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Migrating Entities and Their Time Synchronization Issue in Large-Scale Federated
Simulation Part One Protocol and Implementation for Migrating Entities
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Abstract Entity migration can help to sustain large scale long running distributed simulations. The
shortcomings of the high level architecture HLA  when dealing with this issue are presented and the ad
hoc approaches for an HLLA-compliant federate to move entities are analyzed. A protocol used to move
entities under HLA/RTI is introduced then its implementation issues are thoroughly discussed including
the starting of the migration the entity state transfer mechanism the message relaying and processing
logic. The executing framework of the protocol is also presented. Experiments prove the feasibility of this
protocol. Compared with relative studies this approach can avoid missing messages during migration and

guarantee the correct message process sequence.

Key words entity-migration protocol time synchronization distributed simulation high level architecture

HLA/RTI HLA
HLA/RTI
TSO
TP391.9
1
federation =3, 3
high level
architecture HLA *
HLA/RTI
2003-11-26 2004-10-19

514040201 O0I1KGO1.1.7



712

2005 42 4
3 5
2 3 HLA/RTI
HLA 3.1
0, 0,
HLA/RTI ~ * " ‘ privilege- Fo O . o
ToDeleteObject " s O
HLA Fa-
6 Fy
HLA/RTI 610 B P
o O, S, 1 Petri
F() Fn
® “ » F,
4 Fﬂ
5@ 4
UDP €17 ¢€s
TCP . F, eg I,
5
ol New
N}gﬁal Federate Uninitialized Federate -

eg: GetMstRelayEndInteraction

e;: SubscribeAttr
Emigrate ez RequestOwner

e5. GetEntityStateInteraction o -
e e Not Own eg: GetOwnership Immigrating
er: GetMsgRelaylnteraction e

Relaying Finished eq: SendMigration Not Own
EndIntraction
O o .
Relay End Normal Run Immigrate
Delay
Fig. 1 Federate state transit graph.
1
3.2 F,
update/reflect 4 F, F,
interaction
E,
1 RTI RID
FED
0O, . HLA/RTI DDM
2
“ " u " 3.3
3
30, F,



713

F, B ” RO
E,
F, F, F, LRC
F, TIMER F,
F, LRC >
local RT1 component F,
1 F F,
F, F, F,
1
TRIGGER
2 F, ‘ "3 TSO
E,
3 F, RTI RO
4k, LBTS lower bound on time-stamp TSO
TRIGGER F
5 F, DiscoverObjectInstance s
AttributeOwnershipAcquisition
6 F, TurnUpdatesOnForObjectInstance RT1
7 F, Request AttributeOwnershi pRelease RTI - 2
6 7
3.4
F, F, F, RTI
E,
F, reflectAttribute- LBTS
Values receivelnteraction
TransferOwnership Message
F, : ?
TimeAdvanceGrant FIFO RTI
l Information Publish/Subscribe/Distribute Infrastructure
X
Component Recenng Message Sending
- o ey
A4
7 [ouraem o
sgQuenenies Running State !_

Direct
Msg Msg

2

Fig. 2 Message receiving structure for new federate.



714

2005 42 4

3.5 HLA/RTI
HLA/RTI

11

RTI

RTI 1.3-NG 2

F, F, Fy4
30 . F, HI
seq HI F,
Receiver recv HI
Receiver Times
HI seq Fy Receiver
Times
F, F, Fq
F, . F, recv

100 ms HI
o 200 ms F()
F, 100 ms

Fd @ F()
Fy recv
recv

F, OF, recu

HLA
HLA/RTI

1 K. L. Morse Dannie E. Cutts et al. Feasibility and

functionality of autonomous objects in the HLA. The 1997 Spring

12

Simulation Interoperability Workshop Orlando FL 1997

D. S. Milojicic F. Douglis Y. Paindaveine et al. Process
migration. ACM Computing Surveys 2000 32 3 241~299

Liu Xiaojian Zhong Hairong Jin Shiyao. Migrating entities to
improve real-time performance in large scale distributed interactive
simulations. Journal of Computer Research and Development

2004 41 8 1430~1435 in Chinese

2004 41 8 1430~
1435
Simulation Interoperability Standards Committee SISC  of the
IEEE Computer Society. IEEE Standard for Modeling and
Simulation M &S High Level Architecture HLA —IEEE Std
1516-2000 1516.1-2000 1516.2-2000. New York Institute of
Electrical and Electronics Engineers Inc. 2000
Zhong Hairong Liu Xiaojian Jin Shiyao. Migrating entities and
their time synchronization issue in large-scale federated simulation
part two  Time synchronization for migrating entities. Journal
of Computer Research and Development 2005 42 4 716~720

in Chinese

2005 42 4 716~720
M. D. Myjak S. T. Sharp. Object transfer in HLA. The 1999
Spring Simulation Interoperability Workshop Orlando FL 1999
F. Moradi R. Ayani G. Tan. Object and ownership
management in air traffic control simulations. In Proc. the 3rd
IEEE Workshop on Distributed Interactive Simulation and Real
Time Applications. Los Alamitos CA IEEE Computer Society
Press 1999. 41~48
S. Strabburger A. Hamm. Using HLA ownership management
in distributed material flow simulations. The 2002 European
Simulation Interoperability Workshop London UK 2002
M. D. Myjak S. T. Sharp W. Shu et a/. Implementing
object transfer in the HLA. The 1999 Spring Simulation
Interoperability Workshop Orlando FL 1999
G. Sauverborn G. Moss et al. HLA ownership management
services We almost got it right. The 2000 Fall Simulation
Interoperability Workshop Orlando FL 2000
Liu Xiaojian. Research on information transmission latency in large
scale distributed simulation ~ Ph. D. dissertation . Changsha

National University of Defense Technology 2003 in Chinese

2003
DMSO. DMSO RTI-NG. http  www.dmso.mil hla 1998

Liu Xiaojian born in 1974. Ph. D. His current
research interests include distributed simulation
techniques.

1974

1



- 715

Zhong Hairong born in 1971. Engineer and Jin Shiyao born in 1937. Professor and Ph.

doctoral candidate. His current research focus is D. supervisor. His current research interests
on distributed simulation technologies.

1971

include distributed simulation technologies
and distributed systems.
1937
4

Research Background

This study is granted by the Chinese National Defense Pre-Research Fundation Grant No. 514040201 01KGO1.1.7 .

In the long running large scale distributed simulations due to its complexity and highly dynamics the statically preassigned
entity-host distribution can not fit the system’ s run time communication and computation patterns well. And accidentally host crashs
even cause the failure of the whole simulation. Entity migration helps to balance the simulation’ s communication and computation
load reduce the communication latency and tolerant faults. High Level Architecture HLA  which is the mainstream standard in
the distributed simulation world presents some mechanisms to enable simulation entity migration. However it leaves the strategy to
utilize these mechanisms undefined. As a result all the simulation applications we know take an ad hoc way which has various kinds
of drawbacks. In order to make simulation entity migration more feasible and help simulation developers construct such applications
this paper introduces a safe approach to transfer entities under HLA. The protocol and its implementation issues are studied in detail.
Utilizing the protocol this paper presents simulation entities can change its computation host safely with no risk of causing simulation

errors or distorts. As a result the large scale distribution simulations can be run under less rigorous physical environment.
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