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Abstract High level architecture (HLA) is based on a single federation execution, and does not refer to
the interoperability and reusability between heterogeneous RT Is and mulir federations. Presented in this pa
per is a software architecture based on bridge federate to interconnect heterogeneous RTIs and multr federa
tions. Then the design and implementation of RT IBridge, an interconnecting software of heterogeneous
RTIs and multrfederations, are described. The typical procedures the bridge federate take when executing
RT T services are analyzed. And then a heterogeneous RTIs and multtfederations development and execur

tion process model is provided. Finally experiment results are given.

Key words heterogeneous RTI; multi-federation; bridge federate; FOM mapping file (FMF)

2 B 25 #)(high level architecture, HLA) AR RA TR RAIAT LT XL, R
A ARE) RT I( rurr time infrastructure) = B8 18] 69 ZRAE R BB Ra) RN Fo T B R E—FF AT AREA
Rey 4K RTI Fo % BRUL 6 Bk AR AR 45 M), P 38T I T RTIBridge #F4E40 0, £ /-2 L4454
AT L 6 K BRI AR, oA T HdE B $hAT RTL R S Se AV AAR, Rl —FHF F R RTI A2 KB 5
E IR FePAT IR RIGHATT Finh 4R 547

7% RTL; % BR3; A48 30 L; Bk SAxd AR A w4 4+

TP391.9
HLA
L0 RTI HLA 1 RTI
, HLA
HLA
RTI (21,
RTI RTI( homogeneous
, RTI RTD) 2. (HLAvL.3'*9 IEEE15161°®)
: 2005- 09- 20; : 2006- 05- 09

“ ” (2006A A01Z331) ; (60603084)



250 2007, 44(2)
RTI Bridge
, RTI RTI(heterogeneous RT 1) 2. e mmmmmmmn | FderaIC £ i
I
: : | Agent Switch Agent |
( federation Ob] ect : Comp%):\zm g Con:vl;(')%em Nig Comp%;:;m B i
model, FOM) , L____i___ _ — | |
RTI HLA 4 y
(2] RTI 4 RTls
: (federate gateway), r 3 3 t
(federate proxy), RTI (RTI broker), RTI Federate| |[Federate Federate| (Federate
(RT I interoperability protocol). Dingel Ao A B Bn
HLA [9-10] Federation 4 Federation B
Fig. 1 Interconnection of federation A and federation B.
U Cai U283 hierarchical fed 1 A B
eration)
3 RTIBridge
(4 ( hierar RT IBridge
chical federation execution interface, HFI) ,

DIS/HLA , M AK M AK / .
Gateway!' " DIY ’ RTI
HLa M RTI

Pitch pRTI : /
HLAvI. 3 IEEE1516 FOM ;
, 1516 Adapter . 1516 Adapter
HLAvI. 3 HLAv1. 3 3.1
API, pRT1 1516. RT IBridge RTI
DIS/HLA (RTISwitch) RTI (RTIAgent) HLA
, RTI , OMT (OMTDesigner), 2
, OMT Designer
RTI , RTI FMF(FOM mapping file), RTISwitch
—RT IBridge, RT IA gent
1.3 1516 ’ Interconnection FOM Maping | Interconnection Execution
| Daa of RT18) Data of RTIb
2 OMTDesigner | | RTIAguE‘ I RTIAgent &
- ot : - Callbck T Callack
— - 1" :
Ffode FOM) | || Mo OV |I | e | [ ww |
Fig. 2 Software architecture of RTIBridge
(FOM) RTI 2 RT IBridge
HLA ) 3.2 RTI —RTIAgent
.CMU 1 , RTIAgent RTI ,
A B F e, : RT ISw itch
( RTI )

~—

RTIAgent, RTISwitch



RTI 251
RTISwitch; RTISwitch  RTIAgent.
RTISwitch , — — —
RTI r- <) Data Transfer Connection |  [Message Receive
RTI Agent ‘RTI : Module Listen :ﬂodule Module
3 o : |
’ i 11 _-I N |
Input Response : L—-J Communication ¢ -~ ——--
Module : Protocol Module
T ]
| 1
Agent Gul = I———3 XML Parse
Modue |  bedaeaaea A Module
uses TTT T uses
[Tt ! I ________ I Fig. 4 Module chart of RTISwitch.
; |58 ! 4 RTISwitch
| | |
1 i 1 OMTDesi
Message | ‘55 Local Federate 3.4 OMT esigner
Module Federate Ambassador OM T Designer 3 :
, n ‘ HLA FOM/SOM FMF
1 5 s FDD
1
Message Command FED FMF
Pool Pool
Fig. 3 Module chart of RTIAgent.
3 RTIAgent _—————— 3 Internal f—=———— -
: Data :
RTISwitch , ! 0 !
11 : 1]
" RTI . FDD Parse FED Parse FMF Parse
. RTIAgent 7K 7
I
RT ISwitch . Draw | _____ S
Graphic
33 RII —RTISwitch J>
RTISwitch RT IBridge Gul
, RT IA gent Fig. 5 Module chart of OMT Designer.
5 OMTDesigner
RT IA gent . RT ISwitch
6
2 4 2
RTI-
A gent XML
RTIAgent
RT IA gent
RT ISwitch
RT IA gent . RTTAgent
RTISwitch TCP/IP Fig 6 OMT Designer GU L.
. XML XML , 6. OMT Designer



252 2007, 44(2)
. FDD = I | (+
IEEE 1516 FOM (XML -, %)l ()1 ,
) A FED « » ,
HLAv1. 3 FOM (fed ) « »“/» 7“+ 2 « » u()n
. FMF
FMF )
FMF . OM T Designer —FMF
6
7
4 FOM FMF “FOM 1: object)T ankDriver: Pos-X:
1= (FOM2: {object) T ank: Pos-X: 1+ FOMI: {obr
HLA FOM / ject)Driver: Pos-X: 1)/ 27
, FOM
: FOM IEI
FOM
FOM FOM1:¢pbject) TankDriver:Pos_X:1 |
. FOM
[
RTIAgent FoM ’ RTIA gent FOM2:¢obect) Tank:Pos_X:1 I { FOMI:{object)Dnver:Pos_X:lI
FOM s
FOM Fig. 7 Binary tree model of FMF.
7 FMF
FOM RT IA gent ;
, FOM 1) “:” , “:”
5 FOM 2)
RTI ,
3)
FMF )
: RT ISwitch 4 2),3),
5.1 FMF
5)
FMF , FMF
s (“ — ,’) 0(
) L,
= FOM][ ]: {[ object/ interac
tion])[/ I:1 I:1
I ( )



RTI 253
5.2 FMF
FMF XML , FOMS 6 HLA
. ID
IP. FM F RTI
, Node D RTI, )
type , value (
) 8 FMF RTT : RT1
(?xml version= “ 1. 0" encoding= “ GB2312”?) RTI
(FMFRoot) ,
(FOMS) HLA ,
fFOM ID=“ " name=“" clientIP=“ 7/ ) HILA
¢ FOMS) 9 . RT IaA gent
(FMF) A
(Node ID= “1" type= “ op-equal’ parentID= “ (" value= “ ="/ RTISwitch, RTISwitch
(Node ID= “2" type= “ di _federaté parentID= “17) RT ]bAgent, RTIbAgent B
(Content)
(FOM Number) 1¢ FOM Nunber) g B RTTbAgent
(1s0bj) 1¢/ 1s0bj) » RTIbAgent RT1Switch,
(ClassN ame) DveSimTank ¢ ClassN ame RT ISwitch RTIaA gent; A
(AttriOrParamName)POS_X ¢ A ttriOrParam Name) RT IaAgent , RTIaAgent
(RT IBridgeConvert Tag) 1¢ RT IBridgeConvertT ag) RTISwitch, RT ISwitch
¢ Content)
¢ Node> 10
: ) /
¢ FMF) , RT TaAgent A
FMFR . .
¢ oot) RT ISwit Ch7 RTISwitch
Fig- 8 Structure of FMF. RTIbAgent, RTIbAgent B
8§ FMF
Federation 4 FMF Federation B
@ Ann Sync Point Msg | @ Reg Sync Point Msg
Y
— —
RTIAgenta [« » RTISwitch [« »  RTIAgentb
) «— -
[ @ Sync Point Ach Msg (@ Fed Sync Msg, ,
@ Fed Sync Y@ Ann Sync Point I@ @ Sync Point Ach @ Fed Sync xl T@ l@ Reg Sync Point
Y Y
RTIa RTIb
A
@ Reg Sync Point T@l l@T @ Sync Point Ach Sync Point Ach T ®l l Ann Sync Point T Sync Point Ach
\
Federate a Federate b

Fig. 9 Synchronization execution of bridge federation.

9



254 2007, 44(2)

Federation A FMF Federation B 8
@ Discover Obj Ins Msg { @ Reg Obj Ins Msg
RTiAgenta > cowitch | > RTiAgen
pone v RT IBridge BH RTI, DMSO RTI
@ iscoverob s |®@Reg ot s 1.3NG IEEE 1516 Starlink! ®!
Yy
RTla RTIb RT IA gent, 3 RTI
y Y A RT 1B ridge
®Reg Obj Insf Discover Obj Ins }
Federate a Federate & 8.1
Fig. 10 Regster object instance executon of bridge federation. Tank BH RTI DM S0
10 RTI 1. 3NG , 12 R
Tank ,
7 RTI
HLA ,
FEDEP!"®* ! ( federation development and execute
process model). FEDEP
: ( )
, FEDEP FOM,
> 11 Fig. 12 Interconnection test of Tank program.
12 BH RTI  DMSO RTI  Tank
Develop RT IBridge FMF
Federations .HW HelloWorld
FOM|  [FED/FDD . HW1, HW2 HelloWorld 1 HW
— — — »| Analyze Parameter Country
|
| TTransfer Rules FMF , HW1  HW2
| / . 13 , RTIBridge
Design Agent
: Create FMF Config File HW1,HW?2 HW )
: Feedback FMF XML Config File HW,HW1, HW?2
Y y
: Connection Test
T2 3
Fig. 11  Multt federations development and execution pro-
cess model
11
FEDEP
FMF,
, ) Fig. 13 Multt federations interconnection test.

EMF, . 13



RTI 255
52 100 BH RTI
10M bpg 100M bps , o0 | DMSORTI
PIM ; PC3 1~ 3 -« RTIBridge-DMSOToBH
€ g |~ RTIBridge-BHTODMSO
L
Table 1 Hosts Config Table for RTIBridge Performance Test 5
1 RTIBridge § 40
No. Application 0S CPU( E;‘;i;lenvy N(If];/r[n];))ry 20
1 RTISwitch Win XP PIV2 8 512 0 e |
6 5 4 8
2 BH RTIAgent; BH RTI Win XP PIV2 8 512 ! 128 . 12_ 102 204
App: BH RTI Attribute Size (B)
3 DMSO RTIAgent; DMSO Win XP  PIV2 4 512 Fig 15 Results of loss rate test
RTT App; DMSO RT1 15
Table 2 Hosts Config Table for DMSO RTI Perf ormance Test 12 S TIBrdre-BHATODMSO
- ridge-BHTo
2 DMSORTI 1o |~———-—_ - RllBridge-DMSOToBH
N Awolicati 05 CPU Freguency Memory - BHRTI
0. pplication (GH7) (MB) g -+ DMSORTI
1 DMSO RTI Appl(Sender) Win XP  PIV2 4 512 E \-\ \
6
2  DMSO RTI App 2 Win XP PIV2 8 512 e
i
[=]

(Receiver); DMSO RTI

Table 3 Hosts Config Table for BH RTI Performance Test

3 BH RTI
Lo CPU Freguency Memory
No. A pplication 0S )
(GHz) (MB)
1 BH RTIAppl WindowsXP PIV2 4 512
(Sender); BH RTI
2 BH RTIApp2 WindowsXP PIV2 8 512
(Receiver); BH RTI
14~ 17 , DMSO
RTI BH RTI
, 200H z
45
40 /Av -
35
-~ BHRTI
- 30
g -+ DMSORTI
g RTIBrid,
- nage
5 20 g
3 5 .
1 A
10 —
5
0
16 128 512 1024 2048

Attribute Size (B)

Fig. 14 Results of latency test.
14

A AN

, RT IBridge

4 \‘\\S‘
2 —_—
0
16 128 512 1024 2048
Attribute Size (B)
ig. 16 Results of throughput test: Update attribute value
16 UAV
" -+ BHRTI
12 - DMSORTI
~+ RTIBridge-BHToDMSO
0 \« RTIBridge-DMSOToBH
© \
z ° N
)
& 6
A 4 \\
'_:%\.\\
2 \
0
16 128 512 1024 2048
Attribute Size (B)
Fig. 17 Results of throughput test: Reflect attribute value.
17 RAV
, RTIAgent
RTISwitch



256 2007, 44(2)
, 50ms, [8] Simulation Interoperabilty Standards Committee. IEEE
2000 / ’ 1516. 22000, IEEE Standard for Modeling and Simulation
(M&S) High Level Architecture (HLA) —Object Model Tenr
plate (OMT) Specification. New York, USA: The Instiute of
3 helloworld BH RTI Electrical and Electronics Engineer, 2000
Starlink . 50 hel [9] Juergen Dingel, David Garkn, Craig A Damonx. A feasibiity
loworld s 10 study of the HLA bridge [ R]. School of Computer Science,
Carnegie M ellon University, Tech Rep: CMU-CSO0I-103,
. 2001
-RT IBrldge [10] Juergen Dingel, David Garlan, Craig Damon. Bridging the
’ HLA: Problems and solutions[ C]. The 6th IEEE Int’ 1 Work
) shop on Digributed Simulation and R eal T ime A pplications, Fort
Worth, Texas, USA, 2002
[ 11] Hao Jianguo, Huang Jian, Feng Runming, et al. Applying the
9 bridge federate to interconnect high level architecture multiple
federations [ J]. Jourmal of System Simulation, 2002, 14(2):
RTI 163- 166 (in Chinese)
RTIBridge, HLAvL 3 o e
[J]- , 2002, 14(2): 163-166)
IEEE1516 RTI ? [12] Wentong Cai, Stephen J T wner, Bonn Ping Gan. Hierarchical
federations: An architecture for information hiding [ C]. Work
shop on Parallel and Distributed Simulation, Lake Arrow head,
s California, USA, 2001
[13] Wentong Cai, Guangya Li, Stephen J Turner, et al. Automatic
Eﬁb{é& 1%5[)6 B éﬂé/] /E/é/}%—ﬁugﬁ xlé]}?] r%'l-’, congruction of hierarchical federations archiecture The 6th
,1&,{]]7(] RTIBndge éﬁ%ﬁiii]@{ftﬂ 7 k%é’]’;’?ﬁ] IEEE Int’ 1 Workshop on D#tributed Simulation and Reat T ime
Applications. Fort Worth, Texas, USA, 2002
[ 14] Hao Jianguo, Zhao Xingfeng, Huang Jan, et al. On intercomr
nection technobgy of high level architecture multt federations
[1] Steven B Boswell, Daniel J van Hook. Support for heteroge [J]. Journal of System Simulation, 2002, 14(6): 714-717 (in
neous communication infrastructures [ C]. Spring 1999 Simula Chinese)
tion Interoperablity Workshop, Orlando, FL, USA, 1999 ( ’ ’ >
[2] M D Myjak, D Chrk, T Lake. RTI Interoperabiity study . L1 . » 2002, 14(6): 714-717)
group final report [ C]. Fall 1999 Simulation Interoperability [15] MAK. MAK Gateway DIS to HLA translatio [ OL]. http://
Workshop, Orlando, FL, USA, 1999 www. mak. com/gateway. php, 2005 08 31
[3] Defence Modeling & Simulation Office Higlr level architecture [16] Wang Yan, Hu Nanwei, Li Xiaojian. DIJHLA gateway teck
rules, Version 1. 3[OL]. hitp://www. dmso. mil, 19980205 nology for DVENET [ J]. Journal of System Simulation, 2000,
[4] Defence Modeling & Simulation Office Higlr L evel Architecture 12(4): 371-374 (in Chinese)
Interface Specification, Version 1. 3[OL]. http://www. dmso. ( ’ ’ - DVENET  DIYHLA
mil, 1998 04 02 [J]- , 2000, 12(4): 371-374)
[5] Defence Modeling & Simulation Office Higlr L evel Architecture [17]  Pich. 1516 adapter for HLA 1.3 Federates [OL]. http://
Object Model Template Specification, Vemsion 1.3 [OL]. www. pitch. s¢ , 2005 08 31
http:// www. dmso mil, 1998 0420 [ 18] Defence Modeling & Simulation Office. High Level Architecture
[6] Simulation Interoperabiity Standards Committee IEEE 1516 Federation Development and Execution Process (FEDEP) Model,
2000, IEEE Standard for Modeling and Simulation ( M&S) Version 1. 5[OL]. https://www. dmso. mif, 19991208
High Level Architecture (HLA) —Framework and Rules. New [19] Simulation Interoperablity Standards Committee. IEEE
York, USA: The Institute of Electrical and Electronics Engr 1516. 32003, IEEE Recommended Practice for High Level Ar
neer, 2000 chitecture (HLA) Federation Development and Execution Pro
[7] Sinulation Interoperability Standards Committee  IEEE cess (FEDEP). New York, USA: The Institute of Electrical
1516. 1-2000, IEEE Standard for Modeling and Simulation and Electronics Engineer, 2003
(M& S) High Level Archiecture (HLA) —Federate Interface [20] LiuBuquan, Wang Huaimin, Yao Yiping. Key techniques of a

Specification. New York, USA: The Institute of Electrical and
Electronies, Engineer, 2000

hierarchical simulation runtime infrastructure—StarLink [J].

Journal of Seftware, 2004, 15(1): 9 16 (in Chinese)



RTI

257

( , ) . StarLink
[J]- , 2004, 15(1): 9-16)

Cai Nan, born in 1982 Since 2004, she has
been M. A. candidate in computer science
from Beihang University. Her current re

search interests incude network and dis
tribute system.

? 2

Zhou Zhong, born in 1978 Ph. D. and lec
turer of Beithang University. His main re
search interests include distributed virtual re

ality and network.
, 1978 ; ; ;

Research Badkground

Wu Wei, born in 1961. Ph. D., professor
and Ph. D. supervisor of Beihang Universt
ty. His main research interests include virtwr

al reality and distribute system.
, 1961 , , ,

HLA aims at interoperability between simulation applications and reuse of models in different contexts As HLA rules are de

fined, federates are limited to interoperate within the context of a single federation execution, and they are running on a single RTL

With continuous development in scalability and scope of the HL A simulation applications, the interconnection of heterogeneous RTIs

and multf federations has become a focus in the field of HLA. In this paper, we present a solution of heterogeneous RTIs and multiple

federations interconnection based on bridge federate, design and implement an interconnection software, and provide a heterogeneous

RTIs and multt federations development and execution process model
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