÏf�

p¤©�m�·,'XXe:

1 = 24, 2 = 142, 3 = 452, 4 = 122 = 35, 5 = 342,
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132 = 25, 23 = 152, 12 = 14 = 242, 34 = 352 = 45.

e¡O��O D� ACNPcü���: 3�þ #
1C2 ¥, #

1C
(0)
2 = 0, #

1C
(1)
2 = 4, #

1C
(2)
2 = 1,

±9é k > 3� #
1C

(k)
2 = 0, Ïd #

1C2 = (0, 4, 1). éu�þ #
2C2,

#
2C

(0)
2 = 8, #

2C
(1)
2 = 6,

#
2C

(2)
2 = 6, ±9é k > 3� #

2C
(k)
2 = 0, Ïd, #

2C2 = (8, 6, 6).

l~ 1��, i�.�©EÝÏL½Âéìf+��, O¶¤©ê.¥���Q�

±ÏL½Âéìf+, ��±ÏLÏf¤©�m�·,��. ,, �Ïf��ê n9 m

O��, éA�½Â'Xf+ÒC��\�,, cÙé s (s > 3)Y²e��O. Ïd, ïÄ

i�.!O¶¤©ê.!±9¦��m���'Xw�c��, =3O¶¤©ê.®�

�^�e, �O�Ùi�.; Ó��, di�.�±��O¶¤©ê.

§3. O¶¤©ê.�i�.�'X

½n 2 é��©EÝR > III� sn−m�5�O,§�i�.W = (A1, A2, · · · , An)

�O¶¤©ê. #
1CiÚ

#
iC1÷veª

Ai+1 =
1

i + 1

Ki∑
k=1

k#1C
(k)
i −

( i

i + 1

)
(s− 2)Ai −

(n + 2

i + 1
− 1
)

(s− 1)Ai−1,

=
1

i + 1
#
iC

(1)
1 −

( i

i + 1

)
(s− 2)Ai −

(n + 2

i + 1
− 1
)

(s− 1)Ai−1, i > 2,

Ù¥Ki =
(
n
i

)
. AO�, A3 = 3−1

Ki∑
k=1

k#1C
(k)
2 = 3−1#

2C
(1)
1 .

y²: � i > 3�, d©z [10]��,

∑
k>1

k#1C
(k)
i = (n− i + 1)(s− 1)Ai−1 + i(s− 2)Ai + (i + 1)Ai+1.

òþª?1C/, �±��'u Ai+1 ���u
∑
k>1

k#1C
(k)
i , Ai, Ai−1 �\��Ú. qÏ�

©EÝ R > III, �Ì�A�mØ·,, =
∑
k>1

k#1C
(k)
i = #

iC
(1)
1 . AO�, � R > III�, k

A1 = A2 = 0. �

e¡ò½n 2A^u�Y²9nY²�5�O.

íØ 3 éu©EÝ R > III� 2n−m�5�O, K

Ai =
1

i

Ki−1∑
k=1

k#1C
(k)
i−1 −

(n + 2

i
− 1
)
Ai−2

=
1

i
#
i−1C

(1)
1 −

(n− i + 2

i

)
Ai−2, i > 3.
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éu�Y²�5�O, íØ 3�«
i�.¥�� Ai � Ai−2 �m�'X. d	, � i

�ØÓ��, �±d Ai−2���Y²e�i� Ai�
#
1Ci−1 (½ #

i−1C1)�m�L�úª, X:

A3 =
1

3

K2∑
k=1

k#1C
(k)
2 , A4 =

1

4

K2∑
k=1

k#1C
(k)
3 , A5 =

1

5

K4∑
k=1

k#1C
(k)
4 − n− 3

15

K2∑
k=1

k#1C
(k)
2 .

~ 4 �Ä©EÝ R = IV�ü� 29−4�O d1Ú d2:

d1 : I = 1 236 = 1 247 = 1 258 = 13 459,

d2 : I = 1 236 = 1 247 = 1 348 = 23 459.

Ï��O d1, d2�©EÝ R = IV, ¤±
K1∑
k=1

k#1C
(k)
1 (di) =

K2∑
k=1

k#1C
(k)
2 (di) = 0 (i = 1, 2).

L 1 �O d1!d2 �
Ki∑
k=1

k#1C
(k)
i (i = 3, 4, · · · , 9)

�O
K3∑
k=1

k#1C
(k)
3

K4∑
k=1

k#1C
(k)
4

K5∑
k=1

k#1C
(k)
5

K6∑
k=1

k#1C
(k)
6

K7∑
k=1

k#1C
(k)
7

K8∑
k=1

k#1C
(k)
8

K9∑
k=1

k#1C
(k)
9

d1 24 40 30 32 8 0 1

d2 28 35 35 28 0 9 0

dL 1�,
K3∑
k=1

k#1C
(k)
3 (d1) = 24,

K3∑
k=1

k#1C
(k)
3 (d2) = 28,�âíØ 3,�±�ÑA4(d1) = 6,

A4(d2) = 7. Ón, A5(d1) = 8, A6(d1) = 0, A7(d1) = 0, A8(d1) = 1, A9(d1) = 0 ±9

A5(d2) = 7, A6(d2) = 0, A7(d2) = 0, A8(d2) = 0, A9(d2) = 1. ¤±�O d1, d2 �i�.©

O�W (d1) = (0, 0, 0, 6, 8, 0, 0, 1, 0)ÚW (d2) = (0, 0, 0, 7, 7, 0, 0, 0, 1). aq�, ��ÏLí

Ø 3�1�«L�5O��O�i�..

�âíØ 3, �±�� Ai�
#
1Cj �m����L�úª.

íØ 5 éu 2n−m�5�O, K

Ai =



i/2∑
j=1

(−1)j
(2j − 2)!!(n− 2j)!!

i!!(n− i)!!

K2j−1∑
k=1

k#1C
(k)
2j−1, e i = 4t;

(i−1)/2∑
j=1

(−1)j
(2j − 1)!!(n− 2j − 1)!!

i!!(n− i)!!

K2j∑
k=1

k#1C
(k)
2j , e i = 4t + 1;

i/2∑
j=1

(−1)j+1 (2j − 2)!!(n− 2j)!!

i!!(n− i)!!

K2j−1∑
k=1

k#1C
(k)
2j−1, e i = 4t + 2;

(i−1)/2∑
j=1

(−1)j+1 (2j − 1)!!(n− 2j − 1)!!

i!!(n− i)!!

K2j∑
k=1

k#1C
(k)
2j , e i = 4t + 3.

5½ 0!! = 1, (2t)!! = 2t · (2t− 2) · · · 4 · 2, (2t + 1)!! = (2t + 1) · (2t− 1) · · · 3 · 1.
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y²: díØ 3��,3�Y²�Oe�i�Ai�d
Ki−1∑
k=1

k#1C
(k)
i−1ÚAi−2L«. Ó�

/, Ai−2 ��±d
Ki−3∑
k=1

k#1C
(k)
i−3 Ú Ai−4 L«. EþãL§, i� Ai �d

Kj∑
k=1

k#1C
(k)
j , j =

i− 1, i− 3, · · · , 2½ 1L«. ,��¡, �âíØ 3,
Ki−1∑
k=1

k#1C
(k)
i−1�Xê� 1/i,

Ki−3∑
k=1

k#1C
(k)
i−3

�Xê�−(n− i+ 2)/[i(i−2)],
Ki−5∑
k=1

k#1C
(k)
i−5�Xê� (n− i+ 2)(n− i)/[i(i−2 + 4)(i−4)],

±daí. Ïd, ·�Ø=��Ä i�Ûó5, Ó����Ä i/2�Ûó5, �ò i©�±e

oa:

(i) � i = 4t�, K

Ai =
1

i

Ki−1∑
k=1

k#1C
(k)
i−1 −

n− i + 2

i(i− 2)

Ki−3∑
k=1

k#1C
(k)
i−3 + · · · − (n− i + 2) · · · (n− 2)n

i · (i− 2) · · · 4 · 2
K1∑
k=1

k#1C
(k)
1 ,

=
i/2∑
j=1

(−1)j
(2j − 2)!!(n− 2j)!!

i!!(n− i)!!

K2j−1∑
k=1

k#1C
(k)
2j−1.

(ii) � i = 4t + 1�, K

Ai =
1

i

Ki−1∑
k=1

k#1C
(k)
i−1 −

n− i + 2

i(i− 2)

Ki−3∑
k=1

k#1C
(k)
i−3 + · · · − (n− i + 2) · · · (n− 5)(n− 3)

i · (i− 2) · · · 3 · 1
K2∑
k=1

k#1C
(k)
2 ,

=
(i−1)/2∑
j=1

(−1)j
(2j − 1)!!(n− 2j − 1)!!

i!!(n− i)!!

K2j∑
k=1

k#1C
(k)
2j .

(iii) � i = 4t + 2�, K

Ai =
1

i

Ki−1∑
k=1

k#1C
(k)
i−1 −

n− i + 2

i(i− 2)

Ki−3∑
k=1

k#1C
(k)
i−3 + · · ·+ (n− i + 2) · · · (n− 2)n

i× (i− 2) · · · 4 · 2
K1∑
k=1

k#1C
(k)
1 ,

=
i/2∑
j=1

(−1)j+1 (2j − 2)!!(n− 2j)!!

i!!(n− i)!!

K2j−1∑
k=1

k#1C
(k)
2j−1.

(iv) � i = 4t + 3�, K

Ai =
1

i

Ki−1∑
k=1

k#1C
(k)
i−1 −

n− i + 2

i(i− 2)

Ki−3∑
k=1

k#1C
(k)
i−3 + · · ·+ (n− i + 2) · · · (n− 5)(n− 3)

i · (i− 2) · · · 3 · 1
K2∑
k=1

k#1C
(k)
2 ,

=
(i−1)/2∑
j=1

(−1)j+1 (2j − 1)!!(n− 2j − 1)!!

i!!(n− i)!!

K2j∑
k=1

k#1C
(k)
2j .

��y. �

íØ 5�«
�Y²ei�.�O¶�Aê.�m�'X, ´íØ 3����í2.

3O¶�Aê. #
1Cj ®��^�e, �±¦^§5O�T�O�i�..
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íØ 6 éu©EÝ R > III� 3n−m�5�O, K

Ai =
1

i

Ki−1∑
k=1

k#1C
(k)
i−1 − 2

(n + 2− i

i

)
Ai−2 −

( i− 1

i

)
Ai−1

=
1

i
#
i−1C

(1)
1 − 2

(n + 2− i

i

)
Ai−2 −

( i− 1

i

)
Ai−1.

éunY²�5�O, íØ 6�«
i�.¥ Ai� Ai−1, Ai−2�m�'X. aquí

Ø 3, ÏL{üO�, �±��nY²ei�. Ai�O¶¤©ê.�m�'X, X:

A3 =
1

3
#
2C

(1)
1 , A4 =

1

4
#
3C

(1)
1 −

1

4
#
2C

(1)
1 , A5 =

1

5
#
4C

(1)
1 −

1

5
#
3C

(1)
1 −

2n− 3

15
#
2C

(1)
1 .

½n 7 é©EÝ R > III� sn−m�5�O, K

(a) #
iC

(k)
0 =


Ni −Ai, k = 0,

Ai, k = 1,

0, k > 2;

(b) #
iC

(k)
1 =


Ni − (n− i + 1)(s− 1)Ai−1 − [i(s− 2)− 1]Ai − (i + 1)Ai+1, k = 0,

(n− i + 1)(s− 1)Ai−1 + i(s− 2)Ai + (i + 1)Ai+1, k = 1,

0, k > 2,

Ù¥ Ni =
(
n
i

)
(s− 1)i−1. 5½ A0 = 0.

y²: (a) Ï� #
iC

(k)
0 L« i�¤©�A� k� IO¶��ê. d½Â��, � k = 1

�, §L«½Â'Xf+¥½Âi���ê, Ïd #
iC

(1)
0 = Ai. � k = 0 �, L« i �

¤©�AØ� IO¶��ê, Ï� i�¤©�A�o�ê�
(
n
i

)
(s − 1)i−1, Ïd #

iC
(0)
0 =(

n
i

)
(s− 1)i−1 −Ai. d	, � k > 2�, #

iC
(k)
0 = 0.

(b) Ï�©EÝ R > III, �Ì�A�mØ·,, Ïd� k > 2�, #
i C

(k)
1 = 0. � k = 1

�,d½n 2��, #
iC

(1)
1 =

Ki∑
k=1

k#1C
(k)
i ,

Ki∑
k=1

k#1C
(k)
i = (n− i+1)(s−1)Ai−1+ i(s−2)Ai+

(i + 1)Ai+1, �
#
iC

(1)
1 = (n− i + 1)(s− 1)Ai−1 + i(s− 2)Ai + (i + 1)Ai+1. Ï� i�¤©

�A�o�ê�
(
n
i

)
(s− 1)i−1, � #

iC
(0)
1 =

(
n
i

)
(s− 1)i−1 − (n− i + 1)(s− 1)Ai−1 − [i(s−

2)− 1]Ai − (i + 1)Ai+1. �

½n 7��
O¶¤©ê #
iC

(k)
0 � Ai, ±9

#
iC

(k)
1 � Aj (j = i − 1, i, i + 1)�m�'

X. �Ò´`, ÏL���O�i�.W �O�Ñ ACNP¥��� #
iC0Ú

#
i C1. e¡�(

Ø�±d½n 7��.

íØ 8 é?¿ sn−m�5�O, K

(a) e©EÝ R > III, K #
2C1 =

((
n
2

)
(s− 1)− 3A3, 3A3

)
;
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(b) e©EÝ R = IV, K #
2C1 =

((
n
2

)
(s− 1), 0

)
� #

3C1 =
((

n
3

)
(s− 1)2 − 4A3, 4A3

)
.

y²: (a) �©EÝ R > III, K A1 = A2 = 0. d½n 7��, � i = 2�, k

#
2C

(0)
1 =

(
n

2

)
(s− 1)− (n− 1)(s− 1)A1 − [2(s− 2)− 1]A2 − 3A3,

#
2C

(1)
1 = (n− 1)(s− 1)A1 + 2(s− 2)A2 + 3A3.

¤± #
2C1 =

((
n
2

)
(s− 1)− 3A3, 3A3

)
.

(b) �©EÝ R = IV�, A3 = 0. d½n 7��, #
2C1 =

((
n
2

)
(s− 1), 0

)
. Ón, #

3C1 =((
n
3

)
(s− 1)2 − 4A4, 4A4

)
. �

§4. �Y²eO¶�Aê.�m�'X

�é�Y²�O, ZhangÚ Cheng [8]ÏLO¶�Aê.��
 A3, A4±9 A5�O�

úª, Ù¥ A3�L�ª��©¥��,  A49 A5�L�Xe:

A4 =
1

6

K2∑
k=1

k#2C
(k)
2 , A5 =

1

10

K3∑
k=1

k#2C
(k)
3 − n− 3

10

K2∑
k=1

k#1C
(k)
2 . (3)

�âíØ 5¥i� Ai�
Kj∑
k=1

k#1C
(k)
j �m�'X, ��

A4 =
1

4

K2∑
k=1

k#1C
(k)
3 , A5 =

1

5

K4∑
k=1

k#1C
(k)
4 − (n− 3)

5!!

K2∑
k=1

k#1C
(k)
2 . (4)

ò (3)Ú (4)?1é', uyi� A4Ú A5�L�ØÓ. �3Ó���O¥, Ai´��(½

�. Ïd, òü«'ui��L�ª?1éá, l��

1

4

K2∑
k=1

k#1C
(k)
3 =

1

6

K2∑
k=1

k#2C
(k)
2 ,

1

5

K4∑
k=1

k#1C
(k)
4 − (n− 3)

5!!

K2∑
k=1

k#1C
(k)
2 =

1

10

K3∑
k=1

k#2C
(k)
3 − n− 3

10

K2∑
k=1

k#1C
(k)
2 .

éu�Y²�O, ZhangÚ Park [13]½Â
 lCm� l��m�Ïf�p�A�O¶'

Xê, ��
 lCm�i�.�m�'X

lCm =
l∑

k=0

(
n− (m− l + 2k)

l − k

)(
m− l + 2k

k

)
Am−l+2k. (5)

ùp5½
(
n
0

)
= 0, XJ x < y½ö x < 0�, K

(
x
y

)
= 0. Zhang� [7]��O¶'Xê�O

¶�Aê.�'X�

iCj =
Kj∑
k=1

k#iC
(k)
j . (6)
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lþ¡�ªf¥, ·�uy
Ki∑
k=1

k#2C
(k)
i �±d

Kj∑
k=1

k#1C
(k)
j (j = 1, 2, · · · , i+ 1)L«. e

¡�(Ø�«
ù�5Æ.

½n 9 éu 2n−m�5�O, e i > 2� t���ê, K

(i) � i = 4t�, k

Ki∑
k=1

k#2C
(k)
i =

n

2i
(n− i + 2)

(i−2)/2∑
j=1

(−1)j+1 (2j − 2)!!(n− 2j)!!

(i− 2)!!(n− i + 2)!!

K2j−1∑
k=1

k#1C
(k)
2j−1

+
1

2i
(i− 1)(n− i)

Ki−1∑
k=1

k#1C
(k)
i−1 +

i + 1

2

Ki+1∑
k=1

k#1C
(k)
i+1.

(ii) � i = 4t + 1�, k

Ki∑
k=1

k#2C
(k)
i =

n

2i
(n− i + 2)

(i−3)/2∑
j=1

(−1)j+1 (2j − 1)!!(n− 2j − 1)!!

(i− 2)!!(n− i + 2)!!

K2j∑
k=1

k#1C
(k)
2j

+
1

2i
(i− 1)(n− i)

Ki−1∑
k=1

k#1C
(k)
i−1 +

i + 1

2

Ki+1∑
k=1

k#1C
(k)
i+1.

(iii) � i = 4t + 2�, k

Ki∑
k=1

k#2C
(k)
i =

n

2i
(n− i + 2)

(i−2)/2∑
j=1

(−1)j
(2j − 2)!!(n− 2j)!!

(i− 2)!!(n− i + 2)!!

K2j−1∑
k=1

k#1C
(k)
2j−1

+
1

2i
(i− 1)(n− i)

Ki−1∑
k=1

k#1C
(k)
i−1 +

i + 1

2

Ki+1∑
k=1

k#1C
(k)
i+1.

(iv) � i = 4t + 3�, k

Ki∑
k=1

k#2C
(k)
i =

n

2i
(n− i + 2)

(i−3)/2∑
j=1

(−1)j
(2j − 1)!!(n− 2j − 1)!!

(i− 2)!!(n− i + 2)!!

K2j∑
k=1

k#1C
(k)
2j

+
1

2i
(i− 1)(n− i)

Ki−1∑
k=1

k#1C
(k)
i−1 +

i + 1

2

Ki+1∑
k=1

k#1C
(k)
i+1.

y²: � i < j �, �â (5)Ú (6), ��

Kj∑
k=1

k#iC
(k)
j =

i∑
l=0

(
n− (j − i + 2l)

i− l

)(
j − i + 2l

l

)
Aj−i+2l.

� i = 1�, k
Kj∑
k=1

k#1C
(k)
j = (n− j + 1)Aj−1 + (j + 1)Aj+1. (7)
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� i = 2�, k

2
Kj∑
k=1

k#2C
(k)
j = (n− j + 2)(n− j + 1)Aj−2 + 2j(n− j)Aj + (j + 2)(j + 1)Aj+2. (8)

3 (7)¥^ j + 1O� j, �

Kj+1∑
k=1

k#1C
(k)
j+1 = (n− j)Aj + (j + 2)Aj+2. (9)

¤±,

(j + 2)Aj+2 =
Kj+1∑
k=1

k#1C
(k)
j+1 − (n− j)Aj .

òÙ�\ (8)ª¥, �n�

2
Kj∑
k=1

k#2C
(k)
j = (n− j + 2)(n− j + 1)Aj−2 + (j − 1)(n− j)Aj + (j + 1)

Kj+1∑
k=1

k#1C
(k)
j+1.

�âíØ 3�

Aj =
1

j

Kj−1∑
k=1

k#1C
(k)
j−1 −

(n− j + 2

j

)
Aj−2,

ò Aj �\þª�

Ki∑
k=1

k#2C
(k)
i =

n

2i
(n− i + 2)Ai−2 +

1

2i
(i− 1)(n− i)

Ki−1∑
k=1

k#1C
(k)
i−1 +

i + 1

2

Ki+1∑
k=1

k#1C
(k)
i+1.

díØ 5, ·�ò i©�oa:

(i) � i = 4t�, i− 2� 4t + 2a, K

Ki∑
k=1

k#2C
(k)
i =

n

2i
(n− i + 2)

(i−2)/2∑
j=1

(−1)j+1 (2j − 2)!!(n− 2j)!!

(i− 2)!!(n− i + 2)!!

K2j−1∑
k=1

k#1C
(k)
2j−1

+
1

2i
(i− 1)(n− i)

Ki−1∑
k=1

k#1C
(k)
i−1 +

i + 1

2

Ki+1∑
k=1

k#1C
(k)
i+1.

(ii) � i = 4t + 1�, i− 2� 4t + 3a, K

Ki∑
k=1

k#2C
(k)
i =

n

2i
(n− i + 2)

(i−3)/2∑
j=1

(−1)j+1 (2j − 1)!!(n− 2j − 1)!!

(i− 2)!!(n− i + 2)!!

K2j∑
k=1

k#1C
(k)
2j

+
1

2i
(i− 1)(n− i)

Ki−1∑
k=1

k#1C
(k)
i−1 +

i + 1

2

Ki+1∑
k=1

k#1C
(k)
i+1.

(iii) � i = 4t + 2�, i− 2� 4ta, K

Ki∑
k=1

k#2C
(k)
i =

n

2i
(n− i + 2)

(i−2)/2∑
j=1

(−1)j
(2j − 2)!!(n− 2j)!!

(i− 2)!!(n− i + 2)!!

K2j−1∑
k=1

k#1C
(k)
2j−1
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+
1

2i
(i− 1)(n− i)

Ki−1∑
k=1

k#1C
(k)
i−1 +

i + 1

2

Ki+1∑
k=1

k#1C
(k)
i+1.

(iv) � i = 4t + 3�, i− 2� 4t + 1a, K

Ki∑
k=1

k#2C
(k)
i =

n

2i
(n− i + 2)

(i−3)/2∑
j=1

(−1)j
(2j − 1)!!(n− 2j − 1)!!

(i− 2)!!(n− i + 2)!!

K2j∑
k=1

k#1C
(k)
2j

+
1

2i
(i− 1)(n− i)

Ki−1∑
k=1

k#1C
(k)
i−1 +

i + 1

2

Ki+1∑
k=1

k#1C
(k)
i+1.

þã^�ÑI÷v i > 2, � i = 2�,

K2∑
k=1

k#2C
(k)
2 =

3

2

K3∑
k=1

k#1C
(k)
3

E÷v, � i > 2�, þª�¤á. �

�é�Y²�O, ½n 9��
 #
2Ci �

#
1Cj �m�'X. e¡�íØ�½n 9Jø


�
A~.

íØ 10 é©EÝ R > III� 2n−m�5�O, K

K2∑
k=1

k#2C
(k)
2 =

3

2

K3∑
k=1

k#1C
(k)
3 ,

K3∑
k=1

k#2C
(k)
3 =

1

3
(n− 3)

K2∑
k=1

k#1C
(k)
2 + 2

K4∑
k=1

k#1C
(k)
4 ,

K3∑
k=1

k#3C
(k)
3 =

2

3
(n− 4)

K3∑
k=1

k#1C
(k)
3 +

10

3

K5∑
k=1

k#1C
(k)
5 .

y²: d½n 9, � i = 2, 3�, O����Y²e
K2∑
k=1

k#2C
(k)
2 ,

K3∑
k=1

k#2C
(k)
3 �L�ª.

ChenÚ Liu [9]�Ñ
 A6�L�ª

A6 =
1

20

K3∑
k=1

k#3C
(k)
3 − n− 4

20

K2∑
k=1

k#2C
(k)
2 . (10)

díØ 5��

A6 =
1

6

K5∑
k=1

k#1C
(k)
5 − (n− 4)

6× 4

K3∑
k=1

k#1C
(k)
3 . (11)

ò (10), (11)éá, �

K3∑
k=1

k#3C
(k)
3 =

10

3

K5∑
k=1

k#1C
(k)
5 − 5(n− 4)

6

K3∑
k=1

k#1C
(k)
3 + (n− 4)

K2∑
k=1

k#2C
(k)
2 .

qÏ�
K2∑
k=1

k#2C
(k)
2 =

3

2

K3∑
k=1

k#1C
(k)
3 ,
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�\=�
K3∑
k=1

k#3C
(k)
3 =

2

3
(n− 4)

K3∑
k=1

k#1C
(k)
3 +

10

3

K5∑
k=1

k#1C
(k)
5 .

�y. �

§5. � (

�©Ì�ïÄ s (s > 2)Y²�5�O�O¶¤©ê.�i�.!i�.���!±

9Ü©O¶¤©ê.�m�'X. ù
(Øí2
©z [8, 9, 12]¥O¶¤©ê.�i�.

�m�(Ø, ¿���
�
#�(Ø, ?�Ú�õ
 GMCnØ. X, ½n 2ÏLO¶¤

©ê.¥� #
1Ci ��
i�. Ai+1 � Ai Ú Ai−1 (i > 2)�m�S�'X, �O�i�.

Jø�â. d½n 2��
eZíØ, X�!nY²�5�O¥O¶¤©ê.�i�.�

m�éX (íØ 3Ú 6). ?�Ú,���Y²ei�Ai�
#
1Cj �m���L� (íØ 5). ,

��¡, é sY²�O, ½n 7�«
ÏLi�.�±O�Ü©O¶¤©ê., Xd A3 �

� #
2C1 Ú

#
3C1 �O�úª (íØ 8). 3ïÄ¥, ·�uyO¶¤©ê.�m��3X,«

éX, ½n 9ÚíØ 10�Ñ
�Y²�5�O¥,
O¶¤©ê.�m�êÆL�. ,,

·�ÿ���nY²±þ�O�O¶¤©ê.�m�'X, ùò3±��ó�¥UYïÄ.

ë � © z

[1] BOX G E P, HUNTER J S. The 2k−p fractional factorial designs part I, part II [J]. Technometrics,

1961, 3(3): 311–351 and 3(4): 449–458.

[2] FRIES A, HUNTER W G. Minimum aberration 2k−p designs [J]. Technometrics, 1980, 22(4): 601–

608.

[3] SUN D X. Estimation capacity and related topics in experimental designs [D]. Waterloo, Canada:

University of Waterloo, 1993.

[4] HU J W, ZHANG R C. Some results on two-level regular designs with general minimum lower-order

confounding [J]. J Statist Plann Inference, 2011, 141(5): 1774–1782.

[5] MUKERJEE R, WU C F J. A Modern Theory of Factorial Designs [M]. New York: Springer, 2006.

[6] ë�|. �5Ü©Ïf�O��`5nØ��E�{ [J]. A^VÇÚO, 2015, 31(3): 320–336.

[7] ZHANG R C, LI P, ZHAO S L, et al. A general minimum lower-order confounding criterion for

two-level regular designs [J]. Statist Sinica, 2008, 18(4): 1689–1705.

[8] ZHANG R C, CHENG Y. General minimum lower order confounding designs: an overview and a

construction theory [J]. J Statist Plann Inference, 2010, 140(7): 1719–1730.

[9] CHEN J, LIU M Q. Some theory for constructing general minimum lower order confounding design-

s [J]. Statist Sinica, 2011, 21(4): 1541–1555.

[10] ZHANG R C, MUKERJEE R. Characterization of general minimum lower order confounding via

complementary sets [J]. Statist Sinica, 2009, 19(1): 363–375.



1 6Ï o�, o�²: �5Ü©ÏÛ�OO¶¤©ê.��
5� 597

[11] LI Z M, ZHANG T F, ZHANG R C. Three-level regular designs with general minimum lower-order

confounding [J]. Canad J Statist, 2013, 41(1): 192–210.

[12] LI Z M, ZHAO S L, ZHANG R C. On general minimum lower order confounding criterion for s-level

regular designs [J]. Statist Probab Lett, 2015, 99: 202–209.

[13] ZHANG R C, PARK D K. Optimal blocking of two-level fractional factorial designs [J]. J Statist

Plann Inference, 2000, 91(1): 107–121.

Some Porperties of Aliased Component-Number Pattern

for Regular Fractional Factorial Designs

LI Zhi LI Zhiming

(College of Mathematics and System Science, Xinjiang University, Urumqi, 830046, China)

Abstract: General minimum lower-order confounding and minimum aberration are two important cri-

teria to select s (s > 2)-level optimal regular fractional factorial designs. Their classification are based on

the aliased component-number and word-length patterns, respectively. The paper mainly studies some

properties of the aliased component-number pattern for s-level regular designs. We obtain that the ele-

ments of word-length pattern are expressed as some functions of aliased component-numbers under s-level

case. It reveals the relationship between the aliased component-number and word-length patterns. On

the other hand, we can calculate some aliased component-numbers by word-length pattern. Further, the

formulas of some aliased component-numbers are provided for two-level designs.

Keywords: regular design; defining relation; word-length pattern; minimum aberration criterion; aliased

component-number pattern; general minimum lower-order confounding criterion
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