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ABSTRACT

In software testing, our reachability testing [1] for concurrent program is mainly
for testing, which main purpose is to find out all the interleaves for user analysis of
reference for research in this area, there are improve the performance, but also from
outside the application of research, such as web service, dynamic effective testing,
analysis of multi-core competition and so on.

The main purpose of this study is to improve the effectiveness of the system
reachability testing, reachability testing system to improve performance also were
the subject of further study. In real life, we have a concurrent software, and it will be
quite large. Running reachability testing will be very time-consuming, and some time
may be five or six hours, or even the largest of about a week like this. We enhance
the effectiveness of the system, make any assumptions at this system, omitted, and
some algorithm improvements. My research is mainly in the reachability testing for
prefix-based replay for improvement. It would retain the current status of execution
to the next prefix-based replay ,it would jump directly to the destination to do it, and
use this method to accelerate reachability testing. At present, this method has been in
the fine performance of the experimental results.In future work, it would be with the
current dynamic effective testing for integration, it could also use this method to
further improve the efficiency they provide.

Keywords: Software testing, reachability testing, web service, dynamic effective

testing, nondeterministic behavior, prefix-based replay.
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“a” is a shared variable and its initial value is O.
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#c > @ igrace variants#-1¢ 18 7 2trace variantsiF | AR E B R FE 0 KB
reachability testing#-F]@ i § & & chpFig o

om0 - BEEH k]S P2t

-

R AT ILE I R Tt P
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80,0, SO,1 $% & fe — BAZA # - B 6 ¥ - BAF OB > F RN Fnin#
REsa B2 Rofh o 2B 6 3 =7 &®hv i {75 74 {S1,0, S0,0, SO,1,
SL1} » feiv ik b+ gt > 2B 6|+ P 975 T ehf 7 B 7|7 &2 1 {(S0,0,
S1,0, 80,1, S1,1,)i S1,0, S0,0, SO,1, S1,1} » # @ i H & & 3 F iz & B #c

fe £AF R F et s 5 0S0,0,S1,0, S0,1, S1,1 5 4 %) B> process 0 ¥ process 1 o

“a” is a shared variable.

Process 0 Process 1
So,o DO { a = 1;} Sl,O DO { a = O;}
So,1 WHILE(a==0) S1,1 WHILE(a==0)

B].6 % = reachability testing F® 4% 1% B A25% 2. =

Multi-core % $ternp|iRsh 75 4 # "4 F]¥LEE . Shared variables 7 B33 2 race
condition K,th 7o~ Baw @B o iB 5 Taskpriority » A %02 = BI8A KB FHAY

FedR i Bl A7 N ¥ 5t i 2 R 4R 0 & prefix-based replay P& i - Far & B
W Bl RIARS Al R B W AR i R B Bt A ARV IS B e F
Mg o H U s 4 race analyzer (R A BB B i BJSLP B X Fie Blang R 2 o WL

A 11iF % “hrace variants 0 IR & 5 PR o
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1.2.6 State Storing in Prefix-Based Replay
%/ % &0 reachability testing & %426 > 1 & F & BI%A ki AP en

reachability testing % e it

1. prefix-based replay

ii.  race analzer
f & =% #rd d) ok fhrace variant 0 %i¥ 3 1T prefix-based replay > %— B 4 1% replay
phase 78 (F (4ol 7) 0 ALAFE § JEEF B 4et (7 0 L S dk 3 en3 LA LG ok
I e F] 4 (¥ replay phase «PpF iz - 34 {7 ¥ SYN-sequence € §|* entry protocol
fr exit protocol 2 ¥ 4] SYN-sequence =34 {7 "8 K » 3B ¥ {7 42 ;% # <1 replay
synchronization events i@ #%. (@ (A *¥) : d race analyzer i ¥ race

variants #1 Z_% ) k > A i prefix-based replay =hpFig » 4t E‘!JJ%%L;; A2 A7 ik Py

siireplay phase # BL& ) & i i B P /j*u%' & ? entry protocol 4r exit protocol

AN FEAL G 0 fU* F| semaphore i F3 i = 44 0 # context switch f 32
g o Pt 4 € i & reachability testing sta b ihA &> 2 {54 € Hik A

reachability testing »<i¢ + F# F ¥ + o
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race analysis prefix-based replay

NN

SYN-sequence race variant SYN-sequence
replay replay
monitor
@ @
monitor

.7 SYN-sequences 7 race analyzer §r prefix-based replay & i

KSRICE L€ da #8544 ¢4 7 State Storing in Prefix-Based Replay = /2 >
# % 3| £vk % 4 & ¥ replay phase 7 synchronization events > i&#k+ & =X & i¥
prefix-based replay 7P i » #73] freplay phase ¥ j& g $4 7 77 3¢ ﬁ* €F TR
MR N R - B HEFTE o 2 T A L R replay mode
synchronization events(4- ] 8) » #7111 A iz e Jf & * I state T A R = > M
state * F = f&> ;% k & 57 # i¥ > restore state {r store state » & lﬂ* R R ek
BB AR 2> R S PR AR B D PE P oo 07 2N RS T A
ﬁ*‘uiﬂ fd A-pE R EEE 30T store state v restore state f#s (TR - it kR SEE X

S TR G e 5
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SYN-sequence SYN-seguence

replay restore } skip

replay
@'

monitor

monitor

prefix-based replay next prefix-based replay

®].8 1% prefix-Based Replay #7 ‘4 1% 77 synchronization events =77{%% [§]
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=
;‘\

12
B
it
oy
(\x
2|
\L

ViR 2 oek o — g & 4 reachability testing[1]£ 7 f2H ) %

(w

hg s 2 St PRetiE > 4 APF SR B LA 2005 & AR A R g
Technology for Tesing Nondeterministic Client,”Server Database Applications[4]#
~ ¥ 1L $£31 0 reachability testing P w » i v dynamic effective testing e & 3 f
By o2 fshmd 4 #4ma B Testing Concurrent Programs using Value
Schedules[17]57h < »F B f 7 35 A dHe® 3 eJd2 — 45 & branch % =3 § 4ok
g — B RRClcE > B RS TFa YT, A 51 A P state RS o 4«{)1;};13

4-F LA P o I * restore state cFIEL 4 K& F reachability testing s7sksy o

2.1 Reachability Testing

PamEd FEF BA A A 1995 E g £ 0 k1] AR g i
LRFEFFRAD BN ks FLAHFL FRNEG P g7 %5
synchronization events 77 interleave » # X% %= interleave i pattern & - is $ {7 J1 K
PG ET g3 AP AIR 1* LB & e i35 interleave (535 1k o 2R 18 2 R
£ —g Rt § A28 efe /gy 4 E i@ % ﬂ 7 f% o Reachability testing i & f_% &
nondeterministic testing v deterministic testing = &= ;% 3 F Teh o

22

TE A R - B 0 970§ 40 frace analyzer 2 G 0 Rk 0T ) i

RN

-

# RV-diagram 0= ;% » ¥ v/ shared-memory £ semaphore & f&15 P~ 5 ]+ -
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RV-diagram £ - B n-ary sofibik $4 > 2 ¢ n %A FB L pAEs ¢ & EARR iR
#c o 4 RV-diagram 7 root | g7k f‘%ﬁ LANE S o 1N 2;7‘_—'];'3/,} Bl A T st R
#2534 ¥ — #%4 synchronization events & totally order =73R# % o % reachability testing

{7427 o # B4p $ H SYN-sequence #84 %] ¢ 2 4 & f 1 RV-diagram » ¥ &

BB augAz e $&3e 41 N 4 race variant & 8L 0 4B 9 FToT o

The number of synchronization events have be
performed in each process.
The version number of each shared variable.
Example: If there is a concurrent

program consists of n processes
and m shared variables.

RV diagram

. - gt Dl

The node has the same index vector and .
version vector as the previous one.

77+ Race-variant node: The node created with

t--! an operation which is different to the partial ordered
of this SYN-saquence.

.9 RV diagram #4& 3 race variants $#%£v% [§]

2.2 Race Graph

=

FR

LS

7
“~

—

4 % 2004 & ** IEEE Transaction on Software Engineering % %

12 race graph 577 3%[4]> & # { < Synchronization events ¥ partially order e1k# 7% o

2

race graph * & — i & B0 & 42 34 ¢ % - B synchronization event -
synchronization events ¥ =7 partially order B 7% P| * directed edge # 7+ o A& # race

variants fF > W7 & & wji.};,s;— & Bhehin-edge £/ » TV FE - 8- X3k

20



i in-edge » P Ayt & B % F o 1§ ¢ & 2 (sk-1) 1% race variants > 4c§] 10 #7

F 2} 4p#>t RV-diagram - race graph 77 j2 5 % t54% 8 2Tac 0 ¥R B
SYN-sequences S #ic s 117 e (74254 » RV-diagram 1 ;8 - £ 7 & 3,537 =t i
{7 » @ race graph W& Z £ 152 = - 7R E_F] 5 RV-diagram #7# # & race variants

F A £AF PR 0 T A 4 4P 0 SYN-sequence ©

Reverse direction of in-edges Remove some nodes
A race-graph of a (1 Q
SYN-sequence =1=[1,0], _r There is a loop.
PO P1 o L2 )
3 3
(2)
~ L i=2=[0,1],
¥ T oo mbes, ~
4 B} f i g "B
6, \E \ i E} "E
. Crans® -
3 '
3) .t
=3=[1.1], .'l\. "."n.‘. S, oS
! Jennnnn .-I E ] ‘I E )
N L ..

.10 41 * race graph A # race variant

2.3 Testing concurrent programs using Value Schedules

ik # 2 [17]4_d Jun Chen {r Steve MacDonald # 2007 # ACM Intl. Conf.
ASE #rF 2 ke 2 BT ch%m - B Jf%fi*‘u H 4= #73 critical concurrent events
1 sequences 45 J} &k o ¥ b — B P ﬁ”’iﬁ»{?'l F R K SRR B RIET 7
258 Wgp e 27 F 4 Ik dhsequence € ﬁi%l I H 2% A idHk interleave T E_E
I FE
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. . MHP Instructions MHP: May Happen in Parallel
Static Analysis I Y -
(Soot)
A alias Pcrfor{n alias
h 4 analysis here.
» MHP Analyzer
relevant MHP
Instruction Pair‘ A
CFG:
Control Flow Graph
-] =2~ 3| Value Scheduler
= : i ﬁo hhhhhhhhhhhh
]nforma T =
thread T~ static analysis
Model Checker interleaving | rypiime T
(customized JPF)
. ‘l’ Testing concurrent
feasibility, correctness programs using value
schedules.

Bl.11 & & Value schedules 7% 1 ]

PR B 11 ¢k Seeniplzd = 5V 1 & § 4 % static analysis {r runtime state space
exploration - static analysis(Soot)[18] ¢ #- Java byte code £ 4 472 € f34] % {7 423"
#hinterleaving ¥ 12 control flow graph 25 ;% 4 45 41 % » MHP(May Happen in Parallel)
B & f]&r‘?\iﬂ 3= critical events ¥ fie ¥4( read-write v write-write )» & 4 — 4& pairs >

€ =iz d pair ¥ A2k > A 4 - B i SYN-sequence e3753% » gtk SV 0 iR B
AT hinterleave » ¥ € 4434 {7 — =t > Value Scheduler ¢ 2 traversal CFG> ® 4 47
CFG = = critical events 77 conflicting /% > #{& £ s = £ ¥] model checker(JPF

EE)[15]Am s 4 4~ 47 v (Al F2dd > L 5 runtime state space exploration > # %7 7
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LR LBt JPFEE O HT LR E VARG R

¥t B AV 7 b a8 % Value Scheduler i 1 eh3d 7 4 interleave >
£ # 7| JPF 97 (Feh— i &2 > 1935 B 11 Value Scheduler ¢ 2 traversal CFG -
A 24 - i pathtree » &4 # 2+ 5 4 &5 program counter ** program state ¥ > #
= JPF 4 §4 {7 izt e interleave » € 2 4 7 interleave ¥_% &_feasibility fr
correctness » % =t JPF R {7 iz fk chinterleave » # 17 ¢ £ £ (T 0 @ 2 L

A B BEYTRE S fh program state 0 SN B A £ RS 7 0 A fjﬁ{ia N I PIEN

31| 2% 7% e reachability testing & SvP o EA P H gk R FF APk den

Sk
A
=y
oo
o
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3. Bt &

Fip g * A F % % o0 reachability testing & SR i scfeRTH > K fE R 4
AN kR s il A AT R B Rk o AE AR T 2 ¢ 0 A A R4
reachability testing #2.6 > 14— # SYN-sequence ¥ §4 race analyzer fr prefix-based
replay I #+ 42 0 ¥ 1 (KPP FEehg 9 ie B SYN-sequence ih% it > 4 g A G
IR SRS - X x>l ,i*uF;'r? 43 F state €17 i 4v > I reachability testing A= & >
g TR 12 Ak w Ay — He0 AN AR - B ostate ® ostate s B = B
LocationCounterVector[] = {LCo,LC1,LCo,...... } » % synchronization events =
location counter > ShareVariableVector[] = {Valo,Vali,Valo,...... bR R RlkaiE >
ShareVarVersion[]={Vero,Ver1,Verz,...... b FEZBHEOGVEAE c AR ILRER
m,T*u ez BHcE > APRE R E - B SYN-sequence i i34 race analyzer > i& i PF
n?,ikg F ¥ - B state0 > =& §_d + = prefix-based replay #74& & ! % ¢ state > 3
i3 1% race analyzer cHpFiF > € 4=  — =t mode % replay ¢ synchronization events
K F_% restorer» FE s chXk — B race varianto A 4 - BEATH@ FELOET K
B4 £ 2 17 prefix-based replay > — izpfihg AL state s F 0 RTS8 € F R
mode % restore =7 synchronization events @ B*I| mode % replay 7 synchronization
events 2 3 {7 0 AP (% m)j* CALE S PR FHFU )T&‘»%’gf'l Ttk
LA 2 e day o — B T (TARSN replay I @' )I‘ ¢ 2 45 8 v AT state P F
T 4 statel » Ii*ufgﬁ— E ﬁ ¥ & fhreachability testing 3 117 > - E Plig k3t ¢
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BRFER 12 HI 0 E S AP Dp o

*» LocationCounter Vector[] =
{LC,,LC,LC........ }
« ShareVanableVector[] = {Val,,Val, VaL,......}
« ShareVarVersion[]={Ver, Ver., Ver,,... ... }
SYN-sequence race variant SYN-sequence
race analysis refix-based repl
replay ¥s restore P piay restore
replay . replay
monitor @t ) @
monitor
State0 ={ State0 ={ Statel ={
LocationCountervector0[], LocationCounterVector0[], (| LocationCounterVectorl[],
ShareVariableVectorQ[], ShareVariableVectorQ[], ShareVariableVectori[],
ShareVarVersion0[1} ShareVarversion0[]} ShareVarVersioni[]}

B.12 4r » state ¢ SYN-sequences 7 race analyzer f= prefix-based replay & i

AR T F I Java U7 H KL S AR A AR 2 Ak
GNP EREDN BAomd Fivieha i 0 - B A A5 state chp K
Fo8ET k€ 4 5% H entry e exit protocol 7312 2 restore fr store state cpF & 2

prefix-based replay 713 sxfo— £ 7k b+ e o

3.1 k3t state
% X3V € % reachability testing % i,,?r 4v — 1% restore mode » iE k FLILEST

# mode > ﬁf‘un’%\replay mode {= monitor mode > #* restore mode #7& % E 'E‘ﬁﬁ{

#-k L 1% prefix-based replay HpF i > € 4 v% #1544 synchronization events » @ i
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4

= ¥ B reachability testing % 33k e p o

TR S X 4 ek Hiz it restore mode 7 synchronization events b bk St
i% prefix-based replay chp# iz > ¢ F] 5 % #cei4k & 5L ~ location counter fv % #ceiE
L% 4T 0 @ BB reachability testing % %t % g5 % prefix-based replay » st P&
ﬂﬁ#gﬁ%mwﬁﬁﬁ@%’ﬁgﬁmﬁﬂmwmeﬁ%ﬁﬁﬁﬁﬁﬁﬁ

T3 AR Trﬂfj,k‘.étgj{‘g*%fgf[% state s F o gt state B3 R R AN B

B 0 % ek & 5L~ location counter fo ¢ e 0 A2 AG Ao @] 13 1o

public class SaveState {

private Integer[] ShvVector;
private Integer[] VerVector;
private Integer[][] LovVector;
private Integer[] LocctrVector;
private Integer PrcsNum;
private Integer LovNum;

private Integer ShvNum;

private int State No; // “FF%@%Syn—sequence&Gﬁ@ﬁ

public SaveState(int PrcsNum, int ShvNum, int LovNum) {

this.PrcsNum = PrcsNum;

this.LovNum
this.ShvNum
this.ShvVector

LovNum;
ShvNum;

new Integer[ShvNum];

this.VerVector = new Integer[ShvNum];

this.LovVector new Integer[PrcsNum][LovNum];

this.LocctrVector = new Integer[PrcsNum];

for (int 1 = 0; 1 < PrcsNum; i++)
this.LocctrVector[i] = 1 * 1000 + 1000;

for (int 1 = 0; 1 < ShvNum; i++) {

this.ShvVector[i] = 0;
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for (int 1 = 0; 1 < ShvNum; i++) {
this.VerVector[i] =
}
for (int 1 = 0; 1 < PrcsNum; i++)
for (int j = 0; jJ < LovNum; j++)
this.LovVector[i][J] =

State _No = -1;

.13 Design state 13 4L 45 #

FiI# = s eh 03 R R 3 ¥ K A 5i{r location counter enfE 0 4§ I ¥
SR R REOE S TIMBH T EIVIBREZ R 0 a2 TR
statefﬁfliiﬂ’;t:’g FR- BB R A e - B EIDE LR L TR
FoREPERES | race graph #2Z % 4 > 12 1 ** { ¥ race analzer - dynamic
effective testing 7 € B 2 i Bk ik o Hfe o 7 BB R EDE > FF LA D
5N APk W OugE LR B ostate kE F- BEEchena (T F L0 kG gk
G AW G Benfe+ 0 £ i¥% prefix-based replay {4 - 2 {6 B ¥ it € ¥ dynamic
effective testing » #* 7> ¥ 124 % v k5 - & jointpoint & E g * - p w7 33
iz B 0 © ¥ £3%3% B reachability testing & ¥uepkiy o B It A K T_restore mode
% synchronization events =73 = /Tﬁ{li race analyzer > £ RaceVariantjave B 45w

KK ZT o AT B 14 AT e
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public static int Generator(RaceGraph theRG, RaceGraphSet RVSet)

int genRVNum = O;

HashSet<EventNode> theEvnts = theRG.Nodes;

for(EventNode tmpEvnt : theEvnts) {
iT(1tmpEvnt_Mode.equals('monitor’))

continue;

.................. //Ori ginal

public static int Generator(RaceGraph theRG, RaceGraphSet RVSet) {
int genRVNum = 0O;
theRG.print();
for(EventNode tmpEvnt : theRG.Nodes){
if(tmpEvnt._Mode.equals('replay')){

tmpEvnt.Mode = "'restore" ;
continue;
}
else{
}
}
..................... // Optimization

B.14 % _mode % restore 4% 3\ 5§

$= } =t &35 i replay mode “synchronization events — B — % £ ) k% %_% restore

mode > f race analyzer T AL VU v B E - BEK o

»

3.2 &-¥t entry fr exit protocol i3 <

iﬁﬂ@ﬂ?%mmﬁ’E{Emﬁﬂmwmmwﬁ@?iﬁﬁﬁﬁi@

28



Pxd & fr 475N o470 entry {e exit protocol 0 F 45 F i £ i® prefix-based replay
# replay phase sfF £ > 3 € % FhHox A ELFRH B &4 b entry {r exit protocol

K418 B I 74858 i 42 0 € &% B synchronization events 2 ¢ 4r } entry

i
=

protocol> # * & 3 & §F % kFrilyt synchronization event #_% 3% 771 en
BAe7 3% 4t synchronization event 34 {7 &35 » T € B Lo QL PEIEE X fufj‘b g2 i
context switch *» 3| ¥ — BR FHE I R 7> RE LT FAS DR FES > » ’}J"}“

H_replay phase - {Fen3¥ F o B3t )}*ﬁ»%ﬂ”@ 15 -

Entry PI"OtOCOl tupEvnt = this.RVEvnts. popEvat () ;
ShrVarbles.get("a") .ReadEntry (tmwpEvnt, this.PrcID, Arrivals, Mode):
syn_ event tmpValuea = ShrVarbles.get("a") .Value;

tmpExecInfo = ShrVarbles.get("a") . ReadExit (Mode):
tupSynEvnt = new EvntLog(tmpExecInfo, "R", "a", 1001);
MonitorEvntsl,add (tmpSynEvnt) ;

Exit Protocol

Bl.15 & 4> entry/exit protocol 773K 3+

NN ﬁ.&iﬂ 4 13 :v > AR 0¥ prefix-based replay > » ¥ 143 restore mode

PE A b 22 H ¢ 0 & % entry protocol X X ¥7 §_F & 3 3 7

nNs

synchronization event » % ¢ synchronization event _restore mode fj*u § &g
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synchronization event > & e3a 0 4 ¢ 4 7T > 4B 16 #7or o

(Original) (Optimization)

If(Location counter <= State | ocationCounter
8& Mode _equals("restore™){

I skip this synchronization event
}else{

Entry Protocol

Entry Protocol |:> if{switch replay into monitor){
synchronization event ‘} Store state ‘
Exit Protocol synchronization event

Exit Protocol

Local variable operation

Viend of else

s

B].16 - entry/exit protocol i T s

A if else (LA K$= entry e exit protocol & A=k > AiE > 2 @ entry
protocol 2w » % ¢ € L KT i % X %744 7 mode £_F H_restore -t location
counter #_% € V' ' state 4273 <77 location counter & Xk ] 5 BAr 2 oo S fjh ¢
&£ W% Hi% 1 synchronization event > = i*u{sfe ® synchronization event _% restore
mode > F 2. » fr“ﬁ.%g A3 FT 4 AT F A4 replay & monitor mode £

synchronization event » &AL #TPF L F 4cif pL 38 > 38> T g AR € £ /i % restore

fv store state P ¥ 2k o
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3.3 Restore §v store state =¥ ¥ g

AP LR EALPAENML S F - B synchronization event £ entry fr exit
protocol ¥7 2z > e FipHB S - KEH F‘;I* LB Vi H BpFiE & 2 store state
{r restore state s I BLo iz B AR § £ & PB4 4 N P B B prefix-based replay
FPEFEEINDFMRTEAAZREFT I DL FEFEORE] > €40F] 17
ST 0 R RlEnT AR Y o R B THER TS AR e T G ostate 17
o e (7032 35 3% Arestore mode *7 ## ¥ replay mode NPF iE & (T gL I state
AT FIG R0 2 QERY Ry A RO AR S 7 g R
AR T X W F T R o P PEFE 4 store state ? 7&{@ replay mode *»
monitor mode I PF iE o F] 5 A PR o Ak {6 - B mode i replay &h

synchronization event {13 3 » g iEfi‘*‘wELf“ P AT state e F 0 Bk AR D IF

SYN-sequence
restore
I 1 restore
replay
@' ) store
monitor

[8].17 Restore {v store 4& » pF & Bt
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race analyzer :77p% ik » ¢ #-replay mode 73synchronization event 3% = restore mode °

i<

&ﬁsMe%{?ﬁ%%’uﬁ%%%ﬁpMkﬁmdey&%—%r@me

16023 5

-

*7 # replay mode
Hoend BT F & 2 B AT state pF o

"=

synchronization events * 7 ] 16 #2.% % i& » entry protocol shpF iz » 2 i x ¢ i@
N B RE K

monitor mode =pF ¥ &L > IT‘JL‘«E!L‘E'
B 18 T 4 2\ - FJH‘;,T}LQ xR

#2535 #§ 2_ 7 restore state A7V A5 0 fI*
7 mode #_7 &_% restore fv RestorOne % #|%7 > RestorOne /3% & > F] 5 2% i 4_

At 3 SRCITRIT > AT AP R & restore state — =t )R )‘If% 1@ A

A FE L
%ﬁﬁ%ﬁiiﬁmmmﬁﬁﬁ’fﬁﬁﬁ%&*aﬂmﬁyﬁﬁ%°
iT (Mode.equals('restore’™) && RestorOne ) {
RestorOne = false;
Shvvabletemp[0] = ShrVarbles.get(a').Value = LastState
-.getShvvalue(0);
Shvwvabletemp[1] = ShrVvarbles.get("'b'™).Value = LastState
-getShvwvalue(l);
ShvVertemp[0] = ShrVarbles.get(*'a').Version = LastState
-getShwVersion(0);
ShwVertemp[1] = ShrVarbles.get(*'b").Version = LastState
-getShwvVersion(l);
}
[8].18 Restore state 4% ;% 7%
B

-

]

B

Z_ i BB state AP R

B GRIALS — B pehie ¥ K amR R AR 2 state )G
M :6\":

% | ¥r §_F & 4 v p 18 synchronization
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event o

If{Locati ter <= State.LocationC
&8 Mode equals(“restore”){

Hf skip this synchronization event
H

else( restore

First ,each threads would restore its

Entry Protocol state including local variable.

if(switch replay into monitor){

testing codefstructure
| Store state | :

}
synchronization event
Exit Protocol replay

‘ Local variable operation | @
1

monitor

B.19 < iplfzst hE g

Bl 19 £ 5B < plT 7425 B - 87 304250 3 0 B B SYN-sequence ¥

PR
At

¢ 7 = 8 mode » # - i synchronization events fJ2 > ;% > & B+ - >

B Bl AR - B s ﬂ“ﬁ-‘u § £ (T4 state e 1F o

tmpEvnt = this.RVEvnts.popEvnt();

ShrVvarbles.get(''a') .ReadEntry(tmpEvnt, this.PrclD,
Arrivals,Mode);

tmpValuea = ShrVarbles.get('a'™).Value;

tmpExeclnfo = ShrVarbles._get('a') .ReadExit(Mode);

tmpSynEvnt = new EvntLog(tmpExeclnfo, "R™, "a'™, 1001);

MonitorEvntsl.add(tmpSynEvnt);

.20 % i% @ - B synchronization event 4% ;% 7§

B 20 42 §_Jn 43\ i f K 3 — B synchronization event e % 5 B s
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3+ e entry protocol 2. #$ €97 exit protocol 734% % £5 > { entry protocol i & & *
* & ¢* synchronization event &% %4 (& F > 2 i £ | * semaphore {7 j2
K ¥p ]y iAot synchronization event £_F {7 (775% » 2 {$ exit protocol ¢ ¥tz B
event iFze f* i@ {rix A 5LiE 7 location counter th% & > EiS & ¥ (A2 4L 5
% synchronization events # entry protocol % ¢ i if iz & &k 3 4z L

synchronization events 34 {78 B > iz & 31 & anfp 4| H F A 1% prefix-based

replay # it o

iT(1001<=LastState.getlLocctr(PrclID)&&Mode.equals('restore'™)) {
} else {

if (Resfinal) {
ResBerrialcount++;
while (ResBerrialcount < PrcsNum);
Mode.set("'replay'™);
Resfinal = false;

}

tmpEvnt = this.RVEvnts.popEvnt();

RRMtemp = ShrVarbles.get(*'a").ReadEntry(tmpEvnt,

this.PrclID,ReplayArrivals, Mode, RRMtemp);
it (RRMtemp[PrclID] == true) {

if (Update < PrcsNum) {
saveState_ 0.setShrValue(0,Shvvabletemp[0],ShvVertemp[0]);

saveState 0.setShrValue(l1,Shvvabletemp[1],ShvVertemp[1]);
Update++;

}

saveState 0O.setLocctr(PrcliD, 1000);
RRMtemp[PrclID] = false;

Shwvabletemp[0] = ShrVvarbles.get('a'™).Value;
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tmpExeclnfo = ShrVarbles.get('a') .ReadExit(Mode);
tmpSynEvnt = new EvntLog(tmpExeclnfo, "R™,"a", 1001);
MonitorEvntsl.add(tmpSynEvnt);

}

[8].21 Optimization code ¥! a synchronization event 4% ;% 75

LB 2146 > % ¢ & #-State Storing in Prefix-Based Replay e37 ;% 5138 & »

Jeos & BRI ;Tf»f?»"’r BT o A g A5 - BTt o state fop

if (1001 <= LastState. getLocctr(PrcID) && Mode. equals("restore"))

i * gt synchronization event £ location counter fr state f % #4Z & 77 location
counter &k {¥+t fix > state # o % JL I ¢1 location counter = ¢ synchronization
event 7 location counter * ¥ # {7 mode ~ 5 restore > P| A R f iz
synchronization events £ mode % % restore » % #* synchronization events &_¥ 14
Bk A (e o

BTk A et o BArip Lt iE 24N L e e ¢ BT {5 m chelse 2 4 7

it (Resfinal) {
ResBerrialcount++;
while (ResBerrialcount < PrcsNum) ;
Mode.set("'replay');
Resfinal = false;

% 78 mode & restore 77 synchronization events > §92_ 7 replay phase §= monitor
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i<

phase 2. P ek 3t e h s § - e APy § & L L H (744 mode ;
restore 7 synchronization events & /f §& % 4 ¥ 113 *7 & {7 mode % replay > &
dept U7 42 6 dhmode & restore £ synchronization events 3% € K iF R G o A
,T*Lg:fv PR FEAF A while @ BlAZs > B W A+ F P mode i restore
memMmemmﬁéﬁﬁ%ﬁﬁﬁT’ﬁgﬁﬁﬁnmk&émﬂw’*ﬁ
i ,Tk{fgﬁ ki =g AR iT prefix-based replay =B = % » “]‘5'3? TR AT
%4 mode % restore £ synchronizati ts FRe FIFR T » 4 F iF2 {860
gam 5 1 synchronization events #% ¢ (¥ % 7 R EIRFE:

replay phase = monitor phase °

RRMtemp = ShrVarbles.get('a™).ReadEntry(tmpEvnt, this.PrclD,
ReplayArrivals, Mode, RRMtemp);
it (RRMtemp[PrclID] == true) {
if (Update < PrcsNum) {
// System-out-println("%%ﬁstore state');
saveState 0.setShrValue(0, Shvvabletemp[0],
ShvwVertemp[0]);
saveState 0.setShrValue(l1, Shvvabletemp[1],
ShwVertemp[1]);
Update++;
}
saveState 0O.setLocctr(PrcliD, 1000);
RRMtemp[PrclID] = false;

}
&%t entry protocol AL g K 3o AP £ B A~ BAEARE * Ry H|EFE & 3 17 store
state > ¢t FF B+ 34 7 mode #- replay 7 3| monitor sk g o F] 5 PR K 3t state

s

FIpF g 0 A 7 prefix-based replay epFiE - §_L H (7R

=1
=k
Py

i

~m)

Bstate P F o+ HiER PRI LATH state P F 0 AR Z Rl 5 o 4 FE

P8
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- state 42 o Y RTHCP BE A £ AW FHOEP > FIL X TR G G
SPEE €3 A L IR ST T RARE poe R - B state SR

B prefix-based replay 2. {5 » AL 4 (Fle & hde (F > Fipens § RPALH 98
*ELHAT > 1* R BT T R ERAPAAEE N kastate pF A AT FEEE
1> #2554 5 Update ¥ #cent 2 3258 RAg iz B ds (T o #700 Aigqdié ‘;‘f E3
PERE AR 2K P}i}ﬂ;«?’%i Kitdo 4 g AP aREE o

2z

3.4 Prefix-Based Replay i #2584 & ¢

-2
¢ L

S

BIAZ P BN, BB D (T AU E TR OELA o 4

Bl 21 #751 o

oce variart: (1} S @ SYi-seqence
&
[ —

(Wretre T o

Loading staie et popped
(Gpeheaney (v Stecment | [ Sem Satzaient | eireprfc
siae replay

0’

menitor

[8.22 Prefix-based replay % & 15 er42. 5% Jin 42
A 1 4vig § - B SYN-sequence i& » & 4 % prefix-based replay spF iz » 24 i ¢ L

# J % e SYN-sequence # & % restore mode £ synchronization events % 474r ) % » 2 1

¥ i3 ¥ prefix-based replay ehpFix » 2§ ¥ 3 replay mode f= monitor mode i
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synchronization events’ i % ¥ 0% ﬁ&&x 2_# reachability testing ,% %42 prefix-based replay
R T - R BE AT g 33 e frE o fovi - restore mode 7
synchronization events » ki F| gt 22 % » 2_ {6 £ ¥ % prefix-based replay =pF iz fj& ¢ i
A @ #rdr e d) K 0 restore mode < synchronization events ¥l & o WL~ B R A

a—

SYN-sequence » #* SYN-sequence #Zo » & 7 ¥ {

W

7% {6 o0 state > £ ¥ 3 race analyzer

@ 3 3¢ ¥ race variants o P b

&

E2w o B A EE R ‘% # restore mode =
synchronization events > — B 4>~ K §_ 02 5 itk ¥ 0 &4 - L@ B w38k
€ MM B - BRI AES (Fraceanalyzer chpFiz o HR B - BT
1% dynamic effective testing(state analyzer) 1> 4[] 22 #1751 > § = i# &3 7SYN-sequence
3 2 % fFeh SYN-sequence hpF i » 245447 § R B o B R AR 2

“Tfc & |1 SYN-sequence #%A_7 = f <1 ¢ i& F reachability testing 45 €} #7 §

synchronization events 1 interleaves R P| » % = B R AL A%

I

i B FAEN ARG &
7R AR A iR A2 57 AL HAET BB 'J‘,f restore mode £ synchronization events

R T B 234G RN S A B F AR 22 2 F (Fea- B m o

public class Demol PrefixBasedReplayl {

public static RaceGraph perform(RaceGraph RaceVariant) {

ReplayEvnts Evntlistl, Evntlist2;
RaceGraph tmpRG = new RaceGraph();
RaceGraph MntrRG = new RaceGraph();

LinkedHashSet<EventNode> MonitorEvntstemp = new
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LinkedHashSet<EventNode>();
RaceVariant.getEvntlist(0);
RaceVariant.getEvntlist(l);

SaveState SS1 = new SaveState(DemolThread.PrcsNum,

Evntlistl

Evntlist2

DemolThread.ShrNum,DemolThread.LocNum);
SaveStateSet SSet = new SaveStateSet();

DemolThreadl ri1
DemolThread2 r2

new DemolThreadl(Evntlistl);
new DemolThread2(Evntlist2);

rl_setShrVarbles(RaceVariant);

r2_setShrVarbles(RaceVariant);

int SynEng0 = O;
for (EventNode EN : RaceVariant.Nodes) {
iT (EN.Mode.equals('restore') && EN.EvnID.PrclID == 0) {
SynEngO++;

for (int i = 0; 1 < SynkEng0O; i++) {
EventNode tmpEvnt = RaceVariant.getEvent(0, i);
RaceVariant._Nodes.remove(RaceVariant.getEvent(0, i));
Evntlistl._popEvnt();
MntrRG.addEvent(0, tmpEvnt_EvnID.EvnSeq, tmpEvnt.RWOP,
tmpEvnt.VarName, tmpEvnt.VarVersion, mpEvnt_Mode,
tmpEvNnt.LOCCTR);

int SynEngl = O;

for (EventNode EN : RaceVariant.Nodes) {
if (EN.Mode.equals(''restore') && EN.EvnID.PrclID == 1) {
SynEngl++;

for (int i = 0; 1 < SynEngl; i++) {
EventNode tmpEvnt = RaceVariant.getEvent(l, i);

RaceVariant._Nodes.remove(RaceVariant.getEvent(l, i));
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Evntlist2.popEvnt();
MntrRG.addEvent(1l, tmpEvnt.EvnlID.EvnSeq, tmpEvnt.RWOP,
tmpEvnt.VarName, tmpEvnt.VarVersion, tmpEvnt.Mode,
tmpEvnt.LOCCTR);

tmpRG.Nodes.addAl I (MonitorEvntstemp);
Thread t1 new Thread(rl);

Thread t2 new Thread(r2);

iT (TRaceVariant.saveState.isEmpty()) {

DemolThread.LastState = RaceVariant.saveState.getState();

tl_start(Q);
t2_start();

while (DemolThread.Finished < DemolThread.PrcsNum)

MntrRG. InvStates = RaceVariant.InvStates.myClone();
MntrRG.Varbles = RaceVariant.Varbles.myClone();

for (int i = 0; i < DemolThread.MonitorEvntsl.size(); i++) {
EvntLog tmpSynEvnt = DemolThread.MonitorEvntsl.get(i);
MNntrRG.addEvent(tmpSynEvnt, 0, i + SynEngO);
it (tmpSynEvnt.RWOP.equals("'W')) {
// tmpSynEvnt.print();
MntrRG.Varbles_addValue(tmpSynEvnt._VarName,
tmpSynEvnt_VarVersion, tmpSynEvnt._VarValue);

for (int i = 0; i < DemolThread.MonitorEvnts2.size(); i++) {
EvntLog tmpSynEvnt = DemolThread.MonitorEvnts2.get(i);
MntrRG.addEvent(tmpSynEvnt, 1, i + SynEngl);
it (tmpSynEvnt_RWOP.equals("'W'")) {
// tmpSynEvnt.print();
MntrRG.Varbles.addValue(tmpSynEvnt.VarName,
tmpSynEvnt._VarVersion, tmpSynEvnt._.VarValue);
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}
SSet.add(DemolThread.saveState 0);

SSet.add(DemolThread.saveState _1);
MntrRG.saveState.add(SS1.Composite(SSet));
iT (RaceVariant.saveState.getState() != null)
MntrRG.saveState.getState() -setState NO(
RaceVariant.saveState.getState() .getState NOQ));

return MntrRG;

].23 Optimization code #2_ prefix-based replay #% ;' 75

3.5 FFkeh¥ (7450

EAEL Y IS AR A ey FARNG G T AT R EREA
2 HREFI FEFEANTG T 3D - BRIV DR AL F R P Bl Bl
G0 A BT 68 9

(1) 2% i LA R B R B+ &

72!\ “\

Best P B AR LG hF - BT AR e R R R B R A e

[N

A 0§ AP g vk Xt gynchronization events PFiE o 3T AGE fok o

restore mode £ synchronization events » ¥ it 736 ¥ % 38 8> & £ BAoimiL

TR R BRI G SR TR B R B T A oD e

\
i

BT i RN A s PR e R A B B R B

store €177 j& > 4 & 4o » Pl state ALG 3 0 YA 2 m Kt hstate P F - R g
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B U

B %

synchronization event Z_

o212 23

FOIFREF o - K

i

o e G o3

A g MR

N pEFe sy A B A KA

B % ficedg (7 hold A

E R I T EA G 7R

[ER

Initial shared variables:

Ilﬂﬂﬁﬂ

a:=0, b:=0;
Initial local variables: i:= 0:

|| Thread1_

reada ; 0 a=21;
1 readb ; 1 b=22;:
2 a=13; 2 read a;
3 i+ 3 read b;
4 b =14,

AN A BHEAFPL TS S BE S FHca b

e 4 1

store state 7> £

0 % 3l

LA f R R (T

4B &

|

sL ¥

> thread0 &% &

% fa enpFiE > 3 P4 line 2 €7 synchronization event i

218 4o T @ 24 o

If{1003 <= State.LocationCounter 8&
Moda.equals{"restora™)}{
1 skip this synchronkzation event

| Entry Protocol ‘

switch | Into monHor
Store state

}

synchronization event

| Exit Protocol ‘

H+;

}

Fl.24 T 4 % fcky £ AL AR E i g
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store state 25 € & ¥ BB RS > BHL T URERLS S BRSSP

store F| ek in > BfEN - B ASePFiE > 4 (T restore state $5 1T 0 4 — B4 B

Fﬂ

#cr 1% restore » 1 §_F 3 ¥ Hech restore ¥ 4 FE3E 3 k- oo v 2B

| 4

B BT HE EE ORE TURRR B T SRS RT R

R
=\e

(23
E=D
)
Y

(2) i BfES cEgT > 5

~=h

TR PR B S BCTRIE S Y AP B AT FF B < enfles s f2
A G ik Blenk]F o AP X R4 5 do while ~ while e for e7F 2 > F1 A = B
THFEV LI g LA P 44 whiie 1 B] k$E 3 o

W B ARN AL G AP B E R T R D AR A R B Bl G oh

* # synchronization event erip= iz > 2 2% £ B3 I frengh 0 g vk o Bl &
Ic3 #{E g2 - -

A 344G » A4 %0 prefix-based replay 0 177 ;% 0 B F A {7 replay
s7pF i > 33 mode & restore £ synchronization events 4 1 k £ F R &/ £
FR(). TR N% B REDIL G RAPE - B RS (U EFREY
B e g b S ATiE oo Bl ) Fl i A PR F replay e0pFiE 0 © U2 F mode
% restore 1 synchronization events » i&# # rARLE VIR #2.;% i® Prefix-base replay
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mﬁ&ﬁéﬁﬁﬂ»ﬁ@aaiﬁﬁﬁao

Ak T e B4 )3 g8 - X prefix-based replay egJE o BT E A

AL B 6] )3

eq.

Initial local variables: i:=0;

Thread0

While(i<2)
{

0 read(a) ;

1 a =12

2 b:=13

3 i++;
}

Initial shared variables: a:=0, b:=0;

0 a=21;
1 b=22;
2 read(b);

+ &} thread0 € §57 = iteratives > § ' ° £ G $ ik Bl b+ pF o> A

- = race variant % i% prefix-based replay 7 ;% kP - ¥ g IS

prefix-based replay 42 5773k 3+ » 4[] 25 ©
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S0[0]={R(a,0),W(a,1),W(b,1),R(a,1)}; SO[0]={W(a,3),W(b,3) )},

S0[1]={W(a,2),W(b,2)}; SO[1]={W(a,2),W(b,2),R(b,2)},
State0 = State1 =
{[1002,2000],(a,12,1),(b,13,1),(i,0,1)} {[1002,2002],(a,2,21),(b,2,22),(i,0,1)}
race variant
ThreadO l___'.[l:lr.eadi_. i ThreadO Thread1
| prefix-based replay>
set i=1; 4

=2 <

18].25 Prefix-based replay #2.§ it B] i)+

LR 2542 A P E LR B 2242 5 cnde % B R B AP @ ~ K — 1% race variant >
4ol P = @78 B race graph 9755% 5 8 € ¢ 7 — 1B state0 > & i¥ 2 prefix-based
replay 2 P¥ > is € #- restore synchronization events 34 ) % > 4@l ? FF7%w B
synchronization events > 2_ {& #% i :i‘%‘u“? "2 B 484 prefix-based replay 1@ i > 4o
T AT 0 AR =2 7R R dterative B AR T e AT R R L - Bdpenie 3o
~ state PN F o )’I* VoL i i t8 prefix-based replay & B R A 0 KiE = A
BeF|i¥ B4 5 h% -  synchronization event # {7 e P 07 o Efd Az W ArAS )
siirestore synchronization events (¥ & » % % = £ ¢ SYN-sequence > 4§ 25 >

218 7% ¢ £ i¥2 race analyzer #L g A 17 i ¢ race variants > K i * 22 i‘uﬁ@ =3

o

reachability testing #2 e% fﬁ—i B P IR T 2 g LI A% o
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i.=2;

Thread1

SO[0]={R(a,0),W(a,1),W(b,1),R(a,1),W(a,3)W(b,3) )}:
SO[1]={W(a,2),W(b,2),R(b,2)};
State1 = {[1002,2002),(a,2,21),(b,2,22),(i,0,1)}

SYN-seguence
ThreadO

f8].25 Prefix-based replay i % {& #73; = &3 SYN-sequence
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4. REE%

A ehg e # Intel(R) Pentium(R) 4 CPU 2.80GHz , 1.00GB 57 RAM -
#rig * eniT %k % Microsoft Window XP Professional Version 2002 Service Pack 3 »
reachability testing Z_* SUN Java SDK1.6.0 13 2 ¢ iferr> #7 * e IDE /i & &_
Eclipse version 3.4 » 4| #* »1 + énfh 5t 2 §8 10 T I (74858 b 5

1. A40* — B i B enb| 3 %5 B i 1 46 9 reachability testing % 5t

Initial shared variables: a:=0, bi=0;
@g.1 eq.2
0 road@a); 0 a=21; Read{a); 0 a=21; 0 Read@; 0 am21;
1 readib) ;1 b=22 ; 1 read (&) ; 1 b=22; 1 read (b} ;. 1 b=22
2 a=13; 2z reada); 2 a=13; 2  reada) 2 a=13; 2 read{a),
3 b=14; 3 raadb). 3 b=14; 3 raad (k] 3 b=14, = rixad (B
4 a = 25, 4 a =25
= o= 28]
&5 e B
(i) m =2 Read{a) . O a:=2M; 0 Read{a) ; O a:=21;
1 mad{b}. 1 b=22 1 raad (b} . 1 bim 22 1 read o) . 1 bo=23
2 a=13 7 reoda); 2 a=1% 2  reada); 2 a=13% 2 read(s)
3 b= 14; 3 read (b, | b= 14: 3 raad (b)) 3 b= 14 3 read (b,
4 B =25 4 a =25 4 o= 25
5 a = 5 a = 75, 5 &= 26
B a=27 g | al=2T 8 a=37
T a =28 7 B =28
8 8= 20
g7 eg.B
[ Threadt |
0 Read(s): 0 wa:=21; M-].. 0  mcmdi:
1 read(); 1 b=22; 1 readd); 1 B:=22:
2 a=13 2 read(a); 2 a=13 2 read{a);
3 b=14 3 read(b) 3 b=14 3 |eadib)
N 4 @m=325
S 2 5 a:=28
= =27, 8 a =27
; :-:if T a = 28;
o a -= 210: - a e 28
a o= 210
10 a:=211;
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MRHERT BT O ke F B FEBI Xrunl~tun 5

eg.1(Optimization) Time Consumed SYN-sequences
runl 2455ms 21
run2 2316ms 21
run3 2514ms 21
run4 2451ms 21
runsS 2453ms 21
eg.1(Original) Time Consumed SYN-sequences
runl 2210ms 21
run2 2015ms 21
run3 2032ms 21
run4 2204ms 21
run5 2201ms 21
25001
20001
15001
10001
5001
. 1 I
Time Consumed Time Consumed
Optimization Code Original Code

Table.1 8 i synchronization events 7§ 2 #cdy & % B
foeq.l AL k| F (AP A 0 T AR PR R v ok 0 (S REEA T 0 BT
LEAS SR T RN S RSt s R T R E R

r2eq.l enb] 3+ & A ek i 8h(base) & #3475 & w % synchronization events >

48



AL g AP AR e PR J’i*u¢ FEP AR A ri*u %_synchronization events

(i

bex o U A 4 i SYN-sequences #c P 1‘%@ Bl d o N fr“fi%‘u— -
synchronization events — ® 4¢ » #7+4c 53 synchronization events & {¥ %% % write » %)
% write synchronization event '* #& ¢ B 33| A B racing i3 » T AT A 2
SYN-sequences #c & ‘b g+ o L ]RTF Y Tﬂ Jipxa o AP € & threadl e (s 1 3
4v— B write synchronization event > ¥ 5 eq.2 » 3 4% ¥ write synchronization
events * T i eq.3 > MK 0 F B HFEBZ X runl~run3 o FiEF K 0 AP

1 Ay e e <

Optimization Original
eq.2 Time Consumed |SYN-sequences | Time Consumed|SYN-sequences
run 1 4313ms 36 5015ms 36
run 2 4213ms 36 4952ms 36
run 3 4165ms 36 5122ms 36
Average 4230ms 36 5030ms 36

25001

20001

15001

10001

5001

L I

Time Consumed Time Consumed
Optimization Code Original Code

Table.2 9 % synchronization events 7§ S #c¥y £ 1%
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Optimization Original
eq.3 Time Consumed |SYN-sequences | Time Consumed |[SYN-sequences
run 1 6345ms 51 7500ms 51
run 2 6231ms 51 7432ms 51
run 3 6421ms 51 7612ms 51
Average 6332ms 51 7515ms 51
25001
20001
15001
10001
1
Time Consumed Time Consumed
Optimization Code Original Code
Table.3 10 i synchronization events e7§ 5 #icdx £ % B
Optimization Original
eq.4 Time Consumed |[SYN-sequences |Time Consumed|SYN-sequences
run 1 9063ms 68 10218ms 68
run 2 9125ms 68 10122ms 68
run 3 8093ms 68 10321ms 68
Average 8760ms 68 10220ms 68
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20001
15001
10001
5001 -
1 -
Time Consumed
Optimization Code

Time Consumed

Original Code

Table.4 11 i synchronization events 7§ % #icdy £ ik §]

Optimization Original
eq.5 Time Consumed |SYN-sequences | Time Consumed |SYN-sequences
run 1 11593ms 87 13154ms 87
run 2 11647ms 87 13453ms 87
run 3 11741ms 87 13233ms 87
Average 11660ms 87 13280ms 87

EEEE

Time Consumed

Optimization Code

Time Consumed

Original Code

Table.5 12 i synchronization events 7§ 5 #cdy £ % B
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Optimization Original
eq.6 Time Consumed |SYN-sequences | Time Consumed |[SYN-sequences
run 1 13752ms 108 17015ms 108
run 2 13121ms 108 16987ms 108
run 3 13400ms 108 17125ms 108
Average 13424ms 108 17042ms 108
25001
20001
15001
10001 -
5001
1
Time Consumed Time Consumed
Optimization Code Original Code
Table.6 13 # synchronization events 1§ % #cg & % B
Optimization Original
eq.7 Time Consumed |[SYN-sequences |Time Consumed |[SYN-sequences
run 1 16265ms 131 21626ms 131
run 2 15991ms 131 21345ms 131
run 3 16120ms 131 22100ms 131
Average 16125ms 131 21690ms 131
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20001
15001
10001
5001
1
Time Consumed Time Consumed
Optimization Code Original Code

Table.7 14 # synchronization events 7§ S iy & % [

Optimization Original
eq.8 Time Consumed |SYN-sequences |Time Consumed |[SYN-sequences
run 1 19672ms 156 25938ms 156
run 2 19113ms 156 26078ms 156
run 3 19875ms 156 25797ms 156
Average 19553ms 156 25938ms 156

15001 -
10001 -
SO01 -
1 -

Time Consumed

Optimization Code

Time Consumed

Original Code

Table.8 15 # synchronization events 7§ S #icy & 1% B
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Synchronization Optimization Original
SYN-sequences ) )
events Time Consumed | Time Consumed
eq.1 8 21 2469ms 2025ms
eq.2 9 32 4230ms 5030ms
eq.3 10 45 6332ms 7515ms
eq.4 11 60 8760ms 10220ms
eq.5 12 77 11660ms 13280ms
eq.6 13 96 13424ms 17042ms
eq.7 14 117 16125ms 21690ms
eq.8 15 140 19553ms 25938ms
30000
25000
20000
N Optimization Code
. W Original Code
5000 -
o -
8 9 10 11 12 13 14 15

Table.9 i 4 synchronization events »x iy + i ]

AN PR KRS R

N

4= k23| table 9 4 47 (%P & % synchronization event

BPp A7 5 9B o d FREYT g N optimization code ¢ SRR Tk B

iy 7o AP A SYN-sequences 7% & 2

“m\\

' % tablel0 24 i & d F BT

f2i8a A A 4 36 1t e SYN-sequences e i > € B 4P AR e 2

54



F 5o AN AT B &3 8RR 4etablelO o
30000
25000 /
20000 /
-
”~
/ -
15000 g = = QOptimizationCode
- — Original Code
”~
10000 Faai
-
~
. -
5000 /-
o T T T T T T T 1
21 36 51 68 & 108 131 156
Table.10 SYN-sequences #c & ¥ 52xic %

2. i Bk IR

eq.9
Initial shared variables: a:=0, b:=0;

Thread0

While(i<loopcount) 0
{ 1
0 read(a) ; 2
1 read(b) ; 3
2 a=13;
3 b =14,
4 [++
}

Initial local variables: i:= 0, loopcount = n;

Thread1

a=21;
b=22;
read(a);
read(b);
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Loopcount ¥ % — e Bl#p »d A 1 ﬁi%] > 2 §a 2 i A thread0 42 & #7 & §& B ik
K FIAPRIGETCE > AP F % n=1~2> & n=3 pFiF > i ke T

BB ooxa ch & 3 oA A m&z Ebolngl 32 & B+ $08 7T = run I~run S

Optimization Original
Time Time
loop(n=1) SYN-sequences SYN-sequences
Consumed Consumed
run 1 2750ms 21 2437 ms 23
run 2 2735 ms 21 2547 ms 22
run 3 2600 ms 21 2564 ms 21
run 4 2455 ms 21 2522 ms 21
run 5 2734 ms 21 3062 ms 21
Average 2655 ms 21 2626 ms 22
Optimization Original
Time Time
loop(n=2) SYN-sequences SYN-sequences
Consumed Consumed
run 1 12115ms 79 11958ms 78
run 2 12046 ms 76 14843 ms 79
run 3 12144 ms 79 12328ms 78
run 4 12211 ms 80 13266ms 80
run 5 12031 ms 78 12343ms 79
Average 12103 ms 78 12948 ms 79
Time Time
loop(n=3) SYN-sequences SYN-sequences
Consumed Consumed
run 1 23328ms 129 25016ms 139
run 2 24313ms 132 24547ms 138
run 3 24063 ms 134 25101ms 140
run 4 23110ms 139 24987ms 137
run 5 24547Tms 137 24555ms 136
Average 23872 ms 134 24841ms 138
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= = Opltimization Code
= Original Code

/7

SEERRR

loop{n-1) loop{n=2) loop{n=3)

Table.11 Loop &+ e 5 #icdy %
3. Peterson’s Algorithm
A T E kA 2]A G 0 L]+ 2 - > k3§ reachability testing & st

AN k] 4o Tl

Eq-10
Initial shared variables: trun:=0, flag0:=0,flagl:=0;
0 flag0:=1; 0 flag1:=1,
1 turn:=1; 1 turn:=0;
dof dof
read(flagt); 2 read(flag0);
read(turn); 3 read(turn);
Jwhile(flag1==1&& while(flag0==1&&
turn!=0) turn!=1)
C.S. C.S.
4 flag0:=0; 4 flag1:=0;
RS RS.

A PRI - BT AL R € 5 I I synchronization events ¢ program counter 0

-

fe 1 &7 write synchronization events » f- do while i Bl4Z 6 % B read
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synchronization events > F] z i&® B & % f#c & 4 (T X7 (7 > 9702 ¢ L T3]
Prids (5 3242 F 7 Ac € 7 busy waiting ek i 0 35 B R AEV a )1* ¢ i 4 dynamic
effective testing 2 ¥4 47> 2 #7 B ;3 c78_optimization code v original code 4 iz

BAES LT B ORI IR R el AT

Optimization Original Code

Code
Peterson's | Time Consumed |[SYN-sequences| Time Consumed [SYN-sequences
run 1 1563ms 5 1203ms 4
run 2 1594ms 5 1265ms 4
run 3 1414ms 4 1375ms 4
run 4 1594ms 5 1401ms 5
run 5 1875ms 5 1234ms 4
Average 1608ms 5 1296ms 4

Table.12 Peterson’s Algorithm ]+ 7§ % #icdy %
<P Bg ¥ > F] L o prefix-base replay fr race analyzsis ¥ & 3 5 if state analysis ¢
A g IR e B b AT A 4 59 SYN-sequences § Vb b — BLATIU LR
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