Ncnonb3oBaHMe KOMMNOHEHTHbIX
TEXHONOIMN NPU pPa3paboTKe TecToB

B. RynamuH

MHCTUTYT CUCTEMHOTO
nporpammunpoBaHmna PAH



ba3oBble NOHATUA

TecTupoBaHMe — NpoOBePKa KOPPEKTHOCTHU
(cooTBeTCTBMA TpEebOBaAHUAM) NOBEAEHUA CUCTEMbI HA
OCHOBe HabtoaeHMA 3a ee peasbHOU paboTon B
KOHEeYHOM Habope 3apaHee onpeaeneHHbIX CUTyauni

Tectnpyemasn cucrema (System under Test, SUT)

TecToBbIM BapPUAHT — NPOrpamMmma Mauv npoueaypa,
HaUeNeHHasa Ha co3aaHue cneundmnyeckom cMTyaumm B
paboTe TeCTUpyemMon CUCTEMbI U NPOBEPKY
KOPPEKTHOCTU ee NoBeAeHMNA B 3TON CUTYaLUK

TecToBbIM HABOP — rpynna TECTOBbIX BAPUAHTOB,
npeaHa3Ha4YeHHaA ANA OUEHKU pAaaa aCNeKTOB KAayecTBa
TECTUPYEMOMN CUCTEMbI UM €€ YaCTU



RaK YCTpOeHO TeCTUpoBaHue

Bo3aencreyem Ha TECTUPYEMYIO
cucTemy

Habntonaem 3a ee peakuueu

[TpoBepsem, TaKoBa 1M OHA, KaK
AONX}HA bbITb (B COOTBETCTBUU C
TpeboBaHMAMM)

[loBTOpAEem, NOKa He ucyepnaem
BCe CyLW,eCTBeHHO pa3/InyHble
cuTyauumu




334341 TeCTUPOBaAHUA

e HanTu oWnMbKU

° OLI,eHI/ITb KayeCTBO CUCTEMDbI MO PA3HbIM
dClNeKTam

* KOHTpOAMpOBaATb Pa3BUTUE CUCTEMDI



3aaa4m pa3paboTKu TecTos |

OnpeaennTb BarkKHble AN1A OUEHKU Ka4ecTBa CUCTEMDI
XapPaKTEPUCTUKM CUTYyaLUN B ee paboTe

OnpeaennTb KPUTEPUU KOPPEKTHOCTU PABOTbI CUCTEMDI

OnpenennTtb KPUTEPUUN AO0CTAaTOYHOCTU Habopa
CUTYALUN ANA OLEHKN HYXKHbIX XapaKTEPUCTUK
(KpuTEPMM NONHOTDI)

OnpeaennTb CTPYKTYPY U COCTaB TECTOBbIX OTYETOB

OnpeaennTb CTPYKTYpY Habopa TecTtos, yaobHyto Ans
ero Mcrnoab3oBaHMA N AanbHeNLero pa3BnTUs



3aaa4m pa3paboTku TecTtos |

 CobCcTBEHHO, CAeNaTb TECTbI C Y4ETOM
NPUHATbIX peLleHnmn

— MpnaymaTtb U peannsoBaTtb HAOOP CUTYaLUN,
yYA0B/ETBOPAIOLLNNA KPUTEPUAM NOJHOTbI

— B KaxKaoM cuTyaumm onmcatb COOTBETCTBYIOLLLYIO
npoueaypy NpoBepKN KOPPEKTHOCTM NOBeAeHUS
CUCTEMDI

— ObecneynTb NOCTPOEHME HY}KHbIX OTYETOB
— OpraHun30BaTb TECTbI B 3aaHHYIO CTPYKTYPY



KOMMNOHEeHTHblIe TeEXHONOInu

KOMMNOHEeHTbI

aTOMapHble 3/1eMeHTbl COOPKU CUCTEMD

NPoOrpaMmMHbIE MOAYIUN —
obnagatoT YeTKO onpeaeneHHbIM MHTEPPENCOM U
B3aMMOJENCTBYIOT TO/IbKO Yepes Hero

3aMmeHAeMbl be3 nepekoMmnuaaunum n nepecbopKu
— nmerT bHapHoe npeacTtaBneHune

PAbOTalOT B paMKax HEKOTOPOU MHPPACTPYKTYPbI
— KOMMNOHEHTHOM cpeabl



«ObblYHbIE» MHCTPYMEHTbI TECTUPOBAHUSA

* Yacto UCMNONIb3YHOT cneu,mcbmqecme A3bIKU U HOTaUNU

* CTpyaom pacwmpaemsl

— Ob6bI4HO MHTEPDENC ANA PACLUMPEHUNIN OYEHDb Y30K UMK
OTCYTCTBYET

— Moppepxnsaetca GUKCUPOBAHHDBIN HAOOP TEXHUK U
NOMNONHUTb €ro HEBO3MOKHO UIN OYEeHb TPYAHO

e CTpyaom BKAOYAKOTCA B «HEMNOATOTOB/IEHHbIN» NpoLecc
pPa3paboTKK
— PaborTatoT U30/1IMPOBAHHO NN TOJZIBKO C TEMU

MHCTPYMEHTaMM, /17 KOTOPbIX pa3paboTymkm
npeaycMoTPEeNN HEKOTOPYH MHTErpaLuto
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KoMMNoOHEeHTbI U pa3paboTKa TeCToB

* KOMNOHEHTHas opraHmn3aumna aenaeT TeECTOBbIN
Habop ynobHee

— MPW 3KCN/IyaTaumm
(BbIGOP M BbINOSHEHUE HYXKHOTO MOAMHOMXKECTBA
TecToB)

— NP Pas3BUTUM
(MoanduKauma TectoB, HE3aBUCMMAA UM B CBA3MU C
Pa3BUTUEM TECTUPYEMOW CUCTEMDI)

* OHa TaKXe agenaet 6onee NPOCTON UMHTErPaLUIO

CpeacTB TECTUPOBAHUA C APYTMMUN MHCTPYMEHTAMMU



MoaynbHoe TecTupoBaHue

 MoaynbHoe TectupoBaHue (Unit Testing) —
npoBepKa PpaboTbl HEKOTOPOro KycKa Koaa
CUcCTembl B naonadumm ot BCero oCtaJibHoOro

* Unit — MMHUMANBbHBIN KOMOUANPYEMbBIN KYCOK KOAa
— Mpoueaypa/dyHKUMA — KNACC — KOMMNOHEHT

* Kputepumn nonHOTbI — NOKPbITUE CTPYKTYPbI KOAa
(MHCTPYKUMI, BETBEW, ...)



[lepBble MHCTpYMeHTbI XUnit

e SUnit [Kent Beck, 1994]

— aBTOMATM3aLUMA BbINOJIHEHMNA MOAYNbHbIX
TectoB Ha Smalltalk

— http://sunit.sourceforge.net/
e JUnit [Kent Beck, Erich Gamma, 1998]

— TO e, AnAa Java

— http://junit.org/
— Test Driven Development
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OcHoBHble peweHna xUnit

CTpYyKTypa TeCTOBOIO BapMaHTa

— WMHuumanmsauma, yctaHoOBKa (setup)

— BbinonHeHune (exercise)
— [poBepkKa (verify)

— ®unHanmsaumsa, cHoc (teardown)

Nepapxma TectoB

— TecToBble BapMaHTbl — METOAbI C UMEeHamM test™ **

— TecToBble KNaccol (BKAOYAKOT MeToAbl, HacneaytoT TestCase)
— TecToBble Habopbl (BKAtOYaOT Apyrne Habopbl 1 Knacchl)

Bubnnorteka metogos assert*** nna oueHKM KOPPEKTHOCTU

ObLuime ycTaHOBKA M CHOC B BUAE METOA0B
setUp() n tearDown()



[lopnmep TecTupyemoro Ksacca

public class Account ({
public Account (double initBalance) { ... }

public void activate() { ... }

public void inactivate() { ... }
public double getBalance() { ... }
public int deposit (double sum) { ... }
public int withdraw(double sum) { ... }

public final static int SUCCESS

07
public final static int INACTIVE ACCOUNT = 1;
public final static int INVALID OPERATION = 2;



[lpumep TecTa B JUnIt

TecToBbIW KNnacc
import junit.framework.*; 4(r———————_——________———”"——_—

public class AccountDepositTest extends TestCase ({

Account account; < Object under Test
public void setUp () { account = new Account(0.0); account.activate(); }
public void testSuccessfulDeposit () { O6|.|.||aﬂ YCTQHOBKa

double value = 1568.9; \
int result = account.deposit (value);

TecTtoBble meToAbl

assertEquals (result, Account.SUCCESS) ;
assertEquals (value, account.getBalance());

}

public void testInactiveAccountDeposit ()
account.inactivate () ;| <€

YcTaHOBKa
int result = account.deposit(1.0); \\\\\\\
assertEquals (result, Account.INACTIVE ACCOUNT)
assertEquals (0.0, account.getBalance()); []pOBepKM

}
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[Mpumep TectoBoro Habopa B JUnit

TecTtoBbIN Habop

import junit.framework.*;

?ublic class AllTests extends TestSuite Ha3BaHme|4a6opa

public static Test suite()
{

TestSuite suite = new TestSuite ("Account Tests");
TecToBble Knacchbl

suite.addTestSuite (AccountDepositTest.class);

suite.addTestSuite (InactiveAccountTest.class);
suite.addTest (AnotherSuite.suite () ) ;<€ Bnc»Keruﬂﬁ|4a6op

return suite;



O6pa3ubl NnpoekTupoBaHusa B JUnit

Command

Template Method

TestHes ult

Test

runf TestReaul

Composite:Component

~

TestCase

Collecting Parameter

run({TestResult)
runTes)
setlipf]
tearDown|)

fMNa e

T

runTest()

TestSuite

run{TestResult)
addlestTest)

Composite: Leaf
Pluggable Selector

Composite

flests
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ANTOPUTM BbINOJIHEHUA TECTOB

dnemeHTbl Habopa CNoKUTb B CNUCOK tests
Ana KaXpaoro snemeHTa m3 tests
Ecnam 310 Habop
[1o6aBUTb €ro asiemeHTbl B KoHel, tests
Ecan 3710 TecToBbIN KNacc
Bbiaenntb TectoBble meToabl (MMeHa HayMHatoTcA Ha test)
[na Ka)XAaoro BblAeIeHHOro MeToaa
Co34aTb HOBbIWM OOBEKT AAaHHOro TECTOBOrO K/1acca
BbinonHUTL Ans 310ro ob6bekTa setUp()
BbINOAHUTL A5 3TOro 06 bEKTa AaHHbIM METOS,
Ecan BbiNaso UCKAOYEHUE, 3aHECTUN ero B OWKnOKuU
BbinonHuTb tearDown()



[padunyeckaa obonoyka JUnit

El JUnit

SE=[*

Junit

Test class name:

|mnems |v|| . || Run |

Reload classes every run

Ju

¢ [ AccountDepositTest

i testSuccessfulDepasit

% testOveriowDeposit

i testOverdrafDeposit

i testinactiveAccountDeposit
¢ [ InactiveAccauntTest

i testinactiveDeposit

¥ testinactivelithdraw

i testhctivate

| X Failures l A& Test Hierarchy |

junitframewoark.AssedionFailedErrar expected:=3= hutwas.=1=

at AccountDepositTesttestOveflowDepasitiAccountDepositTest java: 32

at sun.reflect MativeMethodAccessarlimplinvokeiMative Method)

at sun.reflect. NativeMethodAccessarlmplinvakeMativeMethodAccessarlmpl java: 39)

at sun.reflect.DelegatingmethodAccessorlmplimokelDelegatinghethodAccessorlmpl java 257

1]

| ¥

|Finished: 0,031 seconds

Runs: 77 X Errors: 0 X Failures: 1
Results:
] Account Tests Run
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MeToabl assert

fail ( String message )

assertTrue ( String message, boolean expression )
assertNotNull ( String message, Object object )

assertEquals ( String message, Object expected, Object actual )
assertSame  ( String message, Object expected, Object actual )



[locTonHCTBa 1 Npobaembl

OyeHb NPOCTON MHCTPYMEHT
— Jlerko pacwunpaeTca A4ononHNTeIbHbIMM KOMMNOHEHTAMMU
— Jlerko BCTpanBaeTca B Apyrme MHCTPYMEHTbI U UX LENOYKHU

[MpocTaa n ynobHaa opraHM3aumns TeCcToB
— J1erko nononHATb TeCTOBbIN HAabop
— J10CTaTOYHO NErKo BblAENNTb HYXKHOE NOAMHOXECTBO

OaHaKo B 6onbLnx Habopax
— MHoro TectoB MOTYT OTZIMHATbCA NUb HE3HAYUTE/IBHO

— [1nAa ogHOro metoaa B pa3HbIX CUTYaLMAX MHOTUE
npoBepKn moryT aybamposaTtbcA

— N3meHeHuna B SUT (MHTepdenc n GyHKUUKU) BAEKYT
MHOroobpasHble M3MeHEeHMS B TeCTaX («XPYynKne» TecThbl)



Pa3sButne nHcTtpymeHToB xUnit

HeCKONbKO COTEeH MHCTPYMEHTOB
— AUnit, Check, FUnit, NUnit, PyUnit, Test::Unit, ...
Bonbwon Habop obpa3uos

Moaynun ana otaenbHbIX 3a4a4

— [nAa cneundumnyeckmnx obnacren
e dbUnit ( http://www.dbunit.org )
* httpUnit ( http://www.httpunit.org)

— HarnagHaa n 0606LeHHaA 3anmncb NPOBEPOK
— OpraHusaumsa 3arnywek

HoBble BO3SMOXHOCTU cpesn

— TestNG ( =2 JUnit 4.x)

PaclumpeHuns ana TecTMpoBaHUA Ha OCHOBE Moaenen



[lpoBEepKU Ha «eCTeCTBEHHOM A3blKe»

Behavior Driven Development [Dan North, 2003]

* |WlabnoH npeacraBneHmna TpeboBaHUM
— Given <HekoTopoe cocToAaHne> ...
— When <HekoTopoe cobbiTne> ...
— Then <4710 AOJ/1KHO I'IpOI/I3OI7ITI/1 N KaKOBO NTOroBoe COCToAHUe> ...
* WHCTpYMeEHTHI
— JBehave, NSpecify, RSpec, ...

* BbubanoTekn «HarnAaHOro» onncaHua TpebosaHUM

specify { robot.moveForward() }.Must.Not.Throw()

Specify.That( max(x, y) )
Must.Be.Not.LessThan (x) .And.Must.Be.Not.LessThan (y) .
And.Must.Either.Equal (x) .Or.Equal (y) ;
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TecToBble 3arnyLwKu

* 3arnywkKu (stubs, test doubles) 3ameHstoT
KOMMOHEHTbI, OT KOTOpPbIX 3aBUCUT SUT

* Knaccndukauma B coobuwectse xUnit

— Dummy Object — HecywlecTBeEHHOE 3HAYEeHUE NapameTpa
Bbi3blBaemoro metoaa SUT

— OcTanbHble — 06BEKTLI, K KOTopbiM SUT obpaulaeTca
* Fake Object — npocTtenwan 3ameHa peasnbHOro 06bEKTA

e Test Stub — ncnonb3yeT Bo3BpallaemMble pe3ynbTaTbl AN
YNPaBAEHUs TECTOM KaK HeABHble TECTOBbIE AaHHble

— Test Spy — ewle u 3anucbiBaeT obpauleHna SUT ana npoBepku
B KOHLLe TecTa

— Mock Object — ewe n nposepset obpaweHmna SUT npu nx
BO3HUKHOBEHUN



Mcnonb3oBaHmne Mocks & Spies

Cpeapl
— EasyMock, NMock, Mockito, pMock, CMock, ...
Co3paHue

List mockedList = mock(List.class);

Unun @Mock List mockedList;

OnpegeneHue BO3BPaALLAEMbIX PEe3y/1bTaToB

when ( mockedList.get (0) ) .thenReturn( "first" );
when ( mockedList.get (1) ) .thenThrow( new RuntimeException ()
when ( mockedList.get ( anyInt() )).thenReturn( "element" );

[MpoBepKa cAenaHHbIX BbI3OBOB

inOrder .verify ( mockedList ).add( "one" );

inOrder .verify ( mockedList ).get( anyInt() );

verify ( mockedList, atLeastOnce () ).add( "three times" );
verify ( mockedList, times (2) ).add( "twice" );

verify ( mockedList, never () ).add( "never" );



UHCcTpyMmeHT TestNG

[Cedric Beust, 2004]

* [oaaepXKa 60nbLLUNX KOHOUTYPUPYEMbBIX &
TeCTOBbIX Habopos

* http://www.testng.org
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OcHoBHble peweHMA TestNG |

Ncnonb3oBaHMe aHHOTAUMM Java 5

— [nAa BblaeneHna TeCToBbIX METO40B M MeTO40B yCTaHOBKM/CHOca

— [lnAa HEeKOTOpbIX NPOBEPOK
* Oxunpaemble nckntovenms ( @Test(expectedExceptions="..."))
e TanmayTbl ( @Test(timeout="...") )

PaclunmpeHHan nepapxms TecTos

— TecToBble meToabl (nomevatotca @Test )
— TecToBble Knaccbl ( nomevatotcs @Test )
— TecTbl ( onpepenatoTca KOHPUrypaumuen )
— TectoBble Habopbl ( onpegenatoTca KOHGUTypaLUuen )



OcHoBHble peweHuna TestNG |l

 KoHpurypmpoBaHue Tectos
— OnwucaHue BbINONHAEMbIX TECTOB B KOMaHAHOM CTpOKe nnm B XML
— [pynnbl n wabnoHbl BbiIbOpa TECTOBbLIX METOA0B
— MeToabl 06Len ycTaHOBKMU/CHOCA A1 BCEX 3/IEMEHTOB MEPapXMn 1 rpynn
— 3aBUCUMOCTU MeX4Yy MeTo4aMMn 1 rpynnamm

— HaCTpOﬁKa BbIMO/THEHNA TECTOB
* [ponycKk metoaa/TecTa
* MHOrokpaTHoOe BbINOJHEHME MeToAa
» [apannenbHoe BbINO/SHEHNE METOA0B WU TECTOB

 OnpeaeneHne TECTOBbIX AAHHbIX

— ,ﬂ,/’lﬂ oTAe/IbHbIX METOA0B
* TecToBble MeTOAblI MMEIOT NapaMeTpbl
* 3agaHue HabopoB 3HAYEHWUI B aHHOTALMAX U KOHPUTYpaLnm
* [poBakaepbl AaHHbIX

— ®abpunKu TecToBbIX 0OBEKTOB



[Tlonmep TecTa B TestNG

@Test
public class AccountTest {
Account account;

@BeforeClass (groups = {"active",
public void makeDefaultAccount () { account
QTest (groups = "inactive")

@Parameters ("normalSum")

public void depositInactive (double wvalue) {
account.deposit( value );
result

int result =
Assert.assertEquals (

"inactive"})

new Account (0.0); }

, Account.INACTIVE ACCOUNT );

Assert.assertEquals ( account.getBalance(), 0.0 );
}
QTest (groups = "active", dependsOnGroups = "inactive", alwaysRun = true)
public void activateAccount () {
account.activate () ;
Assert.assertTrue ( account.isActive() );
}
@QTest (groups = "active", dependsOnMethods = "activateAccount")

@QParameters ("normalSum")

public void successfulDeposit (double value)
double oldBalance = account.getBalance();
int result = account.deposit(value);
Assert.assertEquals (result ’
Assert.assertEquals (account.getBalance(),

{

Account.SUCCESS) ;
oldBalance + wvalue);
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[MTpnmep KOHPUTypaumoHHOro ¢pamnna

<!DOCTYPE suite SYSTEM "http://testng.org/testng-1.0.dtd" >
<suite name="All" verbose="2" parallel="false">

<parameter name="normalSum" value="15.67" />
<test name="All">
<classes> <eclass name="tests.AccountTest" /> </classes>

</test>

<test name="Active account">

<groups><run> <include name = "active"/> </run> </groups>
<classes> <class name="tests.AccountTest" /> </classes>
</test>

<test name="Inactive account">

<groups><run> <include name = "inactive"/> </run> </groups>
<classes> <class name="tests.AccountTest" />
<methods> <exclude name=".successful*.*" /> </methods>
</classes>
</test>

</suite>



Pe3ynbraTbl paboTtbl TestNG

* OT4eT 0 pe3y/abTaTax
— BbINONHEHHble yCneLwHOo TecThl
— BbinonHeHHble ¢ owmnbKamm TecTbl
— lMponyLieHHble TecTbl (KOTOpble He YAa/10Cb BbIMOJAHUTD)

* KoHdurypaumna Habopa, cocToaLlero us
BbINOJIHEHHbIX C OLUMOKaMM M NPONYLEHHbIX TECTOB



TectTupoBaHMe Ha OCHOBe moJenen

* ModellUnit [M. Utting, 2004]

— Waikato University
— http://czt.sourceforge.net/modeljunit/

e NModel
[J. Jacky, M. Veanes, C. Campbell, 2007]

— University of Washington

— Microsoft Research
— http://nmodel.codeplex.com/

32/69



OCHOBHbIe naeun

* TecT CTPOUTCA KaK Ha60p ﬂYTelz no
KOHeYHOMY aBTOMaTy, Mmoade/InpyroLiemy
noBeageHume SUT [x I= 0Jm2() m1()

* TecToBbIX KNacc MHTEPNPEeTUpPyeTca Kak

onucaHue paclnpeHHOro aBTomaTa
(EFSM)

— TecToBble MeTOAbl — BO3MOKHbIe
BO34eNCTBUA

— TeKyu.l,ee COCTOAHUNE BbIMUCNAETCA
cneunaibHbiM meToaom NN npeacrtaB/jieHo
HEKOTOPbIMU NMONAMMU

— [lercTBMA MOTYT MMETb OXPaHHbIE YC/10BUA
(guardians), ToxKe npeacTaBaAeHHbIE KaK
MeToAbl

[x > 0]m2()



Mpnumep moanenmn tecta 8 NModel

public class AccountTest {
public Accout target = new Account(0.0);
int balance = 0;
bool active = false;

[Action]

void activate() {
target.Activate () ;
active = true;

bool DepositEnabled() { return active; }

[Action]
void Deposit () {
int sum = 5;

target.Deposit (sum);
balance += sum;



OcHoBHble naen NModel |

[MpOCTPaHCTBO MMEH — aBTOMATHas Moeb

— CocToAHMe — Habop 3HAYEHUN CTATUYECKMX MONEN KNACCOB MOAENMN U
Habop AOCTUKUMbBIX OOBEKTOB
* [lpaBusa OTOXKAECTBAEHMA COCTOAHUMN
— [encTtBua — metoabl, NOMeYeHHble aTpmbyTom [Action]
* MHOro AenCTBUN MOXKET COOTBETCTBOBATb OAHOMY METOAY
* MmetloT oxpaHHble ycoBua (c umeHem ***Enabled), moxeT 6bITb HECKONBKO

TecTbl
— MMpepBaputensHoe noctpoeHue (offline)
* CTpOVITCFI No2IHAA MmoAe/ b — BCe COCTOAHUA U nepexoabl
e TecTbl — Habop NOKpbIBaOLWMX €€ NyTen
— JInHamunyeckoe noctpoenme (online)
® HaCTpaMBBEMbIe CTpaternu, B 1.4. HaueneHHble Ha NMOKpPbITUE
— OrpaHnYyeHus NPOCTPAHCTBA COCTOAHUN
— TecToBble gaHHble

e [lencTBMA MOTYT MMEeTb NapameTpbl
* [lpoBanaepbl AaHHbIX onpeaensatTca aTpmbyTom [Domain]

— ApanTepbl (steppers)



OcHoBHble ngen NModel Il

AHann3 mogenen

— WHBapuaHThI
* ,ﬂ,OCTM)-KeHMG Hapyuwaruwero UHBapmnUaHT COCTOAHUNA — ownbKa moagenu

— YcnoBuAa ctabmnbHOCTM COCTOAHMUS
* He,EI,OCTM)KMMOCTb cTabunbHOro cocToAHMA — HapyweHune XnByvyectu
Komno3sunuymna mogenen
— KomnoHeHTbl — Knaccbl, nomeyeHHble [Feature]
— OgHOMMEHHbIE AEeNCTBUA BbINOJIHAKOTCA OAHOBPEMEHHO
— [enctBnA 6e3 napTHepa BbINOAHAOTCA B 1060 MOMEHT
— Wcnonb3oBaHue
* MOAW’IbHOCTb N\op,eneﬁ
* [lpoBepKa CBOMUCTB MoAeNEM

* OrpaHunyeHne mogenen n Tectos
* BblgeneHue uenen TeCTMpoBaHuS



[lopmep moaenmn — cepsep

namespace ClientServer {
[Feature] public partial class Server {
public static Socket serverSocket = Socket.None;
public static Phase phase = Phase.Send;

public static bool ServerSocketEnabled() { return (serverSocket == Socket.None); }
[Action] public static void ServerSocket () { serverSocket = Socket.Created; }
public static bool ServerBindEnabled() { return (serverSocket == Socket.Created); }
[Action] public static void ServerBind () { serverSocket = Socket.Bound; }

public static bool ServerlListenEnabled () { return (serverSocket == Socket.Bound); }
[Action] public static void ServerlListen() { serverSocket = Socket.Listening; }
public static bool ServerAcceptEnabled () { return (serverSocket == Socket.Listening);
[Action] public static void ServerAccept() { serverSocket = Socket.Connected; }

public static bool ServerReceiveEnabled()

{ return

(serverSocket == Socket.Connected && phase == Phase.ServerReceive);

[Action] public static void ServerReceive () { phase = Phase.Send; }
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[lomep moaenm — KNNeHT

[Feature] public partial class Client
public static Socket clientSocket = Socket.None;
public static double clientBuffer double.MaxValue;

—_~

public static bool ClientSocketEnabled() { return (clientSocket == Socket.None); }
[Action] public static void ClientSocket () { clientSocket = Socket.Created; }

public static bool ClientConnectEnabled () { return (clientSocket == Socket.Created); }
[Action] public static void ClientConnect () { clientSocket = Socket.Connecting; }
public static bool ClientSendEnabled () { return (clientSocket == Socket.Connected); }
[Action] public static void ClientSend () { phase = Phase.ServerReceive; }

public static bool ClientReceiveEnabled () { return (clientSocket == Socket.Connected); }
[Action] public static double ClientReceive (double datum)

{ clientBuffer = datum; return datum; }

public static bool ClientCloseEnabled()
{ return (clientSocket == Socket.Created || clientSocket == Socket.Connected); }
[Action] public static void ClientClose() { clientSocket = Socket.Closed; }
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[lonmep — cepBep A41A KOMMNO3ULUU

[Feature] public partial class Server {

public static bool ClientConnectEnabled ()
{ return (serverSocket == Socket.Listening); }

public static bool ClientSendEnabled ()

{ return (phase == Phase.Send); }
[Action] public static void ClientSend()
{ phase = Phase.ServerReceive; }

public static bool ClientReceiveEnabled ()

{ return (phase == Phase.ClientReceive); }
[Action] public static void ClientReceive ()
{ phase = Phase.Send; }

[Feature] class Values2 {
readonly static Set<double> Values = new Set<double>(99.9, 100.0);

[Action] static void ClientReceive ([Domain ("Values")] double datum) {}
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[Mpumep — KANEeHT ANnAa KOMNO3UL UK

[Feature] public partial class Client {

public static bool ServerAcceptEnabled ()

{ return (clientSocket == Socket.Connecting); }
[Action] public static void ServerAccept ()

{ clientSocket = Socket.Connected; }
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Romno3numa KNneHT-cepBep
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YKa3zaHue uenen TeCTMpoBaHUA
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[TpoBepKa CBOUCTB Mmoaenen
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[lpyrne nonesHble 3/1eMeHTbHI

e [IporpammHbie KOHTPAKTbI

— CodeContracts [2009]
http://research.microsoft.com/en-us/projects/contracts/

* Alcnonb3oBaHMeE CYLLECTBYHOLWMUX MOOYNEN
— httpUnit, dbUnit, etc.
— 3arnywkun (mocks and spies)

— [eHepaTopbl TECTOBbLIX AAHHbIX

° OLI,eHKa NOKPbITUA MOoAdenun



[MTpnumep CodeContracts

[ContractClassFor (typeof (Account) )]
public class AccountContract {
[Pure] double Balance { get; }

int Deposit (double sum) {

Contract.Requires
( Double.MaxValue - sum >= Balance );

Contract.Ensures
( Balance = sum ==
Contract.OldValue<double> (Balance) );



BO3MOXHOCTU MHTErpauun

Mo*HO Nu O6'be,£I,MHFITb Pa3/iniyHble TEXHUKH

onncaHusa (EFSM, KoHTpaKTbl, ...) npu
pa3paboTKe TeCTOB He TpaTA Ha 3TO 6O/bLINX

YCUANnN?
* Npewn
— Mcnonb3oBaHue aHHOTaUMM n bUbanoTek, a He
HOBbIX/pacLUMPEHHbIX A3bIKOB

— BHeapeHune 3aBucmMmocTemn
— AcneKTHaA KoHdUrypauma



BHeapeHmne 3aBUCMMOCTEN

o

Framework

Framework

NHTerpauma Ha ocHoBe
BHeapeHunA
3aBUCUMOCTEMN

LleHTpann3oBaHHaA
NHTerpaumna
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AcCneKTbl: OCHOBHbIe NOHATUA

BcraBKa (advice) — Koa, KOTOPbIA HYXKHO BCTaBUTb
B onpeaesieHHbIX MecTax AaAa peanamsaumnm
HEeKOTOPOM AONO/IHUTENBHON PYHKLUNU

TouKa BHegpeHusa (join point) — mecto 1 Bpems
BCTaBKU AOMOJIHNTE/IbHOTO KOAa

CeueHue (pointcut) — npegmKkat, onucbiBatoLW MM
MHOXECTBO TOYEK BHEeAPEeHUS ANA peannsaumm
onpegeneHHoON GyHKLUUU

Acnekr (aspect) — KoOmMbMHaUMA BCTaBKU U
CeYyeHun, peanunsyloas HEKOTOPYIO
NOMNONHUTENbHYIO GYHKLMIO



ACNeKTHaA NpuUBA3Ka KOHTPAKTOB

* MeToA4 C KOHTPAKTOM ob3 .M() ;

— MeTop,
My U
— [Npenycnosue metoaa if ('preM()) throw ..

°
L 4

preM() obj.M();
— [llocTycnosmne metona if ('postM()) throw ...;
postM()
* CevyeHune —

ntobow Bbi3oB metoaa M() B obbeKTax Knacca C



ApPXUTEKTYpa cpeabl TEeCTUPOBAHUA

BHewHMe
MmoAaynu

Mopgenn
NONHOTHI

KOHTpaKTbl

Mopenu TectoB

Apgantepbl

N3mepeHUe noKpbITMA

Obuwan BCTaBKa
NPOBEPKN KOHTPAKTOB

Obxoa 1 pa3BepTKa
EFSM

Cpefna npmBA3KK
aCreKkToB

Cpena BHeapeHUA
3aBUCMMOCTEN

50/69



Peannsauma

* ba3oBblN A3bIK — Java
— UHTpocneKkuus (reflection), aHHoTaumm
— MHOXeCTBO UHCTPYMEHTOB

— MHoOXecTBO BCnomoraTtesibHbIX bnbnnotek ans
noanep*KKmM TeCTUPOBaHUA

 Cpena npuBA3KKW aCNeKTOB U BHeAPEHUSA
3aBucmmocTen — Spring framework

— http://www.springsource.org



[Tonmep

Account

OpHa onepauua transfer(int sum)
— sum >0 : deposit
— sum<0: withdraw

Bo3amoxkeH kpeaut (maxCredit orpaHnMYMBaEeT ero BeAN4YnHy)

Bce nepeBoabl KOHTPONMPYIOTCA MPU NOMOLLM BHELLIHEro 06beKTa, KOTOPbIN
MOMKET pa3peLlnTb UK 3aNpPeTUTb NepeBos,

MapameTpbl 1 pe3ynbTaThl Bcex BbI30BOB transfer() TpaccupytoTtca ans ayaura

KoHdurypaums tecta

EFSM c cocToAHueMm (Tekywmii 6anaHc, nepeBoabl paspeLleHbl/3anpelleHbl)

TecTtoBble MmeToAabl
— transfer
— BkAwoyeHue/BbIKIOYEHME pa3peLleHNt Ha NepeBoabl C MOMOLLbIO 3ar1yLIKM

KOHTpaKT An1a OCHOBHOM PYHKUUM meToAaa transfer

3arnyukKa, cnegauwan 3a TPaCCUPOBKOM, M KOHTPAKT ANA TPACCUPOBKMU
Moaenb NoOAHOTbI —

METO/,, BblAENAIOWMNA Pa3NYHbIE CUTYaALMN

3arnywku ctposATca npm nomolun Mockito [http://code.google.com/p/mockito/]



Ilnarpamma KsaccoB npmumepa

1
1
1
! Moaenb NoNHOTHI
1
1

KOHTpPaKT OCHOBHOM QYHKLUUMN

|
Account |ft--r-->| Permitter |<)7

I
: |

| T

I I E [NpoBepKa nepeBoaOB ' EFSM-mopentb Tecta
I I \ A

: : i ) ——i $Permitter E

I . ——-> Auditlog | 0@ LIl |

. | Accountimpl | | CreHepmpOBaHa Mockito

I I Tpaccuposka Ynpasnawouwana 3arnyLwKa

: : P LL, Y

I I ——————————————

L EU_T _______ | i SAud|tLog |< --------

CreHepupoBaHa Mockito =~ KOHTpaKT TpaccMpoOBKHU
Habntoaatowas 3arnywKa
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ROHTPAKTbI C COCTOAHUEM

 Oba KOHTpaKTa UCMONb3YIOT MOAe/IbHOE COCTOAAHUE
(3Ha4eHunAa 6banaHca 1 rpaHULbl KpeauTa)

* 1na ero cMHXpoHu3aunm ¢ SUT HYXKHbI
cneumanbHble AeUCTBUA

public void transferUpdate (int sum)
{
if (balance + sum > maxCredit
&& checkedObject.getPermitter ()
.isPermittedTransfer (checkedObject, sum))
balance += sum;



KOHTPaKT OCHOBHOU PYHKLMNM

public boolean transferPost (int sum)
{
// Validity check result
boolean permission = checkedObject.getPermitter ()
.isPermittedTransfer (checkedObject, sum);

if (Contract.oldBooleanValue (balance + sum > maxCredit) && permission)
// The transfer is correct and possible
return Contract.assertEquals(Contract.intResult (), sum
, "Result should be equal to the argument")
&& Contract.assertEquals(balance, Contract.oldIntValue(balance) + sum
, "Balance should be increased by the argument")
&& Contract.assertEquals (maxCredit, Contract.oldIntValue (maxCredit)
, "Max credit should not change");

else
// The transfer is impossible
return Contract.assertEquals(Contract.intResult (), O

, "Result should be 0")

&& Contract.assertEquals(balance, Contract.oldIntValue(balance)
, "Balance should not change")

&& Contract.assertEqualsInt (maxCredit, Contract.oldIntValue (maxCredit)
, "Max credit should not change");



ROHTPAKT TPAaCCUPOBKMU

public void transferLogSpy(int sum)
{
// Validity check result
boolean permission = checkedObject.getPermitter ()
.isPermittedTransfer (checkedObject, sum);

// Whether the transfer possible at all
boolean possible = (balance + sum > maxCredit) && permission;

// Calls to spy are verified in order-independent way

if (possible)

{
Mockito.verify(logSpy) .logKind ("SUCCESS") ;
Mockito.verify(logSpy) .logNewBalance (balance);

}

else if(!'permission)
Mockito.verify(logSpy) .logKind ("BANNED") ;

else
Mockito.verify(logSpy) .logKind ("IMPROPER") ;

Mockito.verify(logSpy) .logOldBalance (oldBalance);
Mockito.verify(logSpy) .logSum(sum) ;



Moaenb NONHOTHI

public void transferCoverage (int sum)

{
// Validity check result

boolean permission = checkedObject.getPermitter ()
.isPermittedTransfer (checkedObject, sum);

if (balance + sum > maxCredit) Coverage.addDescriptor ("Possible transfer");

else Coverage.addDescriptor ("Too big sum");

if (permission) Coverage.addDescriptor ("Permitted");

else Coverage.addDescriptor ("Not permitted");
if(balance == 0) Coverage.addDescriptor ("Zero balance");
else if(balance > 0) Coverage.addDescriptor ("Positive balance");
else Coverage.addDescriptor ("Negative balance");
if(sum == 0) Coverage.addDescriptor ("Zero sum");

else if (sum > 0) Coverage.addDescriptor ("Positive sum");
else Coverage.addDescriptor ("Negative sum");
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TecT : cocToAHME U yrpaB. 3arnyLlKa

@Test public class AccountTest

{
Account account;
@Mock Permitter permitterStub;

boolean permission = true;

// Init stubs and configure permitterStub to return true on call to isPermittedTransfer ()
public AccountTest () {
MockitoAnnotations.initMocks (this) ;
Mockito.when(permitterStub.isPermittedTransfer (Mockito.<Account>any(), Mockito.anyInt()))
.thenReturn (permission) ;

public void setAccount (Account account) {
this.account = account;
account.setPermitter (permitterStub) ;

// Current permission and balance are two components of the test state
@State
public boolean getPermission() { return permission; }

@State
public int getBalance() { return account.getBalance(); }
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TecT : pencTeunA

@Test public class AccountTest

{

@Test (dependsOnMethods="testWithdraw")

@DataProvider (name = "sumArray")
@Guard (name = "bound")
public void testDeposit (int x) { account.transfer(x); }

@Test (dependsOnMethods="switchPermission")
@DataProvider (name = "sumArray")
public void testWithdraw(int x) { account.transfer(-x); }

// Switch permission and configure permitterStub to its value true on call to isPermittedTransfer ()
@Test
public void switchPermission ()

{
permission = !'permission;
Mockito.when(permitterStub.isPermittedTransfer (Mockito.<Account>any(), Mockito.anyInt()))
.thenReturn (permission);

// Guardian for deposits to bound the possible balance values
public boolean bound() { return getBalance() < 5 || !'permission; }

// Source of test data for both transfer test methods
public int[] sumArray = new int[]{0, 1, 2, 3, 4};
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4} Java - mbtest/test/mbtest/testsfaccount/AccountCoverage. java - Eclipse
File Edit Source Refactor MNavigate Search Project Bun Window Help
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Ewe npumep

* Peanunsauma DOM API Ha Java

— Xerces for Java [http://xerces.apache.org]

 MaHunnynaunum Ao4epHUMM y31aMU
— appendChild(Node n)
— removeChild(Node n)



1 Java - mbtest/sre-domtest/domtest/NodeContract. java - Eclipse
Fle Edit Source Refactor MNavigate Search Project Bun Window Help
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u} Coverage. addlescriptor("This node belongs to appended document™)
u} else . -
5 @ > . A o ; =7
{2 Problems | @ Javadoc [ Declaration | Bl Task List | 7 Search | B Console 2 i TestNG| &3 Clover Das | €3 Coverage | Test Run E |2 Test Confri| %% Debug
<terminated= MBTester (1) [Java Applicaton] C:YProgram Files'Javatjre1.6.0_07 bintjavaw exa (22.10.2010 13:20:15) ® % GRS = i
INFO: Explorer: Executing transition public woid domtest.DOMNTest.testRemowve (int) @ 3 [new] ~
INFOQO: DOMTest: Removing node 3 from O
INFO: Explorer: Current state: [[«3x S:DocType[:0] (15); 14:Comment[:0] (5); 15:Comeent[:0]]] is old
INFO: Explorer: Executing transition public woid dowtest.DOMTest.testlippendInMainforg.wic.dom.Node) : [elZ: null]
INFQ: DOMTest: Appending node 3 to O
IMNFO: Coverage: Coverage: Element; Has no parent; Allowed child type; Appending non-ancestor; [E6] Appended node belongs to other document:
INFO: Explorer: Current state: [[<4> F:Element[:0]; S:DocType[:0] (15); 14:Comment[:0] (5); 15:Comment[:0] (3)]] is old
INFO: Explorer: Executing transition public woid domtest.DONTest.testRemove(int) @ 3 [new]
INFOQO: DOMTest: Removing node 3 from O
< 5 IMNFQ: Explorer: Current state: [[<3x S:DocTypel[:0] (15):; 14:Commwent[:0] (5); 15:iComment[:0]]] is old
INFO: Explorer: ill states are tested
o= Outline 52 = 0| INFO: Explorer: All is tested
a 5 | = ||[INFO: Explorer: Total number of states = 201
B8R W e v . . o
INF(QO: Explorer: Total nunber of transitions = 5281
o commonlpdater() © vol®| INFO: Explorer: Total path length = @oiz
o  appendChidPreCoverag INFO: Explorer: Total time = 110453
a el ietfadal ety -« |isto b ™ s
< > £ >

domtest NodeContract. java - domtest/sre




[DOMException] HIERARCHY REQUEST ERR: Raised if this node is of a type

[p31] rhaF does not allow child;‘en of the type of thenewChildnode, .« o . Ef 35Debug (&' 1z
or if the node to append is one of this nodes [ancestors|[p.205] or ==
this node itself or if this node 1s of type [p41]and  serven ~
the DOM application attempts to append Lass)

[DocumentType][p 115] or[El ement][p.85] node.

ption().code Docu ment | REQUEST ERR, "HIERARCHY REQUEST ERE is r:

== sre
- # domtest
[J] DOMTest java
[J] DOMTestOld. java
[3] MNodeContract. java
[J] TreeState java
[9] TypeTest java
[ TypeTresState java
[¥ domtest.xml
= RE Systern Library [Javase-
=h Referenced Libraries
= math
= mbtest
= practice
= springapp
122 variols

<
o= Outine 52 =0
el R e w ¥
o commonUpdater() : wvoi#
o  appendChidPreCoverag
a5 teliethladal et - |isteh ™
< >
=

tFragment)
.either('gllickildrendllowed (target, nl
, TL[EL']IT o+ t,Ilis node is of & type that d\:lzs not allow children of the trpe of the newlhild node"l

.Or (getd 1]

"[E an oYa}i
oxin = EIementer DocumentType Comment Comment
.oriitar i3 o e nt'y T IT = L T T T e T DO L e e T D e - T

nd the DOM application attempts to append a second DocumentType

, T[E4']"™ 4+ " this node iz of type Docwuwment
.or | (target instanceof Documen : i

T ——

econd Element™)

" " vpe Docwrnent and the DOM application attemp
.ondpposite ()
.either (!isAllowedChild(target, n)
"[E1]"™ 4+ "™ this node i=s of a type that does not allow children of the type of the newlhild node™
.Or [getincestors () .contains (n)
MIEZ]"™ + "™ the node to append is one of this node's ancestors™

.

.0ri(n == target
, "[EZ]"™ + " the node to append is this node icself'™)
.or|itarget instanceof Document) £& (n instanceof DocumentType) &£& containshifferentChildOfType (Document Type. ol
"[E4]"™ + "™ this node is of type Document and the DOM application attempts to append a second DocumentType!
.or | (target instanceof Docuwent) £& (n instanceof Elewent) ££& containsbhifferentChildOfType (Element.class, n)
; "[E5]"™ + "™ this node is of type Document and the DOM application attempts to append & second Element™

€3 Test Run E €23 Test Contri| 3% Debug| = O
X %  Gu BB 2| &) 2 o4

Ll

(2l Problerns | @ Javadoc |[&. Declaration | Bl Taek List| 47 Search | B Conscle 3 TestNG| &2 Clover Das | €2 Coverage
<terminated= MBTester (1) [Java Applicatof & \Program FilesiJavaljrel.6.0_07 binjavaw exe (22.10.2010 13:35:48)

INFUYT LOVErage! LOVErage! LISmeEnt! o pArent; ALLlOWEed CHILO TYPE; APPENGING NON-SNCESTOr; (ko] APPENGSN NOME DELONYS TO OCOSY OOCUMENT!
INFO: DOMTest: Exception caught org cdom. DOMException: HIERARCHY REQUEST ERR: An attempt was made to insert a node where it is not permi
INFO: Explorer: Current sState: [[<4>"3:Elewment[:0] (15): S:DocType[:0] (3): 14:Commwent[:0] (5): 15:Comwent[:0]]] is old
INFO: ] K EC UL 1N Cransitl endInMainiorgy.wic.dom.Node) [#s:schema: null] [new]

DOMTest: Appending node 5 to O

L ehild of this node; Appended node will gcl: Appended node parent is changeable:

INFO: Coverage: Coverage: DocumentType: Has parent:
ERROE: Contract: HIERARCHY_REQUEST_ERR iz raised so
Either [E1l] this node iz of & type that does not allow children of the type of the
Or [EZ] the node to append is one of this node's ancestors
Or [E3] the node to append is this node itself
Or [E4] this node is of type Document and the DOM application attempts to append a
2r [E5] this node is of type Document and the DOM application attempts to append a
should hold
ERROER: Contract: Exceptional postcondition failed
INFO: DOMTest: Exception caught org.w3c.dom.DOMException: HIERARCHY REQUEST ERE: An attempt was made
i [[<4> F:Element[:0] (15); S5:DocType[:0](3); 14:Comment[:0] (512 fent[:0]]] is
v Org.wic.dom.Node) [#=:=chema:

newZhild node

second DocumentType
zsecond Element

node where it is not permi
old
null]

insert a

¥ Explorer:
INFO:

CUrrent state:

Heol 0 ngre - s P ———— [new]

Explorer:
Appending node & to 0O

INFO: DOMTest:

INFO: Coverage: Coverage: DocumentType; Has no parent; Allowed child type; Appending non-ancestor; [Ef] Appended node belongs to other docu
IMFO: DOMTest: Exception caught org.w3c.dom.DOMException: HIERARCHY REQUEST_ERR: An attempt was made to insert a node where it iz not permi
INFO: Explorer: Current state: [[<4> 3:Element[:0] (15); S:DocType[:0] (3): 14:Comwent[:0] (5); 15:Comment[:0]]] is old

INFO: Explorer: Executing transition public wvoid domtest.DOMNTest.testippendInMain(org.wic.dom.Node) [#s:schema: null] [new] v
£ >
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Obwme KHUMM No TECTUPOBAHUIO

* B. Beizer. Software Testing Techniques.
Thomson Computer Press, 1990

* R. Binder. Testing Object-Oriented Systems:
Models, Patterns, and Tools. Addison-Wesley,
2000 /@o°°§§ s

OBJECT-ORIENTED
SYSTEMS

MobkLs, PATTERNS, AND ToOLS

“ech?
niques




MoaynbHoe TectupoBaHme (1 6onbLue)

e J.B.Rainsberger. JUnit Recipes. Practical Methods for
Programmer Testing. Manning, 2005

e C. Beust, H. Suleiman. Next Generation Java Testing.

TestNG and Advanced Concepts. Addison-Wesley,
2007
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TectTupoBaHMe Ha ocHOBe moJdenen

M. Utting, B. Legeard. Practical Model-Based Testing.
A Tools Approach. Morgan Kaufmann, 2006

e J.Jacky, M. Veanes, C. Campbell, W. Schulte. Model
Based Analysis and Testing with C#. Cambridge

University Press, 2007
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Teopua TecTnp-a Ha OCHOBE MOAENEN

* M. Broy, B. Jonsson, J.-P. Katoen, M. Leucker,
A. Pretschner, editors. Model Based Testing of
Reactive Systems. Advanced Lectures.

LNCS 3472, Springer, 2005

£l Model-Based Testing
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KHUTM Ha PYCCKOM A3blKe

* [. Maunepc. UCKycCTBO TECTMPOBAHUA NPOrPamm.
PunHaHCbl U cTaTUCTUKA, 1982

e 1. Mecapouw. LLabnoHbl TectnpoBaHua xUnit.
PedaKTopuHr Koaa TectoB. Buabamc, 2009
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