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Modeling of measures with analytic hierarchy process for
fuzzy rough set and its application to emergency drill control

YI Tao, GENG Zhi-qiang, XU Yuan, ZHU Qun-xiong†
(College of Information Science & Technology, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: A comprehensive measure method for knowledge is proposed based on the analytic hierarchy process (AHP)
to tackle the complexity and difficulty in realizing the emergency drill control and finally achieving the effective control for
the system which many people participate in. Based on the analysis of features and relationship between measures of fuzzy
rough sets, the AHP is employed to build the hierarchy model of fuzzy rules; and a comparison matrix is constructed as an
example to illustrate the improvement of measure precision of fuzzy rules. After that, the control process is designed, and
the core control algorithm is developed based on the comprehensive measures. Relevant control rules are concluded from
the values of measures; and the algorithm for choosing rules from the rule base is proposed. Finally, an emergency drill
case in virtual reality validates the practicability of the presented research work.

Key words: fuzzy rough set; analytic hierarchy process (AHP); fuzzy entropy; fuzzy matching; fuzzy importance;
emergency drill control

1 ÚÚÚóóó(Introduction)
�zL§A:üö´�u�A:Oy´Äk

�!A:�AUåÚA:<
��Ó5?1��«

�[A:�A�¢�1�.DÚ�A:üö�N©�:
?Ø.üöÚ¢ö.üö,cöýÔÑÚüÑ,�
öýA:�AÚÔâ. Cc5,O�Å�ý�[9
ÏA:üö®²¤�#.�¢ö.üö/ª[1]. J[
y¢/n&EXÚ(virtual reality geography informa-
tion system, VRGIS)´/n&EXÚ�J[y¢Eâ
�(Ü��Ô,´8c/n&EXÚÚJ[y¢Eâ
ïÄ�9:Úc÷����[2]. $^VRGISÚO�Å
�äEâ�ïn�J[üö�¸!õ�ràëü�/

ª´8c.þ�pà�O�Å9Ïüö�ª. ÙA
:´^n��{�ï�J[üö�m�~�Cý¢

�üö�¸!õ<õ�ràëü�y
<�Ì*Ï�

�\\!���Ý/�C¢Ôüö�!��þ�<å

Ôå¤�. �ÃØ´O�Å9ÏVRGISüö/ª�´
¢Ôüö,ÑI�éüö?1éÐ���,âU�ª
��¤����J.8c,�����éüö�?§
���¡�ïÄ¤J.Ù�Ï3uA:üö´���
ó§XÚ,éuüöL§���'�E,�Juþz,
�ë�üö�<
��ë�Øà,ÏdéJ^,«
êÆ�.?1°(L�[3]. 3¢SüöL§¥,ÏL
ÚOÚP¹,¬�)�þ�üöL§�£,Ù¥�
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´�üö�',��
�£K´Ã��P{�[4]. �

U
éA:üö?1k����,Jpüö��þ
Ú�J,I�ÏL�Æ��{5éüö¤�)�¢�
êâ?18B!�n!o(;�A:ýY�;[�£?
1¢�'é,þzÙ¥��ÉÚ l¤3¿\±��;
311�mSÏ��'üö<
±�y��üö�?
§kS�(.

1.1 ���


'''XXXooo÷÷÷888������aaaÿÿÿÝÝÝ(Measures for
fuzzy relations rough set)
o÷8(rough set)nØ´dÅ=�Æ[PawlakÄ

kJÑ�^u?nØ(½ÚØ���£�êÆóä.
²LõcuÐ,®3�£�5Kuy!�ª£O!�æ
uÿÚ<ó�U��¡���þA^. éõÆö�Ó
�ïÄ
o÷8Ú�
8�m�'X,*Ð
�
o
÷8nØ[5]. �
o÷8~^�ÿÝ�{kålÿ
Ý(��ÿÝ)!�qÿÝ!��ÿÝ�[6]. A:üö�
¢Só�¥²~¬'�ü��£8,�ï�
��'
X8Ü,¿�ÏLÄu�
o÷8�EÑõ«ÿÝ�
{é�
��'X���ý¡A5?1þz. $^&
E���{(Ü�
o÷8ïá�«�£ÿÝ�{

éA:üö�þz��5K¿Â�.

1) �
�´/^
�à½Â�&E�Vg,^±
£ã���
8��N�
Ý.UìDeluca-Termini
&E��E,�x��
8¥���,8Ü��
�
�[7]

H(A) = H(µ1, µ2, · · ·µn) =

− 1
n

[
∑

x∈X

µA(x) log µA(x) +

(1− µA(x)) log(1− µA(x))]. (1)

2) �
'X8�²þäáÝ.

�&EXÚ(U, V, R)�o÷�
'X8

F(X,Y ) = ((x, y), µF(x, y)), (x, y) ∈ U × V,

-αi,j = (xi, yj)��
'XäáÝ8Ü,K¡XéY

�²þäáÝ½ÂXe:

AVG(X × Y ) =
1

(i + j)

(i+j)∑
k=1

αi,j. (2)

3) Äu�
���
'Xo÷8��Ý.

3�
&EXÚ(U, V,R)¥, R´Ø�X × Yþ

��
�q'X, F´���
8,�

Y = {y1, y2, · · · , yk},
apr

R
(F) = {µapr

R
F (x1), µapr

R
F (x2), · · · ,

µapr
R

F (xn)},
aprR(F) = {µaprRF (x1), µaprRF (x2), · · · ,

µaprRF (xn)}.

A) Äu�
�e��Ý:

1) �xi ∈ apr
R
(F), PτY

xi
= H(R{xi})/H(Y ),

K¡τY
xi
�xi'uY�R�
�e��Ý.

2) �X ⊆ apr
R
(F),P

τY
X = H( ∪

xi∈X
R{xi})/H(Y ), (3)

ª¥H(∗)L«�
8Ü��.

B) Äu�
�þ��Ý:

1) �X = aprR(F)− apr
R
(F),P

A = min[Y, R{x}]
��
8YÚR{x}��8, ϕY

x = H(A)/H(Y ). e
∀x ∈ X ,K¡ϕY

x�x'uY�R�
�þ��Ý.

2) �X ′ ⊆ X ,P

A′ = min[Y, ∪
x∈X′

R{xi}] (4)

��
8YÚ ∪
x∈X′

R{xi}��8, ϕY
X′ =H(A′)/H(Y ).

C) �
o÷8�þ!e��Ý·Ü�:

3�
&EXÚ(U, V, R)¥, R´Ø�X × Yþ

��
�q'X, F´���
8,�Y = y1, y2, · · ·,
yk, xi ∈ apr

R
(F)�e��Ý�τY

xi
, x′i ∈ aprR(F)−

apr
R
(F)�þ��Ý�ϕY

x′i ,�â&E��Ï^½Â
�{,½Â�
o÷8�·Ü���Xe:

Γ (F ) = −
2k∑
i=1

(τY
xi
× log τY

xi
+ ϕY

x′i × log ϕY
x′i). (5)

4) �
'X8¥���Ý��
�ÿÝ.

�â�
��½Â,�
�äküNCz�5�,
¤±�EÑ��
�¼ê�3¼êþ� S'X.ù
�)ö^�
�¼êH(∗)5O�Θ(∗),�±^±é
����5?1ÿÝ:

SGF SX×Y−{α}(α) =

H(X × Y − {α})−H(X × Y ). (6)

1.2 ���aaaÿÿÿÝÝÝAAA:::999���ppp'''XXX(Features and relati-
onship of measures)
�
�£ã
8Ü��
§Ý,Ù`³3uU^

��K�ÿþ�
'X��ßÝ.�
'X�´�«
�
8,¤±XJr�
��Vgí2��
'X¥,
K¡��
'X�,�N
'X�«©Uå. &EX
Ú(U, V, R)��
'X���C− log(0.5),L²&
EXÚ�¥�ü�8Ü�'X��
,�ØN´«©;
��
'X���C0,L²Ø�¥�ü�8Ü�m
�'X��ß.Ïdéu���
8ó,ÙSÜ'
X´Ä�ß,^�
�5£ã´é·Ü�. ,§�
"��é²w: ��
�����ÿ,�,�±ä½
T�
8ªu�ß,%Ã{�äü�8Ü��'§Ý,
�I�O��'äáÝâUé�
'X8?1?�
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Ú�ÿþ.

²þäáÝ�U�L8ÜoN�
'X�²þ�.
ÏL²þäáÝ,�±�Nÿþ�
8Ü�m�oN
�'§Ý,�éu��é��äáÝ¼ê8Ü�ÿþ
KØ´éO(. ~X:b��
8ÜX = (0.01, 0.01,
0.01, 0.99),Ù²þäáÝ�((3× 0.01) + 0.99)/4 =
0.255.8ÜY = (0.255, 0.255, 0.255, 0.255),Ù²
þäáÝ½,�0.255. �´é²wduX¥�Ü©

���äáÝ�~$,�kó����äáÝ�p.
X�oN�
'é§ÝÒAT'Y$. ¤±²þäá
Ý�{�é�´éo�ÿÝ,�Ã{ý���é�£
�'5�k�«©. ~X:b½Äu²þäáÝ��

�éÜÿÝ�O5KXe:

If�
��C0, and²þäáÝ�C1, then�½
�
'Xé�ß, andü�8Ü�'5é�.

If�
��C0, and²þäáÝ�C0, then�½
�
'Xé�ß, andü�8Ü�'5é�.

If�
��C0, and²þäáÝ3(0, 0.5), then
�½�
'Xé�ß, andü�8Ü�'5��.

If�
��C0, and²þäáÝ3(0.5, 1), then
�½�
'Xé�ß, andü�8Ü�'5��.

If�
��C− log(0.5), then�½�
'Xé�

,ü�8Ü�'56�Ã{�½.

Ïd,l�O5K5w,=��
�Ú²þäá
Ý,�U)ûk��Ü©¯K.k
�£8�m��

'é§Ý�,Ã{O(�ä. I�Ú\�õ�ÿÝ
�{¿\±(ÜâUk�.

�
'X��ÝÌ�½Â�
o÷8���8Ü

�m±98Ü�8Ü�m��£��Ý.e�
'
XF��
�þ��ÝÚ�
�e��Ýþ�1,K¡
�
'XF�R´�Z��'X.du�
�£ã�
´�
8ÜSÜ�
Ý���,Ïd�±@�Äu�

����Ué�
o÷8��
'X��
Ý?

1k�ÿÝ.��Ý�p,KL«�
o÷8�Ø�
þ��
'X��C.�
o÷8�þ!e��Ý·
Ü�(±e{¡·Ü�)ÏLé�
o÷8�þe%C
¥�����§Ý��O�,½þ£ã
o÷8¥�
£éuØ�¥��£�nÜ���§Ý.&EXÚ¥
����éuXÚ,�¡ÿÝ¤«ú��5´Ø

Ó�. Ïd3¢Só�¥,~I�é�
'X8Ü¥
�,
����5?1�\°[�ÿÝ.

ÏL±þ©Û��,éu�
o÷8��aÿÝ,
=lØÓ�ý¡£ã
o÷8�A5: �
�£ã

o÷8����
§Ý!äáÝ¼ê£ã�����

½8Ü�8Ü�m�'X;�Ý!���8Ü±98

Ü�8Ü�m���Ý£ã
�
o÷8�IO8

Ü�mØÓ�¡�ÎÜÝ!����5ÿÝK�x


T��38Ü¥��5. ù
ÿÝ�±�^5é
A:üö��£8?1Ýþ¿/¤5K,�´I�Ï
¦�«�{nÜù
ÿÝ�âUk�/$^uüö

?§���.

2 ÄÄÄuuu���


ooo÷÷÷888ÿÿÿÝÝÝ���üüüöööµµµdddAHPnnn
ÜÜÜ���... (Comprehensive model of AHP for
fuzzy rough set measures)
�g©Û{(analytic hierarchy process, AHP)�{

´�«�g�ûü©Û�{. §|^���½þ&
E¦ûüg�L§��þz,l�õ8I!õOK
½Ã(�A5�E,ûüJø{B�ûü[8]. IS	
®²kïÄ<
¦^AHP©Û�{éA:üö?1
nÜµ�[9]. �´,���w�¦^T�{éA:ü
öL§?1���ïÄØ©. �
)û�
o÷8�
«ÿÝ�U)ûü�¯K�"�,�ÄuA:ýY�
üöö���£'é,�EÑ�nÜ�
µÿ5K,
$^AHP{(Ü�
o÷8ÿÝé�E��
5K
?1�©�.

¡éª��ÿÝ�,I�Äk)û'é5K�n
ÜÿÝ¯K.éÄu�
o÷8��aÿÝ�õÑ\
õÑÑXÚ(MIMO)�
ín,���5K£ã´[10]:

R = {R1
MIMO, R2

MIMO, · · · , Rn
MIMO},

Ù¥: Rj
MIMO: If (x´Ai · · · , and y´Bi), then (z1´

Ci · · · , and zq´Di), x´AiL«xéu�
'X8Ü

Ai�äáÝ,P�µAi
(x). ÏLaquù���
5

K,��Ñ\µAi
(x), · · · , µBi

(y),�±�
O�í�
ÑµCi

(z), · · · , µDi
(z)(�{éõ,ØÅ�£ã). aq

ù��;[5K/¤�X�5K¥,±VÑ\üÑÑ
�
XÚ5w:

Ñ\: x´A′· · ·, and y´B′

R1: If (x´A1· · ·, and y´B1), then (z´C1)

also R2: If (x´A2· · ·, and y´B2), then (z´C2)
...

also Rn: If (x´An· · ·, and y´Bn), then (z´Cn)

ÑÑ: z´C ′

35K¥p5K¯õ,�k
5K�U¬´ÏL
;[XÚgÄ)¤�,ùÒ��5KP{�5Km
�'X  Ø$²ß.?1�
ín�,I�lín
¥¥ÀJÜ·�5K?1��,5K�À�  é
uín(J´Ä�(w�é�.�
¢yé�
5
K�Ä�ÀJ,é5K?1�5üS´�«k�Ã
ã.

lüö�E,5��,�µ�üö´ÄÉ�,oN
k4��¡�5K8Ü:üö|�µd5K!üöoN
1�µd5K!üöüN(ë�ö)1�µd5K!ü
öüN�5µd5K.Ù¥cü�IO´éüöo
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N�µd,éuüö��ó�Ý�p;�ü�I
O´�ééüö�N���,�Ýg�.

AHP�{�â¯K�5�Ú����o8I,ò
¯K©)�ØÓ�|¤Ï�,UÏ�m��p'éK
�±9äá'XòÏ�UØÓ�gàa|Ü,/¤�
�õ�g�©Û(��.,�ª¦¯K8(��.
�(�Y!���)�éu�p�(o8I)��é�
5�½`�gSü½[11].

Äk,�â±þ£ã,�ï�
5Kµ���g�
.Xã1¤«.

ã 1 5Kµd�g(�

Fig. 1 Construction of evaluation rules

�
'X�ÿÝ�±oN8B�8ÜÿÝÚü�

ÿÝ.©O�, D1��
�ÿÝH(A), D2�²þäá

ÝÿÝAVG(X × Y ), D3��
o÷8e��ÿÝ;
τY

X , D4��
o÷8þ��ÿÝ; ϕY
X′ , D5���Ý

·Ü�ÿÝΓ (F ), D6�ü��8Ü�m�e��ÿ

Ý; τY
xi

, D7�ü��8Ü�m�þ��ÿÝ; ϕY
X , D8

�ü���5ÿÝ; SGF SX×Y−{α}(α). Ù¥:
D1, D2, D3, D4, D5áuoNµd�ÿÝ�, D6, D7,
D8áuüNµdÿÝ�.µd�8I´,ÏL�aÿ
Ýéz���
5K�½�¿?1üS.

Ùg,�E�
o÷8�ÿÝüü'��OÝ
.
Uì1∼9'~IÝ�þã`²,äN�EOKe�ü
ü'��äÝ
©O�L1–5(Ù¥ωi�ÏL�äÝ


O�Ñ�����éuþ���é�).

2g,²LO��Ñü�ÿÝ'�Ý
��5u
��üS�L6(5: C1, C3, C4Ø^�ä).

��,O�5KoüS.²LO���OK�D(o
÷8ÿÝ�)¥���éu8I�G(5Kµd)�oü

S�. ²u�÷voN��5IO�L7.

L 1 OK�C��üü'�Ý
9�
Table 1 Pairwise comparison matrix and weight

of level C

G: 5Kµd C1 C2 C3 C4 ωi

C1 1 2 5 3 0.4723
C2 1/2 1 4 2 0.2854
C3 1/5 1/4 1 1/3 0.0727
C4 1/3 1/2 3 1 0.1697

L 2 üö|�µd��üü'�Ý
9�
Table 2 Pairwise comparison matrix and weight

for drill organization

C1: üö|�µd D1 D2 ωi

D1 1 1/3 0.25
D2 3 1 0.75

L 3 oN1�µd��üü'�Ý
9�
Table 3 Pairwise comparison matrix and weight

for group operation

C2: oN1�µd D3 D4 D5 ωi

D3 1 1 3 0.429
D4 1 1 3 0.429
D5 1/3 1/3 1 0.142

L 4 üN1�ÎÜÝµd��üü'�Ý
9�
Table 4 Pairwise comparison matrix and weight for

single operation

C3: üN1�ÎÜÝµd D6 D7 ωi

D6 1 1/5 0.1667
D7 5 1 0.8333

L 5 üN�5µd��üü'�Ý
9�
Table 5 Pairwise comparison matrix and weight for

importance of person

C4: üN�Ýµd D8 ωi

D8 1 1

L 6 ü�'�Ý
��5�äL
Table 6 Homogeneity of comparison matrix

in single level

��A� ��5 ��5
�OÝ


�λmax �IC.I '~C.R.

G 4.04747 0.01582 0.0176<0. 1
C2 5.1983 0.0496 0.04429<0. 1
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L 7 D�goüS(CR = 0.0000)L
Table 7 Final sequencing in D level (CR = 0.0000)

D1 D2 D3 D4 D5 D6 D7 D8

0.061 0.0324 0.0364 0.0364 0.1091 0.3945 0.0615 0.2727

3 nnnÜÜÜÿÿÿÝÝÝ333AAA:::üüüööö������¥¥¥���AAA^̂̂(Appli-
cation of comprehensive measures for knowl-
edge correlation to emergency drills control)
3�����XÚ¥,��8I!ûüÚ¢��

õ�éy¢�ÔnXÚó,�ké�¬XÚ��
��{�ïÄ[12]. A:Í�XÚ�é�´/³,G
Ñ��d´<
Úã����,r<
Ú/³G
éå5�K´Í/�A:ýY.A:üö���é
�´Í�<
�1�:¡éØÓ�/³�¸,UÄ
3·���Å,k·��<
,é/³�·��?
�K´A:L§¥���'�¤3. Í/�A:ý
Y´1�S�;[�Í��¦��£o(,´A:
üö�7�. A:ýY��£´©�¡!©Ú½£
ã�[13].

3.1 üüüöööLLL§§§���£££JJJ������{{{999���


'''XXXooo÷÷÷888

���ïïï (Structure of fuzzy relations rough set for
knowledge of emergency drills)
ÏLéüö�£?1©a,�±lüö�Ú½

¥J�Ñ;[�£. üöL§¥Ñy��£©�ü
�a: ¯�Úö�.ö��z��Í/¯�ÑéA
�X��Ä�(¡�/2Â�ö�0),~Xm'z�
ö�!¦^Í/�óä!éÉú<
�Ío�. ¯�
�¹Â�2,��u)L�¯�Ñ�±¤�¯�.
üö¥��£��m�'é'X,�±^�
�{
5£ã,~X/<å>{0ù�¯�,ÒÚ/�>
{0ù�Ä��)
�r��
'é. 2'X/�
¦�m��!�l�¦:�C,K<
¤É��ú
³ÝÒ��0�£ã
¯��m��
'X.

A:ýY¥��£�8B¿/¤��Ø�E(¡
�ýYØ�).Ù¥,z�güö¤�9���£8
Ü¡�/ýYûü80��D,�D ⊆ E. ¢SA
:üö�L§¥,�¬�)�X���£,Ó�8
B3D¥. 8ÜD¥���´K�üöíü�'�

¯�,��di,�´ù
'��¯�,íÄ
üöU
ì�(�6§?1e�. )ö�±8BÑ�X��
¯�íü5K,~X,5K3: If/	ö1uy»�0,
and/	ö2'4?�z0, then/	ö3���®
�0.

üöL§¥�Í�1Ä©éõ«a,�): �
 !mz!'z!Ío!�>{!ö���ìá��.

ÏLïÄA:�£,�±lÍ�1Ä¥J�Ù¥�
üöë�ö��«1�,8B¿/¤/üö1�
80��A.Ó�,~XA:ýY��£´: 5K3�
c�/	ö1uy»�0Ú/	ö2'4?�z0̄
�XJ��>u,üöâU�~í?. ,3¢S
üöL§¥,k
1Äéüö�)È4�J,��
½�k�
1�éüö��¦´Ã��. Ïd,I
�l/üö1�80¥,©Û�«1Ä�Ué/ý
Yûü80D¥�¯�¤�)��
�z,�µi,j

�ai ∈ A�dj ∈ A��
'XäáÝ. µi,j��,L
«1�ié¯�j¤�)��z�^��.

ù�,ÏL©ÛA:ýY��£L«ÚÜ6'
X,�±/¤L8�A:L§���
�zIOL.

L 8 A:ýY���
�zIOL
Table 8 Fuzzy contribution of action for drill

1� ¯�1(d1) ¯�2(d2) · · · ¯�j(dj)

1(a1) µ1,1 µ1,2 · · · µ1,j

...
...

...
...

...
i(ai) µi,1 µi,2 · · · µi,j

�
UéüöL§¥ëü<
�1�´Ä·�

?1½þ��O,I�^�©J���«ÿÝ�{
éL8?1nÜ�O�,�üö�k���Jø�
'êâ. 3¢SüöüöL§¥,üöë�ö�1
�´Ä��)�. �Xüö?§,z��'�Ú½
ÑI��ï#����
'XL,/¤#����

'X8. ,�,rz�Ú½�)��
'X8Ü
Uì�
o÷8�{,�EÑÄ����
'X�
þe%C,3üö��ì¥é�
o÷8?1nÜ
ÿÝO�.

3.2 AAA:::üüüööö������������...(Control model for emer-
gency drills)

3.2.1 üüüööö������666§§§���OOO(Design of the process of
emergency drills control)

ÄuA:ýYÀJ�AÏ5(=;[�£ÚÍ�
�¸�(Ü),·Ü^�
Eâ5¢yØ%����
{. ¢�üö���L§´��4�:<�ö�L
§�O�Å¢���?1Øä�p. 3ù��L§
¥,��XÚ|^n�J[�¸¥ý<�O�(¡
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�Avatar)�1�ÚA:ýY�íüL§?1�p,
Ó��[Í���J(=: e�Ú/³�UuÐ��
�±9é<
Ú���ú³). ÄuA:ýY¥��
'S�Í��£,�O¿|^üö��ìéüö?
1¢��Ú�ÚZý;�Í��ë�öJø���
Y,��Í/üö�L§. A:üö���6§�
ã2.

ã 2 üöL§��ã

Fig. 2 Control process of emergency drill

3ù�L§¥,Äk�$^VRGISEâ¦�U
/�[ý¢��¸. 3J[��¸¥,��XÚÄ
���âÍ�<
�1�?1nÜÿÝ,lÏé
é/³XÚk��Í�)û�YÚ¢�Ú½,�e
�Úý<Í�Jøûü�â. �üö��XÚuy
#�¯�u)��ÿ,¬ÏLÿÝO�,��Ü·
�Í�1�5K,�)#����Y��"&Ò.
Xd E,ÏL��üÑÚ1�5��ÑÑ,Ò�
é��Í�L§?1k����.

3.2.2 üüüööö������ØØØ%%%���{{{(Key algorithm of emer-
gency drill control)

éüöë�<
1��nÜÿÝ´üö���

{�Ø%. �
U
��éüö?1¢���,K
I��ïüö��ì,¿\±¢�N^l�yl
üö�m©�(åÑUìý����uÐ.���
{�8�´3üönÜÿÝO��Ä:þ,��ü
öë�<
�(9��æ�Ä�.���{�Ñ
\´A:ýY�;[�£Ú¢�æ8üöë�<


��«Ä�,ÑÑ´éüöL§�üöë�<
�
J2Ú�'ïÆ.üö��ì�OXe:

1)DÚ�üöL§¥�aÿÝ��Ä:þo(
Ñüö��5K.

�éüöo6§����'5KJ��KXe:

Ifüö�
'Xo÷8þ!e%C��
��
C0, and²þäáÝ0u[0, 0.5]��uK�0.1,Ñ
Ñ/üöë�<
|��ß,�oN1�éüö�

�z�0;

Ifüö�
'Xo÷8þ!e%C��
��
C0, and²þäáÝ0u[0.5, 1]��uK�0.9,Ñ
Ñ/üöë�<
|��ß,�oN1�éüö�
�z�0;

Ifüö�
'Xo÷8þ!e%C��
��
C− log(0.5), thenÑÑ/üöë�ö|�·Ï,o
N1��
0;

Ifüö�
'Xo÷8Äu�
��e��ÿ
Ý, (±e{¡e��ÿÝ)>K�0.5, thenÑÑ/ü
öë�öoNUìýY��¦1Ä0;

Ife��ÿÝ<K�0.5, andüö�
'Xo÷
8Äu�
��þ��ÿÝ(±e{¡þ��ÿ
Ý)<K�0.5, thenÑÑ/üöë�öoNvkUì
ýY��¦1Ä0;

Ife��ÿÝ>K�0.5 andþ��ÿÝ<K

�0.5, thenÑÑ/üöë�öoNUìýY��¦
1Ä,�Ã�1��U��0;

Ife��ÿÝ<K�0.5, andþ��ÿÝ>K

�0.5, thenÑÑ/üöë�öoNÃ�1��U�
õ0;

Ifüö�
'Xo÷8�·Ü���>K�0.5,
thenÑÑ/üö<
�oN1���0.

�éüöë�ö��'��5KJ�Xe(�é
z��üN?1��):

Ifüö�
'Xo÷8¥�1����e��
ÿÝ, (±e{¡1���e��)>K�0.5, thenÑ
Ñ/Tëü<
�1��ýY�oN�¦�Î0;

If1���e��<K�0.5, and1���þ�
�<K�0.5, thenÑÑ/Tëü<
�1��ýY
�oN�¦ØÎ0, thenÑÑ/Tëü<
�1�
�ýYoN�¦�Î;

If1���e��>K�0.5, and1���þ�
�<K�0.5,�Ã�1��U��0;

If1���e��<K�0.5, and1���þ�
�>K�0.5, thenÑÑ/Tüöë�öoNÃ�1
��U�õ0;

Ifüö�
'Xo÷8¥�1�����5
ÿÝ>0,��5ÿÝ���, thenÑÑ/Tëü
ö1�éuüö��,å��^��0;

Ifüö�
'Xo÷8¥�1�����5
ÿÝ<0, thenÑÑ/Tëüö1�éuüöå��
^0;

Ifüö�
'Xo÷8¥�1�����5
ÿÝ= 0, thenÑÑ/Tëüö1�éuüöØ
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�,Ä�Øå�^0.

2) ÄuAHP��
5K�ÀJ�{.

�
ín5K�c�Úín(JÑ´�
ê.
3ínL§¥,;[¥¥��
5K�]À�©
�.�
é5K?1��üS,�^AHP�{Ï
Lé5Kc�¥��
o÷8ÿÝ�5�nÜ

O�,?O�5K��5�. ù�,�±)û
Ü©�UÑy�5KÀâ,Jp5K]À�(¯Ý.
e¡{�0�5K��&ÝO��{.

üö5K��&Ý:

Θ =
1

(n + 1)
(

n∑
k=1

(µk × λk) + µout × δ), (7)

Ù¥: µk�5Kc�¥�ÿÝ�, λk�TÿÝ�é

uT5K�&Ý��, µoutL«5KÑÑ¯��

äáÝ, δL«5Kín���á5(�AHP�g(
�ã¥�C���)��.

b�35K¥¥,k1^5K·Ü,��ín�
c�: (b�/ü�ëü<
Ã�1�0̄ ��M )
R1: IF(0.4/D6, 0.6/D7), THEN (0.6/M ). 5K¹Â:
XJ��e���0.4,þ���0.6,Kü�<
Ã
�1�(áuüN1�ÎÜÝÿÝ)�0.6.

T�
5K��&Ý(ÿÝ���ë��©D
�goüSL):

Θ =
1

(n + 1)
(

n∑
k=1

(µk × λk) + µout × δ) =

1
3
(0.4× 0.3945 + 0.6× 0.0615 + 0.6× 0.0727) =

0.0806. (8)

Uìd�{,�±é¤k�üö5K?1�&
ÝüS,/¤���^uüö��5K�À�Ú
þO.

üöL§��5KÀ��þO�{:

ÚÚÚ½½½ 1 O�Ð©zO�: ÏLêâ¥Ö\A
:ýY���
�zIOL.

ÚÚÚ½½½ 2 ÚO�cüöë�<
�1�,¿\±
8B��.

ÚÚÚ½½½ 3 ÏL'�A�¼ê,Ä��ïüöë�
<
¢S1���cA:¯��m��
'Xo÷

8�þ!e%C.

ÚÚÚ½½½ 4 O��
'Xo÷8þ!e%C��

Ú²þäáÝ.

ÚÚÚ½½½ 5 ?1Äu�
�Ú²þäáÝ�éÜ

ÿÝO�,¿���/�ín5Kc�¥0.

ÚÚÚ½½½ 6 ?1�
'Xo÷8�8Üþ!e%

C��ÿÝO�;?1�
'Xo÷8¥��1�

���þ!e%CÿÝO�;?1�
'Xo÷8
·ÜªO�.Ó�rÿÝ����/�ín5Kc
�¥0.
ÚÚÚ½½½ 7 O��
'Xo÷8¥1��5ÿ

Ý,¿rÿÝ����/�ín5Kc�¥0.
ÚÚÚ½½½ 8 éÑ/�ínc�¥0¥J��'�

ÿÝ�,�5K¥¥c�´�
�,²þäáÝ,�

'Xo÷8�8Üþ!e%C��ÿÝ,�
'
Xo÷8¥��1����þ!e%CÿÝ,�

'Xo÷8·Üª,�
'Xo÷8¥1��5
ÿÝ�5K,?1c���. é��'�ín5K.
ÚÚÚ½½½ 9 é]ÀÑ5�ín5K?1�&ÝO

�¿üS.
ÚÚÚ½½½ 10 XJ5K��&Ý�u0.001,KGØ

T5K,=Ú½9.
ÚÚÚ½½½ 11 8Bc�ÿÝ��Ó�5K,/¤8

Ü.é8Ü¥�5KUì�&Ý�K?1üS,/
¤5KS�(A1, A2, · · · , An).
ÚÚÚ½½½ 12 O�8BÑ5�5K8Ü�²þ�&

Ý(Q = (a1 + a2 + · · ·+ an)/n).
ÚÚÚ½½½ 13 éz��5K��&Ý(ai)O��²

þ�&Ý� lE = |Q− ai| /Q.
ÚÚÚ½½½ 14 XJE > 0.5,KL«T5K�8Ü

o��'5K l��,ïÆüØ.=Ú½12.
ÚÚÚ½½½ 15 ^]ÀÑ�5K?1�
ín,�Ñ

�'(Ø.
ÚÚÚ½½½ 16 =Ú½2.

3.3 YYY~~~ïïïÄÄÄ(Case study)
�â�
o÷8nÜÿÝ�{�O�A:üö

��ì,��
J[y¢|µ¥�üöL§,�¤

��C��ýY��~üö. e¡0�,zó�
àZLC�/�Ä¾�³X»0A:üöL§��

¡ã.

lA:üöÚ½��,du»/´ln¯Ä¾
C��k>u,ÏdA:��ÄklTC�\Ã.
Tgüö�äNÚ½´: 1)	ö'än¯Ä¾�Î
l",rn¯Ä¾C�Úà¯L�AC�?1�l.
2)�än¯Ä¾;-�Ñ��'z�,~�½�ä
�¦��¦þ. 3)^k�CXX»:,O\��
Ïfé»��K�,�ªé»/?1À«. ÏLù
�X���{��3á�mSr»³��3���

�S,�ª��À«»/�8�.

�
U
�yüö��XÚ�k�5,)ö�
�
3|üö<
?1ëü. 11|Ú12|ëü<

¥kÑk��/��0��Ú´déA:ýYØ
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)�<5�ü�,13|�ëü<
�ÜÑd
ÙGTA:ýY�<5�ü. 11|üö��ÿ,)
ö¦^
dgïÄ���XÚéüö�?§?1�

�;12|Ú13|üö��ÿ,éÄ
üö��§
S,�¶-
��XÚ�¤k�"ÑÑ,ü³ëü
<
gC�A:Uå?1üö.

11|üöL§£ãXe: üöm©�,ínÅ
éÄ.Äk11ÚéÄVRüö|µ. �âüö�
11Ú�¦éÄ/�Ä¾�³X»0̄ �,3n��
¸e\±»/�/. �X,¤këü<
l�«�

�rà\\�üö¥5,¿�üØÓ�Ú.A:6
§¥�11Ú /́Sö�´0. �üö?1�/	�
ö0ÑuÚ½�,/	ö?1Ñu0̄ �>u. d�,
du/��0ØÙGýY,vk�þ�Ó¡ä,òg
��¯�y|. 3é��1�éüö�k�Ý?1
�
ín�,l5K¥¥é�4^c��UÎÜ�
5K.Ù¥�ÿÝ�©O´üNþ��!üNe�
�!üN�Ý.5K�ÑÑ¯�M�/ü�ëü<

k�1�,=áuC4µd0̄ �.ÏL5K�À
��{O�,(J�L9.

L 9 üö��5KÀJY~
Table 9 A case of picking up control rules from emergency drill

5KÒ ��5K£ã ÿÝ� 5K� ²þ�&Ý �&Ý lE

1 If 0.4/D6, 0.6/D7, 0.1/D8 then 0.1/M 0.0597 0.0643

2 If 0.2/D6, 0.4/D7, 0.2/D8 then 0.2/M 0.048 0.2476

3 If 0.1/D6, 0.8/D7, 0.3/D8 then 0.1/M
τY
x5 , ϕY

x5 , SGF Sx5
0.0469

0.0638
0.2649

4 If 0.2/D6, 0.7/D7, 0.6/D8 then 0.7/M 0.1011 0.5846

lL9��,�&Ý lE���´5K1, 2, 3,
��Ñ�u0.5. ¤±ù3^5KÒ�^u��1�
�ÿÝ.r�c�3�ÿÝ��\�
ín$�,�
ªí����1��üö�'�k�Ý�0.13,�
�u���1. �±ä½���1�ØÎÜüö�
�¦. üö��XÚá=ux/��1�ØÎÜü
ö�¦0&E�ëüö./��0�ëüö���
'&E±�,¿£�¦�üö1��Ø,£�¥�
¿��Ó¡ä. ,�,ëüöö�/��0�Ava-
tar��å»y|,,��1'4z��ö�.ù�,
üö��XÚO�ÑTö�<
1��5Ú²w

Jp,��0.94. Ó�Tö�1�éuA:ýY�£
���Ý��~p,��
0.9���Ý.3��ü
ö�L§¥,ÑyL�gëü<
�N����
L0.5,üö��XÚá=ý´,¿uÑ/üö<

�oN1���0�XÚw´. �güö¦^
�
©�E��
5KÀJ�{,Ä�vkÑy�� 
��ín(J,�ªüö�±^|�¤. ²LÚO,
��üöL§s¤1136 s.

12|üöL§£ã: üöm©,du��XÚ
�3��$1¿ØÑÑ?Û��&E�ëü<
,
��üöL§Ò�uvk?Û��Ãã. 3üöL
§¥,du��ØÙGýY,Ùüö�1�Ä�Ñ
ØÎÜ�¦. ²LO�,��oN1��ÎÜÝ�
0.17. ���Nëü<
���Ý�.$,�k0.35.
�Nüö����'��,�L0.7. ùÒ¿�X
üö?u��G�. ù�ÿ,��XÚSÜ®²Ï

L�
5KínÑ
õ /̂üö<
oN1��

�0�w´&E,�du��[@�¶-vku�
�'�üö<
�rà. ²L20©¨±�,du/
³�Ïvk��k���,²L/³�äüzÄå
Æ�.�O�,n¯Ä¾C�»/NC�à¯LC
��»/�x�>u,/¤�2g/³,üö\w
�}.

13|üöL§£ãXe: üöm©,Ó���

XÚ�ÑÑÜ©�¶-. duüö<
Ñ´ÙGý

Y�,ÏdüöL§��UìA:ýY��¦?1.

��XÚéz��ëü<
�O�,uyÙ1��

ÎÜÝÑép,�Üpu0.9,��Nëü<
�

��Ý�ép. �ª,üö��XÚSÜín�

�/üöë�öoNUìýY��¦1Ä0�(Ø.

²L840 s,��üö^|�¤.

ÏLé3|ØÓ�¹�üöL§�ÚO,·��
±��w�,k��XÚ�üöL§´Ä�U
�
�¤õ�æ�. �,�Udu�
ëü<
ØÙG
ýY��üöL§¥Ñy
�
Åò,�ÏL��
XÚ�õêU�Å�£5. �Ú��ÙGýY��
|é',üö��m¬�.�. �²Lõg3k
����¹eüö,ëü<
�1�k�5�¬Å
ì�±��J,,üö�m�Åì á. ùÒ`²
üö��XÚéüöL§���´k�Ú�(�.

4 (((ØØØ(Conclusion)
�©�éA:üö¥�£�¢SA:,3�
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o÷8�nØÄ:þ½Â¿©Û
A«�£'éÝ

�ÿÝ�{. Ùg,3�
o÷8�aÿÝÄ:þ,
ÏLAHP�{,ïá�
5K�©�Ýþ�.¿�
Ñ
é'Ý
��E«~,é�
5K?1�\°
[�Ýþ. 2g,3©ÛA:üö�£�¤�Ä:
þ,JÑýY�£J�Ú�
'Xo÷8��ï�
{;�O
üöL§��6§ÚÄu�©�£nÜ
ÿÝ�{/¤�Ø%��6§,¿l�Ñ�
��
5K¥¥5K�À��{. ÏLé5K�5üS,
Jp5K�O°Ý,Jø5KÀJ�ÃãÚ�«5
KÀâ�)��{.

T�{�A^,)û
A:Í�üö¥éuü
öë�<
1���J±þz�¯K,Ó���ü
ö��XÚ�Ø%—��5K�þÀJøk��þ
zå»,�y
üö��~p��?1. ÏLY
~'éÐ«
$^T�{é�z+�S,ó��A

:L§üö�k���,�y
�©¤JïÄó�
��15.
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