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1 Ú ó

Ün5yÚ�O1<Ú1��!à8¹Ä|
¤!±91<�Ï5KI�ÝºÚn)1<6�
�*Ú÷*A�. Ïd, 1<6nØ´1<��Ú
à8¹Ä|¤�O±91<6+n!��Úp�
�Ä:nØ��. Äu1<�*1�A���ýE
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|¤Ü©, äk�S�Ñ�à8, ¿�S�Ñ��
m, lmÕÑ�m�A�, ´�Ï6Ú�â6+�
�ïÄ9:.

3 1 < 6 � � ý ï Ä ¥, � ) k � ¬ å
� . [1]! l % å � . [2]! + � � . (floors

model)[3−5]! � f 6Nå Æ � . (lattice hydro-

dynamic model)[6]! ¢ / ? è � . (real-coded

model)[7]!õ���. (multi-grid model)[8]!Ä�
ëê�. (dynamic parameters model)[9−14]!?�
�fí�. (modified lattice gas model)[15] �, Ù¥
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ÀJÅn, �ýïÄ
S�Ñ�ÙÛØ²ï�ÕÑ
1<6. 31<�ÕÑ�ýïÄ¥, 1<�ÕÑ�
m~~�{z�5K���/, �1<�Ð© 
�~~�b��þ!©Ù, �éõS�Ñ�Ð© 
�ÙÛØ²ï�ÕÑ1<6ïÄ�é��.

3ÕÑ�mS�Ñ�½1<Ð© �ÙÛØ
²ï��¹e, 1<ò¬æ�ØÓuÙÛ²ï�
¹�üÑ?1ÕÑ, ¥yÑØÓ�ÕÑ6÷*A
�. Ó�, 1<3ÕÑL§¥, ¬¢�/�â�m
SÕÑ�¸!S�Ñ��ÙÛ!g�� �±9
S�Ñ�c�P×§Ý, N�Ú�Ug��ÕÑ´
», ±~�ÙÛ�Ø²ï5éÙÕÑE¤�K�,

¢yÕÑL§�Ä�²ï, ��±�á�mlmÕ
Ñ�m�8I. Ïd, &¢õS�Ñ�ÕÑ�m1
<ÙÛØ²ï�ÕÑ6÷*A�Úy��)¤Å
n, ´1<ÕÑ6�ýïÄ�9:Ú:. ¢S�
1<ÕÑduïÓ��Ôn�mA�!¹ÄSü
ÙÛ��Ï, ¬�31<Ð© �ÙÛØ²ï�Õ
Ñ�¹, Ïd, Äu�ý�Ð© �ÙÛØ²ï�
ÕÑ1<6nØkÏu��ÕÑ1<6�+n!
��Úp�.

�é1<Ð© �éÙÕÑ´»ÀJ�K�,

ïá1<Ð© �ÙÛ�Ø²ïXê±£ã1<
 �ÙÛ�Ø²ï5; |^Ä�ëê�ý�.�ü
�Ä�ëê (��ëêÚ��ëê), Äu¢Sål
Úb�ål� “4�4�” ´»ÀJÅn, ÏLU
?b�ål�O��{9ÙP×O�«�, éõS
�Ñ�Ð© �ÙÛØ²ï�ÕÑ1<6?1�
ýïÄ, ¢yÕÑL§�Ä�²ï.

2 � .

1<ÕÑ�ý�.� (W + 2) × (W + 2) ��
�lÑ����XÚ Ω2, W �XÚ5�. ^æN
ÔÓâXÚ>.��/¤�m�p Wall, 3pþ3
k�����ÕÑ�m�S�Ñ� Exit. 1<ØU
B�Úª��p, �UÏLS�Ñ�lmXÚ, Õ
Ñ1<lmXÚ�òØ2?\XÚ.

Wall = {(x, y) = 2, x = 1,W ; y = 1,W} ,

Exit = {(x, y) = 0, x = 1,W ; y = 1,W} ,

(x, y) ∈ Ω2.

(1)

3XÚS, z����UNB��1<, 1<

�Óâ����éA, =:

(x, y) =

1 1<,

0 ���,
(x, y) ∈ Ω2. (2)

�ýL§�lÑz�����mÚ� t. 3z� t

S, 1< (x, y) Óâ¥% ��£Ä+� F(x,y)

� Moore .+�, Xã 1(a) ¤«. 3 F(x,y) S1<
�Ê��À �ÑPkÙ��ëê Dij!��ë
ê Eij Ú£ÄÂÃ Pij , Xã 1(b) ¤«.

F(x,y) =
{

(m,n)||x − m| 6 1

and |y − n| 6 1, (m,n) ∈ Ω2
}
. (3)

P-1,-1

P0,-1 P0,0

P1,0 P1,1

P0,1

P-1,1P-1,0

P1,-1

ã 1 ÕÑ1<£Ä+�9Ù�A�£ÄÂÃÝ
 (a) 1<£
Ä+�; (b) £ÄÂÃÝ


2.1 ÄÄÄ���555KKK

3 F(x,y) S,

Pij =Dij + Eij ,

Eij =


max(Dij), (m,n) = 0,

0, m = x, n = y,

−max(Dij), (m,n) = 1, (m,n) 6= (x, y),

Dij =
Sxy − Smn√

(m − x)2 + (n − y)2
,

i = m − x, j = n − y,

(m,n) ∈ F(x,y), (x, y) ∈ Ω2,

(4)

ª¥, Sxy ��� (x, y) åS�Ñ���á�Oå
l. Dij Ú Eij �â1<¤? �, 9Ùg�±�Õ
Ñ�¸�CzCz.

2.2 111<<<ÙÙÙÛÛÛ

3õS�Ñ�ÕÑ�mS, 1<�Ð© �!
S�Ñ�� �½�ÝK�1<ÕÑ´»ÚS�
Ñ��ÀJ. Ø�ÄS�Ñ�c1<P×�Ä�ë
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ê�ý�. [12],

Sxy =


(

min
i

(
min

j

(√
(x − xj

i )2 + (y − yj
i )2

))
,

(x, y) /∈ Wall,

+∞, (x, y) ∈ Wall,

(x, y) ∈ Ω2, (xj
i , y

j
i ) ∈ Exit.

(5)

ª¥, (xj
i , y

j
i ) �1 i �S�Ñ��1 j ���3Õ

ÑXÚ¥��I; Sxy � +∞, `²pé1<A�v
káÚå. ÕÑ�mS���Ñò¬äáuågC
ål�C�S�Ñ�, ÕÑ�m�y©�äáuØ
ÓS�Ñ��«�. 1<�£Ä5Kû½
äá«
�S�1<ò¬�gCäá�S�Ñ�£Ä. Ïd,

1<�Ð© �ÚS�Ñ��ÙÛû½
1<Õ

ÑL§�²ï5, Xã 2 Úã 3 ¤«. ã 2 �1<
Ð© �þ!©Ù, S�Ñ�ÙÛØ²ï�ÕÑL
§; ã 3 �1< ��½, S�Ñ�ÙÛ²ï�Õ
ÑL§.

�£ã1<Ð© �ÙÛ�Ø²ï5, lS�
Ñ�ÙÛÚ|^§Ý��Ý, ©Û1<�ÙÛ�¹.

½ÂS�Ñ��n�©úÇ φ!¢S©úÇ ϕ Ú
©úÇ� γ.

φi =
ni

N
; ϕi =

li
L

,

γi = φi − ϕi,

L · γi = L · φi − li,

N · γi = ni − N · ϕi,
m∑

i=1

φi = 1,
m∑

i=1

ϕi = 1,

(6)

   

(a) (b)

ã 2 1<Ð© �þ!©ÙdS�Ñ�ÙÛØ²ïÚå�ÕÑØ²ï (a) Ð© �; (b) ÕÑL§

    

(a) (b)

ã 3 S�Ñ�ÙÛ²ïd1<Ð© �©ÙÚå�ÕÑØ²ï (a) Ð© �; (b) ÕÑL§
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ª¥, φi, ϕi, γi ©O�1 i �S�Ñ��n�©ú
Ç!¢S©úÇÚ©úÇ�, N ��mSÕÑ1<
�oê, ni �äáu1 i �S�Ñ��1<êþ, L

�ÕÑ�mS�Ñ��o°Ý, li �1 i �S�Ñ
��°Ý, m �S�Ñ��êþ.

1<ÙÛ²ï�, ¤k�S�Ñ��¿©|^,

S�Ñ��ü |^Ç µ � N � L �', �z�
S�Ñ�� φ Ú ϕ ��.

µi =
ni

li
=

N

L
= µ

⇒ ni

N
=

li
L

⇒ φi = ϕi ⇒ γi = 0. (7)

1<ÙÛØ²ï�, �3Ü©S�Ñ��¢S°Ý
Øv (γ > 0) ÚL� (γ < 0) ��¹. b� m �S
�Ñ�, i = 1, · · · , j �, γi > 0; i = j + 1, · · · ,m

�, γi < 0. ½Â

γ+ =
j∑

i=1

γi, γ− =
m∑

i=j+1

γi. (8)

lS�Ñ�°Ý|^��Ý, γ+ £ã γ > 0 aS�
Ñ�÷vÙ µ = N/L �, Aÿ°�°ÝÓ L �'
~; γ− £ã γ < 0 aS�Ñ�÷vÙ µ = N/L �,

A ~�°ÝÓ L �'~. =,

L · γ+ =L ·
∑

φi −
∑

li > 0,

i = 1, · · · , j,

L · γ− =L ·
∑

φi −
∑

li < 0,

i = j + 1, · · · ,m. (9)

l1< �ÙÛ��Ý, γ+ £ãäáu γ > 0
aS�Ñ��«�÷vÙS�Ñ� µ = N/L �,

A~��S�1<êþÓ N �'~; γ− £ãä
á u γ < 0 a S � Ñ � � « � ÷ v Ù S � Ñ
� µ = N/L �, AO\�S�1<êþÓ N �
'~. =,

N · γ+ =
∑

ni − N ·
∑

ϕi > 0,

i = 1, · · · , j,

N · γ− =
∑

ni − N ·
∑

ϕi < 0,

i = j + 1, · · · ,m. (10)

dª (6) Úª (8) ��,

γ+ > 0, γ− < 0

γ+ + γ− = 0

 ⇒ γ+ =
∣∣γ−∣∣ . (11)

3õS�Ñ��ÕÑ�mS, 1<ÙÛ²ï�,

γ+ = γ− = 0; 1<ÙÛØ²ï�, γ+ = |γ−| < 1.

Ïd, �^ γ+ £ã1<ÙÛ�Ø²ïXê β, �O
��B�

β =

m∑
i=1

∣∣∣∣ni

N
− li

L

∣∣∣∣
2

= γ+. (12)

β �����3 0—1 �m, � β = 0 �, 1<ÙÛ
´²ï�; � β > 0 �, 1<ÙÛ´Ø²ï�; �
X β �O\, 1<ÙÛ�Ø²ï5Or. dª (9) Ú
ª (10) ��,ÏLN�S�Ñ��°Ý li ½Ùäá
«�S�1<êþ ni, �±¢y1<Ð© ��Ù
Û²ï.

2.3 ÕÕÕÑÑÑüüüÑÑÑ

1<ÕÑ´��E,�Ä�L§, 1<¬�â
�S�Ñ�c�P×�¹, ÀJÕÑL§�B$�
S�Ñ�lmÕÑ�m, ¢y��ÕÑL§�Ä�
²ï. 3Ø�ÄS�Ñ�c1<P×��ýïÄ¥,

1<ÙÛ�Ø²ï5¬E¤1<ÕÑL§�Ø²
ï, Xã 2 Úã 3 ¤«. ��Ñ1<ÙÛ�Ø²ï
5é1<ÕÑL§�K�, ©Û1<ÀJÏL,S
�Ñ��ÕÑ�mA�.

�ÕÑ�mS1<�Ý'�$�, duS�Ñ
�cvk/¤P×½P×§Ý��, d�S�Ñ�
c�1<P×é1<ÕÑ´»�ÀJØ�)K�,

1<�ÕÑüÑ�ÀJlg� ��C�S�Ñ
�lmÕÑ�m. 1<ÀJÏL,�ÃP×S�
Ñ���ÃP×£Ä�m tM Ø�)üè�ÿ�
m tH . tM S£Ä�ål�¢Sål M , =1<g
� �åS�Ñ��îªål, û½
1<� tM .

M i
xy = min

j

(√
(x − xj

i )2 + (y − yj
i )2

)
, (13)

ª¥, M i
xy ��� (x, y) å1 i �S�Ñ��¢S

ål.

�ÕÑ�mS1<�Ý�p�, duS�Ñ�
c1<P×§Ý�p, d�S�Ñ�c�1<P×
é1<ÕÑ´»�ÀJ�)K�, 1<�ÕÑüÑ
�ÀJP@§Ý���S�Ñ�lmÕÑ�m. 1
<ÀJÏL,�P×S�Ñ����äP×£Ä
�m tQ �±©)��~�ÃP×£Ä�m tM Ú
P×E¤�üè�ÿ�m tH .

tQ = tM + tH . (14)
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dª (14) ��, 1<ÀJÏL,�S�Ñ��, Ù
�á�£Ä�m� tM , �31<P×�, tH O\

1<�£Ä�m. tH ´3 tM �Ä:þÏL1<
�P×§Ýé tQ �)K�. tQ S1<b�£Ä�
ål�b�ål Q, �): ¢Sål M Ú��å
l H , ©OéA tM Ú tH . H £ãS�Ñ�c�1
<P@§Ý.

Qi
xy = M i

xy + α · Hi
xy, 0 6 α 6 1. (15)

ª¥, Qi
xy ��� (x, y) å1 i �S�Ñ��b�

ål, M i
xy ��� (x, y) å1 i �S�Ñ��¢S

ål, Hi
xy ��� (x, y) å1 i �S�Ñ����

ål, α �P×a�Xê, £ã1<éP×�a�
§Ý, α = 1 `²éS�Ñ�c�1<P@´��
a��.

O���åS�Ñ�� H �, Iy©S�Ñ
�c�1<P×ÚO«�. æ^���S�Ñ��
m�«��1<P×ÚO«�, Xã 4 ¤«, =3
P×ÚO«�S��� M �u�O���� M .

Φi
xy =

{
(m,n)

∣∣M i
mn < M i

xy

}
, (16)

ª¥, Φi
xy ��� (x, y) 1 i �� H �1<P×Ú

O«�.

ã 4 S�Ñ�c1<P×ÚO«��«¿ã

3 α = 1 ��¹e, S�Ñ�c�3���1
<P×üè�, Φi

xy S�1<êþÚS�Ñ�°Ý
û½
 Qi

xy. Ïd,

Hi
xy =

2 × N i
xy

li
− M i

xy, (17)

ª¥, N i
xy � Φi

xy S�1<êþ; li �1 i �S�Ñ
��°Ý.

S�Ñ�cØ�31<P×üè�½P×ü
è���, Hi

xy 6 0, `² Φi
xy �1<é1<ÕÑØ

�)K�. dª (15) Úª (17) ��,

Qi
xy = α

2 × N i
xy

li
+ (1 − α) · M i

xy. (18)

Qi
xy > M j

xy �, `²S�Ñ�c�1<P@é1
<ÕÑ�)K�, û½1<ÏL1 i �S�Ñ�£
Ä�m�Ï�´ Qi

xy; M j
xy > Qi

xy `²S�Ñ�
c�1<P@é1<ÕÑØ�)K�, û½1<Ï
L1 i �S�Ñ�£Ä�m�Ï�´ M j

xy. ��,

max(M,Q) û½
ÏL,S�Ñ��£Ä�m.

b�1<Ï"|^�á��mlmÕÑ�m,

3ÕÑL§¥¢�'���S�Ñ�� M Ú Q,

¿À�Pk�� max(M,Q) �S�Ñ�lm. Ï
d, ��åS�Ñ���á�Oål�

Sxy = min
i

(
max

(
M i

xy, Qi
xy

))
. (19)

Äu M Ú Q �õS�Ñ�ÀJüÑ, Xã 5 ¤«.

ã 5 ¥, �Þ¢���1<£Ä� M , �ÞJ��
�1<�ä� Q.

��� � � �
� � �� � �� � � � � �� � � ���

ã 5 Äu¢SålÚb�ål� “4�4�” ÀJÅn

2.4 üüüzzz555KKK

�.æ^¿1�#Ån, 3 t → t + 1 �,

(1) 1< (x, y) ÀJ t + 1 �8I ��, O
�Ú�ä F(x,y) S��À �� Pij , ¿ÀJP
k Pmax = max(Pij) � ��� t + 1 �8I �.
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� F(x,y) SPkõ� Pmax �, ±���VÇ�Å
ÀJ.

(2) õ�1<¿�Ó���s �, u) �À
â�, XÚò±��VÇ�ÅÀJ��1<3 t + 1
S£Ä�8I �, vk�À¥�1<ò33�/
�± �ØC.

(3) �k�ü�1<Ó�ÀJé��c� �
�� t + 1 �8I ��, 1<�mâ��*d�
 �; ÄK, 1<ò�±�k� �ØC.

(4) �1< (x, y) ∈ Exit �, t + 1 �, 1<ò£
ÑXÚ, = (x, y) = 0.

(5) � Õ Ñ � m S � ¤ k 1 < £ Ñ XÚ�,

= (x, y) 6= 1, (x, y) ∈ Ω2 �, �ýL§(å.

3 �ý©Û

3�ýïÄ¥, ÕÑ1<6��Ý K ½Â�

�m1<êþ N �XÚW × W �'~; 1<ÕÑ
�m T ½Â�¤kÕÑ1<lm�m�¤I t �
êþ. �~��ýÐ©G�½�VÇÀJé��Ú
O�I�K�, z�ÚO�I©O� 10 g$1�
I�²þ�. t = 0 �, ¤kÕÑ1<�Ð© �þ
!½�½©Ù3�mS, S�Ñ�SvkÙ�1<.

Ø©©Ol1<�Å©ÙÚ ��½��Ý, 31
<ÙÛØ²ï��¹e�ýïÄ1<�ÕÑ�m
A5.

�ýïÄ
1<þ!©Ù��¹edS�Ñ
�ÙÛÚå�1<ÙÛØ²ï�ÕÑ6. S�Ñ�
�ê� 4!S�Ñ���Ý l = 1, W = 20, α = 1,

{¡oS�Ñ��ýXÚ. 4 �S�Ñ�©OU
ì 5 «ØÓ��ª�Ù��ÕÑ�m�p9þ, d
u t = 0 �1<�þ!©Ù3ÕÑ�mS, ¤±
l ID=1 � ID=5 ��¹e, 1<ÙÛ� β ©O�:

0.26, 0.22, 0.21, 0.13, 0, Xã 6 ¤«.

     

(a) ID=1 (b) ID=2 (c) ID=3 (d) ID=4 (e) ID=5

ã 6 oS�Ñ��ýXÚ�S�Ñ��ÙÛ«¿ã (a) ID=1; (b) ID=2; (c) ID=3; (d) ID=4; (e) ID=5

ã 7 w«
 α = 1 �ØÓS�Ñ�ÙÛe, o
S�Ñ��ýXÚ T � K �Cz�, Ù¥, �
þã�Ø�ÄS�Ñ�c1<P@§Ý�ÕÑ
� [12], = α = 0. ��3dS�Ñ�ÙÛÚå�1
<ÙÛØ²ï�ÕÑL§¥, �.�ÄS�Ñ�c
1<P×éÕÑL§�K�, Uk�/¢y1<Õ
Ñ�²ïL§, � T �1<êþ¥�5O�. d�,

û½ T �Ì�Ï�´S�Ñ��o°Ý.

31<Ð© ��½��¹e, W = 20, Pk
ü��é�Ù�3p¥Ü�S�Ñ�, S�Ñ��
°Ý©O� lA Ú lB, 1<�Ð© ��½3S�
Ñ� A ��ý, êþ©O� N = 70 Ú N = 140,

{¡V��ýXÚ, Xã 8 ¤«. d�, 1<ÙÛ
� β �S�Ñ��°Ýk', � lA = 1, lB = 4 �,

β = 0.8; � lA = 1, lB = 9 �, β = 0.9.

ã 9 w«
1< ��½, ØÓS�Ñ�°Ý,

üS�Ñ��ýXÚ T � α �Cz�. 3 α �

���¹e, du1<éS�Ñ�c�P@§Ý@
£Ø�¡, é�Ñd1<ÙÛÚå�ÕÑØ²ï�
Uå�f, �X α �O\, 1<�ÑÕÑØ²ï�
UåOr, ¤±3S�Ñ�o°ÝÚ1<êþØC
��¹e, T � α �O\~�.� � � � � �� � � � � �� � � � � �� �� � � � � � 	 � � 
 � � � � � �� � � � � �  � � � � � � � � � � � � �� � � �� � � �� � � �� � � ��� � �� � � �  !
ã 7 α = 1 �ØÓS�Ñ�ÙÛ�ÕÑ�m�1<�Ý�C
z�, �þã�Ø�ÄS�Ñ�c1<P@§Ý�ÕÑ�m
�, = α = 0
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ã 10 w«
ØÓ α, 1< ��½, � N =
140 (Xã 8(b) ¤«), üS�Ñ��ýXÚ T � lB

�Cz�. a = 0 �, duvk�ÄS�Ñ�c
1<�P×�¹, 1<ÕÑ¥yØ²ï�L§, T

Ø� lB �CzCz, d�, 1<==|^S�Ñ

� A ÕÑ, S�Ñ� B �s�; a > 0 �, 1<ÕÑ
��ÄS�Ñ�c�P×�¹, ÕÑL§¥�¬|
^S�Ñ� B ÕÑ; �X lB �O\, S�Ñ� B á
Ú1<ÏL�Uå�r, Ïd T �X lB �O\
~�.

A B A B

(a) (b)

ã 8 üS�Ñ���ýXÚ1<Ð© ��½�ÙÛ«¿ã (a) N = 70; (b) N = 140

N/ lB/

N/ lB/

N/ lB/

N/ lB/

250

200

100

50

150

0 0.2 0.4 0.6 0.8 1.0

T

a

ã 9 lA = 1 �ØÓ N Ú lB �ÕÑ�m�a�Xê
�Cz�

300

200

100

0
2 4 6 8 10

T

lB

a=0

a=0.2

a=0.4

a=0.6

a=0.8

a=1

ã 10 N = 140 �ØÓ α �ÕÑ�m� lB �Cz�

4 é'©Û

α = 0 �, �ý�.òz�©z [12] JÑ�
Ø�ÄS�Ñ�c1<P×��©�ý�.. ©
z [14]JÑ
b�ål�Vg ({¡�. A), ^u
�ýïÄS�Ñ�ÙÛØ²ï�ÕÑ1<6; �©
U?
b�ål�O��{9ÙP×O�«� ({
¡�. B), ^u�ýïÄ1<Ð© �ÙÛØ²ï
�ÕÑ1<6, U?�.Uk�/¢y1<ÕÑ�
Ä�²ï, Xã 11 ¤«.

3�. A ¥, duP×O�«��y©�6u
ÕÑ�mS�Ñ��ÙÛ±91< �, P×§Ý
==ÚOS�Ñ�f«S½f«S1<c�«�
S�1<; Ó�, du Q %¹
 M Ú H , 3 “4�
4�” �´»ÀJÅn¥ α é Q �?��¬é M

?1?�, Ïd���. A 3�ýL§¥Ñy1
< “Ê¢” �y�, �¢S�1<ÕÑL§Ø�Î,

Xã 12 ¤«. �. B é Q �O��{9ÙP×O
�«�?1U?, � α ==é�NP×§Ý���
ål?1?�, l�Ñ
1<�ýÕÑ� “Ê¢”

y�, Xã 13 ¤«. 3ã 12 Úã 13 ¥, xÚ��
�LålS�Ñ� A C, ¿ÏLS�Ñ� A lm�
ýXÚ�1<; �Ú���LålS�Ñ� B C,

¿ÏLS�Ñ� B lm�ýXÚ�1<; çÚ��
�LålS�Ñ� A C, ¿ÏLS�Ñ� B lm�
ýXÚ�1<.
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ã 11 W = 20, N = 70, a = 1 ��. B V��ýXÚ�1<ÕÑL§

t/ t/
t/

t/ t/ t/

ã 12 W = 20, K = 0.5, a = 1 ��. A V��ýXÚ�1<ÕÑL§
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t/ t/

t/ t/

t/ t/

t/ t/

  

   

ã 13 W = 20, K = 0.5, a = 1 ��. B V��ýXÚ�1<ÕÑL§
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模型
� � � � � �

模型
� � � � � �

模型
� � � � � �

模型� � � � � �
模型� � � � � �
模型� � � � � �	 
 �
 � �
  �
 � �� � �� 
 �� � � � 
 � �  � � � � � � � � ��

ã 14 p�Ý�ØÓ�.�ÕÑ�m�a�Xê�Cz�

ã 14 �oS�Ñ��ýXÚ!ID = 2!p�
Ý��. A Ú B � T � α �Cz�. 31<Ð
©���p, Ð© �þ!©Ù�ÕÑXÚ¥, �
. A Ú B ¥yÑØÓ� T � α Cz�. �. A

�Cz�¥� “S” ., �3� =�Ú�.a
�Xê; �. B �Cz�¥eü�K�ê., X

ã 14 ¤«.

5 ( Ø

|^��gÄÅ�Ä�ëê�.é1<Ð©
 �ÙÛØ²ï�ÕÑ1<6?1�ýïÄ.ÏL
U?b�ål�O��{9ÙP@O�«�, Uk
�/¢y1<ÕÑL§�Ä�²ï, ��1<±�
á�mlmÕÑ�m�8�, ¿��Ñ
�k�.
1<�ýÕÑ� “Ê¢” y�. ïÄ(JL², 3�
ÄS�Ñ�c1<P×��¹e, 1<ÕÑ�m�
1<êþ¥�5O\, �S�Ñ��o°Ý¥K�
ê.~�; 3Ð©1<êþÚS�Ñ�°Ý�½�
^�e, 1<ÕÑ�m�a�Xê�O\~�;

1<ÕÑ�mÉS�Ñ�o°Ý!1<�Ð©ê
þ!P×a�Xê�K���, É1<�Ð© 
�ÚS�Ñ�ÙÛ�K���. Ïd, 3¢S�1
<ÕÑL§¥, IJp1<éS�Ñ�cP×�

)§Ý, ±B1<9�ÀJ�áÕÑ´», ±Jp
S�Ñ���N|^Ç,  á1<ÕÑ�m.
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Simulation of pedestrian evacuation with
asymmetrical pedestrian layout∗
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Abstract

Simulation of pedestrian evacuation from a room with multi-exit and asymmetrical pedestrian layout is presented based on an

improved dynamic parameter model in this paper. The computation and the count-area of imaginary distance are improved based

on the “Max-Min” evacuation path selection of actual and imaginary distance in order to reduce evacuation imbalance caused by the

asymmetry of pedestrian layout. An imbalance coefficient is introduced to describe the asymmetry of pedestrian layout. The effects

of pedestrian layout asymmetry on the evacuation time are analyzed respectively from fixed and unfixed pedestrian initialization site.

The simulation results of the improved and original models are compared and analyzed, and the improved model can effectively reduce

evacuation imbalance. Simulation results show that under normal evacuation condition with considerring reasonable pedestrian and

jam around exits, evacuation time is hardly affected by pedestrian and exit layout and depends mainly on cognition coefficient, total

width of exits and pedestrian initialization amount.

Keywords: cellular automata, pedestrian evacuation, dynamic parameters, pedestrian layout
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