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1   Introduction
0RELOH DJHQWV>�@ DUH SURJUDPV WKDW FDQ EH GLVSDWFKHG IURP RQH

FRPSXWHU DQG WUDQVSRUWHG WR D UHPRWH FRPSXWHU IRU H[HFXWLRQ RQ
EHKDOI RI D XVHU� ,Q UHFHQW \HDUV� D QXPEHU RI PRELOH DJHQW
IUDPHZRUNV>�@�>�@�>�@�>�@�>�@ KDYH EHHQ LPSOHPHQWHG LQ WKH -DYD
ODQJXDJHEHFDXVHRI LWVSODWIRUPLQGHSHQGHQFH�%XW LQ FDVHRI-DYD�
WKHUH LV RQH FUXFLDO SUREOHP WKDW D PRELOH DJHQW FDQQRW KROG WKH
SURFHVV VWDWHZKLOHPRYLQJDFURVV WKHQHWZRUN�7KDW LV� LW LVGLIILFXOW
WR EXLOG DPRELOH DJHQW WKDW FDQSHUIRUP VXFFHVVLYH MREV LQ VHULHV RU
SDUDOOHO DW GLIIHUHQW SODFHV�
7KXV ZH DGRSWHG WKH FRQFHSW RI WKH SODQ WKDW LV FRPPRQ LQ WKH

ILHOG RI ZRUNIORZ DSSOLFDWLRQ LQWRPRELOH DJHQWV� $ SODQ GHILQHV WKH
VHTXHQFH RI DFWLYLWLHV WR EH SHUIRUPHG� $OWKRXJK ZH UHIHUUHG WR
VWDQGDUGV RI WKH ZRUNIORZ DSSOLFDWLRQ SURSRVHG E\ :I0&>�@ RU
'$53$�5RPH>�@� ZH FDQ·W XVH H[LVWLQJ ZRUNIORZ HQJLQHV VLQFH D
SODQPRYHV DORQJZLWK DPRELOH DJHQW DFURVV WKHQHWZRUN� %HFDXVH
RI WKLV� D VHW RI WHPSODWHV FDOOHG -07�-DYD�EDVHG 0RGHUDWRU-07�-DYD�EDVHG 0RGHUDWRU
7HPSODWHV�7HPSODWHV� KDV EHHQ GHYHORSHG� -07 WHPSODWHV GHILQH WKH EDVLF
FROODERUDWLYH EHKDYLRUV DPRQJ PRELOH DJHQWV DQG DOORZ WKH
FUHDWLRQ RI D FRPSOH[ SODQ E\ VLPSO\ FRPELQLQJ WKHP VR WKDW
PXOWLSOH DJHQWV FDQZRUN WRJHWKHU IRU D FRPPRQJRDO�

2   Overview of JMT
-07 IUDPHZRUN FRQVLVWV RI D VHW RI -DYD FODVV OLEUDULHV RQ WRS RI

D -DYD�EDVHG PRELOH DJHQW IUDPHZRUN � FXUUHQWO\ LPSOHPHQWHG
EDVHG RQ $JOHWV>�@� )LJXUH � LOOXVWUDWHV KRZPXOWLSOH PRELOH DJHQWV
ZRUN WRJHWKHU LQ FROODERUDWLRQ ZLWK PDMRU FRPSRQHQWV LQ -07� $
SODQQHU DJHQW FUHDWHV D SODQSODQ WKDW GHILQHV WKH VHTXHQFH RI
DFWLYLWLHVDFWLYLWLHV WREHSHUIRUPHGXVLQJ PRGHUDWRU WHPSODWHVPRGHUDWRU WHPSODWHV�$IWHU WKDW�
D PRGHUDWRU DJHQW JHWV WKH SODQ IURP WKH SODQQHU DJHQW DQG
H[HFXWH LW VWHS E\ VWHS ZKLOH PRYLQJ DFURVV WKH QHWZRUN� ,Q RWKHU
ZRUGV� DPRGHUDWRU DJHQW H[HFXWHV D JLYHQ DFWLYLW\ LQ HDFK YLVLWLQJ
SODFH� $ PRGHUDWRU DJHQW FDQ VSOLW WR WZR RU PRUH DJHQWV WR
SHUIRUPDFWLYLWLHV LQ SDUDOOHO DQG FRQYHUJH LQWR D VLQJOH RQH ODWHU WR
VKDUH WKH UHVXOWV XQGHU WKH FRQWURO RIPRGHUDWRU WHPSODWHV�

                       

)LJXUH � 2YHUYLHZ RI -07)LJXUH � 2YHUYLHZ RI -07

3   Object Model of JMT Framework
)LJXUH � VKRZV DQ REMHFW GLDJUDP RI -07 DQG WKH UHODWLQJ

FODVVHV�ModeratorAgent FODVV LQKHULWV WKH PRELOLW\ IURP Aglet FODVV
DQG KROG D Plan REMHFW WR EH H[HFXWHG� Plan PDLQWDLQV D VHW RI

PlanNode REMHFWV VHTXHQWLDOO\ DQG KDV UHVSRQVLELOLW\ IRU NHHSLQJ
WUDFN RI WKH FXUUHQW HOHPHQW� 7KDW LV� D SODQ UHWDLQV WKH SURFHVV
VWDWH RI WKH VXFFHVVLYH MREV LQVWHDG RI DPRELOH DJHQW�

PlanNode FODVV LV DQ DEVWUDFW FODVV WKDW GHILQHV WKH LQWHUIDFH
FRPPRQ LQ ERWK ModeratorTemplate DQG Activity FODVV VR WKDW WKH\
FDQ EH WUHDWHG LGHQWLFDOO\ LQ Plan REMHFW� ModeratorTemplate FODVV
SURYLGHV WKH EDVLF PHFKDQLVP WKDW HQDEOHV PXOWLSOH PRGHUDWRU
DJHQWV WR FROODERUDWH ZLWK HDFK RWKHU� 2Q WKH RWKHU KDQG� Activity
FODVV FRQWDLQV D SLHFH RI ZRUN ZLWKLQ D SODQ DV ZHOO DV WKH DGGUHVV
RI KRVWZKHUH LW VKRXOGEHSHUIRUPHG�

)LJXUH � 2EMHFW 'LDJUDP RI -07 )UDPHZRUN)LJXUH � 2EMHFW 'LDJUDP RI -07 )UDPHZRUN

4   Structure of Plan
7KH VWUXFWXUH RI D Plan REMHFW FDQ EH UHSUHVHQWHG DV D

GHFRPSRVLWLRQ JUDSK DV VKRZQ LQ )LJXUH �� 7KHUH DUH WZR NLQGV RI
QRGHV LQ WKH JUDSK� 7KH ILUVW LVActivity FODVV HQFORVHG LQ D UHFWDQJOH
DQG WKH VHFRQG LV ModeratorTemplate FODVV WKDW LV LQGLFDWHG DV D
FLUFOH� Plan PDLQWDLQV WKH RUGHUHG OLVW WKDW VWRUHV WKH UHIHUHQFHV WR
HDFKPlanNode�PlanIterator FODVV LV UHVSRQVLELOLW\ IRU NHHSLQJ WUDFN
RI WKH FXUUHQWQRGH LQ WKH OLVW� (DFKPlanNodeKDVELGLUHFWLRQDO OLQN
ZLWK DGMRLQLQJ RQHV� (DFK Activity REMHFW KDV WR EH FRQQHFWHG ZLWK
HDFK RWKHU YLD DModeratorTemplate REMHFW�

)LJXUH � 7KH VWUXFWXUH RI 3ODQ REMHFW)LJXUH � 7KH VWUXFWXUH RI 3ODQ REMHFW
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URL getDestination()
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setPredecessor(PlanNode)
setSuccessor(PlanNode)
NextStep()
Object getResult()
Boolean isMarked()
setMark()
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ÊÊìáìáââïÞïÞññìïìïÑâêíÑâêíéÞñéÞñââ

int _state (Origin/Destination)
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nextStep(ModeratorAgent)
int addNode(Vector, PlanNode)
removeNode(int)
PlanNode elementAt(int)
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5   Conceptual Message Flow
)LJXUH � VKRZV WKH FRQFHSWXDOPHVVDJH IORZRI -07)UDPHZRUN�

ModeratorAgent PRYHV DFURVV WKH QHWZRUN ZLWK D SODQ REMHFW

GHVFULEHG LQ6HFWLRQ�� (YHU\ WLPHModeratorAgent DUULYHV DW D QHZ
SODFH� LW FDOOV WKHQH[W6WHS��PHWKRGRIPlan FODVV�7KHQWKHPHVVDJH
LV IRUZDUGHG WR WKH FXUUHQW QRGH VXFK DVModeratorTemplate REMHFW
RU Activity REMHFW� ,I WKH FXUUHQW RQH LV ModeratorTemplate REMHFW� LW
FDOOV EDFN WKH FORQH��PHWKRG RI ModeratorAgent WR PDNH D FRS\ RI
DJHQW� RU WKH GLVSDWFK��PHWKRG WR PRYH WR WKH RWKHU SODFH� RU WKH
GLVSRVH��PHWKRG WR GHOHWH LWVHOI�� 7KHVH WKUHH DUH EDVLFPHWKRGV IRU

PRELOH DJHQWV LQKHULWHG IURP Aglet FODVV� ,Q FDVH RI $FWLYLW\ REMHFW�
H[HFXWH$FWLYLW\��PHWKRG LV LQYRNHG LQVLGH WKH QH[W6WHS�� PHWKRG
WR H[HFXWH D JLYHQ DFWLYLW\� 7KH SRLQW LV WKDW WKH H[HFXWLRQ FRGH WR
SHUIRUP D VHW RI MREV LV FRPSOHWHO\ VHSDUDWHG IURP D PRELOH DJHQW

DQGHQFDSVXODWHG LQPlan REMHFW�

)LJXUH � &RQFHSWXDO 0HVVDJH )ORZ)LJXUH � &RQFHSWXDO 0HVVDJH )ORZ

6  Collaboration patterns among mobile agents
  &XUUHQWO\� VL[ FRQFUHWH FODVVHV RI ModeratorTemplate DUH
LPSOHPHQWHG DV VKRZQ LQ )LJXUH � WR EH HQRXJK WR FRQIRUP WR WKH
ZRUNIORZ UHIHUHQFH PRGHOV>�@�>�@� $ IHZ RI PDMRU WHPSODWH DUH
GHVFULEHG WR GHVFULEH WKH FROODERUDWLRQ SDWWHUQV DPRQJ PRELOH
DJHQWV LQ WKH IROORZLQJ�

6-1 Parallel Execution (AND-Split)
 ANDSplit KDVPXOWLSOH VXFFHVVRU DFWLYLWLHV WR EH H[HFXWHG LQ SDUDOOHO

LQ GLIIHUHQW SODFHV� ,W FRQFHSWXDOO\ UHSUHVHQWV WKH IORZ ZKHUH D
VLQJOH DJHQW VSOLWV LQWR WZR RU PRUH DJHQWV WKDW KDV GLIIHUHQW
GHVWLQDWLRQV�

)LJXUH � $1'�6SOLW)LJXUH � $1'�6SOLW

,Q WKH RULJLQ� ANDSplit FUHDWHV WKH FORQHV RI D PRGHUDWRU DJHQW

DFFRUGLQJ WR WKH QXPEHU RI DFWLYLWLHV LW KROGV� 1H[W� ANDSplit
GLVSDWFKHV HDFK PRGHUDWRU DJHQW WR LWV GHVWLQDWLRQ SODFH� ,Q WKH
GHVWLQDWLRQSODFH� RQHRI VXFFHVVRUDFWLYLWLHV LV FKRVHQDV WKHFXUUHQW
QRGH LQ WKH SODQ DQG WKH DFWLYLW\ FKRVHQ ZLOO EH H[HFXWHG DV WKH
QH[W FXUUHQWQRGH�

6-2 Convergence (AND-Join)
ANDJoin� ZKLFK LV XVXDOO\ XVHG ZLWK ANDSplit� KDV PXOWLSOH
SUHGHFHVVRU DFWLYLWLHVDQGD VLQJOH VXFFHVVRURQH UHVSHFWLYHO\� ,Q WKH
RULJLQ� HDFKPRGHUDWRU DJHQW SHUIRUPV RQH RI SUHGHFHVVRU DFWLYLWLHV
DQGPRYHV WR WKH VDPHGHVWLQDWLRQSODFH�
,Q WKH GHVWLQDWLRQ� RQH DJHQW LV GHFLGHG WR EH EH UHVSRQVLEOH IRU

PHUJLQJZLWK RWKHU DJHQWV� 7KDW DJHQW JHWV SODQV IURP RWKHUV DQG
SXW V WKH UHVXOWV RI DFWLYLWLHV WR EH GRQH E\ RWKHUV LQWR LWV RZQ SODQ
REMHFW� 7KHQ RWKHU DJHQWV DUH GLVSRVHG DQG D UHPDLQLQJ RQH
FRQWLQXHV WR H[HFXWH WKHSODQ�

)LJXUH � $1'�-RLQ)LJXUH � $1'�-RLQ

7  Conclusion
-07 HQDEOHV GHYHORSHUV WR EXLOG D PRELOH DJHQW DSSOLFDWLRQ

ZLWKRXW GRLQJ DQ\ SURJUDPPLQJ ZLWK WKH $3,V RI PRELOH DJHQW
IUDPHZRUN� ,QVWHDG� DPRELOH DJHQW FDQ EH EXLOG MXVW E\ FUHDWLQJ D
VXLWH RI FRQFUHWH DFWLYLWLHVDQG FRPELQLQJ WKHP LQWRDSODQ� 7KXV
-07 LV SHUIHFWO\ FDSDEOH RI EHLQJ WKH EDVLV RI EXLOGLQJ�EORFN
HQYLURQPHQW IRU EXLOGLQJ PRELOH DJHQW V\VWHPV� LQFRUSRUDWLQJ WKH

SDUDGLJPRI FRPSRQHQWZDUH�
)XWXUH ZRUN ZLOO LQFOXGH SURYLGLQJ D PHFKDQLVP IRU D KLJKHU

OHYHO RI UHXVH� VR WKDW D SODQ LWVHOI FDQ EH WUHDWHG DV D
VXEFRPSRQHQW RI DPRUH FRPSOH[SODQ�
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