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Urban traffic network control based on cluster consensus of
multi-agent systems
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Abstract: Traffic jam often occurs in some links within urban traffic network(UTN), however, there exist much space
in other links not being utilized sufficiently. Motivated by this problem, cluster consensus algorithm of UTN is proposed
in the paper. Firstly, the space occupancy of the link is chosen as state of UTN, and then the state-space model of UTN is
established, which describes transition relation of vehicles on links. Furthermore, each of links within UTN is abstracted as
an agent, and then cluster consensus algorithm of multi-agent system of UTN is provided, i.e., the set of links is divided into
some nonempty and disjoint subsets, in each of which the space occupancy of links can reach consensus, and the consensus
states are not necessarily equal. Thus, the proposed algorithm can balance the space occupancy on links, which relieves
traffic jam, and decreases delay of vehicles. At last, traffic simulation software VISSIM is used to analyze the real-world
road network in Wangjing district in Beijing, and simulation results show the feasibility and effectiveness of the proposed
methods.
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1 ÚÚÚóóó(Introduction)
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Y,��¦�ýüè9�ýoòØ���8I.©z
[9]±�´ÓkÇ!�Ï6�CzÚ�C�UN�&
E3�ëþïá
��üè�Ý`z�.,$^QÆ
S�{é�.¥�3�ëþ?1�#. ©z[10]�O

�«Äu©|.�{�¢��Ï&Ò���{,
|^
ETC(electronic toll collection)XÚÚÃ�>
��5`z´���ý²þòØ�mÚÊ�gê.
©z[11]|^·ÜO��UEâÚ�
 ²XÚ�
{ïá
���õ�UN�., é�´���ý²
þòØ�mÚÊ�gê?1�N`z. ©z[12]ò
���Ï�ä�AÛA5Ä����·,Petri�,
±Ï1Uå�`z�I, |^MPC(model predictive
control)�{é���?1�N`z. ©z[13]JÑ

�Ï�äDN(distinguished node)�.,©Û
d�
.�·�ÚÄ�A5, ¿JÑ�«��Å�;��
6Àâ¿¦´�oòØ�m��. ©z[1−13]vk
J��Ï�ä�6þï�Vg, �vkl�6þï
��Ýé´��.?1£ãÚ`z.

©z[14]ò´�¥�z^´ãÀ���!:,ò
´ãþ��ý�éÓkÇ(´ãS�ýê�UNB
����ýê�')À�´ã�G�,�Ñ
´��
G��§,±�äþï5�8I,�O
G��"�
�Æ,¦´�¥�^´ã��ý�éÓkÇ���
�. �3©z[14]¥��´��k����G��,
XJ¤k´ã���G��'��,@o´ã��
��Ïþ���´ã�U�r1\�ù��m5ï

È�ý,±\�´ã��ý�éÓkÇ,ùw,¬�
ÌO\d´ã�ý�òØ�m, Ó��ØÎÜ�Ï
�N`z�Ð©.

Ïd,�©/�©z[14]¥�´�G���5�
g�, JÑ�«õ�UN©+ÓÚ��üÑ(multi-
agent consensus control, MACC),T��üÑ3´�
���Ú��¹e, ¢�N!´�¥����&Ò
���É&', ¦´�SÜ�ØÓ´ãU
��©
+��,=ò´�¥¤kSÜ´ã©�eZ��Ø
�f8,�Óf8S�´ãPk�Ó���G�,
áuØÓf8�´ãPkØÓ���G�. l,�
�)P×,¢y�Ï6�þï©Ù.

2 ���ÏÏÏ���äääGGG���©©©+++������555(Cluster consen-
sus of states of traffic network)

2.1 ���ÏÏÏ���äääGGG������§§§(State equation of traffic
network)
æ^�©z[15]�Ó��ª,b½�Ï�ä�ú

�&Ò±Ï�C,¿��.æ�±Ï�C,K´�S
Ü´ãj�G��§�

Nj(k + 1) = Nj(k) + Nj,in(k)−Nj,out(k), (1)

Ù¥Nj,in(k)�Nj,out(k)©O�:

Nj,in(k) =
∑

iq∈V I
j

αiqjηiq
(k)Niq

(k)+
∑

iq∈V S
j

αiqjQiq
(k),

(2)

Nj,out(k) = (
∑

kq∈V D
j

αjkq
)ηj(k)Nj(k). (3)

ª¥: V I
j , V S

j 9V D
j ©O�´ãj�þiSÜ´ã

8!Ñ\´ã89ei´ã8; Qi(k)L«æ�±
ÏkSÑ\´ãiux�´���ýê; αij > 0L«
´ãi�´ãj��6=�'~, ÷v

∑
j∈V D

i

αij = 1;

b½Ó�´ã�z�=�Ñ?uÓ�� , Ïd
z�=��&Ò���Ó; ηj(k) 6 1�´ãj3±

Ïk���ý�1'~. ¢½�´������.X
ã1¤«.

ã 1 ¢½�´������.

Fig. 1 Model of adjacent intersections

?�Ú,b½´��3p�SÜ´ã, q�Ñ\´

ã, �òª(2)Úª(3)�\ª(1), ��´�G��§
�Ý
�þ/ª:

N(k + 1) = A(k)N(k) + BQ(k), (4)

ª¥: N(k) = [N1(k) N2(k) · · · Np(k)]T ∈ Rp�

�äG��þ; Q(k) = [Q1(k) Q2(k) · · · Qq(k)]T

∈ Rq��äÑ\�þ; B ∈ Rp×q��6Ñ\Ý
,
Ù���Ñ\´ã�=�'~; A(k)�G�Ý
,
Ùé����Ajj(k) = 1 − ηj(k), j = 1, 2, · · · , p,
�é�����

Aij(k) =

{
0, ´ãjØ�´ãiþi´ã,

αjiηj(k), ´ãj�´ãiþi´ã.

�â©z[16], ´ã��mÓkÇ�½Â�/�
ýÓ^���Ý�Ú/´ã�Ý0. �´ãj¥zý�

Ó^���²þ�Ý�vj , lj�´ãj��Ý(�´ã
j���?�3Ð°ã�, ljL«��´ã�Ý, =
òÐ°ãU
NB��ýêò��´ã�Ý,¿�
�Ð°ã�´ã�Ý�\), K´ãj��mÓkÇ

�L«�ρj(k) = Nj(k)vj/lj , Ù¥0 6 ρj(k) 6 1.
�Ä±´ã��mÓkÇ�G�Cþ,K�§(4)�
C��

ρ(k + 1)=V L−1A(k)LV −1ρ(k)+V L−1BQ(k),

(5)
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ρ(k) = [ρ1(k) ρ2(k) · · · ρp(k)]T, L = diag{l1,
l2, · · · , lp},V = diag{v1, v2, · · · , vp}.

b½�§(5)¥�Ñ\Q(k)�~�þ,=Q(k) ≡
Q. -sj(j = 1, 2, · · · , p)L«´ãj��Ú6Ç,K
3�Ú�¹e, ´ãj�k�É��mgj(k)��A
�1'~ηj(k)�mäkeã'X:

gj(k) = (ηj(k)Nj(k))/sj. (6)

2.2 ���ÏÏÏ���äää���©©©+++������(Cluster consensus of
traffic network)
�â´��ÿÀ(�, ¿�Ä�´ã��ÏG

�,òp��äSÜ´ãy©�n 6 p���Ø�f

8{Ω1, Ω2, · · · , Ωn},=
n⋃

i=1

Ωi = {1, 2, · · · , p}, Ωi 6= Ø.

?�Ú, éuz�´ãf8Ωi, (½����G�
�zi(i = 1, · · · , n).

½½½ÂÂÂ 1 �Ä�§(5),éu�½�Ñ\�þQ,
XJe¡�^�¤á:

lim
k→∞

(ρr(k)− zi) = 0, ∀r ∈ Ωi,

K¡�§(5)�G���©+��.

555 ´ã8Ü�y©�æ^©z[17−18]Jø�FCM

àa�{(fuzzy C-mean cluster algorithm). FCMàa�{±

����àa¥%A�����oÚ��8I¼ê,ÏL

��z8I¼ê5(½àa¥%Úy©��8. �Ø©¥

�^´ã�·�á5(X´ã�Ý�)ÚÄ�á5(X�6þ

�)��´ã�A��.

2.3 ������¦¦¦)))(Steady-state solving)
�!ò&?´��.���¦)�{9��

ëê���m�'X.

�ρ̄ = [ρ̄1 ρ̄2 · · · ρ̄p]T ∈ Rp��´ã���

G�,Ù¥,e i1, i2∈Ωi,K ρ̄i1 = ρ̄i2 . N̄ = [ρ̄1l1/v1

ρ̄2l2/v2 · · · ρ̄plp/vp]T ∈ Rp���G�e��´

ãS��ýê.

�{Bå�,d?ÀJ�^´ã��ýê��ï
Äé�.�âª(4),��G�e�´�Ä��§�

N̄ = ĀN̄ + Q̃, (7)

ª¥: Q̃ = BQ, Ý
 Ā�é����� Ājj =
1−η̄j, j = 1, 2, · · · , p, η̄ = [η̄1 η̄2 · · · η̄p]T ∈ Rp�

´�3�½��G�ρ̄e��1'~,�é���
��

Āij =

{
0, ´ãjØ�´ãiþi´ã,

αjiη̄j, ´ãj�´ãiþi´ã.

�E�p× p�ü 
,K(E − Ā)�é����
(E − Ā)jj = η̄j(j = 1, 2, · · · , p),�é�����

(E− Ā)ij =





0, ´ãjØ�´ãiþi´ã,

−αjiη̄j, ´ãj�´ãiþi´ã.

dd,ª(7)�U��

(E − Ā)N̄ = Q̃. (8)

�P��
,XJP�¤k�é����þ��

�,K¡P�MÝ
[19].

?�Ú,�“P À 0”L«Ý
P�¤k��þ�

u0; “P > 0”L«Ý
P¥�¤k��þ�u½�

u0,���k�����u0.

½½½nnn 1 Ý
(E − Ā)´�ÛÉMÝ
.

yyy �Q̃ = (q̃i), (E − Ā) = (ãij),¿½ÂÂ =
(âij)Xe:

âij =





1, XJãij 6= 0½q̃i 6= 0,

0, Ù¦.

�âÝ
Â�½Â, âii = 1;éu�é��,XJ
´ãj´´ãi�þiSÜ´ã,½´ãi´��6Ñ

\´ã���ë�SÜ´ã,Kâij = 1(i 6= j),��
u3Ý
Â¤éA�k�ã¥, ��6Ñ\´ã�
ë�SÜ´ã!:�±��?¿Ù¦!:.

�â��´��AÛA5, b�´�¥Ø�
3ü1!B1!B=��¹, z�SÜ´ã!:þ
������^��6Ñ\´ã�ë�SÜ´ã!

:,¿±d��Ù¦!:. ÏdÝ
Â¤éA�k�

ã�rëÏã. �â©z[20],Ý
Â�Ø��Ý
.

?�Ú,dN̄ À 0, Q̃ > 0,�(E − Ā)��é�
�þ���. �âª(8)Ú©z[19]¥�^�L33, Ý

(E − Ā)´���ÛÉMÝ
. y..

�â©z[19]¥�^�N38, (E − Ā)−1�3,¿
�(E − Ā)−1�¤k��þ��Kê,��Ñ

N̄ = (E − Ā)−1Q̃. (9)

�(E − Ā)−1 �eª(aij > 0, i, j ∈ {1, 2, · · · , p},
�z1Úz���k����Ø�"):

(E − Ā)−1 =




a11 a12 · · · a1,p−1 a1,p

a21 a22 · · · a2,p−1 a2,p

...
...

. . .
...

...
ap,1 ap,2 · · · ap,p−1 ap,p




.

�V D′
j �´ãj�eiSÜ´ã8,ò(E − Ā)−1�

�1�(E − Ā)���©O�¦,���§|:
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a11 −
∑

kq∈V D′
1

α1kq
a1kq

=
1
η̄1

,

...
a1p −

∑
kq∈V D′

p

αpkq
a1kq

= 0,

a21 −
∑

kq∈V D′
1

α1kq
a2kq

= 0,

a22 −
∑

kq∈V D′
2

α2kq
a2kq

=
1
η̄2

,

...
a2p −

∑
kq∈V D′

p

αpkq
a2kq

= 0,

...
ap1 −

∑
kq∈V D′

1

αpkq
a1kq

= 0,

...

app −
∑

kq∈V D′
p

αpkq
apkq

=
1
η̄p

.

òd�§|C��Ý
/ª,���:



a11

a12

...
a1p




= [HT]−1




1
η̄1

0
...
0




,

...



ap1

ap2

...
app




= [HT]−1




0
0
...
1
η̄p




,

Ù¥Ý
H = (E − Ā)|η̄1,η̄2,··· ,η̄p=1,Ù���

Hij =





1, i = j,

0, ´ãjØ�´ãiþi´ã,

−αji, ´ãj�´ãiþi´ã.

�âª(9)�

N̄i = ai1q̃1 + ai2q̃2 + · · ·+ aipq̃p =
p∑

j=1

([HT]−1)jiq̃j

η̄i

,

�Ñ

η̄i =

p∑
j=1

([HT]−1)jiq̃j

ρ̄ili/vi

. (10)

q�âª(6)�

ḡi = (η̄iρ̄ili)/(sivi) =

p∑
j=1

([HT]−1)jiq̃j

si

, (11)

Ù¥ḡi�´ãi3��G�ρ̄ie�É��m. ª(10)
Ú(11)£ã
3´���e, ´ãi�3�ëêρ̄i,
η̄iÚḡi�m�'X9O��{.

2.4 ©©©+++������������üüüÑÑÑ(Control strategy of cluster
consensus)
du´ãj3k±Ï��6�uk − 1±Ïþi´

ã®85��6~�´ãj6�ei´ã��6. Ï
d,b�k±Ï´ãj��mÓkÇpu��G�,K
3e±Ïæ^Xe�`züÑ:O�´ãj�ei´

ã��1'~,��Ón. 6§ãXã2¤«.

ã 2 `züÑ6§ã

Fig. 2 Diagram of optimization strategy

3´���©+���L§¥, ´ãj��1'

~�X´ãG��CzØäN!, lØäU
Cª(5)¥A(k)��.´ãj���Æ�OXe,Ù¥
0 < h < 1:

ηj(k) = δj(k)ηj(k − 1)[h + (1− h)
ρj(k)
ρ̄j

] =

δj(k)[hηj(k − 1) + (1− h)ηj(k − 1)·

(1 +
ρj(k)− ρ̄j

ρ̄j

)], (12)

δj(k) =





1, ´ãj�ei´ã�mÓkÇ

þ�u1,

0, ´ãj�ei´ã¥,��k

�^´ã�mÓkÇØ�u1.

h�Lηj(k)�Cz�Ç, h��, ρj(k)�ρ̄j��É

éuηj(k)�K��Ò��, ηj(k)���u�
ηj(k − 1)�±��,�1'~N��Ý��ú;��
�1'~N��Ý�¯.
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�âª(12),eρj(k)�uρ̄j , ηj(k)�ηj(k − 1)O
�;��,eρj(k)�uρ̄j , ηj(k)�ηj(k−1)~�.dª
(6)��Ñ

ηj(k) = sjvjgj(k)/(ρj(k)lj),

òþª�\ª (12)�� k±Ï´ã j�É��m

gj(k),X(13)¤«:

gj(k) = δj(k)gj(k − 1)[
hρj(k)

ρj(k − 1)
+

(1− h)ρj(k)
ρ̄j

].
(13)

�¤k´ã�G�����G��,ª(12)Ú(13)©
O�=z�

ηj(k) = ηj(k − 1), gj(k) = gj(k − 1).

ρj(k)����G��,ª(12)Ú(13)¬�Xρj(k)
�ρ̄j� ���N�,�� ��Ø��.

3 ´́́���õõõ���UUUNNNXXXÚÚÚ(Multi-agent system of
traffic network)

3.1 ´́́���õõõ���UUUNNN���(((���ÚÚÚ���^̂̂(Structure and
function of multi-agent system)
õ�UN�.æ^��©Ùª(�. z^SÜ

´ã=���´ã�UN, SÜ´ã8|¤
´
�õ�UNXÚ. ¤k�´ã�UN�)Ï&�
¬!O��¬Ú�1�¬3Ü©. Xã3¤«.

(a) õ�UN¥��¬��^

(b) ´�õ�UNXÚ���©Ùª(�
ã 3 ´�õ�UNXÚ

Fig. 3 Multi-agent system of the traffic network

Ï&�¬KI��UN�Ù¦�UN�Ï&,O
��¬ò�/±9Ù§�UN�&E?1¢�\

ó,�)��üÑ;�1�¬�â�)���üÑ
5��&Ò��Cz.

3.2 ´́́ããã���UUUNNNmmm������NNNÅÅÅ���(Coordination
mechanism among agents)
13.1!£ã
´ã�UN���üÑ, =�â

�mÓkÇ5¢�N��1'~ÚÉ��m, ¢y
©+��.�!òé�UNm��NÅ�?1£ã.

�,����&Ò�ã�ê�r, Ù¥,�ã
�� ê�u, gi

j(k)(i = 1, 2, · · · , r; j = 1, 2, · · · ,

u)�T���k±Ï�,&Ò�ãi�1j�� �É

��m. ?uÓ��ã!ØÓ� �A�´ã�U
N²L�û, ¦�gi(k) = max(gi

1(k), gi
2(k), · · · ,

gi
u(k)),¡gi(k)�k±Ï1i�ã�É��m.

,	,�
;�ØÓ�ã�É�Àâ¿¿©|^

±Ï�m, XJ
r∑

i=1

gi(k) 6= C − J , Ù¥J�±Ï�

��m, KdØÓ�ã��UNmÏL�û5©�
É��m. ²L�N,ò±Ï�mCUìÉ��m'

~?1©�,=¢S¦^É��mGi(k)�

Gi(k) = [gi(k)/
r∑

j=1

gj(k)](C − J).

4 ���ýýý���äää���...(Model of simulation net-
work)
±�®½"®/«�´��~,Xã4¤«.´�

�¹11����, 50^´ã. 50^´ã¥, Ù¥32^
�SÜ´ã, P�´ã1−32; 9^�Ñ\´ã, P�
Q1−Q9;Ù{9^�ÑÑ´ã. �����&Ò±Ï
�Ý�Ó, C = 120 s,±Ï���mJ = 5 s. �´�
ÀÜ��H��©O�1. �Ñ\´ã�6Ñ\þ
�[600, 600, 1200, 1200, 800, 800, 800, 1200, 1050](ü
 : ý / h).

ã 4 "®«��Ï�äÿÀã

Fig. 4 Regional traffic network of Wangjing district

5 ���ýýý���'''���(Simulation and comparison)
¦^Visual Basic 6.09VISSIM 4.3�ý^�, ©

OA^MACCÚ½����{éã4¤«�´�?
1��,¿?1'�.
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5.1 ÑÑÑ\\\���666���½½½(Fixed input traffic flow)
Äk�Ä�ý´�Ñ\�6�½���¹. �

�ý�m�3600 s,�30±Ï,¿òª(12)Ú(13)¥�
�Æ�ëêh�ØÓ��,©Oæ�MACC{Ú½�
��, '�´��oÏ1þ!²þòØ�mÚ²þ
Ê�gê,XL1¤«.

dL1�, h���, �½����', ´��5
U�IU
�����Jp. h���, MACC
��N���J$�ØX½���, �ÏXe: �
âª(13), k±Ï�´ãj�É��m©O�ρj(k)/
ρj(k − 1)Úρj(k)/ρ̄jk', �üö���Ú�1;
�h�~�C1�, ρj(k)/ρj(k − 1)éÉ��m�

K��é�, ρj(k)/ρ̄j�K��é�, b�´
ãj3k−1±ÏÚk±ÏÑ?uîP×,�ρj(k) <

ρj(k−1),@o�âª(13), gj(k) < gj(k−1),=k±

Ï�É��m�éuk − 1±Ï�´~��,�¢
S��ÏI¦��.

,À�1, 7, 13, 17, 19ù5^3½����P×
��î�´ã,ã5��ý�m3360 s∼ 3600 s�,
©O¦^½���ÚMACC (h = 0.3)�, 5^´ã�
²þ�ýòØÚÊ�gê�'�.

�
�´��Ú�/?1é',é´���Ú�
/?1�ý. ò�Ñ\´ã��6Ñ\þ~�,Ù{
ëêØC,(JXL2¤«.

L 1 ´��oÏ1þ!²þòØ�mÚ²þÊ�gê
Table 1 Total traffic volume, average delay time and average stop numbers of the network

oÏ1þ ²þòØ�m ²þÊ�gê

�ýê/veh �éØ� �m/s �éØ� gê �éØ�

½��� 7915 0 159.289 0 4.359 0

MACC (h = 0.3) 8258 +4.33% 140.348 −11.89% 3.569 −18.12%

MACC (h = 0.4) 8266 +4.43% 139.99 −12.12% 3.567 −18.17%

MACC (h = 0.5) 8254 +4.28% 139.475 −12.44% 3.521 −19.22%

MACC (h = 0.7) 8148 +2.94% 146.979 −7.73% 3.78 −13.28%

MACC (h = 0.8) 7793 −1.54% 169.114 +6.17% 4.503 +3.30%

MACC (h = 0.9) 7701 −2.70% 210.703 +32.28% 5.382 +23.47%

(a) �´ã²þ�ýòØé' (b) �´ãÊ�gêé'

ã 5 �´ã�²þ�ýòØÚÊ�gêé'

Fig. 5 Comparison of average delay and number of stops

dL2�wÑ,�'½���,¦^MACC��
�{Ø¬UCoÏ1þ, U
��ÌÝ/~�Ê
�gê, �Ó�¬�ÌO\²þòØ�m. Ïd,

�´�?u��Ú�/�, MACC�{����
J¿Ø'½����{Ð.�Ï3u: �©���
8I´�y�´ã��mÓkÇ¢yþï, é
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u��Ú�ä,duØ�3P×¯K,Ù��8I
A�y�´ã��ýU
�¯/ÏL´�, XJ

�¿J¦�´ã�mÓkÇ�þï, �¬O\
,
�6þ��´ã�òØ�m.

L 2 ´��oÏ1þ!²þòØ�mÚ²þÊ�gê
Table 2 Total traffic volume, average delay time and average stop numbers of the network

oÏ1þ ²þòØ�m ²þÊ�gê

�ýê/veh �éØ� �m/s �éØ� gê �éØ�

½��� 4161 0 48.774 0 1.623 0

MACC (h = 0.2) 4161 0 61.026 +25.12% 1.539 −5.18%

MACC (h = 0.3) 4161 0 65.566 +34.43% 1.555 −4.19%

MACC (h = 0.4) 4161 0 65.868 +35.05% 1.567 −3.45%

MACC (h = 0.5) 4161 0 68.528 +40.50% 1.592 −1.91%

MACC (h = 0.6) 4161 0 69.1 +41.67% 1.604 −1.17%

5.2 ÑÑÑ\\\���666âââCCC(Sudden change of input traffic
flow)
e¡�Äu)Ñ\�Ï6âC��¹. E¤�

Ï6âC��Ïéõ, 'X,´ãu)
�Ï¯
���Ù¦´ã��Ï6-O, ,ü�¬½N�
'mÑ|����âu��Ï6�.

E±ã4¤«�´��.��Ú�¹�~, b
�l110±Ïm©, Q1, Q6�z��Ñ\�6þ

âC�1500,¿l20±Ïm©¡E�~,Ù{ëê
ØC.L3�´��Ñ\�6u)âC�, 10–30±
ÏÏm´��oÏ1þ!²þòØ�mÚ²þÊ

�gê.

À�6, 31ùü^�Q1, Q6���ë�SÜ´

ã,ã6��ý�m31200 s∼3600 s(10–30±Ï)�,
©O¦^½���ÚMACC(h = 0.3)�,ü^´ã
�²þ�ýòØÚÊ�gê'�.

(a) �´ã²þ�ýòØé' (b) �´ãÊ�gêé'

ã 6 �´ã�²þ�ýòØÚÊ�gêé'

Fig. 6 Comparison of average delay and number of stops

�âL3,�Ñ\�6âC�,ÏL����h,
MACC�{U
¯��l�6þ�¢�Cz, ~
�²þÊ�gê, ¿�ÌÝ/O\oÏ1þÚ~

�²þòØ�m. �h���, MACC����
JØX½�����J,�ÏÓ15.1!¥éL1�
©Û.
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L 3 10–30±ÏÏm´��oÏ1þ!²þòØ�mÚ²þÊ�gê
Table 3 Total traffic volume, average delay time and average stop numbers of

the network in the period of cycle 10 to 30

oÏ1þ ²þòØ�m ²þÊ�gê

�ýê/veh �éØ� �m/s �éØ� gê �éØ�

½��� 6341 0 190.812 0 5.413 0

MACC (h = 0.02) 6396 +0.87% 190.332 −0.25% 5.053 −6.65%

MACC (h = 0.3) 6368 +0.43% 190.555 −0.13% 5.165 −4.58%

MACC (h = 0.4) 6343 +0.03% 186.527 −2.25% 5.067 −6.39%

MACC (h = 0.5) 6407 1.04% 189.853 −0.50% 5.022 −7.22%

MACC (h = 0.6) 6247 −1.48% 203.363 +6.58% 5.431 +0.33%

MACC (h = 0.7) 6165 −2.78% 226.618 +18.77% 6.171 +14.00%

6 (((ØØØ(Conclusions)
�©ïá
���Ï´����.,�â¢½

�´������6�., ©+ÓÚnØÚõ�
UN�N��, JÑ
�«Äu©+ÓÚ�õ�
UN´��N�{. �ýÚ©Û(Jw«�©�
�{U
k��)¢½´��ÛÜP×.

X12.4!¤ã,��Çëêh�ÀJé�.�

���~�.3�cïÄ¥, h����½�,v
k�Ä´ãG��¢�Cz. 3�Y�ïÄ¥,�
±�â�c±Ï�´ã�mÓkÇ�´ã�

����5¢�N���ëêh, ¢y��Çë
êh�Ä��#,Uõ���J.

?�Ú, �YïÄòé�.?1`z, r�´
ã���=��u&Ò��ØÓ� , �Ø��
��=��Àâé����1�Ç�K�.
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