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Multi-agent deep reinforcement learning-based urban
traffic signal management∗
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Abstract With the rapid improvement of the national economy in recent years,
people’s travel demand has increased, bringing increasingly severe pressure on the current
urban traffic signal system relying on traditional non-intelligent traffic lights. The signifi-
cant increase in the complexity of the traffic network has led to the development of traffic
signal control from a single-point problem to a system engineering problem, and the de-
velopment of artificial intelligence technology brings more methods to dealing with urban
traffic signal control. Swarm intelligence methods, represented by multi-agent reinforce-
ment learning, have been widely used in traffic signal control and optimization, including
traffic light control, autonomous driving, and vehicle-road collaboration. Compared to
traditional methods, multi-agent reinforcement learning can empower the intelligence of
traffic signal systems while implementing large-scale traffic signal system collaboration
to improve the efficiency of urban traffic operations. The various components involved
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in urban transportation must collaborate in the vision of intelligent urban traffic. Multi-
agent reinforcement learning is of great research value in urban traffic signal control and
optimization. This paper will systematically introduce the basic theory of multi-agent
deep reinforcement learning and its use in urban traffic signal optimization, summarize
the existing approaches and analyze the drawbacks of each method. In addition, this pa-
per will outline the challenges of multi-agent reinforcement learning methods for urban
traffic signal optimization. Then the paper points out possible future research direction-
s to promote the development of multi-agent reinforcement learning methods in urban
traffic signal optimization.

Keywords multi-agent reinforcement learning, intelligent traffic, traffic signal
control, autonomous driving
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ÄurzÆS�¢½�Ï&ÒXÚ���Ä��.Xã 2 ¤«"Äk�ï��ê�

�ÅûüL§ (Markov Decision Process, MDP) �., T�.Ï~d��Ê�|¤½Â,

=µ

〈S,A,P,R, γ〉 ,

Ù¥ S L«G��m¶A L«Ä��m¶P: S × A −→ δ(S) L«=£¼ê, =3G�

s ∈ S e�1Ä� a ∈ A �=£� s′ ∈ S �VÇ¶R : S ×A×S −→ R L«øy�m, =

3G� s ∈ S e�1Ä� a ∈ A =£� s′ ∈ S ����øy¶γ ∈ (0, 1] L«ò�Ïf,
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( )

ã 2 ÄurzÆS�¢½�Ï&ÒXÚ��Ä��.

éudrzÆS����Ï&ÒXÚ, ´��&Ò��ü��±�Ä�����U

N (agent), Ù���é��±�½Â���ü�¤éA�¢��Ï6"3��üÑ�Ô

ö�ã, �UNÏL��¸Øä�p, *	�Ï�¸�¢�G�, ¿Ä�/J�ûü¤I

��c�ÏG�&E st ∈ S, 2?�Ú�â�ÏG�&E?1ûü, ���cG�e�Ä

� at ∈ A ¿�1TÄ�, �����ÏXÚ�"�øy&E rt"�UN�oN8I�±



2 Ï ¡�¢½�Ï&Ò`z�õ�UNrzÆSnã 53

��½���zò�\Èøy¿��éA��`üÑ π∗, =

max
π

{
E

[
T∑
t=0

γtR(st, at, st+1)
∣∣at ∼ π(·∣∣st)]}" (1)

�'u5K°Ä��Ï&Ò���{, ÄurzÆS��{Ø2I�<�½Â&Ò

��ûüÜ6, 
��½Â���U&Ò���UN��
Ä��&E"
��UNK

¬gÌ/çÀ&E, ¿3Øä/�p¥Æ�k�üÑ"Ïd3ÆS8I�	, ¦^rzÆ

S�{5)û¢S?Ö���Ì�¯K3u½ÂrzÆS�UN"=½Âc©¤ã�G

�, Ä�±9øy"3L 1, L 2 ÚL 3 ¥·��Þ
�cÌ6�3�Ï&Ò��?Ö¥

rzÆS�UN3øy¼ê!G�&E¥¤�¹���±9�UNÄ�a."
3ùp,

·�ò�?�ÚÎnµ

(1) øyµøyNy
rzÆS�UN�`z8I"3�Ï&Ò��+�, ¦+�ª

é&Ò�üÑ�`z8I´¦�¤k�ý�1¨�m��z, ��ý�1¨�méJ�

�rzÆS�k�øy&E"Ï��ý¢S�1¨�m  ¬É�Ø&Ò�	��¸K

�,ù��¦^�ý�1¨�m��øy&EJ±k�Ny�c�Ï&ÒüÑ��þ"Ï

d, yk�ó�Ï~¦^���±3�UN�11Ä�Uk�ÿþ�øy&Ò"3Cc

5A^u�Ï&Ò��+���X�rzÆS�{¥, øy¼ê��¬��O���è

��Ý!�ý���m!ò´�&E�\��5|Ü[15, 22, 29]",
, XÛ�Oøy¥�

�|¤��­´�~(J�"Wei�<[22] uyøy¥�­�O�[��É�U¬���

�ØÓ�(J, Ïd, ¦��O
�«Äu´��ÏØå�øy, ¿y²
Ù��u`z

�N�1¨�m,¿3¢��¸¥NyÑ
�ékcøy�O�`³"Zhao�<[23] 3d

Ä:þ�	�Ä
lm´���ýêþ, U?
øy��, ��
�Ð�(J"

(2)G�µG�Ny
rzÆS�UN3z��mÚ�É���¸&E"yk�Äu

rzÆS��Ï&Ò���{¥¬ïá���¹���¡½´ã�¡&E�Üþ��G

�&E"G�&E��¬�¹��è��Ý[10,19,25]!��[19,30]!�ý���m[12, 22]!�

c�&Ò�G�[25, 26] ��´&E"3@ÏÄuDÚrzÆS�ó�¥,G�&E¬�l

Ñz, ¿ÏL{ü�L�½�/�.5Cq[ÜG�&E±Jp�Ç",
3y¢­.

¥, �´&E�G��mÏ~´�~��, ù��
DÚrzÆS�A^"�X�ÝÆS

�uÐ,�Ý ²�ä�A^3
rzÆS?Ö¥,¿k�/)û
p�ÝG��m�L

«¯K"dd�kÜ©ó�/Ï�ÝÆSEâ, ��¦^��ý¤? ��'�ã�&

E5L«G�&E[15, 27, 28]"

(3) Ä�µÄ�Ny
rzÆS�UN3z��mÚ�â�c�¸���G�&E,

¤�1�äN1�"yk�ÄurzÆS��Ï&Ò���{¬æ^±eAaÄ�½

Âµ1) ���c�ã�±Y�m[20,25]¶2) ���ã©�[10,11,21]¶3) UC½�±�c�

ã[13,18,22]¶4)ÀJe��ã[12,16,31]"Ä�½Â�ÀJ��Ï&Ò�äN��´���'

�"Þ�~f5`, XJ�Ï&Ò��� ´Ì���½�, @oÒATÀJþã�cn

«Ä�½Â"



54 u ©, ��´, 7 Æ 27 ò

L 1 øy¼ê¥�¹���

�� ë�©z

��è��Ý [5,10,11,12,13,14,15,16,17]

�ý���m [5,12,13,14,15,18,19,20]

�� [5,15,21]

Ê�gê [15]

´Äu)¯� [15]

´��ÏØå [22, 23]

L 2 G�&E¥�¹���

�� ë�©z

��è��Ý [5,10,11,12,13,14,17,19,24]

�ý���m [5,12]

�� [19,21]

�c&Ò�G� [5,13,16,17,22,24,25,26]

´�ã�&E [15, 27, 28]

L 3 �UNÄ�a.

Ä�a. ë�©z

���c�ã�±Y�m [20,25]

���ã©� [10, 11, 21]

UC½�±�c�ã [13,18,22]

ÀJe��ã [12,16,31]

�
Ïé�`�Ï&Ò��üÑ π∗, rzÆS�{Ï~�±8B�Xeü«µ

(1)Äu�¼ê (Value-Based)��{µ± Q-ÆS (Q-Learning)�{��L[32], �3

ÆS�`G�-Ä���O¼ê±m�Ïé�`üÑ, Q-ÆS�{�±��G�-Ä��¼

ê Q̂(s, a),ÏL�UN��¸�p¼�{¤êâ (s, a, s′, r), ¿¦^Xe/ª�#G�-Ä

��¼ê, =

Q̂ (s, a)← (1− α) Q̂ (s, a) + α
[
r + γmax

a′
Q̂ (s′, a′)

]
, (2)

Ù¥ α ´ÆSÇ"3�½b�^�e, Q-ÆS�±�y²UÂñ��`G�-Ä���O

¼ê"
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∇θJ(πθ) := E
τ∼πθ
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t=0

∇θ log πθ(at|st)G(τ)

]
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¿ÆSg�üÑ, Ïd��ï���¥%zÜ©�*ÿê��ÅûüL§ (Decentralized

Partially-Observed Markov Decision Process, Dec-POMDP)"Dec-POMDP Ï~d��õ

�|¤½Â, =

〈I,S,A,P,R, ω,O, γ〉 ,

Ù¥ I := 1, · · · , N L« N ��UN¶s ∈ S L«�UNXÚG�¶z��UN i ∈ I �
É��ÛÜ*ÿ&EL«� oi ∈ ω, 
�UN i �ÛÜ*ÿ&Ed*ÿ¼ê O(s, i) �â
G��)¶�UN i �â*ÿ&E9g�üÑ πi(ai
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£�e��G� s′¶�¸ò�"�¤k�UN������Ûøy r = R(s, a)¶�UN
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π
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YÙ!¥, ·�òlùü���±���Ý8Bo(®k�Äuõ�UNrzÆS�¢

½�Ï&Ò`z�{"

3 Äuõ�UNrzÆS�¢½�Ï&Ò`z�{

3.1 Õáõ�UNrzÆS°Ä�¢½�Ï&Ò`z

Õáõ�UNrzÆS°Ä�¢½�Ï&Ò`z´�Ä���Ï`zrzÆS�{"

ùa�{3�½§Ýþ·^u�á�Øáu�.¢½´���´�ÏXÚ�+n (X�
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¢	´�), ¿�±��`uDÚ�{��J[5], �duÙ¿��Ä�ØÓ��ü��m

���, 3�E,�¢«�5�´¹¥5UÉ�[13]"

@3 2011 c, Abdoos �<[10] òÕáõ�UN Q-ÆS�{��A^u��Äu

Aimsun �[ì�ï��¹ 50 �´�Ú 112 ^�´��[¢½�Ï´�|µ¥"üÑ

ÜÝ¢�(JuyÕá Q-ÆS�{=¦3�­½�õ�UN�¸e, �,�±3�½Ø

Ó�ÏI¦e¼��LDÚÄuý½Â�½�m¡�{"Aslani �<[38] Ú\Õáõ�

UNü
-µØ[�{, ���aq(J"��5¿�´, Wei Hua �<3©z [5] ¥J

Ñ� IntelliLight �{Ägò�ÝrzÆS�{A^u¢½´�?O��Ï&Ò��¯

K¥, d��ÝrzÆS�{�5�L�Uå¦� IntelliLight �±?nõC��Ï�¹

X±"!ó�F�¥Ø����ÏI¦"��, ¦�?�ÚJÑ
 PressLight[22], ÙÚ\

Max Press Eâ�ïÄu�ÏØå�øy¼ê, ±¢y��´��m���, ¿¢yaq

uÉÅ���Ï&Ò���`z�J"

Õáõ�UNrzÆS°Ä�¢½�Ï&Ò`z�·A�5�¢½�ÏXÚ`z,

�´"yé�UNm���ï�, ØU¿©¢y�Ï&Ò��ü��m��"�Y�5

�õÄu��õ�UNrzÆS�¢½�Ï&Ò`z�{�JÑ"

3.2 ��õ�UNrzÆS°Ä�¢½�Ï&Ò`z

��õ�UNrzÆS°Ä�¢½�Ï&Ò`z�{�3wª�Äõ��Ï&Ò�

�ü��m�&Ò��, 8c�õê��õ�UNrzÆS°Ä�¢½�Ï&Ò`z�

{Ñ�'5&Ò��m�Ó���'X,vk�Ä��´�Ï¥�Ù¦�UN,Ù¦�U

Në��õ�UN��¯K��{·�ò;�31 4!¥?Ø"l¢Sö��¡þ5`,

��õ�UNrzÆS°Ä�¢½�Ï&Ò`z¯K�3ü«Ì��ï�/ª, =éÜ

Ä�ÆSÚÕáÏ&ÆS"

3.2.1 éÜÄ�ÆS

éÜÄ�ÆS�{´�«��¢yÓ���õ�UNrzÆS���¢½�Ï&Ò

`z�{, ®²�2�A^u�Ï&Ò`z?Ö¥[14,29]"3Äuõ�UNrzÆS��

Ï&Ò`z?Ö¥, éÜÄ�ÆS�{ò��¢½�Ï´�¥�¤k´��&Ò��ï

���Ú��UN, ±ÆS`z��¤k&Ò��üÑ"l/ªþ5`, éuk n �&

Ò���|µ, Ú��UN�Ä��±L«� a = [a0,a1, · · · ,an], Ù¥*ÿ&E�±L
«� o = [o0,o1, · · · ,on]"��5¿�´, �XÚ��UNI���´�êþ�O\, G

�-Ä��m¬�ê?O�, l
���Ý�¿, ¤±éÜÄ�ÆS�{3�5�?Ö¥

J±ÆS�k�üÑ"�
)û�Ý�¿¯K, õ�UNrzÆS+���ÏLòÚ�

�UN�üÑ, ½�¼ê©)�z�Õá�UN, ±d5CqÚ��UN�üÑ½�¼

ê"
3��õ�UNrzÆS°Ä�¢½�Ï&Ò`z?Ö¥, ùa©)�{��2

�¦^5)ûdu´�Oõ
����Ý�¿¯K"X Elise Van der Pol �<[15] Òò

max-plus EâÚ\¿ÿÐÄu�¼ê�éÜÄ�ÆS�{, òÚ��UN��Û Q ¼ê

©)�Xe/ª���Õá�UN�ÛÜ Q ¼ê�¦Ú|Ü, =

Q̂ (o,a) =
∑
i,j

Qi,j (oi,oj ,ai,aj) , (5)
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Ù¥ i, j L«���Ï´�éA��UN¢Ú"¦��ó�3�5��J[|µ¥Ly

Ñ
`uÄO�{�5U, �¿vkA^3�5��¢½�Ï|µ¥"d	, ù��{3

ÔöL§¥Ly��~Ø­½, ù��
Ù3E,|µ¥�A^"Zhi Zhang �<[39] J

Ñ� QCOMBO K?�ÚòÚ��UN��Û Q ¼êÀ���Õá�UN�ÛÜ Q ¼

ê�\�¦Ú, =

Q̂(o,a) =
∑
i,j

wi,jQi,j(oi,oj ,ai,aj), (6)

Ù¥ wi,j �ý½Â��­,ÏLé��¼ê\\�K���ª5�O�Û Q¼ê±%C

¢S��Û Q ¼ê, l
��CqéÜÄ�ÆS�8I"¦�3¢�¥}Á
��5�

�J[|µ, QCOMBO Ø
35UþLyÑÚ, �NyÑ
3ØÓ5�Ú´¹��Ï|

µ¥��z5U, Or
�{�¢^d�"�C, Chen �<[40] JÑ� CQmix �{K|

^
 QMIX�{,ÏL ²�ä(�5àÜ��Õá�UN�ÛÜ Q¼ê±dCqÚ�

�UN��Û Q¼ê,d	 CQmix��Ä
��Õá�UN�m�Ï&,±d?�ÚJ

,5U"¦�3¢�¥}Á
Äuý¢�´�Ï´�Úêâ�J[|µ, LyÑ
`u

{üA^ QMIX �{�5U"

3.2.2 ÕáÏ&ÆS

ÕáÏ&ÆS´,�«¢y��õ�UNrzÆS°Ä�¢½�Ï&Ò`z��{,

Ù�33ÕáÆS�Ä:þ�z��UN�ïÏ&�E±|^TÏ&�E¢y��"Ï

&�5
Ù¦�UN��	&E, Ïd�±ÿÐOr�Éù
&E��UNk��ÛÜ

*ÿ[41], ¦Ù3Ä��¸ebC¢S�¸G�"

Xu �<[42] Ú Ge �<[43] �ó�©Oò�ÏG¹Ú{¤ûü&E\\��Ï&Ò

XÚ�ûü¥, ù�´~5�ÕáÏ&ÆS��{"Ï�ÕáÆS�L§¥�5��U

N¬��Ó��ÆS�., ¤±ù
�{ÑI�é���Ï&Ò��ü�ïá���¢

Ú"Ù¥, Xu �<[42] �ó�¥Ú\
��&Ò����´���ýêþ9²þ��&

EòÙB\
*ÿ&E, 
 Ge �<[43] �ó�Kr�UNÔöL§¥��&Ò�éA�

�UN�ÛÜ Q ¼ê��Ï&&EB\
`zL§¥?1éÜ`z"l(Jþw, 3{

ü��[�¸¥,¦���{ÑwÍ/J,
�Ï&Ò���üÑ�þ,NyÑ
���

`³"

,
,þã�ù
�{Ñvk�Ä���!:�m�Ôn �'X,�´{ü/ò¤

k�Ø!:À�Ó���UN"ãòÈ ²�ä (Graph Convolutional Network) ���

«#L��ÝÆS�., � Michael Schlichtkrull �<[44] Ú\5�ï¢½´�(�, 


Tomoki Nishi �<[19] K?�Ú|^ÄuãòÈ ²�ä�ïÑ�´�'X, ¢y
��

�Ï&Ò��ü��m�Ï&, ,
ùa�{�,b�
�����UN�m�K�´

·��"ù�·�K�b�3¢½�Ï&Ò`z¥�3²w�Û�5, 3¢S¢½�Ï

&Ò`z|µ¥, ��&Òü��m (X��´�&Ò��m) �K�´¬�X�m�C

z
Ä�Cz�"Ïd, ÄuÄ�K�b�, Hua Wei �<[24] Ú Yanan Wang �<[45] ©

OJÑ¦^ã5¿å�ä (Graph Attention Network)5ÆS��&Òü��m�Ä��

pK�"Ù¥, Hua Wei �<JÑ� Colight ÏLã5¿å�äÆS�¹�Ø�UN�´

�G�&E5ÿÐ�UN�*ÿ,
 Yanan Wang�<JÑ� STMARLK´±dÔö�

�&Ò�éA��UN�ÛÜ Q ¼ê��­, ¢y�UNmÄuÏ&���"l(Jþ
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w, ColightÚ STMARL3Äuý¢�´êâ��[�¸¥ÑLyÑ
²w�`³,J,


ØÓ�UN���&Ò�m���Uå"

4 �5�]Ô�uÐ

c©0�
�c¡�¢½�Ï&Ò`z�õ�UNrzÆSó�, l���Ýé�

c��{�
©a¿©Û
§��`":"3�Ù!¥,·�ò?�Ú&?¡�¢½�Ï

&Ò�õ�UNrzÆSó�¡��#�]Ô,¿3dÄ:þ?Ø�
�5�ïÄ��"

4.1 æ��Ç

rzÆS�{I�ª�/��¸?1�p, ÏLÁ�{5Â8êâ¿±d`zg�

üÑ"éuõ�UNrzÆS5`, du�UN�m�3��pK�����¸Ø­½

¯K, ¦�Ôök���UNI��õ��p"
3�Ï&Ò`z+�¥, ùaª��Á

�¬�5y¢­.¥J±«É�î­�Ï×l"Ïd, æ��Ç¯K´òõ�UNrz

ÆSA^3¢½�Ï&Ò`z+����Ì�]Ô"�c�õêÄuõ�UNrzÆS

�¢½�Ï&Ò`z�{Ñ´Äu�[ì�¸?1Ôö�, Ï�¦^�[�¸�±�N

´�¯�?1�p, ¤±æ��Ç¿vk3ÔöL§¥�5î­�¯K, �ùq¬��

l�[ì�¸�y¢|µ¥�+�[£¯K"�cÌ�küa�{�^5)û¢½�Ï

&Ò`z?Ö¥�æ��Ç¯K"Ù�´��ÆS (Imitation Learning), Yuanhao Xiong

�<[16] Ägò��ÆS�{A^3
¢½�Ï&Ò`z?Ö¥,¿Äun�¢½¥��

Ï&Òûü9�6êâ, k�/ÆS�
k�üÑ, 2ÏLù�k�üÑ, wÍJp
ü


-µØ[�{3�Ï&Ò`z?Ö¥�æ��Ç, ¿Jp
�Ï&Òûü��þ, ?�

Ú�)
P×",�a�{´�rzÆS (Meta Reinforcement Learning), Ù�3l�X

�?Ö¥J��&E, ¿±d5r?#?Ö�Ôö±Jpæ��Ç"Xinshi Zang �<[17]

JÑ� MetaLightÄkr�rzÆSÚ\
¢½�Ï&Ò`z+�, MetaLight�éØÓ

�¸½´¹eÄu DQN �{�&Ò�ÆS
����¼êëê, ¿òÙA^�#?Ö

¥Jp#?Ö�æ��Ç"Xinghuai Huang �<[46] JÑ� ModelLight Kæ^
Äu�

.��rzÆS�{�ï
��é�¸�k��O¿±dJ,#?Ö¥�æ��Ç"


Chang Liu �<[47] JÑ� GeneraLight KÏL�ÆS�ªé�6?1ï�, ¿3dÄ:

þÆS�üÑ,�'u�c��{, GeneraLight3�z5þLyÑÚ,�±k�J,æ�

�Ç",
, yk�ó�éu|µ��zUå�,�3Û�5,   ��Ä
X�ý�|

µ,ù�¢S�Ï5y¥�¹
�ý!1<��ÅÄ�ý�·Ü|µ�3�½��É"d

	,�cJ,æ��Ç��{Ñ��Ä�
ü��UN��¹,=b½z�´���U&

Ò��m´�pÕá�,Ï
,XÛ3J,�z5Úæ��Ç�L§¥�ÄØÓ´�m�

��, �´��k¿Â�¯K"

4.2 �[ì�y¢|µ�[£

�Xc�!¤`, �c�õêÄuõ�UNrzÆS�¢½�Ï&Ò`z�{Ñ�

6u�[�¸¿±d~�æ��Ç¯K�5�K�",
�[ìÚy¢�¸�m��É

(XDaìò´!D(!f¨
1��ª) ��
ù
�{3y¢��Ï&Ò`z¥�A

^"k
ó�, X James Ault �<[48] }Á�ï�«�)º�üÑ, ¦�Ù�±�N´/
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�A^3ý¢|µ¥",���Ý´ïá���\bCy¢��[|µ,ù
ó��­%

3uXÛlk��ý¢�Ïêâ¥�ïÑ[ý��[�Ï�¸"X Hua Wei �<[49] }

ÁlDÕ��ý �&E¥��Ñý¢�Ï|µ¥��ý;,, 
 Guanjie Zheng �<

3©z [50] ¥ÏLý¢|µ¥��ý«�êâ�ï
�[|µ¥��ý;,, 
3©z

[51] ¥}Ál�´Ï1�Ý&E¥­�ÑÚO¿Âþ��ý�å:Úª:"�c�ù


�{�½§Ýþ�±~��[ìÚy¢�¸�m��É�5�üÑ[£þ�(J"�é

Äuõ�UNrzÆS�¢½�Ï&Ò`z�{5`, XÛk�/)û�[ì�y¢|

µüÑ�[£�,´��m�¯K"

4.3 �gÄf¨�ý���

�XCc5gÄf¨Eâ�uÐ, XÛ¦�gÄf¨�ýùa�U�ýë��Ï&

Ò`z�L§¤�
�a#¯K"kgÄf¨Eâë��Äuõ�UNrzÆS�{�

¢½�Ï&Ò`z?Ö�±©�Xena"1�a´gÄf¨�ý���Ï&Ò�Da

ì�ò�, ÏLÔé�Eâ¦��ý��Ï&Ò��mïáÏ&¿D4�ý&E��Ï

&Ò�, J,�Ï&Ò��ûü�þ"Qiang Wu �<[52] ÄuÔé�Eâ, ïá
�3

�ý-&Ò�mÏ&�¡�¢½�Ï&Ò`z�õ�UNrzÆSµe, 3�[�¸¥

LyÑ
wÍ�5UJ,"1�a´ïá�¹�U�Ï&Ò�ÚgÄf¨�ý�É�õ

�UNrzÆS�{, ±d)û¢½�Ï&Ò`z¯K, ��cmkó��9ù��Ý,

Praveen Palanisamy[9] JÑ� MACAD-Gym �[�¸¥�Ä�
ùa�ý-&Ò�m�

���/"
1naó�K´4gÄf¨�ýÏLõ�UNrzÆS�{¢yØ�6u

¢½�Ï&Ò��gÌ��Ï+n, X Alessandro Paolo Capasso �<[53] Ò}Á¦^õ

�UNrzÆS�{¦�gÄf¨�ým¢ygÌ���´�Ï1",
, yk��g

Äf¨�ý?1����{Ì��´8¥31�a=ÏLÏ&5ÿÐa�Uåþ, é¢

yý���ý-&Ò�m���±?�Ú`z¢½�Ï&ÒüÑ�5U�ké��ål"

5 o (
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