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Simulation Environment of DEVS Models using MATLAB/Simulink

Kyung Min Seo - Chang Ho Sung - Tag Gon Kim

ABSTRACT

The DEVS (Discrete Event Systems Specification) formalism supports specification of discrete event models in
a hierarchical modular manner. MATLAB/Simulink is widely used for modeling, simulating and analyzing continuous
and discrete time systems. This paper proposes a realization of the DEVS formalism in MATLAB/ Simulink. The
proposed design enables to use a great amount of mathematical packages and functions included in MATLAB
/Simulink. The design is also employed as real time simulation and hybrid system simulation which is a mixture
of continuous systems and discrete event systems. The paper introduces Simulink-DEVS model, in which a simulation
algorithm is embedded. The model consists of a Simulink-atomic model and a Simulink-coupled model. In addition,
the time advance algorithm to simulate the model is suggested. The algorithm handles the time synchronization and
the accommodation of different concepts specific to continuous and discrete event models. Two experimental results
are presented for a pure discrete event model and a hybrid model.

Key words : DEVS formalism, MATLAB, Simulink, Discrete event simulation

DEVS @422 ot AR Al88E AS2]0lal iEefsiA| £d8 4= 3ltk. MATLAB/Simulink:= 1< AJA813} o4
ARE Al2dls BERska Aleolde aaishe o @2 200tk & =22 MATLAB/Simulink 27404 DEVS 424
TSR PHES AR & w==2ollM Aljtshs HES o835t MATLAB/Simulinkoll A Al5ske BhgRt 3 874
I GRS AR 4 ek EE FUT AlElold Sgolld Ak AL o4t AR AlAElo] EFHE SolHEE Al
lof] gt Algelolde 3 e 4 Slk ol A8l & =S Simulink-DEVS ¥dlt o] Helg A& oldE S3she dl
LAt AE A daEES AR 53] AR A8 dare|Ee Alage] fgof Aglo] AR Al XS it
7 AR A3E S =RelA Aljkshs WHES ade dSTith

Z90] : DEVS 4|2, MATLAB/Simulink, oAt A A|Ego| A

1. M 2 AF AR A 2H1 2] M&S(Modeling and Simulation)o] &

2] ARgE=, 53] AlEdlol S =3t Slo] DEVS

DEVS 34|22 Discrete Event Systems Specification neo) ds H7ket s A5 skt 2 ARETh
OF PR AT FAES v OE AAEE A ZLoll= FAl ARlou AR, = ARy SollAl Ext
Ao|il, mEe|sHA AT 4= ¢Irh DEVS A& o ok YR darejES AREShe AlAFle] DEVS g4E2S

Agsta ot o]l o] f= DEVS wels Ak
AAE 2aE B4R ol & o B89 Aol
A5 FHY 5 ol ABE el =77t Basi

2008 119 139 <, 20084 129 62 el
Vgl e dAPaATeE AlAg) mElE A g o)

A7Al MATLAB/Simulink+ 1145 o124 4=%] 3|4, g
F A A A7E AR ohzh i g4, darels i, sk 9 &

AR A7
E-mail; kmseo@smslab.kaist.ac.kr

gho] mdlg Als 5L st ey /)5S o4

HMi72 ™4z 20084 128 @IED



>
ox
re
0x
24
I
oy
m
TH,

sl AlFsH= AlBF ol E=Foltf?. 53] MATLAB/
Simulink’= &1 A|AE]o]L} o]AF AJ7F A|AEIS g
shaL AlgdoldE 7ashs M&S 7EeAtolAlE gt

AlEEold o)t

Modeling

MATLAB/Simulink Simulink-DEVS

Model
DEVS

(Discrete EventSystems
Specification)
Formalism

Simulation

Tim Advance
Algorithm

a9 1. Ajtshe ZE A e

ki E =5°S MATLAB/Simulinkg ©]83}0]
DEVS FA2g Adsh= B2 ARtk 19 12
2 =RoA Ajtehs ZEdYA JfQolck B =R
A F 7HAE Atglty. MATLAB/Simulink o] 2]
318t DEVS 229l Simulink-DEVS 2@7} o] mEle
AEFO1AS 317 $el Hasgh AlEH ol A)RE 2 &
VHES Alksith B =R Alobsls ZadYa
231H MATLABZ} Simulinkol|A] #2381 choFst
WA e, TEja AIZEAEQl BAE o8
UL, FUH AEH 1A A A AlAHEL o
AP Al2o] 3t slojHal= AlAgtle male
AlEdoldE 3 4= Sl Aol ik

Blollde 2 =RolA Agkehs HHEL fABH
SimulinkoA] A 3-3= SimEvents 2= E8A(toolbox)
£ ol&sto] o]it AR Al Wl slo|He|E AIAR]Y
e 9 AEE oS ARtetelch 18y SimEvents=
THQueue)2} AH(Server)E ©]-83t oAk AR AlAH]e]
=gtsto] AMgSh 4=Hlof §lal, DEVS A&7 22 o]
Ab AR Al&Elo] BeE 23kAQ) PAES A8 4 ¢l
7] wjge], =5hH o &2 AIAELS Welgdls Zlo] B
it

2 =0 A2 theat 2tk 273} 370l 4 DEVS
A 231} MATALB/Simulinko] gt 7hkst 2715 3t
S, 2 =70l E29l Simulink-DEVS 2dly} A&
|4 AIZE A3 LarE|EE 43 530 A] thEL) 64
A 5 7 AR QTS oL 7oA AES Witk

r

H

o
O ot of mlu

S Ay 2

=

*

[
~

DEVS HAlE

2,
DEVS B2 otk b A29e A7) 99)2 25

L 220 JRaEINE R PSEE

=X

5t o] AZHoR AYstel TASH: YR TAT
=8}#9] Eolct. DEVS @420l A28 71242l 7
4 aag deie 94 2wt ofg 29g FHA A
2e 2dg TAY 5 ole Y mdo] gl

2.1 €zt 2 73
A7} mg)(Atomic Model)> DEVS A412& 1435}
© 7P 7134 REEA ALEY Ee 7Eske B
dofek. A mdl MO 4=3hQl #Fe vt Atk

M=<X,Y,S, S, Sint, N, ta>

X : opbd 9 A

Y : ok 29 WE

S+ | olAlAkA Aol Wik

Gex : Q x X — S ¢ Q- Afef Ho| g4
Q={(s,e)ls=S,0=e=ta(s)}: total state of M
6w Q — Q¢ W A ol B

A QY O AE Ho) gk

ta: S — Roe' : ARF X3

2.2 23 2y

A3}t 2d(Coupled Model)2 oj2] RElS YFEzog
Adste] whs Hdojoh Wi 84Tt B REe
P w2 melo] BE s, olele s m
G55 AS FAA v 2 AlAEE 28T 4 Qi o

o Ae BElo] 3k iAolt.

CM = <X, Y, {My}, EIC, EOC, IC, SELECT>
X : oA 4 g
Y ;o 28 g

M} : BE ol2ApA FHIE mdEo] 33t
EIC : 9% 98 424 14

EOC : 9 &3 o2 ¥

IC : Y& 72 ¥4

SELECT : 2™= @ — M; : 72 A Zo] ZAfsh= A
A& ske wdsel g Al =

2.3 DEVS F43} AIEd0[H
DEVS FAl2ojA] el 2 A= 52]Q] 7o), =
g2 njg] Halxl Aot} TrER o] FoA g ¥ A
AZ A &= s 23N 22 mdlof| AAE o
U= AlEG o] Z2A| Aol Uz} mEloi= AlE|0]
El(Simulator)2fal k= AlEH o) Z2AAVE A% 2



MATLAB/SimulinkE 0|&8t DEVS 29| A|Z2|0|M

rior
0%
-1
Hp
—

Yofli=
27} 9k

| Y|o]El(Coordinator)eh= Al B0 ZEA

E 1. DEVS A[E# o)A H AR

Message

Meaning

(1)

Internally generated event at time that
notifies the scheduled time is completely
elapsed

(%,t)

External input event at time t

(y,t)

Internal output event at time t
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Simulink-atomic Message Classifier:
Inputs:
Simulink clock
message
Output:
m
Variables:
tv — nextevent time
t — currentsimulation time

For each Simulink clock
when receive x-message (x,t) at time t
m =1
when receive *-message (*,t) at time t
if t = tu, then
ms=2
else
m=0
when receive x-message (i,t) at time t
m=3
send m to Initialization block

End Simulink-atomic simulator

m =0 — No transitions are occurred
m =1 — External transition occurred
m =2 — Internal transition occurred
m = 3 — Get initialization
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Simulink-atomic Event Time Scheduler:
Inputs:
m
Variables:
t — currentsimulation time
tv — next event time

For each Simulink clock
ifm=1o0rm=2

tv = t + time advance value(ta(s))

End Simulink-atomic Event Time Scheduler
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Simulink-DEVS models
Simulink

i

I
each Simulinkclock 1 (done, 1)
Simulation :

L (dorie, t)

Generator

(*,t5) ts= minftur, iz, -t}

Simulation
No End?

Yes

End

1% 9. Simulation Time Generator

Simulation Time Generator Algorithm:
Inputs:
Simulink clock
(done, tv) messages
Outputs:
(*, ts) message
Variavbles:
tv — nextevent time
ts — nextsimulation time

For each Simulink clock
when receive (done, tu), ... , (done,tsi) from Simulink-DEVS models
= minimum {tu, i, ..., i}
send (%, t) to all Simulink-DEVS models

End Simulation Time Generator Algorithm
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