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Simulation and Timing Analysis of Real-time System
Based on Timed Event Model

CHEN Yan', XU Xiao-feng®, LI Xiao-chao', GUO Dong-hui"

(1. School of Information Science and Technology, Xiamen University, Xiamen 361005, China;
2. Department of Physics, Xiamen University, Xiamen 361005, China)

Abstract: A4 timed event model and simulation based approach was proposed to analyze timing properties of real-time
systems. The timed event model was used to specify periodic or aperiodic tasks, the timing behaviors and the inter-tasks
communication and synchronization behaviors of real-time systems. The approach used a priority-based preemptive scheduling
algorithm to simulate models, and then got the timing properties, such as response time, execution time, etc., via analyzing the
execution sequence generated. Different from traditional formal methods, it has no state-explosion problem. Finally, a case
study was proposed to validate the model and show the practicability of the approach.
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Binary semaphore: s1; Tl T2
Integer: x;
Priority(T1)=1; @ @
Priority(T2)=2; [1,10] [1.10]
ID(T1)=1;
ID(T2) = 2;
er. ep.
TD(4) TD(1)
[1,10] [1,10]
ey: e
ST(s1) ST(sl)
x:=1|[1,10] x:=2|[1,10]
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— SetState(p, , run) A SetState(p, ready);

¢ run — wait:
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d MR(mq) € E A mg=null — SetState(p, wait),

2) Y p WOREL—ANK false RIS 8, HRE
AR 1% wait:

3 ST(bs) € E A v(bs) = false — SetState(p, wait);

3) M p ARSI —AMEY 0 T ERVE S, JOREAR
% wait:

3 ST(cs) € E A v(es) = 0 — SetState(p, wait);

4) 24 p PUTAESSE N FAFI, HORS R wait:

3 TD(¢) € E — SetState(p, wait);

¢ wait — ready:
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A p=GetTask(r)
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Process timingSimulation(Transition a) (1)
t = pickupExecutionTime( T (a)); 2)
cc = getGlobalClockValue(C); 3)
pe=cc; 4)
While (pc — cc) <t, do 5)

pc = getGlobalClockValue(C); (6)
End while 8)
End process 9)

Bl 4 T I I HURE 4 2005 1

2.4 RGGEPITHIE

FETAES AR EE, SRR HAR TR DL RS
I, ZRGEAT R I TR AR B AT AT o« AERE B4
HPATHERE, PraMAESIFRIAT, BAEMESIHITE
FEWE 5 s . Hor, AR NS RIS ST RPAT
BRI TE GRS e, ) F—NITH o, T —NFH5I
RWITHATREA £, KILTE getNextTransition MIEH 52
H p (@ RFAERERE—NIEGWITR: 5OV
HAF e, B N —AFAF T TR I ARE; 40T I a) i
SERIINAE, BRI ERE: ARG, EdIERE)
PRIWNE] T =AML FA e FFHIER(9) executeEvent PR%L
HATPAT . TEPRAT P BRI, TR FA8 Y,
T IRER 2.2 75 TRk i) & A A BT R 23 0 AT

Process Task execution (1)
e, = “start”; 2)
e, = null; 3)
While not e, = “end”, do “4)
a = getNextTransition(ey); (5)
timingSimulation(a); (6)
executeAssignment( ) (a)); 7
e, = getNextEvent(a); (8)
executeEvent(e,); )
e, =ep; (10)
End while (11)
End process (12)
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BT s1 2 )5, T1AXNBUGSIIT; &5, T1EEH
AT, RJE 12 HEER,
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t,=1
T2
TD(4)
t,=1
TD(1)
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=1 t,=2
e
{T(sl) SG(§
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O
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FESEZIL,  JCrp e () SRR R A XML 15 5 AT iR F A7
fitho TEATT, FRATME FH VLR 27 00 Hh 28 L) K B 2
i { (Railway Crossing Problem)®!1 Ay 52451 sk i 11F A S i 1)
IO 1) AR AJ7 7V PR A 28O R ST I o 12 T 3 ) A S
MU A AR A H 2 5 K E gl — N E A X
W — ), TR 2 ) 32 AT 55 2 R e 2 A KA
[ IR 2 B I S DX el JRATT RS E B . O, TESE
NI RV & FR R B AR AL SR iz ) L, FEAE
RABATINRERENPATHE E: A5, E%E PC HlLE
A A 7 VE LA S I R G I TR AP B, IR R GE)
HPAT PR RGEMPATIFA: B5, Wil SR R4
A7 L 28 5 1 A 55 W) I3 IS [ 600 A AT T 1] o4 36 UE B B 1) 1
Ttk

38, fF Xilinx ML505 JF &V 612 L4 f 5 90 2k
R B e) T R R U % o 1R FFRE B & A MicroBlaze
AR HZ, 5158, BATEBAE T —A uC/OS 1T 5L I 4
RGPS bR RGEHAT IR L o S FR R G0 AL B R AT
%5 A REIRKENAS (AN Train), 75— REERR
P2 L 55 (B4 9 Controller). 41452 [8]2R H 78 BAL 8
BUSIBEAT R AE AR 22, H AR 7 Fros.

static void Train(void *p_arg){

//Initialization;

//mq and ms are two message queues.

while(1){
rr_OSQPost(mgq, “request”); //Send request message;
/* 1/0 operations */
rr_OSQPend(ms, 0, &err);
/* 1/0 operations */
rr_OSQPost(mg, “finish”);
/* 1/O operations */
OSTimeDly(100);

//Wait for allowance;
//Finish crossing

//Task Delay
¥
}

static void Controller(void *p arg){
//nitialization;
//mq and ms are two message queues.
int bridge = 0; //The status of bridge
int waiting = 0; //The length of waiting list
while(1){
//waiting for message
msg = (char *)rr_ OSQPend(mgq, 0, &err);
if(msg=="request"){
if(bridge == 0){ //The bridge is available
rr_OSQPost(ms, “allow”);

bridge = 1;
telse{ //The bridge is unavailable
waiting++; //Update waiting list

}
telse if(msg=="finish"){
if(waiting>0){

msg = "allow";
rr_OSQPost(ms, (void *)msg);

//Update waiting list

waiting--;
} else{
bridge = 0; //Update the status of bridge
¥
}

¥
i

K7 S2BR RGN 32 24T

e, AR RGE 2 51K, HAFFBHD N
Trainl 1 Train2, H.55 Controller 2 [ [/E &K R
J3: Controller & Trainl; Trainl /& T Train2. FAT#
EPrRFEBAT, WERIRENPITELS, WIS TIHE
BULE R EAPITE RS Bl ZREMHUTHE R,
G FRGEAT S5 1) 0 [ I TR] R AT ] 8] o3 A 1 00, Wil 8
NRFCERNE, ANSCEZIT I KA P o)
Hrh, BURSRRIRBE AT S THRPAT I TA], PARFR R
AT 55 P e S B B FOBRAT INF (], ELISFTRJERAT R tick (FE
ARG H, 1004 tick Ky 1 7).

530
° & 1] 1 I (1]
5109 = AT I 1)

490
470
450
430
410
390

37097 3989 11399 18809 26220 33634 41045 48457 55867

Instance Start Time

Response Time/Execution Time

(a) Trainl FRIAE 55 W S IR i) F1PAAT I ) 53 77 485 0

14000
120
100

0000000000000 90009009000000000

-
i i |

800
600
400
200

AT )]

Response Time/Execution Time
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