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DEVS-HLA: Distributed Heterogeneous Simulation Framework
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We describe a heterogeneous simulation framework, so called DEVS-HLA, in which
conventional simulation models and the DEVS (Discrete Event System Specification)
models are interoperable. DEVS-HLA conceptually consists of three layers: model layer,
DEVS BUS layer, and HLA (High Level Architecture) layer. The model layer has a
collection of heterogeneous simulation models, such as DEVS, CSIM, SLAM, and so on, to
represent various aspects of a complex system. The DEVS BUS layer provides a virtual
software bus, DEVS BUS, so that such simulation models can communicate with each
other. Finally, the HLA layer is employed as a communication infrastructure, which
supports several good features for distributed simulation. The DEVS BUS has been
implemented on the HLA/RTI (Run-Time Infrastructure) and a simple example of a
flexible manufacturing system has been developed to validate the DEVS-HLA.
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Ownership Management§ Transfer object attributes ownership

Time Management i L Coordinate simulation time

Data Distribution M [ Define data routing space

Object Management | Create, delete, update object instances I

Declaration Managemen{ lT’uhlish. subscribe to object attributes and interactidns l

Federation Management Create, join, resign, delete federation executiods

startup operations shutdown,

simulation time
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CM=<X, Y,M EIC,EOC,IC,SELECT>
X:input events set;
Y:output events set;
M:a set of components;
EIC:external input coupling relation;
EOC:external output coupling relation;
IC:internal coupling relation;
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<CS (Component simulator)>

when receive input event (x, t) from <Deliverer>
apply external state transition function
apply time advance function
report new schedule (done, tN) to <Scheduler>

when receive output request (*, t) from <Scheduler>
apply output function and send (y, t) to <Deliverer>
apply internal state transition function
apply time advance function
report new schedule (done, tN) to <Scheduler>

<Deliverer>
when recetve an <CS>'s output event (y, t)
use connection relation and deliver the event as
input event(s) to connected <CS>

<Scheduler>

when receive schedule time (done, tN) from <CS>
select a <CS> with smallest schedule time
request an output request (*, t) to the selected <CS>

(c) Scheduler + Deliverer
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EAgME DEVS HAE HLAYCA +43
= A s 7% s tﬂx}] DEVS-HLA+=
RTI version 1.36 [6] Aol A 7= 1)

41 DEVS HHA =229 #§

DEVS Al gdold Z2EES THI7] 93
AA o 7kA WAIA (x, t), (y, t), (% t), (done,
tN)& A olsjol 3ot HLAGA = Al B#H o8 A}
ole] dlolE w¥-E $3 AA(object)d} FE =
&(interaction)] F 7}x WHE AFdch B
=Ed A DEVS Bl& Z2EF yAxEe HLAY
FEREE ol &t FHITH | 71X AR
A REE g o] Hedit)

(1) STAR : time, source, destination

2 X : time, source, destination, port, value
Y : time, source, destination, port, value
(4) DONE : time, source, destination, tN

42 M Eefold AlZE TIE g

HLAE ©]&% Algd & RTIZ} AF3ts
671x19  #He AAE w2 AHolth  F,
Federation Management, Declaration Manage
-ment, Object Management, Ownership Manage
-ment, Time Management, Data Distribution
Managemente|t}. ©]Fl A, Time Management
7b AlEEeld AlZE JEgE b AP BAE
Mz g

HLA®9} 17+ #8374l (time-regulating) 9}
Al ¥(time-constrained)®] F 7Fx] 2.2 <3
29 WA, A ofd Algd el k&9
AlEH ol Alzke] ThE =9 A g oM A7
o] Ao FgFE wAL YeRT At
xEo AlgH oA AlZte] & FoF xTdf

of ro
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¥ BSs

7t FAolEA FAl] A A =g
(logically synchronized service)& A}g3it}h o]
o, zt =58 DEVS ZZEZ WA ES 4
Eelold A AR A FEEHEE(timestamp
ordered) A2 F1 ¥& F Qo

Federate RTI
[rome |

gujgic) E =FoAs BEE =
571 W

T =gT_old T nextEventRequest (tN)
tick
1T : federate time
g7 : grantlime
receivelnieraction gT_old : the tast grant time
tick
z] timeAdvanceGrani(gT)
fT=gT
process the first event of EVL

<% 13> RTIY A|ZF 28 99

<29 13>elE RTIY AlE#o]d Wiez
AbRe 7128 A2 A8 ES JERdSITh T
T 74 x=9 AEFold AlZHE VeI, (N2
A F2ES] 7P g e A9 AlEY
ol d Alztelth F, thg W] FHofof & A}
A8 Algd ol Alzteltt. gT olde whAI# oz
RTIZH¥ g 358 A|zH(grant time)°] 1, gT
© 29 aFd dig Aot} AlEH o]
A AL AA Next Event Request®t Time
Advance Grant®] F 717} g2 gk

1A, 24 x=F g ¥ Addgaz e A
Z+ NS ZAAsm RTIY 2% (Next Event
Request)$ %t} RTIE © 8438 wod ¢&
ERRE Aol QleAE #do. e
E-ZHE]Q Aldoe] glow I AIZtrkA] W33
T Fde dgE F1, 1¥8A ¥oW x&9
SANZAA AYH=  Foe FHFH(Time
Advance Grant)S Zt}.

<3¥ 14>9E Adel 71238 A EHold ¢
2YFE YENAT. sE Az gT 834 A
tNAFol el Al 7EA] Z 97 Aok WA, gT < N

gT : grant time(RTI)

Process
received messnge

Process
local message

Report simulation:
result

END

<% 14> ALE A EdolH gudE

43 Al M (event ordering)

Ae 7R Atk weF £ A o
ol Alzke] ZTd, o] A}
g AlE ol A7l Azl ojor g
=& AlEdolA(single  node
simulation)o} A& o] AlAEo] Al ¢4 &4
o @& A3 e we Fdo] "ok
A AlEF oA E 3 BAT pAgoA
£ TS 93 A8 sl AEHA ==E
o] EPH oz FAl AHES AYPY 5 Qom
2, ol8A FA A" AHEC] EE FA
ARAES TN # o agez B4 A8
ol e A AHdES FE Wyo] Hast
A gk
o] 71F A FHANME 8 =EEo] £
Ho g2 NS +dT 4 oenz FA] Ao
e AE el stk a8, HLACA
873 Lookahead A3t == A& o]E 9
oqst AFHFToR V€ AN HE WHEEL

tN : next scheduling time(DEVS,
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adg 88 £= givh Lookahead AT =
= AEHolEdA gRrE BRUE ¥ Ad9
Are =z #HA AEHA ARt
Lookahead #& ©# RAwth IAAY golof 3
o AHolth, zEy 7|E9 =E AEHOIHE
S &3 AldY Algte] =& €] x| AlEdH oA
A7t} 22 Zero-Lookahead W2 & Al&3lez
HLAS Lookahead A&t $1uli7} frt (o] A&
HLA®] o|d W #olA Zero-LookaheadE® =¥
& ¥gkr] w#o] FAZ HAuck @A wHe
HLAY A& Zero-Lookahead® X YstA|q, A5
o EANG U F Utk B =®dAE
Zero-LookaheadE #|93lA] 9& HLAE 7H4
git})

DEVS-HLAIA At&3te At AE Wi
(714 Alekd A-H3EH] % p={ >
NEog gy o] FFE Al-FdeEd %
< A& [12]

th=X tyPlocal: Premoter D locals D remote>

e

.?—]O]j_ Premote

old, t& AlE
dAe] Al FEE A
t 93 =22 REY A} Tl HE
A 2otk D = oA WA A
?']i(delay)% 3]:'@%}‘7] _‘Hf‘il- 7}1‘01:‘_’—, Dremote.‘L—:- x
29 AR AEos A71E AAE e
3 Aotk <Y 15>9& of vl A &4 E
JESIT. DEVS-HLANAE 2tzhe] 24
tgs ol ARwT 3,
Dremote"_"L: P pcar= b1, Premote=pR°}ﬂy 3
B Le ANEHA Azt ol TFAA HE&FH
e PER ALEE
tp=<t+a-e+B-L,prpr>. ©l¥, e L
2 Mg AY Hix A BT FAL FgE
olH, & > L9 BAE L= o} Tk

=
9,
[
>
[
~
1
8
r

rol
o
)

A
it
= o

i

oo do in

o

D local = €,

L\<l, pm>
LP,
LP, €<t P>

€<l Py <L Py

() Procal (0) Promese
2|<l>
ta=0 LP, fl >
Lp,

e<t> et dy >

ot dy>

(©) Digeat @D

Temote

<a¥ 15> ARAA LY vi7kA] S4

F AR e eyl Wi, 4] AR 4
o] &3 A AL F, iy =t br,b 01,
thy={ty Do, D1z>. ©1Wl, Al AELE 53
ol ol Fojzth

i< tp=(4<t; or (t;=t, and P ri<Dry)

or (t;=ty; and Pri=Dre and P ;<P 12))

ojd BAL A Ad”o|H BE Aol Lamport2]
A8 2 #A (happened before relation, —)&
2o, Abd Adol AFsA HAon st
(14]. o, 99 F 7FA AR ZA(clock
condition)S HZ3H Ay LA AAE WS

g g

CCl : e, e/} & X9 Ao, e—ey
oA, ;9 AlZHtimestamp)o]l ;9 ARG
Zpoto} gttt

CC2: ey 3 xEoA RHule ARZloliL ey7t
e xToA @i Alzdold, ;9] AlZto] e,
o] AztE} Zofo} Fhrt

o, I A-+AEN 4L o1§8 AR
Hae e 2e 548 2t
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Theorem 3. A8 Al AE 2 Lamport
of Azt 2718 wEs

W (1) CCl19 4%

(@) = 5(ocal) A A4 & w=ofAef F
A ey =t PR, P> ey={ty PR, D 12>
E Az old, e—eolzta &AL wbek
ta+() °W, H=H+olD, fa=0°19,
=t +te (e0)°1EZ, £ ol

(b) ¥H(remote) AH 9 F$: g xE=7} RTI
Z2RE A4 A9 AR A8 S Z(Time
Advance Grant)& 209, Az A|Zhe} t9] 2
E AAE Age Aot} olu o] A AEL
pr¥ prol S FLEA BEE.

(2) CC2¢] 4.

eo] & x=ToA HulE Aldoln ey7} tf
€ xtdi Be ARdeld, Atd AR A4E
Wjel o3td, ty=#+L (L>0).

(1), (DZEE, Lamport A1 Z27Ao] 1&g}
QED.

Theorem 4. A Al AHE WHLE FA] A}

2]
deg 24 o= JEE + Uk

o EE FRAMEL 44¥es AHdEy F
=, PR, 0003 e={ty PR, D12
of tial, f9& ¥)Z2AHU(non-deterministic) &
e A T A (delayed arrivallojct. vk, F
Abel A ZAo R FAgle] o] AlHEL
PR proll o3 fdetA FEE Y QED.

44 thd AlZ2old EFHof tHE A ALE

rok

71Ee @9 AEYold &7o] DEVS o
AZH7] A ZA A JHA9 xze] W3t
o AA, ¥t dZol sbesof @tk
DEVS-HLAJ| A& ®A DEVS ¥{2§ F3 o
€ =2EH vXRE FuEE & ojof gt

RTI Library Interface Component simulator

EVL

Query tN % > tlel

SimRoutine} t2:62
t3:e3

Optional td:e4

<29 16> B4 AEdol4d EHl
LA

AR BANN gRze
P zresiAlE 9% go
W =3, sdoli} Fo
St A2, 08 W
Hold A g 9N
1, RTIel
g &gl
o=

AE

olE I3 &
ZA27F glojot w7
Bveglg 29d + 3l
Z FYsE sbsd
A3 A A A =
?—J Aojor gt e ME My gSo
Aol AlzE R Azt 2y &%loﬂ uh
22 7z w2 g Ao Azt
RTINA &3& 3o} 3t} A~ E &l
dug|Fol HiHojof ) oL " AG
obyAIT F o T&HA AEYoHS ¥
ga% oy, o& Eof, CSIMe] 4A¢E=
gold dugFe 3L Padtx g}

o

A

=}
i

k=Y

‘I"—.«

H 2
o] A3

t—
Ad

o
k=)

Ek
Al

4.5 DEVSim++HLA2} DEVSimJava-HLA

DEVSim++& DEVS ¥4 2% C++2 Td3
ROg o] 717 o4k Ald A|xElE9 A&
o]fel] o] &=ojgtt} [15]. DEVSim++-HLAE
DEVSim++& HLA®| %A 33 el AE
ol &uegFE RTIY Al A8 whged
H-8g Aoz FHEHYT, 97 g AHA
o g AeFol TFHA

DEVSimJava® DEVSim++& Java ¢oj2 +#
e A0 o)AdN 25 £84 QY A
o Ay THSL F33 Ao} [2). E3), ¢F
Wl ol ABYold 2de gz ALY
RMI(Remote Method Invocation)& Ab&3te]
AN Rdg AiYsie Aol ity
DEVSimJava-HLAE DEVSimJavaE® HLA] %
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=M Mgdold & 21

== 948 oo,

= T

HE Aty

o

S M Alag

DEVS-HLA® A& 71548 Agsrl s,
A% OFEF ALE BX2 s 4ae 4 A
2t Al 2" (Flexible Manufactuﬁng System)ol] o
g 2dy @ ANEHolHE St i A
29E F kA F5& AT FERAE Ay
13} Auj2e A 7}F o] ﬂil FE5BE Ay] 3¢A
% JlEEnh A EFEL AA A5HTad AR
Ha A Age] =gt 7}'6‘°1 Ho] gA 253
o] AZEATGI YRR FHo| Eolod &
IR2R=

52 24z
<O 17>E g Az"e

A&d 2 BEol ABYold AL AL
7 S8} o) 7bx ABHol BAL LA

Algdold EF 927 53HoE AeFn
) aaﬂ‘ﬂﬂ Aoy AGVY 28 FAF o
gl 7tA HAEE WY & &E% st Ao
71, :LFJL A A EHolHY AYs HAFV

A% Observer® T gEo] th <9 18> &
DEVSimJava-HLA®I A A3l 2ttt Adn)
g 38 Yeh A

import DEVSimJava.*;
class MachiningCenter extends AtomicModell

initialization ...

if {{message.getPort(}).equals("in"}) {
Integer part = (Integer)message. getValue():
if ({{Integer)s.getValue ("phase")).equals(BUSY)) {
Error;
} else {
s.setValue("part", part);
s.setValue ("phase"”, BUSY);
t
} else
Error;
)
public void intTransfn(StateVars s} {
if ({(Integer}s. getValue ("phase")}.equals (BUSY}) |
s.setValue{"phase", WAIT);
j else
trror;
}
public void outputfn(StateVars s, Messages message) {
if {{{Integer}s. getValue ("phase™}).equals {BUSY)) {
Integer part = (Integer)s.getValue ("part");
message. setPortval(“done”, part);
message. setPortVal(”ready”, null};
} else
Error;
}
public double timeAdvancefn {StateVars s} {
if {({Integer}s. getValue ("phase”)).equals{BUSY)) {
return Rand.exponential f(ServiceTime, MCSeed):
}else
return Model.Infinity;

& Eof, AFFn9 AGV(Automatic Guided
Vehicle) DEVSim++ =9& A}&3}3, Adn
(Machining Center)= CSIM, SLAM,
DEVSimJava% o2 wWEA rdg AalL3
Machining Machining
Center 1 Center 2
(CSIM) (SLAM) Observer
J ] (Animator)
AS/RS AGV
(DEVSim + +)
(DEVSim + +)
| | Controller
] (Live)
Machining AS/RS and AGY
Cen?er 3 Rule modification
{DEVSimlava)

<3 17> 794 A A2de 2ady

public void extTransfn{StateVars s, double e, Messages message) {

<% 18> DEVSimJava-HLA 4] 24

53 Alg2i|old

olgt ZE H3F Rdg AlEHoA 37 3l
A 2 == AEHClE Y AlEZo)A Aztd
a7t WA o]Fojzeof it} <ay 19>9)
HeElW Lol 2HEF3, AGYV, 4], DEVS BA
Ao} 7152 TFAl(time-regulating)ql EAlo] A} <k
(time-constrained)o] 1Al Al E# o] AlAE Al
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R, ing + C . fating only>
""""""""""""""" paced real-time simulation

DEVSim++-HLA DEVSime+-HLA 3 Controller (Live)
1 Windows 98
rit T DEVS BUS Controller

AS/RS i AGV  .ij Controller |
: i
3

DEVS BUS
Controller

. D(Ivv«alsduhb

<Regulating + Constrained>

ing 1 Observer
center1  |i  centerl i center3 '

L. b4
DEVSimJava-HLA Animator
WindowsNT | indows 98
1

CSIM SLAM
Solaris2.6 Windows 98

CSIM Solaris2.6

N :<Conslrained only> federates
DEVSimJava-HLA Windows98

<19 19> == A Bdo]E e AlE#oelA
Az A Y TR

ol AN EATSO)R Fudd & Ut
FGdRe g8 2RZHE Aorle ANTLE T
g »EEA 9%E F71 A8 FA Ha,
Observere ©& =T ERRE AEH oA A
S 7387 A8 Aol En.

<9 20> 9 AAL A|AEle] Al B o]

<ag 20>cle i Aa"Y AEdHolAd I
e YehiAch $& 49e Observerdl #
29 AA ANEHoIAMY kA3 ojyuold A
o3, %= 3g4& DEVS #& A o7]o|t}. &
=5 F3H< ’6 LA AA A EHo| Ao
2 Ay Aoz FAHAY. 2, AlEH ]
A ey s AIZkE "a2 g o=
A9 RTI #+&o] A3l A &k, AA Al

rSL

o

oMol 714 weg JqH7 fiol
Aztgh, 3 DEVS B2 Aoz QF &%
AT & 4otk %F, /A" RTIS A&t
BAhg DEVS ¥l& Aojr]15S A8 A&
ol £3 A+ Fy MAE e AZd.

6. 28

Ed ol £ DEVS- HLAoﬂ tH‘H &
M AZE] #2220 DEVS ¥
&9 ad A EHH FAHEC] o] 7F
old #Ae dFE F YA o, l"
Z2EE BYXE 437 A3 ZREF bﬂ
71HE ALt g, o] 71F AlEHo
3 ZA] AR AG S Agtsld AX
A AHEE & F JEE o AgE
A AL A"
st oo,
3 AFgE ¥
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