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Abstract: In contrast to traditional model-based component software reliability analysis approaches, rate-based
simulation approaches can flexibly trace the dynamic failure procedure of software. Consequently, they have been
tentatively applied to analyze the reliability procedure of component software in recent years. However, existing
simulation approaches are based on excessively simple assumptions in terms of the fault correction procedure in
component software testing and are not able to describe the practical reliability procedure of the software system.
Therefore, a simulation approach is proposed. It models the fault correction procedure with a hybrid queueing
model, in which it takes the fault repair policy and the limitations of debugging resources into account. On this basis,
a simulation procedure is developed to realize the simulation of component software reliability procedure. Finally,
the evaluation experiment shows the potential of the simulation approach.

Key words:  software reliability; component; component software; rate-based simulation; queueing theory
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Fig.1 A hybrid finite server queueing model: HFSQM
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1 int simulation_procedure(double dt,double t,double P[n][n],double phi[n][n],double (*lamda)[n](double),
2 int policy[n],int level[k],double mu[Kk]){

3 int curr_comp, next_comp, total_faults_detect, total_faults_correct, faults_detect[n], faults_correct[n];
4 double time_this_visit, time_so_far, local_clock[n], global clock; struct queue_info queue[k];

5 while (global_clock<t){

6 ALLOCATING:

7 for (int i=0; i<k; i++){

8 while (queue[i].working_server<level[i] && queue[i].head1!=null){

9 head1—state=CORRECTING; head1—arrival_time=global_clock;

10 tail0=head1; headl=head1—>next; queue[i].working_server++;

11 b}

12 DETECTING:

13 next_comp=determine_next_comp(P,curr_comp); time this_visit=get_time_this_visit(phi[curr_comp][next_comp]);
14 while (time_so_far<time_this_visit){

15 time_so_far+=dt; global_clock+=dt; local_clock[curr_comp]+=dt;

16 if (occur(dt,lamda[curr_comp](local_clock[curr_comp]))){

17 struct fault_info*ft=null; ft—arrival_time=global_clock; ft—comp=curr_comp; ft—state=WAITING;
18 ft—next=null; int curr_queue=policy[curr_comp]; queue[curr_queue].total_arrival++;
19 queue[curr_queue].taill —>next=ft; queue[curr_queue].tail 1=ft;

20 total faults detect++; faults_detect[curr_comp]++; curr_comp=n; break;

21 ol

22 if (curr_comp==n) curr_comp=1; else curr_comp=next_comp; time_so_far=0;

23 CORRECTING:

24 for (int i=0; i<k; i++){

25 struct fault_info*f=queue[i].heado0;

26 while (f!l=queue[i].tail0—next){

27 if ((fostate==CORRECTING) && (occur(dt,u[i])){

28 f—state=CORRECTED; f—departure_time=global clock;

29 queue[i].working_server—; total faults_correct++; faults_correct[f—>comp]++;
30 }

31 f=f—next;

32 13}

33 return total_faults_correct;

34}

Fig.3 Simulation procedure

3 fiEidfE
5 B R 3 A 20X 58 BN S A B PR R . Pl R 2R D NI TR 2D dt o T ORUE D SURE FEdit

© HEBEERAET hipd/ www, jos. org. cn



2754 Journal of Software 2% 53R Vol.22, No.11, November 2011

WAL /N JF HAEAEFTIN R AL rate(t)xdt<1,rate(t) 7= F6 45 A A2 A 58 IR I 8] 6 3 I8 A7 1) 1
PIn][n]. 3L PLGI0<i,j<n)F I | $AT 56 B2 G568 BRI § $AT IS %S 500 LUB I Sl % R 5
A AR I GRAT 0, A T LA 2 P BRI R A 08 RS s AR AR P (4 7 sk A8 AT B0 ik E A 2805 R TR R
A B AL AT B ) £ 99 248 phi[n][n]. 36 o, phi[i][1(0<i,j << n)Z R M AE | 1F 5 AT 58 UG 28 5 66 8 BRI N4
PE T PRAT BT T T AR R A B AL £ 8 T R 8, BAT R ) R L@ G S o R A 3 R AR Y 2R 0
(*lamda)[n], %2 HOH 4 A 1 5070 8 a4 20 HE BT S8 policy[n], B4 FSQ FR e P F4 N 1%k level[k],
HEHT A mulk]. LA E 3NS5 e SR 1 R MR A 0 e R T N S H LA, 07 B R s ST AR R il
15 B FE AT curr_comp IR T IELE AT A £ next_comp F 78 T AN BEHUAT (44 £ ;total_faults_detect
SR I B R A A I P SRR ) R S R faults detect[n] 2 v Aar I B f A5 AN A4 R 1 B B time_this_visit %
TRAR VR 0] 24 RA) A 5 AN R AR R AR 1% B0 T 7 24T 1R ST [ stime_so_far 3R 7 4 Ji A4 70 A 2k ) o
Ze AT B 1), BB /N T time_this_ visit; £ 20 local_clock[n] 4 4% 54N ¥ 45047 i 2 5k 7] 28 #2 global_clock 12
SRR 2L 2 AT IS (7] stotal_faults_correct et 3k HERR 1) 5 Mk 44 faults_correct[n] B vHHERR 1) AN #4411 e
B 54 queue[K)EE B HFSQM.

T AR HFSQM,IRATTE X M4~ 45 ¥ £ fault_info FI queue_info, &1 &l 4 Ji 75 fault_info d5f 2 g o 0 i it
FPORSE I 2 1) A A S IR B BRI AS AR A I RS B A B B — JL 2 T 3 FR A WAITING, K 7R 4547
He i % 95 ; CORRECTING, 3 718 v 7 %8 Y5 1E 76 4% 16 5 ; CORRECTED, % /18 18 & 5¢ B, B U Ui .queue_info Zt i —
A FSQ HEBA FR G HE BN B F1 R 5 57 FH = g s A S D00 380 1 508 F 0 4 2T i, AT P i 3 25030 5 ) R R B 4 A 3
AT 53 b Sk B AH B2 1K 1 4% BB, 23 0 D HIE A A 470 R 25457 BA 51 head O Fig i HE 6 BA 41 110 38 Sk, 38 7 o A HEARE e JRITI 56 1
AN tailo Fi ) HEHT A A 1938 B, 3R 7 o A BRI e fE — TR head 1 45 17) S5 A7 BA A1 (1) 38 Sk, 7 R S5 R HEAL ¢
TR 1 AT stail L 48 ) 5547 A A 1R 3R JR8, 30 7 S5 A WE VR IR e S — A W e T 4% A 4710396 A2 tail0—>next=head 1.

struct fault_info{ struct queue_info{
int comp; //the corresponding component int total_arrival; //the cumulative number of faults
double arrival_time; //the time to occupy a resource int working_server; //the number of occupied resource
double departure_time; //the time to release a resource struct fault_info*head0; //the first fault occupied the resource
state; //the current status of the fault struct fault_info*tail0;  //the last fault occupied the resource
struct fault_info*next;  //the next detected fault struct fault_info*headl; //the first fault waiting for the resource
} struct fault_info * taill; //the last fault waiting for the resource
}

Fig.4 Structure definition
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Fig.5 Architecture of an application
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Fig.6 Fault detection profile and fault correction profile

Bl 6 e g ) i R e Ak 9

PR ORE D BAEAN A A HERS N 52 80 H LR R IR R B R, 2 MR B L B3 8 H X AR FSQ &
giAy kR0 BERES FSQ R GUH HRAE N B3 K H 20000 1~100 BL R T 55 K AR P B IR IC B 45 AF 1, 20 B AT
D7 FEFE R 2 000 K, oH S AERI G LR REA FSQ AR ST K- S5 e HE Ik F 1 0f 77 0 45 SR AT 20 M AL, FSQ, AN
FSQs 7EHERS N G2 2 H 2059024 23 A1 41 INA B i SR A5 20l 508 )5, R 1 e RS A 03 I 80 H AN P HE LR 48
fgFmt i 18 7 RoR T FSQ) Ml FSQs 7EAN A HE N 53 30 H 29 3R 455 T AR ek Bk i . A I b ] LU 52 5, HE A
FRGEAE i S b P A 1 N SR TG 5 DRI ) A R R A i A e A A AN R RN 5
B0 AT A o S AN [ £

35— o o o 80/ ———— . -
- 30 /_‘-"’-_F . il - 2 _):_Eljlnhmlted _,-’/'/ ]
o s + o &
5w 25 - 5w 00F % 31 Vi
£ =y E3s0f & 2 g
ZE€ 20 % s & * 11 S+
g [_o
Lo . A A o oo 40F 1 /.{
29 15 2 A N 2 o
= g Vi & —+—Unlimited = £ 30 .
ES lof /e 6, o 23 E3 5 v
2 Foo, m & + 14 3
o /& O v
31/ < 6 1 10t o
0 / . " . . . .‘/‘\‘ . 1 N . 0= —Hr""‘f’- N N . N 2 L .
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Time Time
(a) FSQ, (b) FSQs3

Fig.7 Fault correction profile
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Table 1 Debugger utilization in FSQ, and FSQ; (%)
1 FSQ M FSQs FHHEHE A B3I H % (%)
Staffing level 1 2 3 4 5 6 7 8 9
FSQ, 100 100 100 99.85 97.22 72.62 64.55 55.77 26.98
FSQ; 97.90 96.33 95.98 91.86 86.93 83.56 79.59 78.07 72.18
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