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Implementation of Java/RTI Level One Test Procedures
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Abstract

HLA (High Level Architecture) is the object, time, and interface standard that
proposed for distribution simulation in the US Department of Defense. The HLA is
defined by three components: Rules, the HLA Interface Specification, and the Object
Model Template (OMT). The RTI (Run-Time Infrastructure) software implements
the interface specification. It provides services to simulation applications. To test
whether a RTI software is suitable for the standard and all service was implemented
is performed through two phases of processes proposed by DMSO. In this paper, we
implement Level One Test Procedures of DMSO and apply to NetCust’'s RTI
software. The experimental results are discussed.
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3. Level One Test Procedures
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o] Federation®. Z4E BEZojo} gir}
Federate2 ©H3}7] Ao 32 Federation
of ZQlxojof g}

<a¥Y 1>& DMSO9 Level One Test
Procedures®] Joining Federationo] &3 d W
4-o]t}. Federation ManagementT Federation
A, Federate 39?1, Federation® 24§ 9]
Federate?] ©@% 2 Federation?] A%¥ 5ol
B3 RTlambassador AHl& &0 ik o
folt.

Federate Step

1A Invoke Joun Federation Execulion{“ypet”, Verticaion

14 mmmmemmmmmmmmm
foderalion execiion does ol eist

38 Create Federation Bxecubon{Verfiation”, LeveiOne fed’)

A JoieFaderation Exstulion{ Wpe!", Veriitalor’)

58 Imvake Destroy Federation Execuion(Verificaion’)

68 MWMMWMWWMTMm
joinet to e fedetabon exettioe’ ;

1A Invoke Resign Federation Execution(Dalete Objects and Release Atiibutes)

38 Dusioy Federation Exeeiionf Verkalon) .

90 Invoke Resign Federafon Execionetee Objects and Releate Akbtes)

08 oummmsmmmmmﬂﬂum'ﬂu%is
ot a edersion expcidion memmber _‘

<229 1> Joining Federations

<Y 2>o0A HE Bt o], A F9 9
2] Federationo] AAH7I= Ho =US
ANEgGo2A UEUE A0Z ojn ZZAXA
qNA AR 2t Y2ue AE B F
drt. ¥ WA 2+ FederateSol oA 3|
Federation®] Z<1¥o] Ql+Hl Federations
28A918 32 A ver o, spAge
Federation®o] o]n] AdHYEd €8 g+&
REozH 2AsE doltt. oMy EE
HAENA Mulx 3Zd g 448 2
g #A2goeN HAEE 334 do

ERR: federation does not exist

FED_HW created federation execution
*~FED_HW. joined federation execution

ERR: federates still joined -- not destorying fedex
F*FED_HW. A resigngd from fsderaﬂon

[ FED_HW.
IERR: Federate Not Execution Member

<% 2> Joining Federations A3 A3}
3.2 Synchronization Points
A3 §713 2do] FHIHA RE x4
¥ FederateEcl Al &4 o hded o

3t Federation =73+ wx9toz xAdH

Federate®] ##g F53 o|Fo WAA
.
Federate Step

1 A Ivoke Craate Federation Exscution{Verification”, "LevelOne fed”)

7. A8 ke Join Federation Execution{ "pet*, “Verficstion”)

3 A Invoke Register Federation Synchronization Point(lunch”, *theTag’)

A Ohserve a suscessiul Confimn Synehrontzaon Point Registration lunch)

5 AB Observe Announce Synchronization Paii(Tunch”, *the Tag")

£ A {vake Synchronization Point Achieved{iunch)

h Invoke Synchronization Point Achisved(urich’)

8 AB Observe Faderation Synchronzed{lunch')

9 AB Invoke Resign Federation Execution{Delete Objects and Release Aliibutes}

A ivoke Destoy Federation Execution{Verifcalion)
<29 3> Synchronization Points

<2y 1>olA e 3% Federateambassador
o] Zul(callback)e] $1= ©A RTlambassador
Mulx TEo] gig HolArk ey <2H
3> A= RTlambassador AHl: ZT &4 o
3 29 g7t BHAE FERE HAIH
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B Java/H i Tewt uUML

==FED_HYV: cteated federation gxecution

FF ED_HW. A joined federation execution

b~FED_HW: B jolned federation execution]

pre~sF ED_HW****. announce Synchronization Point==>lunch, theTag
e EED_HW synchronization Point Registration succes==>»lunch
L ED_HW*** announce Synchronization Point ==»lunch, theTag
e FED_HWH*: federation Synchronized ==»lunch

= F £D_HW*™*: federation Synchronized ==»lunch

P FED_HW: A resigned fram federation

+FED_HW. B resigned from federation

~+FED_HW: destroyed federation execution

<29 4> Synchronization 43 23
A A HRol <a¥ 3>9 3¥ =
%oﬂ A% Az 49z 589 29 5t
B, 6 7Y &2 8W W 7t
&

Ae & & 9

3.3 Save And Restore

Federate Step

1A Invoke Create Federation Execution(Verification", “LevelOne fed")

2 AB invoke Join Federation Execution( typet”, erfication}

3 A Invoke Request Federation Save(theSave")

4 AB Observe Initiate Federate Save(theSave'y

5 AB invoke Federate Save BegunQ)

& AB tnvoke Federate Save Complete(Success)

7 AB Observe Federation Saved(Success)

3B invoke Requast Federation RestorelheSaed)

3B Qbserve Confirm Federation Restoration Request(theSave®, Success)

10AB Obsetve Federation Restore Bepun{) and then Infiate Federale Restare(theBave’,
federaleHandie)

11 AB Invoke Federate Restore Complete{Success)

12AB Qhserve Federation Restored{Success)

13AB Invoke Resign Federation Execution(Delete Objects and Release Aliributes)

HA Invoke Destroy Faderation Execution{Verficalion”)

<23 5> Save and Restore

Federation A% ¥l A BE Zd
FederateE ol Al #|-F=ojof &t} Federation

Ao ¢ghgE Zzle AHFo] JEHom ¢
g3t %9 FederateEd A ¢S 4
Mgt d¢t Federation A&ol 453 o=
A3 HH, IRL Federation BHANE A&
T Utk

ATi Teot Suite

Levelt : Save andRe Restore

FED_HW. created federation execution

*FED_HY. A joined fedesation execution

= ED_HW: B joined federation execution

e CED HWST initiate Federate Save ==»theSave
FED_HW* initiate Federate Save ==»theSave
~FED_HW*™ federation Save Success

e FED_HW federation Save Success
FED_HW™": federation Restore Begun

=rF ED_HW*™* request Federation Restore Succeeded ==>theSave
P FED_HW*™: initiate Federate Restore==>theSave
T ED_HW™ federation Restore Begun
FTEED_HW initiate Federate Restore==>theSave
T FED_HW*. Federation Restore Success
FED_HW™™. Federation Restore Success

= EED_HW: Aresigned {rom federation

T ED_Hw: B resigned from federation

"*FED_HW. destroyed federation execution

<213 6> Save and Restore 23 A3}
3.4 Object Discovery

AA Bale AAY Y F
Hxo 523 A&, AA
e Qdxdxo WHN F2E
A5 AEe F/54% HHd
L AT A" xo A
71et g o8 kA AAdEFFES )
8} o] Federate ©j® & Federate®] £
g £ FH2E subscribed o A A
AzElAo] TES AFa. AA Q2w xo
WS #AS ved A JI2"HAVF 55
e o #A4E F drk RTlambassador®]
register Objectlnstance() W2 M2 A~
H27h AAEASS LRCAA ¢ o &
Hollz= 2$ AA Adxdxe Ay ZHx
o} e MeElg AA o]Feo] aFHT

[ o%
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Federate Step

1A tnvoke Create Federation Execution(Verfication”, *Leve{One fed)

7 AB Yiwoke Jok odraion BréculonCypl Veedloy .

3 A fwoke st Object Class HandlaCobjectRoct ABY), Keap e retimed obped class hmme
and referto it as objectClassB.

‘A rwoks Get Aliribute HandieCX, mmummmm
and reforio B o divbuleX,

5 A Invoke Get Atfribute Bandle(\‘, ohiectCIassB} Kegp the remmed class atiribute handle
and referto t as atiributeY.

6 A ke Pudish Otject Glass{obieciCiansl, (wbibaie), sbiie]) :

7B Invoke Get aneﬂ Qlass ‘Handte('objectRootA"). Keep the rmmodvubjeu class handle
and refer to it as objeciClassA.

58 1ol Subscribe Object Clasg AcARiotiecks1assA, (MRUND .

3 A Observe Stad Registration for Object Class(objeciClassh)

108 ivoke RegislerOblectinoancelotiosiOiass .

"e Obsewe thatthe sarvice" “ was cful giving seception "The federate 1S
not publishing the specified objest class”

124 muke Register Object instance(otiectCiassB) 7

138 Observe Discover Object Instance(objectCiassA)

14 AB rwoke Resign Federation ExacuionDalele Obiecs atd Releasa Alrtias)

15 A Invoke Destroy Federation Execution Verification”) »

<19 7> Object Discovery

<ag 7>l 109 ZEC ug =9
8t4=2 A Discover Object Instance()7} LA
312 &E o] fE Federate’} NARZE AA £
£ publishdl#] ¢sk7] wioltt. 5, #4
< Ui AR E 52 o 428 5 Utk

& oJavas g

B

PFED_Hvy: created federation axecytion

[-*F ED_HWV: A joined faderation execution

—FED_HW: B jained federation execution

e F ED_HW™. start Registration For Object Class ==»8

b ERR 8. ==> com.netcus hla.ObjectClassNotPubtishad: comneteus.hla.RTlexceplic
"FED_HW™** discover Object Instances

FED_HW: Atesigned from federation

-t C0_HW: B tesigned from fedaration

I FED_HW: d

<Y 8> Object Discovery 23 Az}

3.5 Attribute Divestiture and Acquisition

24 o] 3 Federateo] 741 o]

dxo g A #EE A73
2 Agste thE Federated Al &FES
2 o AEEd ARReE 72
(unconditionally) %<& ¥ 9| ¥€ (negotiated) ¥
HE dAFA a9 5244 oo A%
A AYg g E Federatedl Al ojwl gt
9j9] glo] A AA HYL Federateod A
AAGT FY olBe M2 2FA &
AT A4 2F Aol ¢5d WA Y
& Hfse A4 2d gyolt.

ool

Federate Step
1A Invake Create Federation Exgcution(Verification”, "LevelOne.fed?)
248 ivoke Join Federation Bxecution{ et Verification).
imvoke Get Otject Class Handie{objectRoctA"). Keep the refurned objett class handis

1A and efer o 125 ebjsctClassh

OA {woke Get Aliribube Handie£3X, objectClassA). Keep the retumedd ciass afirbute handle
and seferio s altibieX.

5 AB invoke Publish Object Class(objeciClassA (atiribiuteX))

§ B vk Subscoba Objert Class Alribie(objestClassA, [atributed)

TA Observe Start Regiskration for Object Class(obiectClassh)

8 A Invoke Register Object Instance(objectClassA). Keep the retumed object handle and
refer {0 it as theRegisteradObjectHandie.

9B Observe Discover Object Instance(objectClassA) Keep the retumed object handle and
referto it as theDiscoveredObjectHandle.

1k invoke Negofiated Aliibute Ownership DivestituretheRegisteredObjectandie,
{atiributeX), "easanToGive’)

e Observe Request Attibute Ownership AssumptiondheDiscoveredObjectHandle,
{attributeX), raasonToGive")

WA {nrvoks Cancel Negotiaied Aitibute Ownership DivestiureheRegisieredObjrcitandle,
{atributeX))

38 Invoke Aftribute O i discoveredObjectHandle, {attibuteX),
“reasenToReteive)

A Obgemve Reguest Atribite Ownership Refease(sRegistetedObiecfandle, (alibutex),

K “reasanToReceive)
15 A8 invoke Resign Federation Execution(Detete Otjects and Release Altibides)
WA Trwoke Destroy Federation Exetubion{Venfieaion’y

<19 9> Attribute Divestiture and
Acquisition

Hog olFe 274 B} ¢ st
AL {711} 8= Federate Negotiated

Attribute Ownership Divestiture)& Z&%
th 9% wE RE £A49 9AE ¥IVY T

#2< 7}A  Federated Request Attribute
Ownership Assumption() & Z(callback) ¥
2 23 XAt ATd s ol £48&
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S —

A1 A} 8 Federate< Attribute Ownership
Acquisition()& AH-&3 0} Federateo] H Y2
22y HWoluma & o, ool Azd
Federated © °o|4 558 £4¢ A A4
S 7}xRx gEvE  Attribute  Ownership
Divestiture Notification() % &(callback)-& &
A A, a2 A0 dis AYES A He
Federate Attribute Ownership Acquisition
Notification() &Z(callback) ¥%& &3 2
&R0 A A2 AY 255 A Ak

*FED_HW: created faderation exscution

P FED_HW: A joined federation exscution

F~FED_HW: B joined federation axecution|

prF ED_HW™ starl Registration For Object Class ==>5
- FED_Hw™ discaver 0b]acuns1ancss—> 4

e ED_HW™. O hij ===4, resenToOive
P ED_HW™™ request Atiribute Ownership Reloase ==»4, reasonToRecewe
FED_HW: Aresigned from federation

+FED_HW B resigned from federation

> ED_HW: destroyed federation execution

<% 10> Attribute Divestiture and
Acquisition 23 ZA=}

3.6 Time Advancement

<

HLAE thst Az A8& 7Hxn
o RTIE Federate® 7+9 Al ugg %
Aat7] sl AdA Alg@eE AuzE AF
stk AAAES AlER A#EHo glow, RTI
= 997 P& BAY F Q. 7| BF o=
RTIE= Federatezte] AlF RS AEsA &
£tk HLAS #A Fo sivde Alray 3
A thgFstA NPY Bok ol NE YE
A7t A& 71A Federate AtoldlA 43 &
444 71ged 4 31tk Aot Federation
Ulo A AIZHe g4 o g NFgdr, dukd
oz XNzt AP AA #Y MulAgE FH

F_I

zA=ojof 3, o]E %3 FederateE Al
AGHE ARE 998 A#H7 ZEdok &t
3, &AbH o|ojof @),
Federate Step

1 A Invoke Create Federation Exetution{Verification”, “LevelOne.fed”)

2 AB Irwoke Join Federation Exacution “iype? ", Verification”)

3 AB Irwoke Enable Time Regulation (0, 2)

4 AB Ousenve Time Regulation Enabled

5 AB Invoke Enable Time Constrained

6 AB Observe Time Constrained Enatled

7 A Invoke Time Advance Request(s)

g B imenke Time Advance Requestil)

S B Observe Time Advance Grant(1)

18 Invoke Tima Advance Request(s)

11 A Observa Time Advance Grani(5)

12 A Invoke Time Advance Request(8)

13 B Obsenve Time Agvance Grankg)

4 A Observe Time Advance Grant(®)

15 AD Invoke Resign F ederation Execution(Delete Objects and Releasé Aftributes)

16 A Invoke Destroy Federation Execution{Verificafion®)

<1¥ 11> Time Advancement
Federate 7|28 o2 “3A|8HA E(regulating)

A WA % (constrained)” %+t Federate
FASAY FAYE Federate 23S H3
RTIambassador 9H 3¢l enable Time
Regulation()¢]1} enable Time Constrained()

H5g ol gt

[*=FED_HW: created federation execution
FFED_MW. A joined federation executian
*FED_HW: B joinsd federation exacution|

=L ED_HW™ time Regulation Enabled ==> 6.0
et f E0_HW™™ time Regulation £Enabled ==> 0.0
=FED_HW"" tims Constrained Enabled ==> 0.0
[F"FED_HW**" time Constrained Enabied ==> 0.0
rer"FED_HW*: time Advance Grant==>1.0
[=*FED, HW** time Advance Grant==>§.0

[ FED_HW* time Advance Grant==> 8.0

eeer £0_HW time Advance Grant==> 9.0
rFED_HW: A resigned from federation

I ED_HW. B resigned from federation
TFED_HW. d federation

<2% 12> Time Advancement A3 ZAx
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3.7 Region Intersection

Federate2 ®Hl°o]E|¢t A9 (Region)& #¥
Azt 523 2E 95 A Ho) AL E o
A A2 2e ZZ2E A8 AHEHE AY

= = - =
o] 55 A3 AEHE AHH 2AY
A AAHA Fe
Federate Step
1A Invoke Create Federatian ExecutionCVerication”, “LevelOne fed”)
2 AB Invoke Join Federaion Exacuton( Wiel”, Vericalio)
3 A imvoke Get Object Class Handie( odjectRO0LA.C). Keep the relumed object clasg handie
and refer 1o # as objectClassC.
. frwoke Gat Altrbule HandieCZ, obiscCireeC). Koup e sriumed 2ot aibule Randio
and refer ot a5 alnbuieZ.
5 A lowoke Get Routing Space Handie(CRE?). Keep ihe returned rouling space handle and
tefer 1o 4 as spaceHandleRS.
Ik O Diran o, ety :
L mmm«umm .
T A irwoke Publish Object Class{objeciClarsC, (aﬁhuhl))
10voke CraaRePon(SHRcHINNRS, (L 6D Kaer 1y fohirmed region and rifer to X as
togsyalloniegion. The numbar of Ievmadiate. siene MRS CHsMe 3
& A gepends o e AP1 being uset, Thsce niormiddion ¥eps WILInENjae cradton of &
tagion-object with & singie aitint, soling e lower bound:of INs GsnrS dimeneion *0* o
2, sultig ng upper Bound of the edent's dimension 'O to.4, apd i nodealon of he
AT Matthe adent agustment is Compidte.
fryoke CmmRegsun(spaceHmmRS {5.7) Knnh fmmoc tegidh andrefestoflas
gion The number of sieps retuired o creake a region
s B depends an the AP} being used. These inrmediate staps witl Intiude treatibn of 3
region object with a single extent, seting the lowss bound of the adent's dimension “0” to
$, sefting the upper dound of the exlent's dimension "0" to. 7, and tha nolfication ofthe
Rilthatthe exert adjustvent IS compiete
ws mmmonmmassmmm SubpesipionRogion,
tatvibute 7l
1A Observe Starl for Object C 1CassC)
ke Register Oblect Rustencs WO Reglan(obieciciase {(aliibuleZ;
12A SorRegion)]; ‘TRObieET) \%, 7
138 Observe Discover Objett instance) does not occur.
Iwoka Modtly Regron{ragiciralionRogios, {(2: M) The taimbee ol inkemudiets ships
A Tequired 18 Moty 3 region denends on v APEHaING Uead: Thege-inimaita slens
Wil inciude roseming 1o Lpper LAY of the oonrs.Sinnalon 17 154 #nd e
‘nowication of e HT) hat the oent adjustmand ie complom:
156 Observe Discover Object instance'myObjecf, objeciClassC)
1BAB Iwoke Resign Federation Execuion(Dalets Oblects and R utes)
17 A Invoke Destroy Federation Execution(Verification”)
<219 13> Region Intersection
Federate2 574 9" I AELE A

d2 FAs7] 98l RTlambassador <l
createRegion() T+E& T &3, 89y F¢
FED #dd] M=o glojorgt s} A
do] FRHoZ FANHU 1 WAHUWLS
RTIo Z&&loF 3l RTlambassador W3
¢l notify AboutRegionModification() &7}
O 9se g3t Of 1304 B2 133 A
oM A2W2E AAY 7t glEdH ole

A9E Aol WA goprolrh.

9qE T8 A2H2g LA

ojol =

PFED_HW. creatad faderation execution

[=*FED_HW. A joined federation execution

~FED_HW: B joined federation executton

e EO_HW start Registration For Qbject Clasg ==»>7
e ED_HW* discover Otyect Instances ==» myObject
=F ED_HW. A resigned from federation

FED_HW. B resigned from fedsration

p=F ED_HW. destroyed federation execution

<223 14> Region Intersection 23 A}
3.8 Management Object Model

AA #e 2d(MOM)E RTIsHY] o] &g
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Federate Step
1 A Invoke Create Federation Execution(Verification”, "LevelOne fed”)
2 A invole Join Feseralion Exacution( “typet”, “Vesitication”)

Invoke Get Object Class Handle('objectRoot Manager Federate”). Keep the retumed
object class handie and refer to it as objectClassFederats.

1A tivoke Get Object Clags Handie onjeriRactManagery ederstion’); Kaep #w retumed
chinct tiass handle andreforta it as.objesiCiassF ederation.

3 A

invoke Get Attribute Handle('FedarateTyne®, objectClassFederats). Keap the returned

‘A class atiribute handle and referto it s atiributeF ederaleType.

5 A Invoke Get Affritute Hande(F objectC] deration). Keepthe
metsmed class aftribute hangdte and referto it as abibuteF sderationName.

§ A Invoke Subscribe Object Class Altributes(objectClassFederation,
{atfributeFederationName})

1T A Obhserve Digcover Qbjest Instance(objeciClassFederation)

g A Imvoke Subscribe Object Class Altrib Federate, ederateType))

8 A Otigerve Digcove; Object istanceobiaciClassFaderata)

108 Invoke Join F “typeZ, )

1A ‘Obsarve Discover Objert ‘ederale) Kesp e rebumed object
tandle and refer fnitas MBOH'!MF ederate.

12 B invoke Rasign Fedaration Execution(Delete Objects and Release Altributes)

13 A Obgore 0 oderate)

A imvoke Resign Federation Execution(Delets Objects and Release Altributes)

154 fivake. F i ) .

<229 15> Management Object Model
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.

Manager.Federation Z}d] @ 2= RTIo
9|8 Federation 23 3 Uy wEofAH,
Manager.Federate Zd Z# 2% LRCel ¢
3] Federate @ 314 ©HEo1Xo. A £
2~ Manager. Federate®] <Sl2®H2AE AZE
Federateo] ZAF AL 2tAd o RTIH 93]
SEE.

MTED_HW. created federation execution
+CED_HW: A loined fedaration execution

P FED_MwW™ discover Object instances ==> 1
P FED_HW™": distovar Object Instances ==» 2
e ED_HW™* discover Object Instances ==> 3
FED_HW. B joined federation execution
FED_HW: B resigned from federation

e ED_HW™: remave Object Instance ==» 3
FED_HW™™ remove Objectinstance ==> 2
FED_HW Aresigned from federation
~FED_HW. destroyed federation execution

<719 16> Management Object Model A 3
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