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§1. Ú ó

d Dempster [1] JÑ�pdã�.Cc5�2�A^u©Ûp�êâ [2, 3], Ù¥'�

�¯K��´¦�.¥ëê�4�q,�O. ¦4�q,�O�æ^²;�S�'~[Ü

(IPS)�{ [4, 5]. IPS�{ÏLØä�N�pdã�.����
½���_
±÷vq,

�§. �éup�pdã�., IPS�{�9�þ�p�Ý
�¦{!¦_
�ö�, Ï

E,Ý�p. ©z [6, 7]|^ã�.�n�zãÚé�ä, æ^ÛÜO�Ú��O�üÑ,
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�´, IPSP�{?1zºS�ÛÜN��, �DÚ� IPS�{�aq, ezºS¹�

Cþ�õ, O�E,Ý�p. �©ò|^ IIPS�{O� IPSP�{zºS�ÛÜN�, J

Ñ#�{ IPSP-JT. ·��Ñ
zºSÛÜN�� IIPS¤¦^�>ê���ã(�, y²


Ù�3��5, �Ñ
�A�ÛÜé�ä�ï�{, ��?1
ê�¢�.

�©1 2 !0�ã�.�Ä�VgÚnØ, 1 3 !y²
zºSÛÜN�� IIPS

¤¦^�>ê���ã(���3��5, ¿�Ñ
ÛÜé�ä�ï�{. 1 4!JÑ

IPSP-JT�{, ?1ê�¢�. ��1 5!?1o(.

§2. Ä�Vg9nØ

�!{ü0�ã�.�Ä�VgÚnØ, ��;Í [5, 9]Ú©z [10–12].

2.1 ã�Vg

� G = (V,E)´��{üÃ�ã, Ù¥ V º:8, E �>8. f8 A ⊆ V ��Ñfã
½Â� GA = (A,EA), Ù¥ EA = {(u, v) ∈ E |u, v ∈ A}. e A ⊆ V ¥¤kº:mk>�

ë, K¡Ù´���. �����f8¡�ì, ã G�¤kì�8ÜP�K (G).

dØÓº:|¤�S� u0, u1, . . . , un, eÙ��ü: ui−1, uik>ë�, K¡TS��

´. é A,B, S ⊆ V , e G¥ AÚ B m�¤k�´Ñ²L S ¥�:, K¡ S ©l AÚ B,

P� A B |S[G]. e´ u0, u1, . . . , un �Ä��ë, = u0 = un, K¡Ù� n��. ëÏ�

Ã�ã¡�ä. eã¥Ø¹�Ý�u�u 4��Ãu�, ·�¡Ù�n�ã. ã G´n�

ã��=�§�3ìS� C1, C2, . . . , Cm äkD�5, =, é t = 2, 3, . . . ,m, �3 p < t

¦� St = Ct ∩
( t−1⋃
i=1

Ci
)
⊆ Cp. Ù¥, P Rt = Ct \ St, ¿¡ Cp � Ct �I!:, Ct � Cp

�f!:. ·�lz�!: Ct �ÙI!: Cp ë>�����ä, ¡�é�ä, P� T =

(K (G), ET ).

XJ G = (V,E)Ø´n�ã, �±�âe¡�n�zL§�Ù¥V\>����n�

ã [9, 13]. äN/, éã G, � n�Ùº:��ê, º:���üS α� V � 1, 2, . . . , n��

�V�. - G0
α = G, é i = 1, 2, . . . , n− 1, òº: α−1(i)3 Gi−1

α ¥¤k�ØmÑë>, 

�òº: α−1(i)Ú�Ù�ë�>l Gi−1
α ¥ÑíØ, l��ã Giα. P¤k#V\>�8

Ü� F , u´ G+
α = (V,E ∪ F )´n�ã, ¡� G�n�zã.

2.2 pdã�.9S�'~[Ü�{

�ã G�º: u ∈ V L«�ÅCþ Xu, K X = (Xu)u∈V L«�Å�þ, ÙéÜVÇ

©Ù� P . é A,B, S ⊂ V , �½ XS � XA � XB ^�ÕáP� XA XB |XS [P ]. eé

?¿ A,B, S ⊂ V , A B |S[G]%¹ XA XB |XS [P ], K¡VÇ P �éu G÷vê¼
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5. �éuã G÷vê¼5�VÇ©Ù��N¡�ã�.. XJVÇ©Ù�õ���©Ù,

K¡ã�.�pdã�. [1], �¡����ÀJ�., P� N(G).

� x1, x2, . . . , xn�5gu N(G)�ÕáÓ©Ù��, -

x =
1

n

n∑
i=1

xi, S =
1

n

n∑
i=1

(xi − x)(xi − x)T.

u´, q,¼ê�

L(µ,Σ) ∝ (det Σ)−n/2 exp
{
− n

2
tr(Σ−1S)− n

2
tr[Σ−1(x− µ)(x− µ)T]

}
,

K µ�4�q,�O� x. ���
�4�q,�O÷ve¡��§|,

ΣCC = SCC , ∀C ∈ K (G).

¦)þã�§|�æ^S�'~[Ü (IPS)�{ [4, 5]. IPS�{ëYØä/N���

�
, ¦Ù÷vq,�§. �d, k0�>�N��f AC , Ù½Â�

ACΣ =

(
SCC SCCΣ−1

CCΣCa

ΣaCΣ−1
CCSCC Σaa − ΣaCΣ−1

CCΣCa + ΣaCΣ−1
CCSCCΣ−1

CCΣCaΣCaΣCC

)
,

Ù¥ C∈K (G), a=V \C. é?¿�½�ìS� C1, C2, . . . , Ck∈K (G), 48½Â Σ(m+1)

= (AC1 AC2 . . . ACk
ACk

)Σ(m), m = 0, 1, 2, . . ., Ù¥ Σ(0) � N(G)¥,��©Ù���

�
. u´, Σ(m)Âñ����
�4�q,�O [4, 5].

,lO�E,Ý�Ý, �f AC �Ñ��ö�´Ý
¦_ÚÝ
¦{. � mul(n)�

pd –����{ [14], ¦ n× nÝ
�_¤I¦{gê. K IPS�{é¤k�ì>�ÑN

��g�I¦{$�gê�
∑

C∈K (G)

[ mul(C) + 2|a||CC|2 + 2|a|2|C| ], �[©ÛL§�©z

[12]�1 2.3.4!. ép�pdã�., IPS�{I��E|^ AC 5N����
, ÏE

,Ý�p.

�d, Xu� [6] JÑ
U?� IPS (IIPS)�{, =�{ 1. Ù¥1 31, �âé�ä T

�(�òpd�Ý©)�>��Ý�õ�^��Ý�¦È, l¢y�f AC éé�ä!

:���
f
�ÛÜN�; 1 71¢yd>��ÝÚõ�^��Ý¦ÑéÜ�Ý. 'u

T�{���[�Øã, �ë�©z [12]�1ÊÙ. IIPS�{?1ÛÜN��I�¦{∑
K∈K (Gt), C⊂K

[ mul(|C|) + 2|C||K \ C|2 + 2|K \ C||C|2 ]g, æ^&EDÂ�f?1��

O��, I�¦{ 2
∑

(K1,K2)∈ET

[ mul(|S|) + |S||R1|2 + |S||R2|2 + |R1||S|2 + |R2||S|2 ]g, Ù

¥ S = K1 ∩K2, R1 = K1 \ S, R2 = K2 \ S.

��ã(���E,�, IIPS �{I�;�þ�¥m(J, �mE,Ýép. Xu

� [8] Ø|^é�ä, Äuì©ºüÑ, Ó�¢y
ÛÜO�Ú��O�, U?
 IPS �
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Algorithm 1: IIPS�{

Input: pdã�. N(G), Ð©©Ù N(x,Σ) ∈ N(G)

Output: 4�q,�O Σ

1 Ïé G��`n�zã Gt, �ïé�ä T = (K (Gt), ET );

2 é G�¤kì, ¿òz�ì C ©�� T �,!:K þ, ¦� C ⊆ K;

3 X©z [12]�1 2.3.2!¤ã, ò��©Ù N(x,Σ)C1� T þ;

4 while �{vkÂñ do

5 IP T �¤k!:Ñ���¯;

6 N^©z [12]��{ 5.1.1 DFA(K1)æ��Ý`k�ªN��¹3 T ���!:S� G�¤

kì;

7 |^©z [12]1 2.3.2!¥½Â�d3¼ê�|Üö�O� [−,Σ](V | −) = ⊗K∈K (Gt)φK ;

{, ¡� IPSP. 3�{1 1 1, �æ^ Bron-Kerbosch �{ [15] Ïé¤k�ì; 1 5!6

1�ÛÜN��O�ó�; 1 7!8 1|^�f AC é1 i ºS���ì>�?1ÛÜ

N�; 1 9 1¡EéÜVÇ����
. IPSP ò¤kì>�N��gI�¦{gê�
N∑
i=1

{
mul(|Ui|) + 2|Ui|2|U i|+ 2|Ui||U i|2 +

∑
C∈Ki

[ mul(|C|) + 2|a||C|2 + 2|a|2|C| ]
}

, Ù¥ a =

Ui \ C. �¯¢þ, 1 7!81� IPSéì>��N�´�q�. �1 iº�ÛÜ Uié��,

E,Ý�,�p. �ü$E,Ý, �©ò|^ IIPS�O1 7!81�ÛÜ>�N�.

Algorithm 2: IPSP�{

Input: pdã�. N(G)ÚÐ©©Ù N(x,Σ) ∈ N(G)

Output: 4�q,�O Σ

1 é G�¤kìK (G);

2 |^�[ò»�{, éK (G)�¦�{E,Ý�$��`©yW = {K1,K2, . . . ,KN}¦�
N⋃
i=1

Ki = K (G), �é i 6= j, Ki 6= ∅, Ki ∩Kj = ∅;

3 while �{vkÂñ do

4 for i = 1 to N do

5 Ui ←
⋃

C∈Ki

C, U i ← V \ Ui;

6 - Φ← ΣUiUi
, Ψ← Σ−1

UiUi
ΣUiUi

;

7 for z�ì C ∈ Ki do

8 Φ← ACΦ;

9 Σ←

(
Φ ΦΨ

ΨTΦ ΣUiUi
− ΣUiUi

Ψ + ΨTΦΨ

)
;
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§3. ÛÜã(�9é�ä��ï

d IIPS�{�, ^§O� IPSP�{�17!81?1ÛÜN�, ·�I�)û±eü

�'�¯K.

(I) é ∆ = Ui ⊆ V , �ïÛÜã(� G̃ = (∆, E(G̃)), ¦�é?¿ P ∈ N(G), Ù>�V

Ç P∆ ∈ N(G̃).

(II) �ï G̃�n�zã G̃t, ¿ïá G̃t�é�ä, ^u IIPS?1ÛÜN�O�.

3.1 ÷v (I)�>ê���ã��3��5

éu¯K (I), ·�k|^��L§, �Ñ÷v^�� G̃, ¿y²ù���� G̃´÷v

^��>ê������ã.

·K 1 3ã G = (V,E)¥, é ∆ ⊂ V , - k = |V \ ∆|. À�º:�üS α÷v,

é?¿� v ∈ V \ ∆, α−1(v) 6 k. Gkα ��â α�� V \ ∆¥º:���ã, é?¿�

P ∈ N(G), Ù>�VÇ P∆ ∈ N(Gkα).

y²: ky², é?¿� A,B, S ⊆ ∆, e A B |S[Gkα], K A B |S[Gk−1
α ].

?� u ∈ A, v ∈ B, ?� Gk−1
α ¥ë� u, v�´ p : u, u1, u2, . . . , um, v, � pØ²Lº

: α(k)�, p� Gkα ¥�´, du A B |S[Gkα], ÏT´²L S ¥º:; � p²Lº:

α(k)�, � α(k) = uj , dn�z�L§�, uj−1 � uj+1 3 Gkα ¥k>�ë, ¤± p¥íØ

º: uj = α(k)���´´ Gkα ¥�´, Ï�3º:3 S ¥. ¤± u v |S[Gk−1
α ], ?

A B |S[Gk−1
α ].

d8B{´�, é?¿� A,B, S ⊆ ∆, e A B |S[Gkα], K A B |S[G0
α], = A

B |S[G]. lé?¿���©Ù P ∈ N(G), XA XB |XS [P ], = XA XB |XS [P∆]. ·

K 1�y. �

Ï, l G¥k�g�� V \∆Sº:��� Gkα÷v (I)�^�. ¿�de¡�(Ø

��, ã Gkα´���, Ø�üS αUC. kwü�Ún.

Ún 2 éã G = (V,E)Ú�½�º:S α, (u, v)´�V\�>��=� G¥�3

´ u, v1, v2, . . . , vm, v, T´�¥mº: vi (1 6 i 6 m)�S α(vi) < min{α(u), α(v)}.

TÚn�Ñ
V\>��½^�, y²�©z [13]�½n 1.

Ún 3 3ã G = (V,E)¥, é ∆ ⊂ V , - k = |V \∆|. À�º:�üS α÷v, é

?¿� v ∈ V \∆, α(v) 6 k. K Gkα�>8�

E(Gkα) = E(G∆) ∪ {(u, v) |u 6= v ∈ ∆, (u, v) /∈ E(G),

�3 G¥�´ u, u1, u2, . . . , um, v, ÷vé 1 6 j 6 mk α(uj) 6 k¤á}. (1)

y²: dn�zL§ÚÚn 2, ´�mà�¹u�à. e¡y²�à�¹umà.



324 A^VÇÚO 1 34ò

?� (u, v)´ Gkα ¥�V\�>, dÚn 2�, G¥�3´ u, v1, v2, . . . , vm, v, T´�

¥mº: vi (1 6 i 6 m)�S α(vi) < min{α(u), α(v)}. be G¥÷vþã^��¤k´

¥Ñ�3º: vi0 , ÙS α(vi0) > k, Kd��L§�, 3�� V \∆¥º:�ØUV\>

(u, v), ¤±gñ. Ï, G¥�3÷v^��ë� u, v�´. ¤±�à�¹umà. �

íØ 4 é�½� ∆ ⊆ V , - k = |V \∆|. �º:8�ü�üS α1 Ú α2 ÷vé?

¿ u ∈ V \∆, α1(u) 6 kÚ α2(u) 6 k, Kk Gkα1
= Gkα2

.

±þ·K`², Gkα ÷v (I)�^�. ´�, ± ∆�º:8�ã, ���¹ Gkα, Ò÷v

(I)�^�. @o, Gkα ¥��
>�÷v (I)�^�í? e¡�·K 6Ú·K 7�Ñ
Ä½

�£�. kw��Ún.

Ún 5 ãG = (V,E)k n > 2�º:,Ù¥ V = {v1, v2, . . . , vn}, E = {(vl, vm) | |l−
m| = 1}. ��VÇ©Ù P ��Ý�

p(xV ) = const×
n∏
i=1

exp
[
− 1

2
(x2
vi − xvixvi+1)

]
, (2)

Ù¥ xvn+1 = 0. Ké?¿�é (l,m), Xvl ,Xvm [P ], ¿�©Ù P �éu G÷vê¼5.

TÚn´©z [16]¥Ún 2.2�A~. e¡�Ñü�7�^�.

·K 6 éã G = (V,E)Ú ∆ ⊂ V , eã G̃ = (∆, E(G̃))÷v?Ö (I), K E(G∆) ⊆
E(G̃).

y²: �y{. eØ,, K�3 (u, v) ∈ E(G∆), �´ (u, v) /∈ E(G̃). y�ÄVÇ©Ù

P , Ù�Ý�

p(xV ) = p(xu, xv)p
0(xV \{u,v}), (3)

Ù¥

p0(xV \{u,v}) = const×
∏

w∈V \{u,v}
exp

(
− 1

2
x2
w

)
,

p(xu, xv)äk (2)ª�/ª. ´�,©ÙP �éuG÷vê¼5,¿�X{u,v} XV \{u,v}[P ],

Xu , Xv[P ]. lé?¿ C ⊆ ∆, Ñk Xu , Xv |XC [P ], �= Xu , Xv |XC [P∆], ù�

P∆ ∈ N(G̃)gñ. �

·K 7 ã G = (V,E), ∆ ⊂ V , ã G̃ = (∆, E(G̃))÷v?Ö (I). é?¿� u, v ∈ ∆,

e3 G¥�3�^´ u, v1, v2, . . . , vm, v, Ù¥mº: vi ∈ V \∆, K (u, v) ∈ E(G̃).

y²: �y{. e (u, v) /∈ E(G̃), K�3 C ⊆ ∆¦� {u} {v} |C[G̃]. y�ÄVÇ

©Ù P , Ù�Ý�

p(xV ) = p(xu, xv1 , xv2 , . . . , xvm , xv)p
0(xV \{u,v,v1,v2,...,vm}), (4)

Ù¥

p0(xV \{u,v,v1,v2,...,vm}) = const×
∏

w∈V \{u,v,v1,v2,...,vm}
exp

(
− 1

2
x2
w

)
,
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p(xu, xv1 , xv2 , . . . , xvm , xv)äk (2)ª�/ª. ´�, ©Ù P �éu G÷vê¼5, ¿�

X{u,v} XV \{u,v1,v2,...,vm,v}[P ], Xu ,Xv[P ]. lé?¿ C ⊆ ∆, Ñk Xu ,Xv |XC [P ],

�= Xu ,Xv |XC [P∆], ù� P∆ ∈ N(G̃)gñ. �

d·K 6Ú·K 7�, Gkα´÷v (I)�>ê���ã. �díØ 4�, ù�ã´�3�

��.

3.2 �ïé�ä

e¡�ÄXÛïá Gkα �n�zã9Ùé�ä. ¯¢þ·��±|^©z [6]ïÆ�

MCS-M�{ [17] Úí2�MCS�{ [18]. ,� IPSP�{¥ì�©ºê���, I�?

1õg���L§�ï Gkα, ïáÙn�zã9é�ä. �·�²�[¢�uy, ù��'

�Ñ�. �d, �!l�ã GÑu���Eé�ä, ���ï GkαÚòÙn�z��m.

3ãG = (V,E)¥, é∆ ⊆ V , -G? = (V ∪{?}, E?), Ù¥E? = E∪{(?, u) |u ∈ ∆}.
|^ MCS-M�{kéº: ??Ò, ïá G? �n�zã, P� H?. - H = H?

V , d�¡

��Æ¬Æ Ø© [10]¥½n 6.5.4�, H ´ G�4� m -n�zã, ?�´ G�n�

zã. ?�Ú, d©z [19]�·K 2�, G�3º:8�üS α, ÷vé?¿� v ∈ V \∆,

α(v) 6 |V \∆|, �âdS�� V \∆S�º:, ��� Gkα�n�zã H∆.

�â©z [20]1 3.1!?Ø�MCS-M�MCS�m�'X, ±9©z [18]1 4!�(

Ø�, �±��ã H? �äkD�5�ìS� C1, C2, . . . , Cm, ÷v ? ∈ C1. ·�ò�âd

S��ï H∆�é�ä, kwXeA�·K.

·K 8 éXþ� ∆ ⊆ V Ú H?�ìS� C1, C2, . . . , Cm, Ké?¿� 1 6 i 6 mk

Ci ⊆ ∆ ∪ {?} ⇔ Ri ∩∆ 6= ∅ ⇔ ? ∈ Ci. (5)

y²: ´� Ci ⊆ ∆ ∪ {?} ⇒ Ri ∩∆ 6= ∅. duMCS-MÄké ??Ò, ��Ø¬3 ?

�Ù¦!:�më>, ¤± ? ∈ Ci ⇒ Ci ⊆ ∆ ∪ {?}. e¡�Iy² Ri ∩∆ 6= ∅ ⇒ ? ∈ Ci.
du�âD�5�ìS� C1, C2, . . . , Cm �±ïáé�ä T , d©z [12]�Ún

2.1.1½©z [21]�Ún 9�, T ´©lä. be ? /∈ Ci, Kd©lä5��, Ri ∩∆ {?}
|Ci \Ri[H?], ù�3 H?¥ ?� Ri ∩∆¥º:k>�ëgñ. �

·K 9 éþã∆ ⊆ V ÚH?�ìS�C1, C2, . . . , Cm,S�C1∩∆, C2∩∆, . . . , Cm∩
∆äkD�5.

y²: dD�5�½Â´y·K¤á. �

·K 10 éXþ� ∆ ⊆ V Ú H? �ìS� C1, C2, . . . , Cm, - I = {i |Ri ∩∆ = ∅}.
Ké?¿� i ∈ I, �3 p < i� p /∈ I ¦� Ci ∩∆ ⊆ Cp ∩∆.

y²: ìS� C1, C2, . . . , Cm ¥ Ci �I!:P� Cpa(i). � I ¥��d���ü�

�g� i1, i2, . . . , is. � i = i1�, �3 p = pa(i)¦� Ci ∩∆ = Si ∩∆ ⊆ Cp ∩∆. � i = i2
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�, e pa(i2) = i1, K- p = pa(i1), ÄK p = pa(i2). ´y� Ci ∩∆ ⊆ Cp ∩∆. ld8B

{��·K¤á. �

d·K 9Ú·K 10, ��·K 11.

·K 11 éþã∆ ⊆ V ÚH?�ìS� C1, C2, . . . , Cm, 3S� C1 ∩∆, C2 ∩∆, . . .,

Cm ∩∆¥, e Ri ∩∆ = ∅, ò Ci ∩∆lS�¥íØ. K�e�8Ü´üüpØ�¹�, ¿

�U�S|¤�S�EkD�5.

y²: é?¿� Ci ∩ ∆, Cj ∩ ∆÷v Ri ∩ ∆ 6= ∅, Rj ∩ ∆ 6= ∅, d·K 8�, (Ci ∩
∆) \ (Cj ∩∆) = Ci \ Cj . du Ci, Cj ´ H? �ü�ì, ¤± Ci \ Cj 6= ∅, ? (Ci ∩∆) \
(Cj ∩∆) 6= ∅. ¤±�e�8ÜüüØ�¹. D�5�d·K 9Ú·K 10´�. �

·K 12 éþã∆ ⊆ V ÚH?�ìS� C1, C2, . . . , Cm, k {Ci ∩∆ |Ri ∩∆ 6= ∅} =

K (H∆)¤á.

y²: ky² ⊇. é?¿ K ∈ K (H∆), �3 Ci ∈ K (H?)¦� K ⊆ Ci, Ïd K ⊆
Ci ∩∆. e Ri ∩∆ 6= ∅, du K ´ì, Kk K = Ci ∩∆áu�à. eRi ∩∆ = ∅, d·K
10, �3 Cp ∩∆÷v Rp ∩∆ 6= ∅� Ci ∩∆ ⊆ Cp ∩∆. ?K ⊆ Cp ∩∆, duK ´ì, �

K = Cp ∩∆áu�à.

2y² ⊆. é?¿ Ci ∩∆÷v Ri ∩∆ 6= ∅, du Ci ∩∆´H∆¥���8, ¤±�3

K ∈ K (H∆)¦� Ci ∩∆ ⊆ K. dþ�ã�, �3 Cp ∩∆áu�à¦� K = Cp ∩∆. ?

�Úd·K 11, Ci ∩∆ = Cp ∩∆ = K ∈ K (H∆). �

d·K 11Ú·K 12, ·��±ïá H∆�é�ä, ���{ 3.

Algorithm 3: �ïÛÜé�ä

Input: ã G = (V,E)Ú∆ ⊆ V
Output: H∆�é�ä T = (K (H∆), ET )

1 �ïã G? = (V ∪ {?}, E?);

2 |^MCS-Mké ??Ò, �� G? �n�zã H? 9ÙäkD�5�ìS� C1, C2, . . . , Cm, ÷v

? ∈ C1;

3 3S� C1 ∩∆, C2 ∩∆, . . . , Cm ∩∆¥, e Ri ∩∆ = ∅, ò Ci ∩∆lS�¥íØ, K�e�8Ü´

H∆ �¤k�ì;

4 �â·K 9Ú·K 10, éK (H∆)¥�ì(½ÙI!:, lïáé�ä T = (K (H∆), ET );

§4. U?� IPSP�{9ê�¢�

�!|^ IIPSO� IPSP�{�1 7!81?1ÛÜN�, kJÑ#�{ IPSP-JT, Ù

¥ JT�Lé�ä. ,��Ñ��¢~, ��?1ê�¢�.
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IPSP-JT�{�Ú½���{ 4. Ù¥ 3� 51�ïÛÜ�é�ä, 1 91�O IPSP

�{�1 7!81, N^ IIPSÛÜN�ì>�. d IPSPÚ IIPS�¤I¦{gê�©Û

�, IPSP-JTò¤kìN��gI�¦{gê�
N∑
i=1

[
mul(|Ui|) + 2|Ui|2|U i| + 2|Ui||U i|2 +

Num Mul(Ti)
]
, Ù¥ Num Mul(Ti)� IIPS3 TiþÛÜN�ì>��¦{gê.

Algorithm 4: IPSP-JT�{

Input: pdã�. N(G)ÚÐ©©Ù N(x,Σ) ∈ N(G)

Output: 4�q,�O Σ

1 é G�¤kìK (G);

2 |^�[ò»�{, éK (G)��`©ºW = {K1,K2, . . . ,KN}¦�
N⋃
i=1

Ki = K (G), �é

i 6= j, Ki 6= ∅, Ki ∩Kj = ∅;
3 for i = 1 to N do

4 Ui ←
⋃

C∈Ki

C, U i ← V \ Ui;

5 ∆← Ui, N^ 3.2!��{ 3, ïáÛÜé�ä Ti = (K (H∆), ETi);

6 while �{vkÂñ do

7 for i = 1 to N do

8 Φ = ΣUiUi
Ú Ψ← Σ−1

UiUi
ΣUiUi

;

9 N^ IIPS�{, 3é�ä Ti þ, éz�ì C ∈ Ki >�, ÛÜN� Φ;

10 Σ←

(
Φ ΦΨ

ΨTΦ ΣUiUi
− ΣUiUi

Ψ + ΨTΦΨ

)
;

~ 13 ·��Ä��L«D®�x��ä�pdã�. [2], T�.¹ 9�Cþ, z

�CþL«��D®ÄÏ, ã(� G �ã 1(a). ã¥¹ 9 �ì, ©O´ C1 = {1, 5, 6},
C2 = {5, 6, 7}, C3 = {4, 5}, C4 = {5, 9}, C5 = {2, 3, 4}, C6 = {1, 2}, C7 = {2, 8}, C8 =

{3, 7}, C9 = {8, 9}. ·�æ^©z [8]�Ñ��`©ºW1 = {{C1, C2, C8}, {C3, C4, C9},
{C5, C6, C7}}. � i = 1, U1 = C1 ∪ C2 ∪ C8 = {1, 3, 5, 6, 7}, U1 = {2, 4, 8, 9}. � ∆ = U1

�, �ïG? = (V ∪{?}, E?), �ã 1(b). dMCS-M�G?�n�zã�äkD�5�ìS

� C1, C2, . . . , C6, lïáé�ä, �ã 1(c). d�{ 3�ï U1ÛÜ�é�ä, Xã 1(d).

� i = 2, 3, Ó��±�ïÛÜé�ä T2 Ú T3, ©O�ã 1(e)Úã 1(f). �ïL§d?Ø

2�ã. � U3�ÛÜé�ä=k��!:, ÏN�ì C5, C6, C7� IPSP�{�ª�Ó,

vk��{z. ùÌ�´duTãº:����Ï.

�â IPSP-JT�{�¦{O�gê©Û, ò¤kìN��gI¦{ 1 961g. æ^

IPSP�{¤I¦{O�gê� 1 979g [8], Ï, IPSP-JT' IPSP~� 18g¦{.

e¡?Øê�¢�, T¢�´3�C 2.90GHz ?nì 4GB S�� XP XÚþ|^

Matlab¢y�. �©Uì©z [8]Ú [12]��[�O�Y, k�)Xeüaã, Ù¥ n�ã
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1 3
2

4
5

6

8 9

7

(a)

1 3
2

4
5

6

8 9

7

*

(b)

*,1,
3,5,6

*,3,
5,6,7

1,3,
5,2

3,5,
2,4

5,
2,9

2,
9,8

C C C

C C C

1

2

3

4

5

6

(c)

1,3,
5,6

3,5,
6,7

(d)

4,
5,8

5,
8,9

(e)

1,2,
3,4,8

(f)

ã 1 (a)D®�x��ä (b) ∆ = U1 �� G? (c) G? �n�ã�é�ä (d) ∆ = U1 ��

ÛÜé�ä T1 (e) ∆ = U2 ��ÛÜé�ä T2 (f) ∆ = U3 ��ÛÜé�ä T3

�º:ê, pÚmL«ã�DÕ§Ý.

(I) k�Å�) n�º:���ä, ,�éä�?¿ü�º: u, v, ±VÇ p, 3 u, v�m

V\>, ��ã G.

(II) 3��/ [0, 1]2 S, Õáþ!/�Åx n�:��ã�º:. ézéº:, ±VÇ

ϕ(d/0.09)3ü:m�Å�ë>, Ù¥ ϕ´IO��©Ù��Ý, d´ü:m�ål.

z�º:���õkm��Ø. XJº:��Øõum�, �Å/íØ�
>, ��

�Øê�um. e���ãØ´ëÏ�, 3ëÏ©|m\>¦ÙC�ëÏã.

·��[
 n = 600, 1 000, 2 000, p = 0.01, 0.005, m = 5, 10��/, z«�/, �)
 50

�ã. éuz�ãUì©z [12]1 5.3!¤ã�)÷vê��Å5�pd©Ù, l¥Ä�

2 000���, ,�|^ IPSP-JT�{Ú IPSP�{¦4�q,�O, '�§��O��Ý,

²þO��m�L 1ÚL 2. lL¥�±wÑ, �º:ê n = 600�, ü�{�²þ�m�

�Ø²w. ¯¢þ, �ã�.�º:ê�u 600½'�È��, �[�J�éaq, du�

Ìk�¿��Ñ. ù«y���Ï3u, ÛÜ Ui�éA�é�ä Ti���ì¤¹º:ê�

�Øõ, l�� IPSP-JTÚ IPSP3 UiSÛÜN��E,Ý�Øõ. � n = 1 000, 2 000

�, IPSP-JT�²þ�m����u IPSP�²þ�m, ¿��Xã�.�º:ê�Oõ,

IPSP-JT!���m�õ.

L 1 1�aã�.�²þO��m (ü �¦)

º:ê n 600 1 000 2 000

:më�VÇ p 0.01 0.005 0.01 0.005 0.01 0.005

IPSP 8.99 6.50 68.58 38.29 732.39 602.19

IPSP-JT 8.99 6.29 61.79 25.63 702.25 477.74

§5. ( Ø

�©Äué�äþ� IIPS�{, ü$
 IPSP�{zºSÛÜN��E,Ý, JÑ
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L 2 1�aã�.�²þO��m (ü �¦)

º:ê n 600 1 000 2 000

��ë�>êm 5 10 5 10 5 10

IPSP 5.14 11.18 19.18 43.97 82.41 218.38

IPSP-JT 4.98 10.11 14.03 32.61 55.50 131.50

IPSP-JT�{. ê�¢�w«, éu$�½�éÈ��ã�., #�{ IPSP-JT��©�

IPSP�{O��Ý�Øõ. �éup�DÕã�., IPSP-JT' IPSP¯�õ. �©J�

� IPSPÏLN����
��4�q,�O. ¯¢þ, IPSP�kN����_
��

� [8], ·��±|^é�äþ� IHT�{ [7] 5U?N����_
� IPSP�{, ü$Ù

E,Ý, ù´·�?�Úò�ïÄ�SN.

�� a��áÈ�ïÆ. a�?�Ú"v<JÑ��BïÆ, é�©�þJ,�Ï

é�.
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Abstract: The IPSP algorithm is an efficient algorithm for computing maximum likelihood estimation

of Gaussian graphical models. It first divides clique marginals of graphical models into several groups, and

then it adjusts clique marginals in each group locally. This paper uses the IIPS algorithm on junction tree

to replace local adjustment on each group in the IPSP algorithm and propose a resulting algorithm called

IPSP-JT to reduce the complexity of the IPSP algorithm. Moreover, we give a graph with minimum edges

used by IIPS to adjust locally, and we prove its existence and uniqueness and construct a local junction

tree. Numerical experiments show that the IPSP-JT algorithm runs faster than the IPSP algorithm for

large Gaussian graphical models.

Keywords: iterative proportional scaling procedure; Markov property; triangulation; running intersec-

tion property; junction tree
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