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Implementation and Static Verification Methodology of Discrete Event

Simulation Software based on the DEVS Diagram: A Practical Approach

X
i
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Hae Sang Song’r

Discrete Event System Specification (DEVS) has been used for decades as it provides sound semantics for
hierarchical modular specification of discrete event systems. Instead of the mathematical specification, the DEVS
diagram, based on the structured DEVS formalism, has provided more intuitive and convenient representation of
complex DEVS models. This paper proposes a clean room process for implementation and verification of a
DEVS diagram model specification into a simulation software source code. Specifically, it underlies a sequence
of transformation steps from conformance and integrity checking of a given diagram model, translation into a
corresponding tabular model, and finally conversion to a simulation source code, with each step being inversely
verifiable for traceability. A simple example helps developers to understand the proposed process with associated
transformation methods; a case study shows that the proposed process is effective for and adaptable to practical
simulation software development.

Key words : DEVS diagram, Tabular DEVS model, DEVS Clean room process, Implementation and verification
of simulation software
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Fig. 1. Implementation and verification
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EOCS m.Y, x CMY, : YR&54%,
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Fig. 2. Notations for structured coupled DEVS diagram :
one-to-one correspondence to the mathematical structured
coupled DEVS formalism

Fig. 29] ojj#|] ZAgt=dl tholojm1i o] Agtnd MI2
+ %% DEVS g 2dlo] £312Q] FEj= tha
Zro] 715tk X = {in:T1}, Y = {out:T4}, M = {ml:
Ml(init), m2:M2(ini)}, EIC = {(M12.in, mlxl)},
EOC = {(m2.yl,MI2.0ut)}, IC = {(ml.out, m2.in),
(m2.ou2,m1.x2)}, SELECT = {(m2,ml)}.
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Hol AHloR Flgih sitel glHol:
A Mol B HeH oz FHg oz, oMEE gt
A0 2 @[quard] port!msg@[expr(msg)]/{action} O = L}
Ehjn, guard= AeiRgol thet 2 o® AJHE g

N
1

ol

t=AIZ20188tE| ==X
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%02, portimsg@[expr(msg)]i= AL EE} msg
of thal HeH 2 UERTL, actions= FANRA A
d50] WIEIE oyl EHACR L. oy
ol QA 2 Erleke AT gekn. S
ol @[guard] } @[expr(nsg)] 2 THESHOF Mg
upEEo R Steo] Aeat Mg EgE 2713t
o glres wylEt AEHow o muu Yelshs
AAAAE AN ZH A2 elaeR wHs,
H2 2= actiono|u, expr, guardolH ARg3 4+ Sk

BufferAtomic (Max)

. @[p=B]in?m/ out!m@[m=q.delete()]/ in?/{n++}
E[i"‘“]“b {n++, g.insert(m)} {n--, p=B}

done ¥ hy
WAIT SEND

, @[p=F] in?m [m>0] -
@l i @Ity

Out:Job
@[n=0]done? /{p=F}
@[n#0] done? /{p=F}

S = {phase: {WAIT,SEND} = WAIT, p : {B,F} = F, n : Integer =0}
C = {q:Queue(0)}

Fig. 3. Notations for structured atomic DEVS diagram :
one-to-one correspondence to the mathematical structured
atomic DEVS formalism.

Fig 3¢ 724 94 DEVS walg 724 9%
DEVS el vehfd o5 gk JYEeRR) X =
{in:Job, done}, ZHZEZS Y={out:Job}, AENHTF
3+ S = {phase:{WAIT,SEND} = WAIT, p:{B,F} = F,
n:Integer = 0}, FAA|HZ C={ q:Queue(0) }, -]
‘ol = { (SEND@][], WAIT/{n—p=F}) }, &I
4> = { (SEND@]], out!j@[j=q.delete()]) }, 2591340l
3= = { (WAIT@[p=B], in?j, WAIT/{n++, q.insert(j)}),
(WAIT@[n=0], done?, WAIT/{p=F}), (SEND@]], in?,
WAIT/{n++}) }, AZPAZIZE = { (WAIT@[], ),
(SEND@[], tsena) }-
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3.1 DEVS SZIE ZEMA

Fig. 42() DEVS tho]oj1d melz iy £
DEVS 7[5t AlE2o]d £XES 0] 2158 9J3) £ o7

oA Akt S9F N ZRAAS THeFs] S A

ojtt. & AtollAlE QR diEshe it Aol
2 H Bo=g|AR ofu] PAESIL o]& Higo® &
d2)7} ©oj=gfE utdste] gAdA o Wﬂ“ﬁl% A
A A}719] DEVS tholo]13] 2Ellg 2Rgs5kgickar 7}
X‘T‘O’}-E]—

Aokl m2AAe) R A B D& 24 tholo]

DEVS
Logical Specification

Specification Team

U,STEM V@ Clean Step

= SEA 9 mfﬂ'EHA EHI(DEVS tabular
model) 2 HFBH=G|, tholojdl] malwl 1:1 234
€ 2=t ole 2RI QH 7T AR o
34 Exlo] _&o]b‘]— E_H] %%;ﬂ*é
, 2] aﬂlﬂ 9] o1& Q= Alol Hiz|
= §13t S83t dAoth.
] 101131131:413 ZF bl s

WA A1 DEVS Al40]d 0] APLE
7oz ARt oA wigke AsTEL B 6 4
S AR B8 Lt WESIEA) o= 4F
Btk oloh 2o MBS Fol A2 cholol
Y o] A% AATED WIS U IZF

ARE BRI o3 AAE A
of 2AFTEL WA Go)A AEo]
Ay of o e B =g HgAl;q 54 7
29 AT 4 ek 2 AT 2 wA) ue E
A RS ARSI on, BHUZ] AT 27 Y
A2 Akt Fste] AkY ZRALE 4RHoE
g RS Holud sl

Simulation
Execution &
Statistical Testing

Certification Team

V@Clean Step i i

Dy Clean STEP2 V@Clean ST§P4 DEVS V®Clean
~ DEVS DEVS Implementation
Diagram Model $:| Tabular Model <:I Model (source code)
STEP3 STEP5

DEVS Clean room Process: Implementation & Verification by Inspection

V@®Clean

DEVS
Simulation Engine
(Library)

Fig. 4. DEVS Cleanroom process for simulation software development: clean process makes quality product with
near-zero defect;D conformance check and preparation traceability (2) transformation to tabular DEVS model
@ verify the transformation @ conversion to software code using conversion rules (5 verify the conversion

® compile software with a verified simulation engine
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3.2 [Step 1] FH AEX} 20 ¥ 2H XM ZAL
.I_.ll.xl
24 (traceability)2 A|AElFSo| A AFE 913t 2
2l HEOo R, Aokd ZEAAS] W%lh DEVS
troloj 18] mdle] Uehd 7t 9 AR IDE Foioh=
Zlo|tt. Table 19] o w2}t DEVS EPOMZ‘%U ZAgCA
axof] APHAKID) Fofgie).

Table 1. ID Assignment Rules

Title Items description

Atomic, Coupled Model AMi, CMi

Port X, Y PXi, PYi

Model objects MOi

External transition TXi

Internal transition TYi

SELECT priority list PLi

Phase SPi

System Variables SVi

Time Advance TAi

Coupling Relation/IC/OC/10C CRi

Co-objects COi

Ag DS vhgfoR 7o) b mdst A4
2do] Askst DEVS RERIAE HA ZAARSH) AARY

=

7122 Song (2010)0] A9}k DEVS thoo] 12 melo]
Sej4J5F DEVSH AR 2aatAlel dhat 2doz ¢
AR Ao T, HUH, DA FAE T
3ht}. Table 2% DEVS tolojase] g4 a4t 74

Table 2. Conformance Inspection Rules (CIR)

olth, Yxtmelo] M3t oo Agtmelo] WA} 535
4 eSS FAIH SR 3] CIRIZ 29
2] DEVSQ] W]E Abgjzio] dk=o] tiat o], CIR2
£ EE3e) AR % nl=sl 2} sk #olth,
CIR3L 9JAto] Abgjalate] HEASRS. tixsict 714
e, Wo) gho) wislef rﬂf:f_ 9123} Fgolck. CIR4,
CIRSE: A2l Aghdle] FES| ik 2430
gt 12 AAL aEolch o] el oigt AAR: ol
o] 1Wo]| AlHRE HojshHA] 35ttt o] IHHL o
Fasiy] o F2& oftd o wEA] tholoj1gy
Heto] I Q3alrt.

IOII

3.3 [Step 2] DEVS H|O|E 2 A 3 HE 7%

& Aol A= DEVS tholojas 1:1 thgste]
ElYj= H|o|E Xe(Tabular DEVS model)2 A5l
th ol mele|7} ARk Buls AA| 2 Ieur) -
ozt Slof dHL{FE Haslelal +HS WP}t
o] FAfe] ofgt HE-S 8ol 9Igt Zlolth & FH=
¥W3lE WE DEVS RE Table 32 328 7]46H=
&2 ElolS(title) 2t fARd 9 Agtrds

S5t 7 hg FEOoE Uik

I'

Table 3. Proposed title items of a model

Title Items description
Model Name model name
Model ID identifier(. notation)
Model Type Atomic or Coupled
Co-objects collaborative objects
Cross-reference related documents
Responsibility role description

YA o] ko Qrtof| A Ut AP | gt
RER-E] T]APXJO].J guard ZAEE A&
Elzjoo]of i},

CIR1
(Cae)

Table 4. Tabular specification of a coupled diagram

x| 28 SN A
CIR2  |/AREeAle] ojalA] guard 25
YY) | Hololok sk, 3, ZeAS B Al &
sk Tk

u
ot
e
)
>
i)

Az dlo] Zukelalo)| ] B oJAko 7 Holrt

CIR3 [ dojd wj, 1o actionol &Ja) H3te &4
@) [Aejs = shfo] imat ATl 43
9Jojof ‘«3}1:]—

CR4 |2E meo] 9z
(HEA) | HellA dx|foF ?‘S_PEP-

EEL tholojage] BE

CIRS | Agwde] 49 L5 1
EE%)

w41 Eelo]
A= EAsi7} BekEolof s,

Items sub-items description
Input ports set ID ~ PXi for each port
ut ports sel for each por:
Pt p Name:Type P
ID ~ PYi
QOutput ports set ! for each port
Name:Type
ID ~ MOi
Model set for each port
Name
ID ~ CRi "
Coupling relation From port Jor e‘?c
coupling
To port
ID ~ PLi h
Select function — l fo}t et‘w .
priority list priority list
Collaboration . .
objects Name:Type=init | for each object
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DEVS CHojo1Z1t 7|8F O&ARA AIZ2i|0|M AZEQ 0] 23

H, A EZEZSHY] ID, Name, Description2 519

o tfaf 71%aks

Aow ofF] o] ZE7}

[} KN
e 73

A2 Table
o] tisfiA

o

o lolo] ALt ZAsjo} st} zF D= Table 1<)

o) ket 2pgatel, 2t

of meld ojn|g slashe ANt 4 SobEk

So moliee) g P}

3.4 B AHHZ 25t LHHISEE L QAL API
DEVS& 4] & A AddE &

2= E%‘ﬁ AlE|o]
sto] mele|7} 8k K

AZloA AFsoz Eﬂﬂ 2
SIATE. o5 #I8f Foidl E*%
AladlolAd Xl dare|EE AFE QAL Fof o]F 2=
aWdo]2 1E3E DEVSim++H(Kim, 2011)E H] 23}
oheFE Aol izl & E Aok

DEVS t}o]oj1@io| A & melzo] W3}l w4 mjo
colel 14 3 ‘jf l Jto N H: Table 6. Pseudo API for coupled model
A ololA 1:1 Hgste] 7IEshd A ¥e 4 e .
& ok 4 9tk o] BN mo] et HES plo} Function proposed pseudo AH
3t 27} 9tk Model class Model(name) : Coupled Model
= T oA X AddX(XPort<MT>(name))
Y AddY (YPort<MT>(name))
Table 5. Tabular specification of an atomic diagram M AddM(Model(name))
It it descrinti Coupling AddC(src.Port(name), dst.Port(name))
ems sub-items escription
i SELECT AddPL(model_list)
Input / output the slarcrlle asd | for each port
ports sets coupled mode T 2o g5 dlMo] AE3H= API(Application
Sﬁt‘te (Phase) D ~ SP for each port Programming Interface)—e— olg3fo] el AATEZ H
> Name gstolof gitk. APIE AXlvlTh o FEHOR B
System variables | Name:Type(init) for each Q3 APIZHES A ojsta, £ ol7lojAlo] APIZ A
set description variable 3] ARgsle] AATEC] HﬁEH(skeleton code)E M3t
D ~ TXi T, md Aol ol A F 45 MBS
Input Event 2 =wollAe Aol =322l Table 63} Table 732} 2
External From Phase for each o] 247} Agtweln YAwY THE 913 pseudo APLE
transitions From Guard transition AlQketoa Fig. 5% g Sej2molch CoupledModel
To Phase o AR AT S T3S 4= Q)0 B & Composite T El
To Actions & AR o]2@k Pseudo APIE A|9HEE o]f= 7]
ID ~ Tvi 2] 775 xlueh APL 7} Geba] A2 F840] ¢
From Phase 7] wjZolck
Inter{u'll From Guard Jor e‘,l?h
transitions transition Table 7. Pseudo API items for atomic model
To Phase
To Actions Function proposed pseudo API
- Model class Model(name) : AtomicModel
ID ~ TYi for each X AddX(XPort<MType>(name))
Phase
Output func. internal Y AddY(YPort.<MTy P e>(na(ne))
Guard transition S member var1abl§s, co-objects,
Output event phase: {phase list}
- ExtTransFn(x:XPort, e:Time): bool,
ID ~ TAi dex(se) = S XPort.GetMessage(void): Message
Time advance Phase for each time din(s) = S IntTransFn(void) : bool
func. Guard advance Its) = Y OutputFn(void) : bool,
Time YPort(name).SetMessage(Message)
— ta(s) &> R TimeAdvanceFn(void) : Time
Collaboration Name:Type(init) Jor each time GetTime() : Time
objects description object message user_message:Message
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Model

+Model(name)
+AddX(Xport)
+AddY(Yport)
+GetTime() : Time

AtomicModel CoupledModel

-phase +AddM(Model)
+ExtTransFn(Xport, Time):bool +AddC(Port, Port)
+IntTransFn(void):bool +AddPL(Model_List)
+OutputFn(void):bool
+TimeAdvanceFn(void):Time
+RegisterPhase (phase)
+SetPhase(phase)

Coupling

Message

r +stamp:Time T
1

! XPort ! ! YPort !
| +GetMessage(): Message | |

+SetMessage(Message) |

\/
2

+GetModel() : Model

Fig. 5. Class diagram for pseudo API
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GenerateAtomicCode (Atomic Table Model)

Al 24o]2& 714 #l ZEAS AtomicModel ZA
£ AJ&Htol ARt HE ZEEQIES Message
A Aol FoH AS 7Sk e
€] 7hAf 2.

} 914} SPiE %Esl= €A 3 (enumeration) >
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g A7 Qo HHd
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Ad. JEAFEH 0|3k ExtTransFn(XPort xp, Time
DESCSE
(Ad-a) 7+ 9P} SPio]] thallA] if (SP1) {} else if(SP2)
{} else {return false;} 2] £-& XAt
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SH(change) 4|71t
A5, YFA e 018 IntTransFn(void)E A &J3tc}.
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Fig. 6. Examples for conformance violations (a) CIR1
violation (b) CIR1 & CIR2 violation
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Bank Simulation

4.1 Bank 22O ZFHH ME 0|
Bank 292 DEVS 7]8F mdlg] AlEgo]doA 7}

ED si=AS01MEE| =2

A ekelrl o)) mRRA 27 o7 9Ee Yehle
Queue HHI} 2HPAHAS 4=8)51= Teller= 4J%H
t} o]2 DEVS %4 ID7} oj¥l DEVS thooj@o
2 2dg3%t BankCoupled A2 Fig. 71 Zth
o] gt mHlE 5k Hdel +24] DEVS Agtnd
FAEOo R thadt o] E7)Hh X = {inJob}, Y =
{out:Job}, M = {q:QueueAtomic, t:TellerAtomic}, EIC
= {(:BankCoupled.in, q:QueueAtomic.in)}, EOC =
{(t.done, :BankCoupled. out)}, IC = {(q.out, t.in),
(t.done, q.ready)}, SELECT = {(t, q)}.

BankCoupled(name) CcM1
PX1 MO1 MO2
in:Job t:TellerAtomic
[ Din:Job CR2 done:Job CR4
CR1 outJob [> inJob s
{> ready:Job out:Job
PY1
CR3
PL1
SELECT={(t.q) }
COBJ={)

Fig. 7. ID assigned BankCoupled diagram model

FEHSE Adare|Fof osf thojoj 1y AdRES & A
el Helsh Table 837 22 Feh= HHEC 4
e mdlo] digh AEoH, siee 4 8asolth
Table 8. Tabular specification of BankCoupled model

ID Model Type
CM1 BankCoupled(name) Coupled
Items Specification
o ID Contents Description
PX1 | in:Job input
= ID Contents Description
PYI1 | out:Job output
ID Contents Description
M MOI | g:QueueAtomic queue
MO2 | t:TellerAtomic processor
ID Contents Description
CRI | (this.in, q.in) EIC
CR CR2 | (q.out, tin) ic
CR3 | (tdone, q.ready) ic
CR4 | (tdone, this.out) EOC
o ID Contents Description
PLI | (1 g) t—>4q
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Table 9. Pseudo source code for BankCoupled model

import Job; // class Job : Message;
import TellerAtomic;
import QueueAtomic;

. class BankCoupled : CoupledModel {

M1: QueueAtomic q = new QueueAtomic(“q”) ;
M2: TellerAtomic t = new TellerAtomic(“t”);
PX1:AddX(new XPort<Job>(this, “in”));
PY1:AddY(new XPort<Job>(this, “out”));

M1-AddM(q);

M2 AddM(1);

CR1:AddC(this.XPort(“in”), q.XPort(“in”));
CR2:AddC(q.YPort(“out”), t.XPort(“in”));
CR3:AddC(t.YPort(“done”), q.XPort(“ready”));
CR4:AddC(t.YPort(“done™), this.YPort(“out”);

PLI: AdPLG&Q;

}

}

Mo Hol o] o] AFnAL] MY PAS s
BE B3R & 4 g vuro R o] £8 sjEoR
W3 QarelZat oAt APIE ol §le] AiER W
S TE3 U W SANEE A8 A DE

A, 1?4 IH—‘% EE*‘EA i?ﬂi*é 7RSS
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Agte} 1 o WREIHTHMI M), °‘E“Eé‘?¥%
(PX1), SYZEZJPY ol thsiA 2+t AAIE T2
2] o213} gjQlo g Alolait} WAL Egj__]cgg glah
E|R2 Aostal, RoM= UEHEE AA|(PX1,PY]),
WHEEZAAH(MO1, MO2)E 555, ZAECRI
~CR4)& A2 FE3Ith upA|uo.& SELECT+= shtt
o] A HAEPLDE SHIITh

F B AAFEE A4 IDRE 11 H-8E7] i
of F&} & mEe] HAks ufe- 7[AH o R St

4.2 Bank BHO| X} 2 ML ofF
Fig 82 Banke] 978 Hejshs 2440| Hofd
TellerAtomic Tho]o] 1 mdlo]c). o]alE 57| Y&l A
Al A& Aefskz FYHA CoTeller X HAIA] Job o
o 2aEe Bl

TellerAtomic(tid) AM1

. PX1 @[cjob==NULL] in?cjob /
[>in:Job {cjob.stime=GetTime(), cjob.tid = mytid,
cjob.result=ct.do(cjob)}

P1( rree ) ™1 [ Busy |52
@ tenice | TA2

TY1
...................... doneob [
outlcjob
@[cjob.etime=GetTime(] P
ficjob=NULL}

S = {phase: {FREE, BUSY} = FREE, cjob:Job = NULL, mytid = tid} SV
C = { ct:CoTeller} (01

Job o
+ customer : Customer
+ request : Request
+ result : Result
+ stime, etime : Time
+ teller : TellerAtomic

CoTeller

+ do(Job): Result

\ Message |

Fig. 8. ID-Assigned TellerAtomic diagram model and its
collaborative class CoTeller and message Job.
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FREE/{cjob = NULL})}, &3> = { (BUSY, out!cjob
[cjob.etime = GetTime()]}, &5-¢JAFo)gk~ = { (FREE
@[ cjob = NULL], in?job@[], BUSY/{cjob=job, cjob.tid
= mytid, cjob.stime = GetTime(), cjob.result = ct.do
(cjob)}) }, ARPAZIS = { (FREE@]], ), (BUSY@][],
tservice) -
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Table 10. Tabular specification of TellerAtomic model Table 11. Pseudo source code for TellerAtomic model
class Job : Message;
D LT Type .Class CoTeller; . .
ic(ti i _..Class Teller : AtomicModel {
AMI Tellerdtomic(tid) Atomic SPi- enum TellerPhase {FREE.BUST phase~FREE:
Ttems Specification SV1: Job cjob = NULL; // current job
SV2: mytid:Tid = 0;
X ID Contents Description .COl: CoTeller ¢t = NULL; . .
. . Teller (name, tid):AtomicModel(name) {
PX1 in:Job input PX1: AddX(new XPort<Job>(this, “in”));
ID Contents Description PY1: AddY(new XPort<Job>(this, “done”));
Y SV1: c¢job = NULL; // current job
PYI1 done:Job output SV2: mytid = tid;
o COIl: ct = new CoTeller(tid);
ID Contents Description }
SpP 7 bool E':kffféuiié'Fﬁ(XPBii' xp, Time'e) { T
phase SP1 FREE idle phase SPI: if (phase — FREE) {
SP2 | BUSY working X
GUARDif (cjob = NULL) {
ID Contents Description PORT: if ( xp.IsName(“in”) &&
MESSAGE: cjob = xp.GetMessage()) {
SP phase:{FREE,BUSY}=FR phase var. ACTION: cjob.stime = GetTime();
SV EE : cjob.tid = mytid;
coTeller.do(cjob);
NZi cjob:Job = NULL current job TO: phase = BUSY;
N2 mytid:Tid = tid Teller ID TX2:
Pn SP2: } else if (phase =— BUSY) {
5 ID Contents Description } else retum false;
coli ct:CoTeller co-object retun true;
ID | Items Contents 7 bool IntTranskn(void) { T
From FREE SP1: if (phase = FREE) {
} }
Guard | /cjob==NULL] SP2: } else if (phase = BUSY) {
) j TY1:
EXT | 1X in?cjob GUARD: i (true) {
ACTION:  ¢job = NULL;
LLJ BUSY TO: phase = FREE;
Acion [Pt GatTine by
tid,cjob.result=ct.do(cjob) } else retum false;
ID Items Contents retum true;
oUT From |BUSY 7 bool OutputFn(void) { T
SP1: if (phase = FREE) {
TY1 Guard | frue return true; // no change
eiob@]ciob.etime=GetTi }
Y outlcjob@/cjob.etime=GetTime()] Sp2: } else if (phase — BUSY) {
D Items Contents TYl
GUARD: if (true) {
From BUSY MESSAGE:  cjob.eTime = GetTime();
OUTPUT: YPort(* ”).SetMl job);
INT e ) ort(“’done”).SetMessage(cjob)
My FREE v
0 } else retum false;
Action | cjob=NULL return true;
ID | Items Contents 77 Time TimeAdvance(void) { 7777
Phase FREE Time retime = IINFINITY;
SP1: if (phase = FREE) {
TAI Guard | true retime = INFINITY;
Ip)- i =
TA TA INFINITY SII;\%: else if (phase BUSY) {
GUARD:f (true) {
Ecl BUSY TIME:  retime = TSEND;
TA2 Guard | true
TA2:
TA Tservice }

return retime;
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