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Analysis of Synchronization Feasibility for

Communicating Discrete Event Models
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Abstract

oAt A"l S JlEshedle tEE Y

DEVS#4&

Y

FshES Bk

°] N evente] #*

event lossless®HH 20 St} event lossHEE -4 A% WmE QX ?3—‘;— event loss7} 2A8l AjA"E
deadlock®] AEIZ o]& F7} low, oz AL H3r| Ydl B =F-2 event loss¥H4e] E7i4hy &<l
DEVSEAES T 7led R B =R Atsts TSRGH U2 o] &34 event losse] #FFE& 4T

T d= N1HE A EA ok AVfE §A 7182 linear programming &
07 7148 o]2ibd RUEZY event lossd] 7S slAgO 2N METHe

oA BoHH, event loss HEH

ogatel Alg 7T & glow,
4 57189 b

I. ME

O AL A AH S Zlgdtetdle e
50 EAg. o3 YHE
OJ AL AIZHIETHY FAlE
2714 0] 929, event lossE & &L3=7)d o
A F714olda2ls weak synchronization3}
strong synchronization5 22 Us £ glon u|
7140l event lossE L5l WHHET
EA gt

571210 HMA event losslessl  WHE]
Communicating Calculus System(CCS)5°l 3
om E7|4ojHA event lossyq! W Eol

U

rir

rir

s @aAerIe Y AN ALY BdY A E
Hol4 B4

DEVSE2Eo] glom, H|F7|4o|HA event
lossy$l R Process Algebra#l 5] SDL# A=)
7} glow, B]E 7|4 o] HA event lossless2! A ol
= Timed Petri-Net®¥d 2o] 1ok [11[21(31(4]
£ =E& 4A AHEHARE oAb Al
71 MHET 571418 event lossE 3
&35t DEVSEAES 7IWteg 7led Edd
event loss2] - AbAd A E 4= A+ B
25 Xﬂ o3l T A B, AlgtE MHES E o
A 2 event loss®] TS Z Qs FEAHY A
289 deadlocks WAE F U}
+ 239 = DEVSZIEte] 5713 7154
Ao disiAy T, 3FAAME 7HE A&
EoA 239 d&S AE

—185—



II. DEVSZ|gt E71%} Jlsd 24

2.1 DEVS EAlE
DEVSEHEL AZSH Zeatd ¥z 2d

Pt S AAGT B33 o] Abd Al
H2 Aoz B ZAE £ e W o
ol UE F gl 71 &2 /A E DEVSE Y
E M= atomic Edol2ty gt} atomic £4

o +87 B e 2

AM = KX,S8,7, 8, Oeus, A, ta>
X d4"gAa8s
N K
Y: &3ad3%
S—oSU R Pl g

61’71: :
et - @XX—S : ARG AN FF
A: SY: 8%
ta: S—Real: N7PAATEF
Q = {(s,9lseS,0<e<ta(s)}
:  total state of AM(e:elapsed time)

DEVSY coupled292 AZFZH< Y Fx
£ 7ledt) o)A NRE BRYS FA] 9
X AEVE 29E couplingdted ¢ & &
dojA o 3 E3g BdE B F YRS
gtk Coupled 29 9] 3HAQ1 Aol vt 2ot

2.2 Timed State Reachability Graph

Timed state reacahbility graph(TSRG) & ©]
AR Al2E Q] AEl HolE P EolEoZ
EANE F JEE HodE TFEN o3 72
o] EHHT}

CM = <X,Y {M} EIC EOC,IC,SELECT>

X A9AA3
Y: 23A43%

(M) : DEVSAZVEHY
EIC & Xx L‘JX; D YRAFHAA
EOC € UYxY: 91323287
IC L:JY,-X UX,: Weaieaea
SELECT : 2™ — o—{M}

TSRG =< X,Y,N,T,E >
X:4HAA DY
Y: A 43
N: 2 el 31§ : Node
TN - ®Ri, | xRy
EXNxXUY)xBooleanx N : Edge
Boolean : CONTINUE

NBES

DEVSEY-$ TSRGEYZ WHEsl= Wi
DEVS atomicREd7]Eo 2 Ayzictd ohZ3
2o
TSRGX = AMX
TSRGY = AMY
TSRGN = AMS
TSRGT = {s— (0,ta(s)) | Vs € S A bu(s) = ¢

Az € X,6,4(5,0,2) = )}

U{s — (ta(s), ta(s)) | Vs € S A Guels) 2 ¢
A Gz € X,6,(5,0,2) = ¢)}
Ufs = (0,00) | Vs € SAGuls)=¢
NGz € X,6,4(50,2) = )}
TSRGE = {(s,M(3), false,bins(5)) | Vs € S A Gine(5) = ¢}
U{(s,z,true,6,,(5,0,2)) | Ys € §
A(Fz € X,04(s,0,5) = ¢
Ae = ta(b,(5,0,2)) - ta(6,,1(5,6,2)))}
U{(s,z, false, 6ot (3,0,2)) | V3 € §
A3z € X,6(5,0z) = ¢
A0 = ta( 8uy(5,0,2)) - 100t (5,6,2)))}

7} atomicREYES TSRGE A9 Wl wa}
Has = 901 coupledRDEY A$E
22 e 59 7 TSRGES #A43td 3t
o] TSRGE #HEE 4 Ut}

=9 S olg3ld RdS WY A$
71} 238 Zejsjofgd Alg2 DEVSEdE
7kel FA13 TSRG7ZHY] FAIWEAAe] Apol2

o

— 186 —



Ol LAt EZIe] EME

A7t #AE £ Qi Mol DEVSEYE
weak synchronizationS 7]|E713 o2 RdY
o] AAHY X7t eventEe] §71317} o
FE JAY ZL lossE F Ak AL 9
o&z| 8t TSRGEYEL strong synchro-
nization g 71271402 ¥dEo] MA oot
o} ojA 2 2nlE 7} eventEo] FNZ loss7}
AN dETe Yuzt Aok o RS £4

Hu o rlo Hd

J‘L___]

371 A% e ool AAATh[6]
AM.X = CM.X

AMY = CMY

AMS =[]M.s

SM, = Seltect({Mz | e = M;ta(M,;.9)})
AM b (8) = SM; b0 (5:)

A (V((N(SM; 8), M; 3;) € IC, M, 6,51(Qs, M, 3;))
AM 6,54(q,7) = V(z, M, z;) € EIC,M; §,,,(M,.z;)
AMMs) = SM, M(SM, 5,)
AM ta(s) = min;(ta(M;.5;) — M;.e)

2.3 Strong  Synchronization ~ Analysis
Between Two Models
. S-., :;"nf'?[l,,:lrxJ é. )En@[_"n_“nl,\ Pt '& 2a,@(0.p,) )
(a)
\,S:O:POIK o ] ,‘ 79@[0_1;“]_’<\ P@[t i, 1"/3)_0[““] s\

)

{Z1¥ 1) Synchronization Between Two TSRG

HR) = Y HS;)

s;€R

t(F) = D HS))

o
tomin < H(F) < tomax
fomin < HFY) < tomax
Oomin =~ ap < tlag) < opmax = Qg
Bomin = 0 < HBo) < Bomax ~ Po
t(R) < U(Ro) + o) < H(Fy) + t(Bo)
— 0 < ¢(Ry) — UB) + How) < t(6o)

el F 1Y Atel9] event7t lossHA & &2
A FENEY v 2o dd, A dA 2
Agt F718ke] g 27 4elty, PE ZF X EE
S FHLEHN edgeES AAZTT M
Z, 57187t 2A8tA %2 pathzhy gt}

T A 2AS F718 L oed 2

HR) = Z t(S;)

s;€R
tlmin S t(Pl) S tlma.x

Hmin < H{A) < tmax

Umin ~ 0 < H) < Qqpax ~ g
Bimin = 0 < HB) < Bimax ~ B
t(R) < H(R) + t{ay) < HP) + (6,)
— 0 < YR) — #(B) + (o) < HBy)

F A o] % WA o] F7]5} A7A] Lo
ot 2ol #EES ¢ 4 U
timin = z: tmin(Sj) < Z t(S]) < t‘imax = Z tmnx(S])

8 €FR s;€F 8;EF,
Hmin = qum(s )< Zpt(s ) St = 3 s (59)
Qimin & o < t(ai) < Omax N Oy
Bimin & 0 < HB:) < Bimax = B;
HP) < 4P) + t(es) < H(B) + U(A:)
— 0 < HP) — ¢B)) + tes) < 43B:)
0< z #(S;) ~ Z #(S;) + t(a;) < #(5;)
s,€R 3;€R/
ARE F/1Et BAHE AP FVF

o] EoluA "} 0|42 linear programming(LP)
o2 #E 7t th[5]

E

2 HS)) + tes) < 4(B)

s,€P/

0< > #S;)—
s;€PF,

Zol BEHAA=A HAlsteH
3ted FAA ARAJAAE wad

2
P N



30 -

(o]

o Rolth 017“1 A G A S ol g
3H TSRGZ 7l¢® T+ EdAlolg] AegHo
o] 93t path7}t éﬂli 7187} 7bsAE 1
gl & 71 e Aolth dA F7187) HA &
¥, I paths AZE Flo] B4 + Qe
path7} fod= &n7b Aok Fo TSRGEIA
£% 7153 RE pathE FE3E WS o0&

3 22 Wyo g o]Fol)

T(so, = {80}) = {(e1,T(s)) + Tso,» U {1} |
=(s5,_,_, %) €EEANs gV}
U{(e1,T(s0)) | S0, € N, Ve, = (81,_,_,%) E EAs €V}

50,89 € N,Ve

Te 27148 s0dAM 2dslq EE
SEexEe daolth

s

cyclic pathE

=
o
>
]
>
i

AH |5 2M o
o] Zo A= DEVSE Yo A 5E TSRGEH 2
W33 TSRGEYE7HY EXNEZ S 7H54E

HAFste AHe 2Uoh

3.1 DEVSZ=E2| of

gtart start

Machine  lout

Pallet

dong

{19 2> Machine/Pallet coupled model

coupled 2924 Machine2d 3 Pallet=d
o] &3} 7ol BEAE 37 Ao start/start
out/done®} W§ AEHE 3tA HUG

Machine249 & th&3 Zo] 7l¢d.

Machine
out

ack [100,100]

start

done
{19 3) Machine atomic model
Pallet2 99 72 oS3 2t
Pallet o501
move_in 0501 ?done 7move_in . move_out
start )
done !mov;:t;:lt mreq
?start
{1¥ 4) Pallet atomic model
Machine® PalletE7Fl couplingS|A] &2

eventE< EOC/EICY] coupling®old Sl
7} e},

3.2 Machine/Pallet coupled Z&!2| TSRG
B{&t

2d 0,
@ one@][0.] @ !move_out@[SO,SO]@

(a)
’_Wmove_in@[O,wm!mreq@lso,sol;/“ start@[0.] /¢
wait f Lfut) K:} \ Sk

(b}

(14 5) Pallet249 9| TSRG Path

Machined Palletd] 7|2 8H FZ2HAA =

path&2 o3t 2ot

Q7ack@[0°°] (or)_tout@[100,100] '
"y

(a)
TN\ ?7in@][0,%] f\ Istart@(50,50] , “Ndone@(200, 2003/

(b}

{1¥ 6y Machine® €2 TSRG Path

— 188 —



A9 T-AAN & F U=l Palletd] (a)}
Machined] (a)& E4lo] 7}5 A% Pallet<]
(a) 9} Machine®} (b)& A2 FAlo AT &

9= patholth  FAjol AT strong
synchronization® ZA& ‘ﬂé%} F7F A #
ot} 183 nF7IRE Palletd (b) = Machine

o] (b) o ME BT 5 YA Machme—J (a)
= FAlO 2SS F 1= path/t B0 ol
= 7t 2o E03 = eventS Foll machine®
pallet®] W Hcoupling@ Holl 2]& event loss®)

7hsA el

3.3 Machine/PalletZt
A}

F SHUSI | Ve

0

Pallet® Machine®] (a)path7te] E4l%7)3}
Ve HAAE A% ZAEC] g AR &
Zo] "o},

A WA stepd] 49 n= Z7HAM F
7182 74% 9ulsty, F WA stepe 49 o n
= 5718 d o|F oA 8 He 2AS
n) gt}

=

19.

0 < t(ack)

t{out) = 100

0 < t(done)

tH{move _out) = 50

Ist,step : 0 < t(ack) + t{out) < max(t(done))

2nd,step : 0 < i(ack) — t{move _out) + t{out) < max(t(done))

9o AolA R AR} F W Z2AL A
Zrol B& & F71 Ut o] 2Ho] Fo| Huj:
ojnl = F pathZte] B4 A event loss7t SAth

2 machine (b)path®} pallet
5713 AL g3 2ol =&

event7} inE

__in°lge

A move__in< mit}—‘;— 200time unit® A
A 4 34 Folgte 97t =Y oA
loopE BT w9 =, F steady statedlA
move__in°} in®t} 200time unitHA LA 7
%o 2+ machine/pallet®] (b)path= event loss
glo] A F doe guojth

m‘,% [ R )
ox 2 rlo rir

0 < t(in)
! start) = 50
H(done) = 200
0 < t(move _in)
{(mreq) = 50
0 < t(7?start)
1st,step : 0 < t(in) — t(move _in)
— t(mreq) + t(!start) < max((? start))
— t(move _in) < t{in)
2nd, step : 0 < t(in) + i(done) — t(move _in)
— t(mreq) + t(!start) < max(t{(? start))
— t(move _in) < t(in) + 200

N. EE

RFIHA o] 2AMA A" o] Rd 57 event
lossless 5718} &%t A 4L & 5 U=
S afsld e olgg sjA o] THEEtE S
TSRGE A7H& 4T} event losslessE713S 9
329 29 45 duracd LPRAE 82
78 4 3t

H2#uES

ret

(1] Robin Milner, Communication and Concurrency,
Prentice Hall, 1989.

[2] BP Zeigler, H.Prachofer and T.GKim,
Theory of Modeling and Simulation, Znd

—189—



£719 - 4=
ed, Academic Press, 2000, Steiglitz, Combinatorial Optimization, Dover
(3] ITU-T Z100 SDL Programming Language, Publications, 1982.
ITU Standard, 1993, [6] Ki Jung Hong and Tag Gon Kim, “Discrete
(4] James L. Peterson, PETRI NET TEORY Event Model Verification Using System
AND THE MODELING OF SYSTEMS, Morphism”, Proc of IEEE SMC Conference,
Prentice Hall, 1981. p3057-3062, 2001.

[5] Christos H. Papadimitriou and Kenneth

—190 —



