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Development Environment and Extended DEVS Formalism for
User-Level Customizable Modeling and Simulation

Jun Hee Lee' - Bong Gu Kang - Tag Gon Kim

In applying modeling and simulation (M&S) techniques to analyze complex discrete event dynamic systems,
conventionally users had to use different simulation environments depending on the user-level. To solve the
inconvenience, this paper proposes an integrated development environment for M&S depending on user-level and
a formalized interface to manage the model in the development environment efficiently. The interface consists
of an extended DEVS formalism and model making rules. The development environment is divided into a
modeling environment and a simulation environment. In the modeling environment, three modeling methods are
provided for each level of the users. Users inputs several parameters to the model generated as a result of the
modeling process, and experiments in various cases by using the simulation environment. The case study shows
the implementation of the proposed M&S environment, and using the implemented environment, it shows the
M&S process of the complex defense combat system.

Key words : DEVS Modeling and Simulation, Development Environment, User-Level Customizability, Extended
DEVS Formalism
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et al, 2011). DEDSZ TAE AJAEISL. 7|47} ARo]
RO R A7t AFEaE o ExteiA|a ook B
2 Al E O] A(M&S)E of2f3t BAgt AlAgs At
o A 9 AAsa 4 gl wrol7] ulEe] 2y
AME-E]0JA 2t Choi and Kim, 2018).

M&S THol] Zofoh AlHEe] 249 HrL g
IgIelc T 2 Ao o] HoAS it
of M&S 9178 A= AMBAe] 72 Al AR 2
=9tk Al practitioner) = M&S =715 &-85)0] A
B AR 22 she Ao, Al RUYS sl
Hohe= Ay vt A oaF A7goll Zast HlolH
£ A=t} ¥R developer)= T2 A Eo] Z-2E wd
& ARk AROR, 457 et mae axsh
SR 2912 7. A rescarcher) = 2] W
=5 PAsHAY 2] dare|Fof thet 7S S
AHgALe] Fqo] mehy mHlE PHE ofol2 7k &
% tlolo] g Auk £ATE Fke] 4] TR TG
. ofolZE Aol tf-§sk= olnAlE Y= Ao
22 dolol29e 29T 4 9 ARUE wo]
aARE BEE 28 cololae] 44] £4 7Hs
FTo|th

olof thgt ZpAIRE A Fig.1of] Urehglck At
7} ofe] 7|RE Ao ® AU s FHdste o
A7} 5% ool 19 7| BAYOR B 1AL
FolA Fold ofolgE k= o, AFAE Queue

BE BUY) 2ATES UG 5 Gk IS Mol

S I T

. Icon based
practitioner < »

Block diagram

developer based modeling

Source code

researcher based modeling

rrrrrrrrr typical using
———> using depending on M&Ss knowledge

Fig. 1. Modeling concept depending on user-level

7129] o]al Ab M&S TS ZARSE 80| Table.
Lof Qlth. 7129 S Al 7HA] mdE S BE
A EFA] ko AREAL o] FEkAH thE S At
Bafof gtk ARl e webA 2 dAtolA=
HE Bdy IS xge= S Aijskalt gtk

27404 Aljksh= 7ol disl Avgatar, 34 A
= AR S AA| st Akl S o] 8l =

F AR AlAEE mdE 9 Al oldshs S &
ZNgte} upAete & 4ol s AeS Wil 2 =g vt

ED =AS0|M5E| =2

el

Table 1. Discrete event M&S environments

Discrete Event M&S Environment

Arena(Kelton, 2002),
ExtendedSim(Krahl, 2009)

Block Diagram

Source Code DEVSim++(Kim et al., 2011)

AnyLogic(Borshchev, 2013),
PowerDEVS(Bergero et al., 2011),
DEVSimPy(Capocchi et al., 2011),
CosMos(Sarjoughian et al., 2009),

CD++ Builder(Chidisiuc et al., 2007)

Block Diagram +
Source Code

Block Diagram +

Icon FlexSim(Nordgren, 2003)

2. Algste NEE

Fig 2= A¢Fetaiat sl 249 AAAY 25 &
ot 2d glojeuo] Lo AE e RdE &
sto] ARgANE A1 o]l A 2EY 2 AlEY
oliE AT 4= QU o] eS ARESIA 10T, iLF,
=, Hpo] @ AJAE] 5 TheFgt EHQle]l A 7hegt A
Eeflold AxE o] Fide] 7hssitt

2 =rolA 2AE v FS AS A AR el 9l
= Research Area®, ThFgt 52 711 ARERlE0] Z+
Ape] o] WA ey 9 AlEYol S & 4 Sl
A 2 9 i s 2y HlolEHo]AE AAsH
= UE oA ARkl Ajtel= A e 2EE
et AlEdlol A g o EejEo] Sl 2.1
= 2 2ol tisf drgsta 2.4% o)A AlEe el
ol sl Awggich

Various Domain-specific Simulation Software
Defense B
I @ @D &

| Experimental Environment | | Statistical Analysis / Visualization Tool |

Model Database

Icon, block,

source models
Discrete Event
Simulation Engine

Fig. 2. Proposed M&S environment

GUI-based discrete event
model and simulation
environment
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Miodel Database
Block Diagram

Source Code

Interface 1

Model Designer
Icon Based
Practiti C——
ractitioner Modeling

) ‘ Block Diagram
Devel e A
eveloper 3 Based Modeling Model InterfaceZ
Structure
Model
Synthesizer
4 Source Code
Based Modeling Executable
Model

ding on M&sS | led,

—

Researcher “———

typical using using d

Fig. 3. Structure of modeling environment
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£ 282, &34 DLLg 28317 Al A[AHoF & +f
22 AollEsteh 2218004 Aguols 15 dstal
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2.2.1 Qlejsjol2 1: B39 DEVS FAIE
Aokt BelA mEe EHske 73
DEVSO] 914 mel B2 4% e FA2S

FAEZ Aljksto] AR i &9 A 7HA] HEF
e 21 o) & FAES L83 FAES F 7L
A& /= =d], DEVSS] ¢zt mdlo] tf-3-3k= block
model (BM) ¥} DEVS] Z3}F Hdlof tf-3-5}+= coupled
block model (CBM) ©o|t}.
(1) BM9| P21 25 Uepdith. DEVSY] X, Yo} H
SOHARE BM2 2 ZEnftt gh(value)2] Hohe AHrt
© o] th2rf LS AREARS 2 vEhis Zle=X
1,2, 30] 247} ARAL AR}, Aqtate] ti-gEh M
BMo] 7}2]7]= DEVS 2d& Yehfl= 02 2AF
=9 Fejol DLLO FEiE 7He)d o Q&5 Uit
= $144E DEVS Hds 27|31 & B4 #49] Hgto]
th 55 HdE ofo|E mdo] H &= Ql7]of, ofo]E K
RIA] o A& Uet= 17} Qlrk Constraints= AR
Ao} gezol wheba] 282 DEVS RElo] et s
eo] ofo]FQIA] ofdAE Ueh= g7k Sl

Block Model (BM)
BM={(X,Y,L, M, S, L mp,p
X = {(p, VIpE InPorts, VEXP}
: setof putinports andvalues where
V=TV, X VX - V., V, :{Upvzv
Y= {(p7 V)IpE OutPorts, Ve Y;]}
: setof output ports andvalues where
V= VX X o Vo V= oy 0}
L =1{1,2,3} : level of users
M = {source code, dll }: target DEVS atomic

}

(%

»¥n

4 Un

(@)
(2)&= CBMY| 3425 Yepdth. BM}F oi7hx] 2
X, YO ZEu}} 3FE Ay, EIC, IC, EOCo|A ZE
78] dAE T wf ZEZ} 71X ) Fjde] YAJsfjof A
o] 7hsslth= 4lo] DEVSS] A wdyt 37| o2
Holck

Coupled Block Model (CBM)
CBM =< X, Y, M, I, EIC, IC, EOC, SELECT>
X= {(p7 W|pE InPorts, VEXP}
: setof putinports andvalues where
V= V1 X V2>< an V1 :{Upvzv
Y= {(p, V)IpE OutPorts, VE Y, }
: setof output ports andvalues where
V=V, X VyX = Vo, Vi ={v, 0, -0,
M= {CBM, BM} : setof all component m odels
I: {true, false} : icon

4 Un

}

@
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2.2.2 S35 DEVS FA29) XML 7
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w8 o] SAAS S AlokEl FARS Bedk
Figdoli= BMS 243 22 tholoj1sio] XML
o] oA, Fig.5ole CBME 243 4% 22 tlolojL
o) XML 5E#] A7t thebglck

<Model Name= " Transducer”
DlIFile= " ../ModelDB/Transducer.dll"
ProjectFile="../Transducer. vcxproj" IconFile="" >

<Attribute Name="InNum " Type="int "
DefaultValue="1" IsParam="F"/>

<Result Name="AverageServiceTime" Type="double"/>

<Port>
<In Name="In" RealValue="0">
<Msg Name="GBPJob">
<Value Name="ID" Type="Integer" />
</Msg>
</In>

<Out Name="Stop" RealValue="0">
<Msg>Null</Msg>
</Out>
</Port>

</Model>

Fig. 4. Block diagram XML representation example

<CoupledModel Name="GT" IconFile="images/icons/GT.png">

<SubModels>
<SubModel Type="atomic" ModelName="Generator">

<SubModel Type="atomic" ModelName="Transducer">
<Ports>
<In Name="In" Index="0" Message="GBPJob"/>
<Out Name="Stop" Index="0" Message=""/>
</Ports>
<Properties>

</P.r'6perties>
</SubModel>
</SubModels>

<Ports>
<In Name="input " Message="GBPJob" >
<Message Name="GBPJob"/>
</In>

<Out Name="output">
<Message Name="GBPJob"/>

</Out>

</Ports>

<Connections>
<Connection FromModel="Transducer"
FromPort="Stop" ToModel="Generator”
ToPort="Stop" />
<Connection FromModel="GT" FromPort="input"
"ToModel="Transducer" ToPort="In" />
<Connection FromModel="Generator”
FromPort="Out" ToModel="GT" ToPort="output" />

</Connections>

</CoupledModel>

Fig. 5. Coupled block diagram XML representation example
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AA5E BY, % DLLE A4S 1) Qs 4o
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A1) =8 dofelo]2ef 9= DLL 19| o],
22 tholoja5lS WA XML shelef A= DLL 3}
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23189 P4 7=

ARk me FolH HRe T 2B By
o 9} B4 ARE TR ek AU AT 9)
= XML sfelofe, XML 31l AEaol4l eiioiA
M2 A 4 g7 wlel, Al ZRset ez st
= wbo] Wastch Fig6 1 IS vhebheick

Model Designer

(-I Structure.xml || Attribute.xml |~

Model Database

Model Synthesizer I

Structure T
P ttribute
. Parser

Coupled Model Atomic Model

List List
J !

‘—0
Synthesizer <—| Interface2
Executable
Model

Fig. 6. Process of model synthesis
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dl fapolofa BElS SR AR structure.
xml, attribute.xml & 7}A] wto] FAEH o] &L
24 3k 7](Model Synthesizer)9] 15 o] Fc}

T2 BA7)(Structure Parser)+= structure.xml I}
olglo g Whola mulo] 1z AHoL oA HRE coupled
model list2 83t} Ao Atomic model list®= AJ4
3F=d|, coupled model list ¢tof] E2)5}= DEVS A}
B9 Pelshy] 9 F7H49) BEole) dmelF 1

2 Az} mdlo] 9l=x] AldHul 3 A, EA] AH
= HloQl=d), EA ‘j@J](Attrlbute Parser)7} atomic
model list®] WY& F= d5kS i)

B4 47 = ’5171—4 A2 Y2 atomic
model liste}, attribute xmlS 2 02 WolA] attribute.
xmlo]| 9= Zdlo] EA A HE atomic model listo]] Q)
L DEVS 907 welo] QJeiajzct B4 247]e] Az
E2& Yl8o] tf Y2 atomic model list7} L2t}

/37 |(Synthesizer)= % #4719+ 54 £41719]
A2 AoJZ coupled model list2} atomic model listE
Qeos ol Asei: ABdold AKolA sl
7153 DEVS 24l AAste) mdlS- A4S o, DEVS
97w we goleulolo] gl DLLE 43t
ok 719 Aitre AlEdeld eolA S8 5
Q= Ald) 7153t R dl(Executable Model)o] AJA T

2.4 N=d[0|M 5._ 8
T:

237 7M1 md So] dhsl A9e B, 24%
A B B Axw e 2nE 48 4 9

= AlEdlold egof disl At 2 72 single
instruction multiple data (SIMD) (Choi et al., 2014))&
7oz, Tiost slelules FUT R Y v
AR AWTFORA ARl J LHS T 4 )
L 278 Agat

AlEdo]A mfjuy#|(Simulation Manager)7} A]E&Ed]|o]
B 7N EAS B 5 e B AT =707,
F24= FigSoll Lretgick. A8kl A thapst siebu
3 AES YLod Ao ey e nE

of 5 EfeiaL, B9 & e HdS HA6]

A Zi7te] welE ApEE R Aol Az A
Egx08 ARdolde Ayt Bl B F
9 R e HE Ane ANE 49 hsE md
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oS AT 4= ek,

Simulation Manager
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Experimental
Environment
Concurrently

Identical Models Execution Engines

reqults " " 3
R Executable Model Simulation Engine
setl
esylts
parameter Executable Model Simulation Engine
set2 3 .
parameter : esults = = : =
setn Executable Model Simulation Engine

Fig. 7. Structure of simulation environment
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] |
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[mortar] Platoon | [mortar]

Jsection| [Company | C2 | [section
(=]

Scenario 1 (1 mortar = 2 mortar)

Scenario 2 (3 squad = 4 squad)

Fig. 9. Simulation example in implemented
simulation environment
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Fig. 11. Alternative scenarios of combat model
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Fig. 12. Modeling example of combat model in the
implemented modeling environment
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Fig. 13. Survivability of combat model depending on scenario
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