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Abstract

With the continuous development of Internet technology, Web applications for
distinct usages are constantly appearing. Web applications appear to be widely used in
many industries and highly complex which brings various challenges to its test work
and the innovation of test technology. It makes high threshold and high cost that using
Selenium to implement automated testing. For the purpose of reducing the testing cost,

it is relatively necessary to research the Web application automatic test method.

According to the characteristics of Web application testing, report generation ser-
vice implements the Web application automation test process based on the monitoring
of test execution, including the generation of test results and the display of test reports,
software quality assessment reports. The service provides clear and easy-to-use test re-
ports.The service is consist of four modules, divided by function, including execution
engine monitoring, automatic test case generation, test report and software quality as-
sessment report. The system obtains and records related parameters through monitoring
the entire execution process of Web application test execution engine. The single-page
analysis service is invoked utilizing the recorded logs, paths and other information,
and then the final test report is generated, so is the software quality assessment report.
Meanwhile, Web automatic testing cases based on Selenium are generated for the pur-
pose of facilitating the reproduction of each single-page and vulnerability test process,
using the recorded operating procedures, execution paths and other information.In or-
der to ensure the efficiency and stability in the development process, the mainstream
framework is adopted in terms of technical implementation. Spring Boot and jQuery
are respectively adopted as the server-end framework and the front-end framework.

In addition, for the purpose of ensuring the stability and performance of the system,

ii



RabbitMQ is employed as the message middleware and Redis is utilized as the system
cache. Report generation service is a part of Web application automatic test system.
The system implents an easy-to-use automated testing process using users’ simple con-

figuration.

For the characteristics of widely use and high complexity of Web applications,
this thesis selects 50 representative websites from nine different industries to experi-
ment on and evaluate report generation service. The experiment shows that the service
can provide distinct and easy-to-use test reports. Report generation service monitors
the execution process of the three browsers of the execution service, and generates a
test report that includes the method of vulnerabilities reproduction. The success rate
of the test script generated by report generation service reaches 99.8%, the recurrence
rate of existing vulnerabilities reached 89.4%, and the accuracy rate of vulnerabilities
classification reached 97.5%. The experiment also finds that using scripts to reproduce
vulnerabilities is nearly three times more efficient than manually reproducing vulner-
abilities. Currently, the service has been integrated on the Mooctest platform and is
running well, providing testers with good Web application automation report genera-

tion services.

Keywords: Web Application Testing, Automation, Test Report, Test Case
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2.1 Spring Boot
2.1.1 Spring Boot f&ji&

Spring Boot J& H Pivotal IFA H 2013 #EHF & FFiE AR 42 1 21 4 B IR AE
o, HaRIFER RN T fife Spring I H O FFL. IS TRIERE AR,
N1 BT R N RN T AR Spring SEMEARLECE [39]. AL, W JLAF
Spring Boot L4488 Spring il Tl F a2 Wl Java JT & HEZR o
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A, RRIGDEZE R A Hik, Spring Boot 2y Spring -5 AR 2 55 = J7 <
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B, ERME T RN S EENBEIIIEE, LIRS . &5
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INFEIR AR SS Beke ki it B C I H . 17 Spring Boot 7% Spring Cloud %73
MRSSHELL, HAR B YRR AR E T IR 55 2849 il 55 T i 119 [40]

2.1.2 {#H Spring Boot Rt

ATCHIBTREE ) R GU i AR 55 208, Hor R 2L e bt XRS5
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2.2 Crawljax
2.2.1 Crawljax f&ji&

Crawljax ;2 — P JFJRHY T Web 7 H AL IR HY T . Crawljax
i Java 1B 5P, 18 R ARIRBN RGBS 5 | SRR Z AT 2 T JavaSripit [
Ajax Web [V JFEF [41] Crawljax REAS2E izhASH DOM RZS, LA DOM IRZS
IR AR (E1R 5 Web B FHRE P ROERET . Crawljax (i R EEUIESEE

2.2.2 Crawljax Plugin

%< 2.1: Crawljax Plugin

Ok filh 2 I 1) ISAiE5 =y
PreCrawlingPlugin FEHN#L URL 22 1 BEANE S URL 15,
B AR E & AR A oK
B R,
OnNewsStatePlugin L HHPRS B A B IE | ZREEE M 57 DOM 1 i 45
W5
OnUrlLoadPlugin LLEY URL ghngkalEd ®E | HEEWRS
HimEE
OnRevisitStatePlugin | 4—/MRZASH HHT5 ) ST
PreStateCrawlingPlugin | £ 1H7 PR A ICHLHT AR TCR
PostCrawlingPlugin TR G AR A 1 B i AR
K

Crawljax Plugin /2 Crawljax HYIhREY &, {# [ Crawljax Plugin A] LAZ & Cra-
jlax PR . 362141248 T Crawljax Plugin f#2125, 2445 PreCrawlingPlu-
gin. OnNewStatePlugin. PostCrawlingPlugin. OnUrlLoadPlugin. OnRevisitStatePlu-
gin. PreStateCrawlingPlugin, Z£T3iX4E Plugin, R4 Al LIRS TIT 4 o

EAR ARG, FETRE WS, 5] Crawljax Plugin # PreCrawling-
Plugin. OnNewStatePlugin UL & PostCrawlingPlugin =/~ %} R 48 ik 73
FEHTISAE, 2 nlSEIR A e TR e il = RS e 5

2.3 RabbitMQ

2.3.1 RabbitMQ f&if

RabbitMQ 274 Rabbit B4+ G RATIT %, FAE 2013 £1E =i~ GoPivotal
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SR AV R R A R — BT R AR PR [42]. 5 2 1 [AH
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& IH B o RabbitMQ 37 £ 2 Fi e /E 24, U1 Linux. Windows. MacOS. FreeBSD.
TRU64 %,

FE4# FH RabbitMQ FydFEHT, EEAfHH AT API X% 145 ConnectionFactory.
Connection., Channel, FLrP 1~ T HE s . 7 BT — 4 Tl 4 I AR o
ConnectionFactory 26l & Connection [ T.) , = 314 — YLl {5 E. . Connection
& RabbitMQ HY Socket #5524, E4% 1 socket Wl #5538 4. Channel 23
BRI S 5, B4 45 E L Queue 1 Exchange. ZFETHEIS] &
A5 545, HrH) Queue 1 Exchange i RabbitMQ HH) 122N FEXI 5 . Queue /2
HEFN AR, AT AE6EIHE . RabbitMQ Hfir A HYIH EHAA# /2 Queue H1, IH
BEAFE S IEEAE E] Queue H, TMHEEHE 2 M Queue HHEREUHE, 24
JEXTH B TIH R
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FE 5 , Exchange T 23E 3 T Queue Z [AJFYTH E 2L 5277 2 5 HI 11 Exchange
B HA fanout. direct. topic. header IXJUF{, fanout 27 Exchange, £=4%
DU EFFRH B & 2 A 9824 fanout Exchange B[ Queue, == TP
M HE. direct B Exchange, Z340H E % & | ABLE routing key 5% 4 VLT
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2.3.2  {EH RabbitMQ HI{f#
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V0, RabbitMQ #i A% AL X I ER L
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2.4 Redis
2.4.1 Redis @it
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2.5 Selenium
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2.6 jQuery
2.6.1 jQuery ik
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Projectinfo
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GenerateTestService
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SeleniumScriptFactory

JavaSeleniumScript
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List<TestNode>,String):SeleniumScript A

—fileName:String

—bucketName:String
—dependencies:List<ScriptCommand>
—classStart:List<ScriptCommand>
—classEnd:List<ScriptCommand>
—parameters:List<ScriptCommand>
—before:List<ScriptCommand>
—after:List<ScriptCommand>
—test:List<ScriptCommand>

o

JavaHookUtils

+declareDependencies():List<ScriptCommand>
+declareParameters():List<ScriptCommand>
+before(String):List<ScriptCommand>
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—exportList(List<ScriptCommand>):List<String>
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AcceptanceScoreService < CompatibilityCalculator
+analyseAcceptanceScore(MTWebTask):ScoreModel +aveCompatibilityModel(String, List<String>):void
AutoTestingController TestEnvironmentRepository
/’/ +findByTaskldAndPartitionld(String,String)
+getJobResult(String):Result<TaskResultVO> K TestEnvironmentRO
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’ .
1 / StateVertexRepository TestEnvironmentRO
J/ ’ -
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MTWebTaskService /.- :List<TestStateRO> +partitionld:String
+findByCelerySessionld(String):MTWebTask DS +browserName:Str|ng
ANRRN +platform:String
: \\ SN EventListRepository
!, \ +findByTaskldAndPartitionld(String,String)
- \\ :TestEventlListRO
PerformanceModelRepository \
\
\ StabilityModelRepository
TestEventListRO
ScoreModel +taskld:String+partitionld:String
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+compatibilityModel:CompatibilityModel ComplexityModel +name:String
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+totalScore:Double
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@0verride
public void preCrawling(CrawljaxConfiguration config)
throws RuntimeException {

//HERSIRIAIRedis Key

String partitionConfigName = String.format("%s_%s_config",
configModel.getTaskId(), configModel.getPartitionId());

//BRBEARREEER

BrowserConfigurationModel configurationModel =
configModel.getBrowserConfig();

TestEnvironment environment = new TestEnvironment();

environment.setBrowserName(configurationModel.getBrowserType().getName(
));
environment.setBrowserVersion(configurationModel.getVersion() !=
null ? configurationModel.getVersion() : "ANY");
environment.setPlatform(configurationModel.getPlatform() != null ?
configurationModel.getPlatform().name() : Platform.ANY.name());
//RedisTEfE¥RIE
jedis.set(partitionConfigName, JSON.toJSONString(environment));
if (config.getMaximumRuntime() != @) {
jedis.pexpire(partitionConfigName, config.getMaximumRuntime() =*
5);
} else {
jedis.pexpire(partitionConfigName, TimeUnit.DAYS.toMillis(1));

A 4.1 ARBOASE R E S SR

W@4Wﬁwﬁwmmmmwmm%\ﬁﬂ%ﬂ AL T i 2 B A
PRUBSCRI Y 3 A8 B A SRR BB R . R4l PartionInitPlugin /2 SEHAKE AL
E%@%ﬁ@o
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PartionInitPlugin 2488 SCF Crawljax Plugin 7' PreCrawlingPlugin £%[], &
ST AR R AG AR A 4580 PreCrawlingPlugin 5 fEPRAT 512 56 N Ui a4
BIiatl . In#As Web B FH URL (21, fili& preCrawling J7V25 o 30 U 5 24
ERCER B B4 5e K, 18id CrawljaxConfiguration ZREUN b g PRI C E A
ER BrowserConfigurationModel X542, M IMAREN U g8 PRI AL B (5 B FRIE
Wi B A5 B EAE W a ds AR VG2 MO LA S BRAE R G 26 o A 56 Il W e PRI
PeEEIENG, # 53,13 Redis Key #1HHE A A0 M7 ) Key £74 2] Redis
GeAT R
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@0verride
public void onNewState(CrawlerContext context, StateVertex newState) {
CrawljaxConfiguration config = context.getConfig();
String redisKey = String.format("%s_%s_%s", this.task,
this.partition, newState.getName());

if
(config.getBrowserConfig().getBrowserType().equals(EmbeddedBrowser.Bro
wserType.REMOTE)) {
DesiredCapabilities capabilities =
config.getRemoteWebDriverCapabilities();
if (!capabilities.getBrowserName().equals(BrowserType.CHROME))
{

this.sendRabbitmq(redisKey);
return;
}
} else {
if (!
config.getBrowserConfig().getBrowserType().equals(EmbeddedBrowser.Brow
serType.CHROME)) {
this.sendRabbitmq(redisKey);
return;

}

LogEntries performancelLogs =
context.getBrowser().getWebDriver().manage().logs().get("performance")

this.savePerformancelLogs(redisKey, performancelLogs, config);
this.sendRabbitmq(redisKey);

141 4.2: FRIBN b e 1 RE H AR
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BA T TH RPIR A5 EARBUEL G 0 VE a1t BB H B3R Y d H R B LA A A T
HEFREL, &%t SaveLogPlugin. SaveConsolePlugin f] SaveScreenshotPlugin
I DT RS R EL . IX = AN EHSLEL T OnNewStatePlugin #2[1, fEH#T5]
R IMIFRZOFT Y DUEDRASEY . 0612 RS S BRI 55 AE o

SaveLogPlugin 5L 7 YE At e H B ZREUW DI RE , 55 AR SE Bt (&1 4.2 fly
7No SaveLogPlugin i i1 CrawlerContext | SCXTFAREARAT 5] 2 1 g ) e
WebDriver JRZfX %, $A 5 i#it WebDriver SK 21X} 52 AR BUMNZL 24 1 Yo &5 DL
[ performance AU Hko BT HA T3 |22 2 Fh BRI A Y ) WE s PR A )
i, AU Chrome BRI FHI T 5] 83t T HEGREL, Ar LAEARE H B 2 B 151
AT AR YEEHERE AR JE . 2 33,131 Redis Key T4
() Key 7 2] Redis 22 (7430 FH

private void saveScreenshot(EmbeddedBrowser browser, String name,
StateVertex vertex, CrawljaxConfiguration config) {
LOG.debug("Saving screenshot for state {}", name);
ByteArrayOutputStream out = new ByteArrayOutputStream();
try {
BufferedImage screenshot =
browser.getScreenShotAsBufferedImage(500);
ImagelO.write(screenshot, "png", out);

// BlEPutObjectRequestiis,

String path = objectName+name+".png";

PutObjectRequest putObjectRequest = new
PutObjectRequest (bucketName, path, new
ByteArrayInputStream(out.toByteArray()));

ossClient.putObject(putObjectRequest);

//REFBRESIredis

String url = "http://" + bucketName + ".oss-cn-
shanghai.aliyuncs.com/" + path;

String rediskKey = taskId + "_" + partitionId + "_" + name +
" screenshot";

jedis.set(redisKey, url);

if (config.getMaximumRuntime() != @) {
jedis.pexpire(redisKey, config.getMaximumRuntime() * 5);
} else {

jedis.pexpire(redisKey, TimeUnit.DAYS.toMillis(1));

} catch (CrawljaxException | WebDriverException | IOException e) {
LOG.warn("Screenshots are not supported or not functioning for
{}. Exception message: {}",browser, e.getMessage());
LOG.debug("Screenshot not made because {}", e.getMessage(),
e);

4] 4.3: ZRIPAT T A CRS
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SaveConsolePlugin 5 {5 FH 2 ALLHY J7 ¥4 SEBL YE A H AR BRI, AEARELAT
7 EEh ] e WebDriver IR % 5, ZKEL browser 25 Hik . 78 HE3REL
ZEiE, fEiEE] Redis HHo

Un1El4. 37 2 SaveScreenshotPlugin 2R AL SLEL, REEMITIZIE L
AT SR EUFI 7 4i »  SaveScreenshotPlugin 25 CrawlerContext |~
X GARBIATE IR 5, P8 getScreenShotAsBufferedImage J5 %%k
SN [ DU PRSI ARIBGER [ 5 44 6] #2469 ByteArrayOutputStream X 52 7
fif %] OSS Hh, FI4152 ) OSS FEHzihE 7 2] Redis 24755

//SaveConsolePlugin
private void saveBrowserLogs(String redisKey, LogEntries
browserLogs, CrawljaxConfiguration config) {
redisKey = String.format("%s_browserlog", redisKey);
List<String> logEntryJsons = new LinkedList<>();
Iterator<LogEntry> it = browserlLogs.iterator();
while (it.hasNext()) {
LogEntry entry = it.next();
try {
logEntryJsons.add(JSON. toJSONString(entry));
} catch (Exception e) {
LOG.error(e.getMessage(), e);
}
}

try {
jedis.set(redisKey.getBytes(StandardCharsets.UTF_8),

CompressUtils. compress(JSON. toJSONString(logEntryJsons).getBytes(S
tandardCharsets.UTF_8), 9));
if (config.getMaximumRuntime() != 8) {

jedis.pexpire(redisKey.getBytes(StandardCharsets.UTF_8),
config.getMaximumRuntime() % 5);
} else {

jedis.pexpire(redisKey.getBytes(StandardCharsets.UTF_8), (int)
TimeUnit.DAYS.toMillis(1));
}
} catch (Exception e) {
LOG.error(e.getMessage(), e);
}

}

//SavelLogplugin
private void sendRabbitmq(String rediskey) {
try {
channel.basicPublish("", RabbitmqUtils.QUEUE_A,
MessageProperties.PERSISTENT _TEXT_PLAIN, rediskey.getBytes());

4 4.4: Redis [ RabbitMQ =z H.ALAD
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BT R ASE EAREUS (7 (A Redis A1 2 H ] £F RabbitMQ = HL 15k
IanE4.4. BDUHDRAE BRI 75 | IS s id e R B s e . 28
f7# %) Redis HH,  DASE 5 e BRI o (8 Redis fEAg &t #H,

BT H & B K S5 Redis 2 LT, 22| RFEMMERE, HRZE
) CompressUtils £54# H 4 T H R H R (F B 145 . CompressUTtils fif
H java.util.zip BS54 HEEEESE S, ] Jedis APL A4 E3E /7% %] Redis
e HTRTASEEL T OnNewStatePlugin A2 10T 5 | 245 (A28 DURMR AR HH 3R
I PR A 7 07 B TR A T 5 | N7, oy AR SR A 75 1 2 481 Savel-
ogPlugin ZEH1i/t{T5 RabbitMQ 52 H.. 177 {154 SaveLogPlugin 2i}t1 T
LHHF, ARG B E & 287 2] Redis 1. SaveLogPlugin (i)
RabbitmqUtils HiE LAY FR DU AT YA S, &0k MR A B 5 il B0t a4 o
TSR] LAFF G B UL 38 )V 55 AR A TH S

4.1.3 MEIRIITIREFRELSEE

4.5 7~ TestPathPlugin FY#3CAS L, FEEIR T M CrawlerCon-
text b ION G AR IS 125 R 715 AL A Tz 2R il 1 A2 S A4
TG ERERS A 5 HERBYEARZE LA Redis 5 H.. A& TestPathPlugin /2
SERMN A T B R EL o

TestPathPlugin j# i s3] Crawljax Plugin H' OnNewStatePlugin A2, k2L
IREHTHY DT R A B S5 o U7 5B R IR 2B B TUHDIRZS S, TestPath-
Plugin 145 40 AR B DU AMR AR AT ES A2 AL 5512 45 . TestPathPlugin ji it
P3iA] CrawlerContext = F SO G AR B4 75 [ Mt i I, S8 Je ity
)32 [l 2 21528 Y Jiy DUAPIRAS I BE A28 o AEZREA T RO LB 2 it A, H
T DT RNK B TR A AT REAEAE IR Z AR AT 12, AEE N T IRIERS 12 Y
ME—E, TestPathPlugin fEZREUGNA T B AR AT AR AT, M A 1 Hade 15 5 i 1
2, OREE B sh I AR S o B AE B B AT 5 | TR B 484
Ftio MEF— Eventable #/EAT B TALHE, $RIUARUE EARFEAENIXER 2T
2K TestNode H1. Eventable 4% — RA N AIRAE TUE DI AN Ul B
VEo XITHNERAE, {51 Java JALER, FH81E#45 ) FormInputModel (%1 5% . H
i PR IR A D R A AR T LA ) TestNode SErf. R4 RN 12 TestNode
FISR)E . % HH5E3.13Redis Key #iH#8A4E i Key £7i# %) Redis 227208 %
Redis {7fif HY LB 5 _ESCHHY SaveLogPlugin 1L
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@Override
public void onNewState(CrawlerContext context, StateVertex newState)
{
StateFlowGraph graph = context.getSession().getStateFlowGraph();
ImmutableList<Eventable> path =
graph.getShortestPath(graph.getInitialState(),newState);
List<TestNode> testPath = new ArrayList<>();
for (Eventable event: path){
List<FormInputModel> formInputModels =
event.getRelatedFormInputs()
.stream()
.map(e—>{

FormInputModel formInputModel = new FormInputModel();
formInputModel.setIdentification(e.getIdentification());
formInputModel.setInputType(e.getType());
formInputModel.setInputValues(e.getInputValues());
return

b
.collect(Collect

formInputModel;

ors.tolList());

TestNode testNode = new
TestNode(event.getSourceStateVertex().getName(),
event.getSourceStateVertex().getUrl(),
event.getTargetStateVertex().getName(),
event.getTargetStateVertex().getUrl(),
event.getEventType().toString(),
event.getIdentification().getHow().toString(),
event.getIdentification().getValue(),

formInputModels,
event.getRelatedFrame());
testPath.add(testNode);
}
String redisKey = String.format("%s_%s_%s_testpath”, this.task,
this.partition, newState.getName());
this.saveTestPath(redisKey, testPath, context.getConfig());
}

A 4.5: RGP T i A2 A A

4.1.4 MEXRIEEFRELSEE

MR FE E ZRHGHE - SaveGraphPlugin 25 5L 3] Crawljax Plugin H1 PostCrawl-
ingPlugin #2152 JHAT51 5 5E 4T /5, SaveGraphPlugin 246 2,
1T 1 EERZSIF AR BN R FE ] o TestPathPlugin j# i 5[] CrawlSession X%

ARPIFTS

Serp LR R 5, 4 B AR SRR A5 35 1 R R e

fepF, 15 i3.13Redis Key IR ALY Key £7# 2] Redis 22 7400 %
PR ARAF i SIS SO AR RIS B A s DUEPIR AT R R A HRES
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T RS TUHGEEA] DOM SCRY, ATPE SRR R PR 5 X i, LAt
JE SRR T B P o

3t

4.2 AR S ERLH

AR 8 = Mt S AR A 3T, M A e A% B D s K
e AR LR A S AR BUR IR =l G5 . AN R Rk g =l
I ke NS

421 BRERESHIRFE

SRS HINFE J

AnalysisListener | ISingIeAnaIysisService || PartitionService | | GenerateTestService | I ReportService

: getSingleState

AnalysisList()
return
getPartitionConfig()
>
return
¢ - =
generateScript()
: >
< return
saveReport()
>
return
e ——— e —————————

4] 4.6: FTTIALAR S04 W ]

FA TR AT U 1 a0 4.6 T 7 o 1Z2 3 R =5 B2 60 55 B LIRS N Y 4
Mo BRI o DB AR S AEPAT S AR R, I HPT5 2 s
P 5E IR DUADIRAS IO (5 2R B2 )5 . AnalysisListener 252310 %)] RabbitMQ 17+
I R PR A A HVH IR, TG R DUADRAS /0 i A .- AnalysisListener 22>
P8 A SingleAnalysis ZEH#2 1LY getSingleState AnalysisList 7y 2R B EE 01 ] A9 B 3
FREAEE, RAFZEI B IUAMREME EXS R, #4511 PartitionService 24241y
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getPartitionConfig J7 AR 4 1 DUIH Y PRS2, 90 2 B 00 RS BT S
W, SERCER DU B S R AT AR e SRS FTRAEE R B A il S Ak I ], A
H GenerateTestService ZE#2fiL[Y generateScript 4= 5% H LML 4 5, 2RIV
B B B0 1) OSS SUHFEG 12, AFAH R LI RS E EXN R . fE4E
WSE R TR (5 BT RIR 2 ReportService 2HEHY saveReport 773
W 2E B DT AT F 45 SR A 2] Redis A

4.2.2 BTUERKESHTER

@RabbitHandler
@RabbitListener(queues = RabbitmqConfig.QUEUE_A)
public void process(String stateKey) {
...... //performancelLoglList&#IiAft, stateKeyFighiE
byte[] performanceLogCompress =
byteRedisTemplate.opsForValue().get(stateKey + Common.PERFORMANCELOG);
if (Objects.nonNull(performanceLogCompress)) {
try {
performanceLogList.addA1l1(JSON.parseArray(new
String(CompressUtils.uncompress(performanceLogCompress),
StandardCharsets.UTF_8), String.class)); //MBEHEAZAEN
} catch (Exception e) {
LOG.error(e.getMessage(), e);

...... // AR eEEEbrowserLoglist, MiXigREtestPath, HEHE
screenshotPathf93REX

StateParam stateParam = new StateParam();

...... //stateParamz T 28 Mat .. WETRE

List<StateVulnerability> currentStateVulnerability =
singleAnalysisService.getSingleStateAnalysisList(stateParam);

currentStateVulnerability =
partitionService.getPartitionConfig(stateKey, currentStateVulnerability);

currentStateVulnerability =
generateTestService.generateScript(stateKey,testPath,currentStatevulnerab
ility);

reportService.saveReport(stateKey, currentStateVulnerability,
testPath, screenshotPath);

...... /1 F BRI AT M PR B IR B P AR

& 4.7: AnalysisListener 251 F 23S

BADUADRAS AT AR 8 1, 32284 AnalysisListener 25 process Jj K
FEN, HER AN 4. 778« process J7 % {d 1] Spring HH[) RabbitMQ #
KRR RE B BT 4T A S TEE BT, T8 B R B TR S
process J7 1525 MBA B HIE 2% B U PR A A MG 2, RGBT o0 i AR e
Bl B AL NI SHL stateKey FRFAT, ZREUZ TUAPIRZASAH K 915 EAT
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fif 7£ Redis HH Y Key . #2245 , 4 Key [HARBUHERAE ., FHOURR T HEREH &R
IREUTTIE: , Hoph s EID AR a5 H s MR TS 72 BRI B RE g 72 . il Key
REVEAEREHEEE, A5 CompressUtils T 5 X AR B3 T i
J, BB HEX R SRR B DU 3 A7 50 (7 (# 21 StateParam Xf R, J7
A BRI A, SingleAnalysisService Z5[ getSingleState AnalysisList
JTESBCY BT TUEDIRAS I A 45 5241158, PartitionService 2 getPartitionConfig
FERBCY BT DL EDIR S e g il B (5 5., GenerateTestService 5[y generateScript
JTEAREA T2 Y 57 DUHDIRAS Y B sl . 55, 8 FH ReportService 2
[ saveReport J73%, 14 4 H7 M2 BRA764 2] Redis £76f 1, DAL 2GR 54
JECAE o

423 MR HERITFE

i 452525 A )

ReportListenner | | ReportService |

——  crea teReport() —
—————————————

return

Webreport Projectinfo |

ge nerateReport(] —— —_

merge()

| VulStatistics |

. merge()
: Ll
return return
e A e e
return - - - - === =1

4] 4.8: MR A A Oy 4]
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W3t 2 2 A RS R P e P 4.8 i v o I3l 4 45 AR i AR P T AL RS
PRYRE R AR, AR & o G A LA R 5 1 A2 e DU 28 im i 32
SLE L IH 2% RabbitMQ HHHYTH B R FEAT I Mo 25— AR S5 /e 2 A )i
ReportListener 2421 >k H RabbitMQ 5 2 AF H#T ta i fie A i vH R, A
J ReportService ZH2 It createReport /75 , WIAG M & ARG 2, A%
Redis 1o 347512 58 il E55 )5 . ReportListener 282U F K | RabbitMQ
THEBAF H A A5 B 9E R . 1 ReportService ZEHE L[ gererateReport
Jitk, AR . generateReport /71523 M Redis HHAR BRI IA A0 I A £
DL B TUEMR A AT 255, 4 FHZRHE) WebReport X521 merge J71%, 4 H
DU AT 5 RN EZ 0 G2 . WebReport X 52 2= 1 H] H & i A 2% 1 ProjectInfo
LA VulStatistics X521 merge J5i% . 5o Gl A 42 i TA%

ReportListener 1+ 38151 [F] ) WebReport X152 J5 , 218 1 1 F§ MTWebTaskSer-
vice UL A& MTWebTaskRepository H1Xf b [ save J7¥2%, - HAR/FAE MongoDB #{
P FEHRON R ) MTWebTask SCRGG G, DA AR 5 ool 55 (6 H

4.2.4 MR EHEREI]

@RabbitHandler
@RabbitListener(queues = RabbitmqConfig.QUEUE_LIFETIME)
public void resolveTaskMessage(String message){
TaskCommand taskCommand = JSONObject.parseObject(message,
TaskCommand.class) ;
if (taskCommand.getStatus() == TaskCommand.TaskStatus.START){
reportService.createReport(taskCommand.getTaskId());
}else {
WebReport webReport =
reportService.generateReport(taskCommand.getTaskId());

MTWebTask mtWebTask =

mtWebTaskService. findByTaskId(taskCommand.getTaskId());
mtWebTask.setReport(webReport);
mtWebTask.setStatus(CeleryStatus.FINISHED);
ScoreModel scoreModel =

acceptanceScoreService.analyseAcceptanceScore(mtWebTask);
mtWebTask.setScoreModel(scoreModel);
mtWebTask.setUpdatedAt (new Date());
mtWebTaskService.save(mtWebTask) ;

] 4.9: ReportListener 251 FH SZELAC AL

W E4.9 71 /2 ReportListener 2 HA {1539 H SLEACAS . FERIRZIOTT
2% resolveTaskMessage , 271 T J5 PRy — 28 2y A FE . resolveTaskMessage /712
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7 —> TaskCommand EEf4EN a2 XI5, H A1 TaskStatus J& RN TIXH(E
ERHRY, taskld B IR X4 TH B MG AT 55 9% 5o 183 ] 8 TaskStatus
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public void createReport(String taskId) {
MTWebTask task = mtWebTaskService.findByTaskId(taskId);
WebReport webReport = new WebReport();
ProjectInfo initProjectInfo = new ProjectInfo();
initProjectInfo.setStartTime(LocalDateTime.now());
initProjectInfo.setProjectName(task.getUrl());
initProjectInfo.setUserName(task.getUser());
webReport.setProjectInfo(initProjectInfo);
redisTemplate.opsForValue().set(taskId, webReport);

}

public WebReport generateReport(String taskId) {
JSONObject webReportJson = (JSONObject)
redisTemplate.opsForValue().get(taskId);
WebReport webReport = webReportJson.toJavaObject(WebReport.class);
String taskVulnerabilitylList = taskId + Common.VULNERABILITY;

List<StateVulnerability> stateVulnerabilities =
Objects.requireNonNull(redisTemplate.opsForList()
.range(taskVulnerabilityList, @, -1))
.stream()
.flatMap(i — {
if (i instanceof JSONArray) {
return ((JSONArray)
i).toJavalList(StateVulnerability.class).stream();
} else {
return Stream.of(((JSONObject)
i).toJavaObject(StateVulnerability.class));

}
})
.collect(Collectors.tolist());

return webReport;

4] 4.10: ReportService M iz & A il AR 75 SL A

&4 107~ Y 42 ReportService 2l A2 A S A 75 B9 SE LA, 14
HIAWE T 58 SEEL DA N, T Ab R, £ 45 createReport. generateReport -1 77156
createReport J5 12 BT M A AR hadte , 88 e A\ A I AE 55 25 A e rh
R RAFE, RS XL(F BRI 1L 2] WebReport X5 H, 5 i ffi AT 55 2
54 Key, ¥4 ) WebReport X% (7% £ Redis 1, generateReport 717 157
ARG AR m M B A e BB 55 2R 5 AR B da A O A 2, 94
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JRIEE e B I Redis Key ZRBUZ NS5 Y BAITHIMAT455R , B JRoR T
BREEFIZRAIAL LTS, (6 Java iALERAS Redis FHAYEGE L0 AR B S ST G2 o
HEAMAXSMIRAE 55 R ORI TEE T o 5ca { FHARBU 5 200 . WebReport
XTRAY merge J77%, ADSE AN S XS RAR A o

//VulStatistics
public void merge(List<StateVulnerability> vulnerabilitylList) {
vulnerabilitylList = vulnerabilitylList
.stream()
filter((StateVulnerability s)-
>5.getBugDetaillist() != null )
.collect(Collectors.toList());
this.categoryStat = Stream.concat(
vulnerabilitylList
.stream()
.flatMap(i —> i.getBugDetaillist().stream())
.collect(Collectors.groupingBy(BugDetail: :getCategory,
Collectors.counting()))
.entrySet()
.stream()
.maple — {
StatisticsNode node = new StatisticsNode();
node. setName(e.getKey());
node. setValue(e.getValue().intValue());
return node;
}), this.categoryStat.stream())
.collect(Collectors.groupingBy(StatisticsNode: :getName,
Collectors.summingInt(StatisticsNode::getValue)))
.entrySet()
.stream()
.maple —> {
StatisticsNode node = new StatisticsNode();
node.setName(e.getKey());
node.setValue(e.getValue());
return node;

}).collect(Collectors.tolist());//Shpa2EBIAaSETT

this.riskLevelStat =...... // BRFBRBIR0LEIT
this.platformStat = ...... /BT RWMRENSIT
}
//ProjectInfo
public void merge(int bugCount, long stateCount) {
}

& 4.11: WebReport 4 5 SEELAAY

WIE4. 11 7R E /& WebReport X5 {14 i SEI, WebReport [ merge 77753
BAFER G B GTT MEAES A E RSB LA BEE TR A ko BRIG (S
EHISETT & VulStatistics JSHY merge JiiASCBl, AUFEERIGRAIRISR T BRIE
FAIGE T LAGE T B IR ST B (URR TEfE SRR S py s, &
NG A AEGRIG Y TUAPIR ZS A M 9 T RS I h L BR . SRJ5 6 Java i
A EE TR S I P B SRR TEEEL, ISP A IBREE R, LA 24
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ARFEERT, ARSI TIN R DURPRASE SREEE . SRia 53R 19 & pl il
H Java List F ¢ T H 73R 5030,

4.2.5 MERIRHRERIGFE

TR AR A R 7 I T 11 4.1 21 7 o 24 Web 1 FH 18 34 I 28 20 i it ey 2
e BN A, 281 AutoTestingController AL 1Bl . AutoTest-
ingController 251 A Service 2 MTWebTaskService 252 LAY findByCelery-
Sessionld J7i%. % , MTWebTaskService 2521 H 5145 2 1) MT WebTaskReposi-
tory 2ty findByCelerySessionld Jj 1237 ] MongoDB £4fz AR U b7 Y 1K
IR

Wit IRES BTN J

AutoTestingController | | MTWebTaskService | | MTWebTaskRepository

—
findByCelerySessionld()

[
|

|ﬁndByCeIerySessionId()‘ ’

return

return

Bl 4.12: PR & s I 1]

4.2.6 MiXIRHRRILI

DR A s Bl A A S 0 R 1) 38 o LA RBR B A% s =407
RN, 2 RIRE R T 88 =B ARG TR EE ML R G AR MR
PR AR BRIE PERIX = 1

DA e T 4. 13 s, DT B2 o2 R st 2 O AR
B AR URLY $23C P @I IR SRR s b AT RS 22
R A B BRI o AR 70 2 B oA I 7 A B A A 12 LA R 3ot 2 155 DL
ST DUA AR @ A S T RITHE R, @i P03 SR DL gk
B IR = FE A A B SR EE BEA T Se i o AR o Ve S i 2 H Y
T NIt RO BEAARE S, P R AT SR _ERTIA AT
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MOOCTEST Webz AR R &

MR EEsI=

ARAREE
RIFURL BERAF $RET 18] FER(DH) IRASE RBAEL
http://jw.nju.edu.cn 2020R02H25 10:23:30 38 100 208
AR

Fassk ERBAZERY ERBELRAI

JSHEEHR

N ;
—winoows AR

W0 ssxnaiR W EENSRAYR JSIEEHIR
@B wiNDows a045% - - ey

B 4.13: JHR s N

R BE 41 25 e SHET QAL 4. 14T 7R o 1% DU TA] =5 B J s I3 2 B A B A R
JoRHAE S BT IRAS &4 BRI, BREAZN. SRIERSE. P, T
T B3R A 7O A AT Bk e R e i b, R DA R B SR SR 23 LA
NERNER GO Jrn I BRIG EAT 00, 7 (8 - R B HOQ DY BPe - %00
R B o S S S R e A OREG, P AT LA B s S I e
— Gk B Dbk BRI G2 O BREE 41 35 g s S o

MOOCTEST WebRz R R &

|OMEDR EERSIR

BRIERR WINDOWS
[ECESS) i ES
i RBELRA SERRE

I RS TRPERE ERPALR BRIERS MR ERPEIEE
; index JSERIEHIR i WINDOWS chrome g
: statet BRMERIB WINDOWS chrome 1
statel ZURIMELRI WINDOWS chrome P
stated BRIERY WINDOWS chrome I
state4 ZHRIMFEL WINDOWS chrome P
: state6 JSKEIHIR 2y WINDOWS chrome 5
| state? BRIERY WINDOWS chrome e
state? BRIMERB WINDOWS chrome P
state9 BRMERB WINDOWS chrome 1
state9 ZURMELI WINDOWS chrome P
state14 BRIERY WINDOWS chrome I
state14 ZRMERI WINDOWS chrome #E

A 4.14: BRfE SR IR U
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R BE A7 JE 7 LTI A (&1 4. LS FIT7s o 32 DT ] =5 2290 0 R A AR o BN SO
BT o BRFEMEIA T RN ) e AR R, HA ER B SR BhE FrE
DU B PATIZ DU AR RGE LA N as o BREE R SCES IR 1k
B R AR5 S LA RSP T B3 R B BT 8 DT A 3R A AP 3R BRI P TR (5 5 B A ik
B & AR RO ICA T SR BT AE A TR S I T EESR2 HAT R DUEDRAS 44 T
FATUTETHS F /7 7 B DUEDIRAS 44~ 1P R DAL P LRGP H R B ER R IRR
TN Web 7 FHIAAT 2 5 177 DUECIR AT A PRI T P8R, Al LA %44
A PRE EAEN AP BIZE . AEBREE TN DU R At~ BE BB B
SN B 4, AP o] AT 28 sl ok 2 D% B .

REWE

Bugifiid
Bug3) TIERE RERG R

BRMEBEM https://jw.nju.edu.cn/main.htm WINDOWS chrome

Bug LFX

‘header )/ DIV[1/DIVITYDIVITVDIVIIVALTT")

Keyword), B[ EvnLVPFG']

AETLH(By: "xpath, Value: *//DIVI@id = 'wp_news_w11'VDIV[1YDIVISVA[TT")

BETH: Tt

K 4.15: B FE 1 R S

4.3 Btk AHERIERSCI

4.3.1 Bzt ) & BRI E

B B I3 A5 A A Bk 32 B ) Ml 55 e P A2 e 3o 0 A 2 B R B D TR S
ST RS BV, ARIEIA T 5 | 2 I I A R R B 0 Ve 2 B B A SR A T B 1215
B SR 1. AR sk B S I A8 R A e PR I P 4 1 4. 16 s o

MR LA B B S At 1) A Bl e ph A4 25 B Y- Anal-
ysisListener i . AnalysisListener i i H 2046 MR 25 A il P i Gener-

ateTestService ZEHE (LY generateScript 7775, A2l B Zh A Il I - A2 21 FL 0T
M HEZ . GenerateTestService 25£x i [ SeleniumScriptFactory T.) 2R
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getSeleniumScript 7%, ZRHUMH M HY SeleniumScript X752, R & H1HY JavaSe-
leniumScript X7 % o

BEnt i AEIE R ERIAFEE J
AnalysisListener | | GenerateTestService |
H .
— X — | SeleniumScriptFactory || JavaSeleniumScript |
generateSoript(} T T JavaFlisUtils
- iumSeriptl) ) JavaSeleniumScript() )
—_—b generateFileName(|
= L
return
b = == = = = = ]
JavaHookUtils
generateHooks
[E————
return
- - —————
| JavaCommandUtils | | JavalLocationUtils |
H H
qenera(eCummanc‘ I getlocation
return
retun | = mmm————
return - —————— T
t [ B 3
P T —— H :
—_ . .
exportToFilel)
=
return
return e m o _—
d--======- - :
— i H

4 4.16: A=k H S IS B0

SeleniumScriptFactory il £ JavaSeleniumScript XT 5 Fij , <M g A B9 Ve g
e B A5 2 LA AR T 425 )2 JavaSeleniumScript X5 A SHIE K%, Hl
A ) AR G R H i) iE R A SE K. JavaSeleniumSecript FY A48 BR £50E 1 1
F JavaFlieUtils. JavaHookUtils. JavaCommandUtils #2404 7724 ik B sh 4 it
FAE G & 2H B 43 - W JavaFileUtils £24L[1) generateFileName 4 jif; Java 2
44 - i H] JavaHookUltils 11 declareDependencies. declareParameters. before. after
J3 56 18 B skt R E A Y Ak, HoHR before TR AR N TN R A BT
BRL, FREUH N 30 5 785K 5 WebDriver #H5¢4¢H5 . # F JavaCommandUtils
PEBEBIANRI Y Selenium 74 AE 71, AR H sh LI Bl Selenium 74>
4o fE4E)Y Selenium iy At FEH, {# ] JavaLocationUtils #2970 & E LT
B, SERM T T ZE WebElement [ 5E {7 o
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//GenerateTestService
public List<StateVulnerability> generateScript(String stateName,
List<TestNode> testPath, List<StateVulnerability> vulnerabilities){

if (vulnerabilities == null || vulnerabilities.size() == @) {
return vulnerabilities;
} else {

SeleniumScriptFactory seleniumScriptFactory = new
SeleniumScriptFactory();
vulnerabilities.stream().forEach(e —> {
String driverType = e.getEnvironment().getBrowserName();
SeleniumScript seleniumScript =
seleniumScriptFactory.getSeleniumScript(“java", stateName, testPath,
driverType);
String ossPath = seleniumScript.exportToFile();
e.setSelenium0SSLink(ossPath);
3

System.out.println(vulnerabilities);
return vulnerabilities;

}

//SeleniumScriptFactory
public SeleniumScript getSeleniumScript(String type, String stateName,
List<TestNode> testPath, String driverType){
SeleniumScript seleniumScript = null;
switch (type) {
case "java'":
seleniumScript = new JavaSeleniumScript(stateName, testPath,
driverType);
break;

return seleniumScript;

P 4.17: i P12 AR A

W3 9 A AR AR A SE B2 AnalysisListener 251 H 21 281542 [FIH A 72
FE ARG SZ I E4.17F 7, 335 GenerateTestService 271 SeleniumScript-
Factory 5, AL A IRAEAZ MRS .

generateScript /7% /& GenerateTestService 252 AL R IR SR, 1#nE
B NIRTS A TR PATESARAE BNPRASBRIA 13, 1R Bl B 3400 51 1) SR e 7]
Fo IR NAPIRSERFE FIFE %S, generateSeript Jj ko HFER A WSS,
JIEAL ] Java AT i PR AERFE B, X R RSB P A 1 B 3046t
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Hl. generateScript /1A #1%EE SeleniumScriptFactory Z5H1HY getSeleniumScript J7
2, R A2 804 5 SeleniumScript 22X % . SeleniumScript 24 7 5 H
H SR 15 OSS S, F3& IR OSS 45421 exportToFile 773, A2 il 4
SCHRI OSS HEFES IR {EZ: seleniumOSSLink J& k.

SeleniumScriptFactory ZEHLAREN B sh46 3 FH 51 %7 542 getSeleniumScript J7
o M BAE SRR L) 5 iR B RIE S 1Y H sl . 3%
JIRIE AR AR S AR, B HA 2 E0R AN E B B sh kil 4
XIRFEMHETTTE, RO RTES 1Y B s il A AxT 5.

433 THZESH

Ak P49 LK 1 5 L LR 19 SeleniumSeript 2K 1) 52 5L A7
PRS2 T A9 528 JavaSeleniumSeript 2103550 SEHLAN 4. 18777, 4%
FI3 B HOR generateTest 77k, 44WG T FHTALEEEL A CRD

public JavaSeleniumScript(String stateName, List<TestNode> testPath,
String driverType){

this.fileName = JavaFileUtils.generateFileName(tmp[2]);

this.bucketName = tmp[0]+tmp[1];

this.dependencies = JavaHookUtils.declareDependencies();

this.classStart = Stream.of(new ScriptCommand(@, "public class " +
stateName + "Test {")

).collect(Collectors.toList());

this.classEnd = Stream.of(new ScriptCommand(0, "}")

).collect(Collectors.toList());

this.parameters = JavaHookUtils.declareParameters();

this.before = JavaHookUtils.before(driverType);

this.after = JavaHookUtils.after();

this.test = generateTest(testPath);

] 4.18: S 1 2B iR A

JavaSeleniumScript S5 52 7 Java [H S0 H B H ) 46 40 LLAZ & fE A
Java B bl 14 JavaSeleniumSeript 240053 95 | B SRR SRE5R.
FKSH FREN KM LU Selenium 741 HE57

5| 7 B 2 dependencies fF Java Selenium 3 H #1573 2 import 5 A\ 1Y
£, {#i [ JavaHookUtils T. EL 2SR 4L[Y declareDependencies J7 4 i 16
classStart 125455 classEnd, A4 AR SO H Y 2 75 B DA SRARS 45 o) 5 1Y
ZESF . FSHL parameters J245 Java Selenium B[ % G128 =, 345 Web-
Driver. JavascriptExecutor, {#ifH JavaHookUtils T EH.2%#2{IL[ declareParameters
JIEAE . RGN before ;2 XT Java Selenium JSH k5142 e FEATHI 4010, 181
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#i N\ driverType #5410/ H 2RI WebDriver, fii H JavaHookUtils T H. S {ik
[ before J7¥EA . FEK M after Z 4R Selenium 17 5 HUIEREC A ER S, K]
Webdriver, {#i | JavaHookUtils T . EZ5F2 LR after 74 ik

Selenium 774> test {53 & A B4 M BI04, 5T generateTest /5
REHAN AL, WE4197R o AR E LAY Y 5 TestNode 2, Selenium 74>
TG =R R AR S AEAAD Y SLEUR G iframe DI AT AN T2
df4 o iframe P28 15 5 A Y)Y iframe Y id, {§ ] JavaCommandUtils
T HERME switchToframe J7VEA . TR A& —E S ST AR
HIHHE, FirLA TestNode FIREGIS T 2 M4, (] Java JAb B /7 = B
NS, ] JavaCommandUtils T HISHf— R 54w N\ iy &7
Bl generateTest J7yk{#i H Java [ A 777, 3RH JavaCommandUtils 25X
%R, W TTEATRAARNE AL AERTTE, ARG, Ml
click f{1 hover, it TestNode [ EventType Sz if1# A JavaCommandUtils T . H2%
YT e 3 IMEIE R ECEARE I AN BPIRAS B FR, AR T SO0 OSS S0 &
41 Bucket 44 o

private List<ScriptCommand> generateTest(List<TestNode> testPath) {
if (Objects.nonNull(testPath) && !testPath.isEmpty()) {
Class CommandUtilsClazz =
Class.forName("edu.nju.ise.analysis.utils.generate.JavaCommandUtils");
for (TestNode e : testPath) {
if (Objects.nonNull(e.getRelatedFrame()) && !
e.getRelatedFrame().equals("")) {

commands.add(JavaCommandUtils.switchToframe(e.getRelatedFrame()));

if (Objects.nonNull(e.getRelatedFormInputs()) && !
e.getRelatedFormInputs().isEmpty()) {
for (FormInputModel input:e.getRelatedFormInputs()){
commands.addAll( (List<ScriptCommand>)CommandUtilsClazz.getMethod("input" +
input.getInputType().toString().toLowerCase(), FormInputModel.class)
.invoke(null, input));
}

}
commands.add((ScriptCommand)
CommandUtilsClazz.getMethod(e.getEventType(), TestNode.class)
.invoke(null, e));

K 4.19: Selenium 742 A CAS

JavaSeleniumScript 252 H T ScriptCommand 2%, 1ZZ5{74% Selenium |z
WL B —1TARS, HE I EL 4. statement H] level, statement (7 515 2.,
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public class JavaCommandUtils {
private static Class locationUtilsClazz;

static {
locationUtilsClazz =
Class.forName("edu.nju.ise.analysis.utils.generate.JavalLocationUtils");
}
private static String getlLocation(String how, String value){
String location = (String)
locationUtilsClazz.getMethod("locationBy" + how,
String.class).invoke(null, value);
return location;
}

public static List<ScriptCommand> inputselect(FormInputModel input){
List<ScriptCommand> result = new ArraylList<>();
String location =
getLocation(input.getIdentification().getHow().toString().toLowerCase(),
input.getIdentification().getValue());
String statement = "WebElement dropdown = driver.findElement(" +
location + ");";
result.add(new ScriptCommand(2, “driver.findElement(" + location +
"))

result.add(new ScriptCommand(2, "{"));
result.add(new ScriptCommand(3, statement));

Iterator<InputValue> iterator = input.getInputValues().iterator();
String sendValue = "";
if (iterator.hasNext()) {

sendValue = iterator.next().getValue();

1
location = "By.xpath(\"//option[. = '" + sendValue + "'J\")";
statement = "dropdown.findElement(" + location + ").click();";

result.add(new ScriptCommand(3, statement));

result.add(new ScriptCommand(2, "}"));
return result;

& 4.20: JavaCommandUtils T HJ5SZHA RS

TN ACASAE il T B 24 il 20 4E JavaFileUtils. JavaHookUtils. JavaComman-
dUtils L} JavaLocationUtils, JavaFileUtils. JavaHookUtils T. 525331155 Se-
lenium 3 HFH Y —LE5 SRS B4 R9EHE . JavaCommandUtils. Javal-
ocationUtils T H.25 F E 1 55 B AT HL I SE B

JavaCommandUtils T. B 25 {30 o3 SCIACAE an [&14. 207 R flros, fUR R T 3REL
TCERATGERLHY getLocation J5 ik LA K —Fh AL B A\ fiy & Y inputselect J715 . get-
Loation J7 ¥ E 2 1) Java [z 5T41LEIE A JavaLocationUtils T E2H|— R4 HY
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public class JavalocationUtils {
public static String locationByxpath(String value){
return "By.xpath(\""+ value +"\")";
}

public static String locationByname(String value)<{
return "By.name(\""+ value +"\")";
}

public static String locationByid(String value){
return "By.id(\""+ value +"\")";

& 4.21: JavaLocationUtils T H25 5L FIARS

JavaLocationUtils T. E 590 S B an &4 .21 i, JavaCommandU-
tils HHfY getLocation J5 i1 J5 ik 415 RIXEETT R E N T, XL )T IR 4R H
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K 2 & (ffE Linux lidsds 1 &, Windows IR%54x 1 &)
B R Linux filf45%%: Ubuntu 16.04.6 LTS
Windows JiIf 4545 : Windows Server 2016
CPU Intel(R) Xeon(R) Platinum 8163 CPU @ 2.50GHz
WAF 16GB
b 10M
Linux IR 5528 :

OpenJDK 64-Bit Server VM
(build 25.232-b09, mixed mode)

JVM
Windows Hi 55 %5 :
Java HotSpot(TM) 64-Bit Server VM
(build 25.231-b11, mixed mode)
Redis 3.0.6 i ] 6379
RabbitMQ 3.8.2 FFifc [ 5672
MongoDB 4.2.2 FFio ] 27017
Selenium 3.141.59
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