
��������	
��
��������� 
Using Autonomous Mobile Agents in Decentralized Simulation 

Environment 
 

��� (Tainchi Lu)   ��� (MingChi Fu)   ��	 (Chienchang Feng) 

��
�������� 

 
E-mail: tclu@mail.ncyu.edu.tw  

 
 

�� 

 
����� IEEE �� 1516 �	
��
� 

(High Level Architecture) � IBM Aglets����

����������������� !�"#

$%�����%�&'(�����)*+,-

. / � 0 � 1 2  (mobile agent-based data 

distribution management)�3��456��789

:;<=>�?@�AB���C,DEFGH

I�JKLMNOPQRSTUVW,��DE@

�XY=DEZ[�\PQR]^_`"ab,�

�Ycdefg@�hiL���jk'����

����,-.l$mFGJKno�Sp=,q

r�����FGHst�&uvw�	

��

���,xyznL 

 

���{	

�|��������|-Fl$|

}[}
�|�~��
�|���� 

 

1. �� 
��?�"����,@�m5�56,�

��vw�,������������!��

���)��7���|�����������

 ,¡¢£¤L¥¦§�¨©@�ª%�«S#A

¬,­���������®¯°�±3�¨�²

,�v³´L)�µ¶�·¸��xyra,¹

º�§��¨�«" 1995 �»¼�½9�,��


�¾)	
��
� (High Level Architecture) 

[13]�¿nÀÁÂÃ
�\�·��!��@�S

z,ra!�L�ÄÅÆ
�,#$%�56��

)9:>a/Ç�S�56�Èb=É��>,

56���¥ÊË�5%Ì_�� IEEE�� 1516

,	
��
�?78��Yc���(����

� [1,2,4,7])*+�­� IBM Aglets [5,6,10]���

����������� !�"#$%���

��%L 

ÍPQR@���Î��Yc��Ï��"�

��Ð:ÑS��ÒÓÔÕ­���,DE�ÖÁ

×ØNOPQRSVWTU,��DE@�de

fR,DEÙX=Z[�AB���ÚÛÜPQR

:ÝÞ-.ßà(m��YcdefR�DE/

_�Z['bá��,��Ycdef�À��â

ãä��� (navigator agent) @�PQR_`�Á

å0�æç(¿èn&éab=,-.l$e

²�(êaPQR àL&é:ÝÞ,-Fe²� 

 
2. ���� 

 
2.1 ����� 

 
�����È(ÛO?ë��ìí�,îï

£��ðñò�ó/ôÎ�õö�÷øùú56/

û½,ÊË-.üýþL9�ó�ô£�����

��Ú�8 ����ò���,õöLÍ���

���defY������	�õö�ÛÜde

�1
������,�
=�����Lñ)�

 í�
ï,õö������nJâ��9:d

e�1�789:´,���� n¥�ÁC��

FG�Ã��Î£�í�\>��J
3���J


�9:de�1L 

÷� 1Æk�������¥�ø,�56�

 �n¥!9:Æ"#,$}�	��ô,£��

� È/)%·���{£�����ãäÐ��

��&%£����ÙÍ"9:'(P�)Ì*�

�+,h-�./012ñãäÐ���ÙÍ"9

:��+,3]�)^ã'(P45"01%L 



 

 

� 1 ����	
��
�	
��� 

 
2.2 ����	 

 
}[}/Ç�
� [3,8,9,11,12]�ÈÀ���

ýþ�:��$}Æ/6,-ë�ñ�ß 7#%

8�defLñ%8�defn¥9:ÏCó3�

?�îï,£��°÷;<9:´$}�56��

�=
ú,X>?(mxyC,ø�@L 

¥ A B , # $ % � 
 � %  (purely 

decentralized architecture) �56�ÆS,$}CD

E,	�Ùø,£��SF÷ødefR�PQR

,���)�M ¿C,G�HS%8,Iq�@

�IqL÷� 2ÆkL 

JK�Lk56$},�>M4��9:Nà

OP,$}�â àÎ)Q�,$}�ÛÁR�L

Í�SÎ�TFGÏ�ÚÀ��U9:VWFG?

XYFGZ[\]56J^tLÍ�_ì`P,a

¯b�J�®FGL 

 

 

� 2 ����������� 

 
2.3 
��
 

 
	

� (HLA))Tcxy7`���&é

,9å���)���Yc|���Ð|DE�¸

de|�fwg|	�Ï*+ RTI (run time 

infrastructure) @h�LHLA ,jFî})ij�

·,xy���ikDE)�,��!����

��&éÃ�,FGHIÃlIm(mÃ�,|�

n,|ÈNO�ø!�ãú2ï,FGopoqr

�Im|\��®n�Ã�,isxy/t,>�

@LÖÁ�HLA¥µ¶/Ç�|Iøa�,��x

y�DE,Èu�mÈ��=vwþ=��v,

@�L 

 
3. ���� 

 
3.1 ����	�
 

 
¥Á��%,#$%���xy
�x�×Ø

Ûy( IEEE�� 1516	
��
�)xyz{�

�|{Ycdef (federate server, FS) ha�/

Ç�56def}$�ÒÓ����x,FGHI

(mò��:PQR���YcdefÏÆß 

,�5��L����%ÆS,DE~���©ï

��`í��ÖÁ¥È�¿½��:DEFGJâ

È(À������\-.���?&é:ÝÞ,

��e²L 

÷� 3Æk�¥Á#$%�
�%�Ycde

fR)��HI��­�z{�M"&%�`AB

���?��l$FG�PQRÀ�S��É�5

6J^���de�1���Mþ=��@�Ï�

HIFGL 

¥xy
�%�(� 3)°�À��ôAB��

� (stationary agent, S. Agent) ÒÓ0�56��

g,Ycdef��������rÙ�C�ÛO

}[}#$%�
�?78��M&ée²
P

QRLPQR,��È��3�S�56��É�

56��L 

 



 

� 3 ������������  

 
3.2 ����� 

 
×Ø\���ÛO®n=,�ø<(�/��

(&éPQR:ÝÞ,-Fl$e²�&%PQR

È)�������ï�`L�����$Ç��

��&),���ÛR�©ï�,£�Ò�
��

ø,noL 

� Agent Pool 

 ���$Ç�������Æß,*�®n�

|�M��0��78 (create) ´,���23�

dialog���ï���23� dispose?%�	�%

,���2�3� clone 789:	�%,���

���ô
xyL 

� Stationary Agent 

AB����®n��)9: proxy�¥��

hi����©AB"� federation server�ya�

·DE,��FGéãä����-Fl$LMò

�� ¹º�Í���� Î�9:$}���A

B���À� dispatch ���ôì�¡����2

¢��3� retract?£¤[���,�ôL 

� Navigating Agent 

ãä�����-Fl$(ò�PQRHs�

£�LÚ�������Yc%¥��,AB��

���FGZ[�M\>��J
PQRLÍ� 

¦E�8�bÛOAB���&é,�����@

��¡L 

� State Capture 

 ���~§¨þ��?��ãä���,~§

M©ª��(¶ïãä����Õ«¬¿LIp­

®����,��¯|C©ª"ÁL 

 

3.3 ������ 

 
¥r:��xy%�AB���)ÒÓ0��

�YcdefR-.JK(mPQR�Ï��~

§,� °±�÷� 4ÆkL&­�#õ²³÷½{ 

Step 1: ¥��xy��´�Þ��r:���

�%,Ycdefµ&AB���@�¶·¸ª

,�� (��Ycdef, IP ¹º|��»@)�

Á�AB���\�=Ycdef&é,DE�

¸L 

Step 2: AB���ï¿S$&ÒÓ,Ycd

ef�-./ûM4�M�¼�,����FGH

I�\Æ=©ª"Q�6�L (neighbor routing 

table)�(�)/_Ycdef
PQRÏ,h½Û

OL 

Step 3: ÍPQRì<¾����h�i�

Ï�ÈÛOÆ¥¿ÀtÖ� (location-based distance 

factor) ©Á�¥��,AB���@����(þ

=PQRÂÃÄ�Å�AB���½tPQRß

à��Q�6�LZ[�¥��ôPQR�ab,

YcdefL 

Step 4: AB���@�DEZ[��7#��

���\l$>��J
PQRLÛOPQR,V

WÆ�?¶ïFGÇ?=L 

Step 5: AB���ÚNO Neighbor routing 

table %,-./ûh½??)PQRÁ�'9{

¥bÍ,YcdeféPQR@����M´�Þ

ãä��� (Navigating Agent) ò��©/_È,

-./â�ÉÊË� (handoff)L 

 

 

� 4 !"�	
#
$% 

 



3.4 �������
 

 
¥����g��}[}�5�HI�Áde

f%S,DE-.�Ì�NOPQR�� à�/

_bá,Ycdef&é��Lñ¥#$%,xy

%�×Ø3��4}[}��?ï¹�:����

&%,YcdefL 

 �4}[}��)ÂÃÍC (identifier space) 

���$} (mobile node) &é9:Î9,ÏÐ�

�����$})9:S IP¹ºm»Ñ,�1�!

:$}hÜ9:ÂÃê (identifier)L[!ÂÃê a�

ñSFZÂÃê av�ñÒ0"&)ÂÃê��Á

$}¾�)ÂÃê a,�Ó� (successor)LÍr:

ÂÃê��$},�Ó�78È��������

Èð%�FG�ÃL 

 &%�ÆS,$}[!Îm:¹Ô (m-bit) ,

�4ÂÃÍC�!:$}jS��,6�L¾�)

Q�6�L�Q�6�L©ª�4
�%&)$}

,FG���S$}ÂÃê(mÕÖ,56¹ºL

¥Q�6�L%�êav" 12 −+ kr ×Ø��b

$} r ,Ù k :@¾} (entry) ,¥0$})$}

sL$} sÚó¾)$} r,Ù k:�Ó�LIp­

®�Q�6�L©ªF� m:ÂÃê�CÆÁ�'

, m:@¾}�$} r,Ù k:�CÛÜ"{ 

12 mod 2 , 2 mod 2k m k mr r
⎡ ⎤⎛ ⎞ ⎛ ⎞
⎢ ⎥⎜ ⎟ ⎜ ⎟
⎢ ⎥⎜ ⎟ ⎜ ⎟
⎢ ⎥⎝ ⎠ ⎝ ⎠
⎣ ⎦

−+ +  

� 5Æk�Í m=3 ý¥Ý:$}/Ã)$}

1,3 (m 7LÞß$} 1 à�F,�Ó�) 

( ) 22mod21 30 =+  ��� ( ) 32mod21 31 =+  @%:$

}L 

 

 

� 5 !"�	
&'()$% 

 

4.  !"# 

 
4.1 ������ !"��#$ 

 
¥�Já%���Ycdef�� P4 2.4 

GHz|512 MB RAM(mMicrosoft Windows 2000


�����âã	
��
�)§��¨�

DMSOä�, HLA RTI-NG 1.3 v4���Ycde

fÆÔÕåæ:���Ð:Ñ/Ã��æå�ø

,DEå·�����Ð:Ñ�1VW&)���

Ð:Ñ�­�DEL 

ç�¥	
��
��@�,��i�%��

�Ycdef�CÆÔÕ,���Ð:Ñ�&�

�DE÷L 1 Æk�¥kÝ{��Ycdef�

C����Ð:ÑÚ"	�Ï*+@��û��

��ñVWM4bÛODEr�Xè�ï)VW�

é�ÀÁL_'êë0�12[-.,ò�M4�

&CFG,JâÏCìÊ�"�JáÈ=Î÷� 6

�>�L 

�Já|OÈ('í'�Íî�êë0�12

�2���Ð:ÑÆßJâ��S,-.Ï�ÛO

���Ð:ÑVW�ï��ø�\ï�Á���Ð

:ÑÆßò�,-.J^t2yñ�¥-./�0

�12��"ð3�²Î,-.#ñæçÆ&é

,�Sv-.0��["�âvMòS@9�,�

ï�ÖÁ���ÐC,-.0�M4Ù�"êë0

�12Æò�-./�,noL 

 

* 1 +,-.�/012* 

Days Long-term interest rate equation 

30 ( )
360

30

1

1230 ×−=×−
USATaiwan II

S

S  

60 ( )
360

60

2

1260 ×−=×−
USATaiwan II

S

S
 

90 ( )
360

90

3

1290 ×−=×−
USATaiwan II

S

S  

 
óa(�%å>�È�_�-.J^tôï,

���Ð:Ñnõ&öí���i��%å-.0

�CÈ÷²FG-.t�($ø	�ÏCL 

 



 0

 200

 400

 600

 800

 1000

 1200

 1400

 1600

 0  1  2  3  4  5  6  7  8  9  10 11 12 13 14 15 16 17 18 19 20

S
im

ul
at

io
n 

tim
e 

(s
)

Federates

normal

 

� 6 345	�67895	:;<=� 

 

4.2 �%&
�'#$ 

 
¥�Já%�î���Ycdef7ùÈ,	



�)xyâã�y�À��Ó�$},ú`Ô

ÕQ�6�L?789:;<=�4>��(í�

#$%�
�½���Ycdef�AB���

´�Þ,FG�ÃL 

¥Já%�ç�ÂÃÍC m=7¥vÂ&é 128

:��$}�ÍPQR3���,56��)

100Mbps,	ûüý56Ï�×Ø'íÁÏî�A

B���78�4>�,zÆ	]M4L÷� 7Æ

k�¥S�56��½78�4>��ÈXYÖ�

`%8defþ�,Ò�/��9,#�M4�î

�#$%�
�?�`,AB����&Æ��¥

;<�~>�,78ÏC�ÚÛO���,��ñ

��;<&	�ÏC�����FS�56��¤

S,	û	ïJ^,î=�ð�%È(
'&;<

>�78,ÏC��,M��jL 

ÍPQRî�É�56 (IEEE 802.11g) @�

��Ï�×Ø'íÁÏAB���78;<�4>

��zÆ	]M4L÷� 8Æk�×Ø<([Ü3

�S�56,zÆ	]È(�_�
[(É�56

@���,AB���?®��F��$}|t,

��;<�["	�ÏCSôv,���&�Ö)

É�56����ôS�56)]�ÖÁ¥�Ñ�

2,©�ìÊ��["��$},;�?®�AB

����4>�,7`ÏCÚ�56�ËÖ��

��L 

 0

 50

 100

 150

 200

 250

 0  10  20  30  40  50  60  70  80  90  100

S
im

ul
at

io
n 

tim
e 

(m
s)

Number of mobile agents

Fast Ethernet
Wireless Lan

 

� 7 >?@ &A:;<=� 

 

 0

 20

 40

 60

 80

 100

 120

 140

 160

 180

 200

 0  10  20  30  40  50  60  70  80  90

S
im

ul
at

io
n 

tim
e 

(m
s)

Number of nodes

Sequebtial Info. retrieve
Ring Info. retrieve

 
� 8 6BC�:;<=� 

 

4.3 �()*#$ 

 
¥�Já%�ç�����x@�,DEr�

%�ÛÜPQRßà?�,-Fl$�×Ø/ÃZ

ô3�Röv�(m3�DE�^L��ãä��

�hÜ�����FGl$��í�ÏC,ìÊL 

÷� 8ÆkLÍ3�RöOPÏ�È('í'�

$}|ôï,Ï�����-FOP,��ÏC�

Z×Ø&',�¸>�-FOPÏCï�ÖÁÈ(

SzÆ,��PQR à����F$}|,;

<�Ú&	�RöOPÆ��,ÏC�ÁÏ×Ø&

',�¸>�-FOPM�ÚÖ$}Tc,;<

ñv ¿��!¬,OPÏC�¢ñÖ)�©,�

¸´�Þ�Æ78�DE�^L�ÛOPQR,ß

àñn÷�,"Ë#D,$}¹`�Mô$���

\-F��LÖÁÁå#$%�;<�¸>��b



a¥v¸,����%��F$}|,;<�&-

Fl$,z%¢ñ&'"JyRöOP,v(L 

 
5. "$ 

 
�ÄÅ&'#$%�56���¥ IEEE 1516

	
��
� (HLA) ½>aS��É�56��

3��nõ�Ï�¿7#�åÃF�`@��

5�¥��"�xy��Já>�=.�(���

��)*+,-./�0�12�7#�����

���È�ÎPQR���-F¨þe²LM\	


��
�)*�+a¸ÊË��56�7`��

�������?&é3��ô¬Ô�ù,,e

²�3=r:xy!¤S-.=�J�=L 

 
%&'( 

 
[1] A. Bieszczad, B. Pagurek, and T. White, “Mobile 

agents for network management,” IEEE 

Communication Survey, vol. 1, no. 1, 1998. 

[2] A. Puliafito and O. ToMarchio, “Advanced 

network management functionalities through the 

use of mobile software agents,” in Proc. of 

Workshop on Intelligent Agents for 

Telecommunication Applications, vol. 1699, 

Springer, Aug. 1999, pp. 33–45. 

[3] B. Yang and H. Garcia-Molina, “Improving Search 

in Peer-to-Peer Networks,” in Proc. of the 22nd 

International Conf. on Distributed Computing 

Systems (ICDCS’02), IEEE CS Press, 2002, pp 

5–15. 

[4] C. Bohoris, G. Pavlou, and H. Cruickshank, “Using 

mobile agents for network performance 

management,” in Proc. of IEEE/IFIP Network 

Operations Management Symposium, April 2000, 

pp. 637–652. 

[5] Danny B. Lange and Mitsuru Oshima, “Mobile 

Agents with Java: The Aglet API,” World Wide 

Web, Vol. 1, Issue 3, pp. 111-121, 1998. 

[6] Danny B. Lange and Mitsuru Oshima. 

Programming and Deploying Java Mobile Agents 

with Aglets. Addison Wesley, Reading, 

Massachusetts, 1998. 

[7] D. Gavalas, D. Greenwood, M. Ghanbari, and M. 

O’Mahony, “An infrastructure for distributed and 

dynamic network management based on mobile 

agent technology,” in Proc. of Conf. on 

Communications, 1999, pp. 1362–1366. 

[8] D. R. Karger, E. Lehman, F. Leighton, M. Levine, 

D. Lewin, and R. Panigrahy, Consistent hashing 

and random trees: Distributed caching protocols 

for relieving hot spots on the World Wide Web, in 

Proc. of the 29th Annual ACM Symposium Theory 

of Computing, pp. 654–663, 1997 

[9] D.S. Milojicic et al., Peer-to-Peer computing, tech. 

report HPL 2002-57, Hewlett-Packard 

Laboratories, Palo Alto, Calif., 2002. 

[10] IBM Japan Research Group “Aglets 

Workbench,” Available through 

http://aglets.trl.ibm.co.jp. 

[11] Q. Lv et al., “Search and Replication in 

Unstructured Peer-to-Peer Networks,” in Proc. of 

the 16th International Conf. Supercomputing 

(ICS’02), ACM Press, 2002, pp. 84–95. 

[12] T. Suel et al., “ODISSEA: A Peer-to-Peer 

Architecture for Scalable Web Search and 

Information Retrieval,” in Proc. of International 

Workshop Web and Databases (WebDB’03), ACM 

Press, 2003, pp. 67–73. 

[13] U.S. Department of Defense Modeling and 

Simulation Office (DMSO), High Level 

Architecture Rules. Version 1.3. Available through 

http://www.dmso.mil, 1998. 


