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Abstract: The correctness and reliability of parallel discrete event simulation models play an important role in the
development of PDES. Most of the existing PDES developing environments do not support model verification at present. The
completeness and high effectiveness of parallel model checking helps it successful in making its way into industrial tools. While
PDES and PMC are implemented in different modeling languages, in the current practice, to check whether or not a PDES model
contains any errors, a prototype that is solely written for model checking purposes has to be built. This process is an onerous,
time-consuming and error-prone task. The current research presented a modeling language, namely Extended Event Graph
(EEG) to combine PDES and PMC, and it extended the classical event graph in aspect of synchronization. This modeling
language makes it possible for users to achieve PDES and PMC with only one model via transformation mechanisms, thus saving
both the time and effort of developers. The experimental results confirm the validity of this language and it can support both PDES
and PMC.
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Fig. 1 The relationship between events and states
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EX 1 P g4 K (Extended Event Graph,
EEG) i i S5 A g 4 2 [a] 1 5C 3R 4 A 1] (]
EEG=(E,S), E XmREMHMESLS . E= <M,F,

M={M,:VeeE| HRIPRELES;

F={f:M—M,VYeekE|, G FEMFRREL
ST E

P={P,, Vee i HATRKNSHINE;

SC=1{SC,e{7,!},YVeecE| FRFAmEIEN
BE.7 FoREEI ) FRKIE;

SEARWE N RBOHAWES,S = <L,
From,To,C,T,PR . A> G iEFR, Hrp.

L = { Schedule , Cancel | 2R B)2EHY

From = | From,: Y e e E{ FRAEHAT;

To={To,: Y eec Ef F/npMEESAF;

C=1{c, e {True,False! ,XYs eS|, 5%
(IESLITE @

T=l{t,en; VseSt, HADAINFLER ;

PR = | PR, € { Lowest, Lower, Low, Default,
High , Higher, Highest} ,Y's e S| /NG 5009100
Foh;

A=1A,,VseS TRt RimETEES%,

#H SC Fon KB,/ SGCEEG, IF A4 —4~
EEG =1{SG,,SG,,---,5G | ,ne N, 1TTHE SG %
B F—> LP 834 & DVE HAY#ERE Process.,

EX2 RGRE(o) 2—DeRE(e) B,
H o FoRRE, e FoRFfF, i RSB WIE
SCE LN

[false] (e) =0

[true] (e) =1

[ number] (e) = number

[idlexpr]] (e) =e(id) ([expr](e))
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[ Cexpr)] (e) =[expr] (e)

[id](e) =e(id)

[ expr, binary-op expr, | (e) = [ expr, ] (e)
binary_op [ expr, ] (e) =-binary_op e { <, <, =
=, =,+,-,",/,%,&&,II},

Boolean operators( ! =, == )return O or 1.
Lid,.id,] (e)
{1 e(id,) =id, the event id, in its sub-graph id,

0 otherwise

EX3 RGEITELN:

transition =1id,. id, { condition sync function! H
function=assignment, , -+-, assignment, , . id, F&
T AR, id, FoR 5| BT M F4id, . id, 3R
AT id, R id, AR

AT LA 3 Fhr AORMUE RGN -

1) BUETEIRIRES

2) BAREIEZ NI NES

3) BRI

PRI, 285 A8 AT LASE SO -

1) [id,.id,] (e) =e[ parent(transition ) /id, ]

2) [symel (e)
e if sync=e
elid,/id, + e(syncvalue) ]
= if sync=sync id,, | syncvalue

elid,/tail(id,,) ,syncvalue/head(id,, ) ]

if sync=sync id,,? syncvalue

3

~

[ assignment ] (e)
Lid,,/[expr,, ..] (e)] (e)

if assignment=id,,, = expr

value

Lid,, ([exprid (e))/Lexpr, .l (e)] (e)

if assign ment=id,, [ expr,,,. | = expr

4 LIS
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ANTLR  ( Another Tool for Language
Recognition ) """ i 4 & — i 7] LA fx A U1 Java,
C ++ SR B AR5 B i) 30Tk B Sl Al S50 AR X 1%
SCERTEIL 7 8 B9 TE 5 T HAESL, ANTLR Af
DAMR 5 2 A i A A o] — i 5 A 1R 0 0 A
for BT LA BT &R O SUE 5 BIEEA
Fréso ASSCHE ANTLR AR4E EEG RUTEIA LY B
e N EEG BRLE 5 AL o drde , 45 0 P AR
i EEG GRS 2 37 A A5 Y AT 7 1) T A 48
JLF LP J LAY PDES BRI DVE KL, R4
EEG 1y5E 3C, A BT EEG By ANTLR 151435

value

ANUNE 2 IR o

//Extened event graph grammar
EEG. . = Declaration EventPartition EdgeDefList
Declaration : . = g Declaration StateVariableDecl
| Declaration Parameters| Declaration
AttributeDecl
StateVariableDecl; ; = & | ( < TypeName > < Declld >
(InitDecl) ) +

ParametersDecl;; = & | ( < TypeName > < Declld >
(InitDecl) ) +

AttributeDecl: : = & | ( < TypeName > < Declld >
(InitDecl) ) +

TypeName : ; = int|string| double | integer | Boolean | Random
Event . : = < EventName > < % CausedState >

( StateTransition ) ( Parameter)
StateTransition ; ; = Expresstion
SubEG : ; = g| EventName (" ," EventName)
EdgeDefList : : = ¢l Edge("”,"#Edge) "
Edge: . = < EdgeType > < SourceEvent > < TargetEvent >
< - Conditions >
< @ Priority > (8§ TimeDelay) (Attribute)
EdgeType: : = Schedule| Cancel
Conditions : : = g| ( Expression Compare Expression) +
Compare;:=>1>=1<l<=1==1] =

Priority ; : = default | lowest | lower | low | high | higher | highest

Channel : . = glsend | receive

Send ; ; = (Condition)? < ChannelExpr! >"("EventList")"
Receive : ; = < ChannelExpr? >"("EventlList”)"

EventList; ; = ( EventName" " TimeStamp (" ;" EventName" "

TimeStamp) * ) ?
EEG:: = SubEG(","SubEG) *

K2 ANTLR [y EEG {E:
Fig.2 The EEG grammar in ANTLR

ARICHERE X EEG ikl T —LE4F IR Y
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HT EEG AL PDES il PMC i 2 4n & 3
Jis. )R R AR H# T EEG 8, 2) EEG
RO N\ B e, 1 S5 ANTLR 3 3 A= iRy
EEGlexer 1 EEGparser HI| W7 1Z 4 % 15 15 B 1F 1
PE ARG R, W 530 e AR LP &S H DVE
B )i 1 57 1) EEgClassBuilder 288 fift #r o f:
AT BB E 28 R0 DIVInE 309F T 2 Fr iR 51
AT RL SO, 3) AR L AT PA T SO S B
PiE A IESs AT, 45 R, i X R
gk 4T PDES Fl PMC {5 s 6 4507 22 45 38 1)
L R B BT RN DU ] — R s 5 it
A LA R G A TP AR 43 BT FIE XA B E
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Tab.1 Some special operators in EEG

Operator Meaning
% The state caused by an event occurrence
@ The priority of schedule or cancel

The condition of schedule or cancel

$ Time delay

The combine of several event that scheduled by

#
one event
| Send channel
? Receive channel
R, FFBAUE 1
DVE ‘ ‘ y BAIE
nodsl ‘Eﬂ" PMC I g
\ Heph i L
A EEGHU = EEG and DVE
( o N 7 i Prototype
{ — i |
\ < ffiAN | |[ANTLR
Va \/ ‘ EEG and LP
( 4 i _J — Prototype
R
‘-4.,—; . {1
LP model iz{; | PDES | ffijthi g
‘ ZhR

K3 LT EEG iy PDES #1 PMC 3 2
Fig.3 The EEG based PDES and PMC
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AR S5 T B EOE A ST RIS TR A 16 45 45k
Hh 25 BT P 2 SRR [0 B, S G B 6 T W A
el B EEG J& &5 AB 6% B sh#% 4 3L+ LP 8
R AT 05 E AT PAT A5 AT DVE BRY

K59 1 EEG 3| LP BRI 54 505 . A 3C
R EEG B EESL T &k A SR8 RS K
5 A B (I 4 R ) il 1 A SCHR
AL 2RI [ Bl 45 o R %l IR T
R AR o B ( YH-SUPE) M) 0l L3036 A 3847
PDES [ rf $ATAS . V-5 s 17 5 & &
B 2. T2GHZ , AT 2G XU PC HL, AR SCHE T H
AT R RIS ) 251l A7 B0 X e 4 S 1) LP SR
HEAT T I 3, 3 A AR AT TR R T Ak B PR ST
( Processing Element, PE) & % P AP B vk 47 T
Fods X RS SR ANE 5 iR . SERES IR FEA
SO H RS T, EEG A5 B % i T b 5 e
S LP B JF HAE AT 05 AL T RE % A 3R
AT BRSO . (HIEFE LR FE b, AR AR
(R BB A T4, A 25 i m AR R HLA SEAINIR A,
MR DA Y, AR O AR TR A 15 1 2 T

DR , REASIE I 2 13 e 0T, (E AN REAUR A
@A ERIERE, R, 07 HAR R A2 IR TR
L1 i AR 8

// [ deadlock ]

model Dining Philosopher

process Dining Philosopher| Fork (i) ; Integer — > Fork (i) .
1]

initial Dining Philosopher LP { Dining Philosopher|[ pil(n) :
Thinking ,think,0,3] |

//n is the number of philosopher, Thinking is the trigger
event,

//the number 0,3 denotes the philosopher numbered from 0
and total number is 3

TakeLeftFork(i) % one (Fork(i) =0): =

| (Schedule TakeRightFork (i) ) @ default. if { Fork ( (i +
1)%n) ==1}$1.0}

TakeRightFork(i) % eat( Fork( (i +1)%n) =0): =

{ (Schedule DroplefiFork(i) ) @ default. $3. 61
DropLefiFork(i) % finish( Fork( (i +1)%n) =1) ;=

{ (Schedule DroprightFork(i) ) @ default. $0. 0}
DroprightFork(i) % think( Fork(i) =1); =

| (Schedule TakelefiFork(i) )@ default. if { Fork(i) ==1}
$0.0}

B4 afi A SR A8 B4 A S A ) AU 1Y
Fig.4 The dining philosopher model with deadlock
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oL . . . . . . .
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Model size (1)

K5 IHTOELINL,

Fig.5 The PDES results
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R B SRR . RS IERE b, AR S0l
T U T 2R FOE [ B AR R B DiVinE &5
UPPAAL RERUR B T B L K PRISM A 3 A 74
K TR BEAT A, DiVinE fI0 R B 2 XL
[ 2. 53GHz f) 4 #% Xeon AbFH &S £5540,8GB [N
1F, W R A 2.6.18 ML BE & 45, UPPAAL Hi
PRISM {43 A 45 J2& F2 00 2. 72GHZ, AT 2G 1Y
W% PC . DiVinE By A5 T4 e f 4 E Y
iR UPPAAL R A R B [E] B ZhHLEL RS, PRISM
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5 06 2 1 A2 5 PRISM 15 3 i1 & 7
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TR 56 77 1k B AT S 4 i () FLASE R IE 1Y
RO, AR R 0 E 45 SR 4B b 7 i B R 25 ifE A BB
BIOR A, 5236 2 WEH] T EEG BRI 08 i oh i e
i DiVinE T HA U AR 5, [ A7
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[root@ib-cnl divine-me-1.4]# ./_build/tools/divine-mc verify \-\-report examples
/phils.1.dve

ARNING: deadlock state reached (at most one deadlock per thread is reported):
[fork:(1]111(111}]
hil 0:[one]
hil_1:[one]

hil 2:([one]

hil 3:[one]

hil 4:[one)

seen total of: 242 states (0 accepting) and 806 transitions

encountered total of O errors and 1 deadlocks TR |8
Vorkers: 2

Initial-Storage-Size: 4097

Storage-Growth-Factor: 2

Handoff-Threshold: S0

Input-File: examples/phils.1.dve

TR, oneRTEGNMUEFEHEI —REX

Trail-File: examples/phils.i.trail
Algorithm: Reachability
Order: BFS

Partitioning: Static
Generator: DiVinE

Storage: Pooled-Partitioned
User-Time: 0.004999
System-Time: 0.001999
Vall-Time: 0.23981
Termination-Signal: O
Memory-Used: 57316
Finished: Yes

Bl 6 DiVink X5 g B4R
Fig. 6 The verification results in DiVinE

| —+—DiVinE —#— PRISM —+— UPPAAL |
8000
7000 -
6000 -
5000 |-
4000 -

3000 -
2000 =

1000 - M

15 20 25 30
Model Size (n)

t/s

wnm
—_
(=

K7 BRI UEZS T L&

Fig.7 The comparison of these verification results
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2 IER T

5 B &

AR SCAEX S5 LP Ju R DVE 57 [
(R 5 28 A0 AT A 3 il 1, %o = R IR R A T T AR
e 3 T —Fp S Ff PDES #1 PMC [ %5—11)
RS —P R AR TR S T
JE AR B 5 3477 AR AR DVE 551 2 i)
A . SCFE B e AT S 3G B0 IE T EEG B fig

% ) 2y 3t 5% 45 O F T PDES {1 LP AR F1 A T
PMC () DVE #7, fil i Ul il sr — D R G Y
HLRERS Rl UETT PDES F1 PMC, R — B BIi A
SEEIILT EEG 1] M AL AR PR
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