[TpumeHeHune anropmntmos APD[1 B
3a4a4ax TectupoBaHuma 0



TectnpoBaHue

* [lpouecc nccneaosaHua, ncnoitanua MO
* 2 uenwu:

— [MpoaeMoHCTPMPOBaTb COOTBETCTBME MPOTrPaMMb
TpeboBaHMAM

— BbIfsiBUTb CUTYaLUN, TAe NnoBeaeHne
HenpaBuUAbHOE, HeXKenaTeNbHOe UK He
COOTBETCTBYEeT cneumnduKaumnm



Ob6beKTbl TECTUPOBAHMUA

DYHKUMOHaNbHOE
'1pON3BOANTENBHOCTU
KoHdUrypaumum

03abununTum
NHTepdenca
be3onacHoOCTH
JIoKkannsauum



McnonHMMOCTb KoAaa

* Ctatnyeckoe
— Kopa, He 3anycKaeTcA
— AHaNn3 BPY4YHYHO

— CneumnanbHble UHCTPYMEHTbLI CTaTNYECKOIo
dHad/1In34d

* JlInHamunyeckoe



YPOBHU 3HAHUA CUCTEMBI

* YepHbIN ALWUK

— HeT 3HaHMA O BHYTPEHHEM YCTPOMNCTBE
nccneayemon CUCTEMbI

* benbin AWKUK

— C TOYKM 3PEHNA KOMMUNIATOPA TOINO A3blKka, HA
KOTOPOM MUCaNaCb Nporpamma

— MyTaunoHHOe TeCTUpoBaHue

* Cepbl AWMK



Buabl TeCTUpPOBaAHUA

* CTpPYKTYp®I

— MporpamMmuncTbl/MHKeHepb!
* [loBepeHUA

— WHXKeHepbl N0 KOHTPO/IHO KayecTBa
* «Ha xuByto» (alpha/beta,...)

— AHanuUTUKKM / nonb3oBaTenu



Model-based

N\

Cuctema

P

ABCTpaKTHble
TecTbl

3anyckaemsble

TECTbI




* TpeboBaHUA
— Mopaenb

* [lochepoBaTe/IbHOCTb TECTOB

* OpaKyn
— Peanunsayua

» BepAuKT: TeCT NPOXOAUT MU NPOBaINBAETCA



Moaenwn

e EcTb HanpaBAEHNE NHKUHUPUHT HAa OCHOBE
moaenen (Model Driven Engineering)

— MOXXHO NONYYUTb N3 CYLLLECTBYHOLWUX CUCTEM
— MOXXHO CTpOUTb Nepea, peannsaumnemn
— MOXHO - napannenbHO ¢ CaMoOn CUCTEMOW



BapuaHTbl peannsaymm

e OHNanH

— MogKkntoyaeTca HenocpeacTBEHHO K CUCTEME,
KOTOPYIO TecTupyeT

* OpdpnavH

— [eHepupyeT TecToBble C/1ly4an, KOTopble MOryT
ObITb NCNO/Ib30BaHbI BMNOC/1EACTBUM



BO3MOXHble BapUaHTbl peannsaumm

KOHeYHble aBToOMaTbl
J10Ka3aTeNnbCTBO TeOpPeEM

[MTporpammmpoBaHue B yCIOBUAX
orpaHunyeHun (constraint programming)

Ha ocHoBe MapKOBCKUX Leneun

MoaenupoBaHme NPOCTPAHCTBA BXOAHbIX
3HaYeHUU



AHann3 popmasibHbIX MOHATUN

e G — MHOXecTBO 0ObeKToB
* M — MHOXeCcTBO NPMU3HAKOB

* | —BbuHapHoOe oTHOWeHUe mexay G n M,
dU3NYECKMM CMbICN: OOBbEKT obnapaeT
NPU3HAKOM

A'={m e M|glm for g € A},
B' ={g € G|gIm for all m € B}



CDopN\aanble MOHATUNA U UMNJTNKaAUNU

* Ec/M ecTb BCe NPU3HAKM U3 A, TO eCcTb U Bce

NPU3HaKn 13 B:
A BC M,A- B,eciuld' € B’

* [lpaBunna APMCTPOHTra:

X—-X
X-Y
XUZ-Y
X-Y,YuzZ-W
XUZ-W




NccnepgoBaHue NpU3HaAKOB

* \HTepaKTMBHaA npoueaypa uccneaoBaHuUA
npeameTHou obnactu

* [MopaeprKMBaeT ABe CYLLHOCTU: MHOXeCTBO
MMMNJIMKaLMA U MHOXECTBO KOHTPNPMMEpOB

* MorKeT bbITb Ha4aT c NPOU3BOJIbBHOIO
Ha4YaNbHOroO COCTOAHMA ANA 06OMX MHOXKECTB



[Tonmep

* [lycTb eCcTb Nporpamma, KOTopaa Ha BXoA,
noay4aeT 04HO YMCI0 M BblAAET NPU3HAKMW,
KOTOpbIMMN OHO 0bnanaer.

* [logaepxunBaemble NpuU3HaKku: even, factorial,
divided by three, odd, prime



[lpumep

* => even, factorial, divided by three, odd,
prime



[Tonmep

G\M Divided_by_
three
2 X X




[lpumep

* =>even, factorial, prime



[Tonmep

G\M Divided by _
three
2 X X X
X

5 X




[Tonmep

* =>prime



[Tonmep

G\M Divided by _
three
2 X X X
X

5 X
6 X X X




[Tonmep

e factorial => even



[Tonmep

G\M Divided by _
three
X X X
X

2
5 X
6
1




[Tonmep

* odd => prime



[lpnmep

G\M Divided_by
three
X X
X

X
X

O = O U1 N
x
x



[Tonmep

e factorial, odd => prime
* 13, 1



[Tonmep

* factorial, divided by three => even

e 13, nepBbin paKTOpMan, AeNALMNNCA Ha 3, yKe
nennTca Ha 2



[Tonmep

* prime, divided by three => even, factorial, odd



[Tonmep

G\M Divided_by
three
X X

X

X

w O = o U1 N
x
x



[Tonmep

* prime, divided by three => odd
e N1a: 3



[Tonmep

e even => factorial



[Tonmep

G\M Divided by _
three
X X

X

X

o W W = O U N
>



[Tonmep

* even, odd => factorial, prime, divided by three
* B cuny NOXHOCTU MOCbINKU



[Tonmep

e even, divided by three => factorial



[Tonmep

G\M Divided by _
three
X X

2 X

5 X

6 X X X

1 X X
9

3 X
8



[Tonmep

e even, prime => factorial
e [1a: 2

* [lpouecc OKOHYeH



[Tonmep

G\M Divided by _
three
X X

2 X

5 X

6 X X X

1 X X
9

3 X
8



[Tonmep

CnncoK noaTBepXAEHHbIX UMNANKALUNNA:
factorial, odd - prime
factorial, divided by three - even

prime, divided by three - odd
even, odd - factorial, prime, divided by three
even, prime — factorial



MBT noaxon

e EFven: 1,0

e Factorial: 1, 0

e Divided by three: 1,0
e 0dd: 1,0

e Prime: 1,0



7
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O
=
O
>
99)
b
\O

MBT

Divided_by_thr




CornacosaHHaa moaenb

e Event: 1,0

e Factorial: 1, 0

e Divs3: 1,0

e (0dd: 1,0

e Prime: 1,0

e Result: 12,9, 6,3, 2,1



MMmnankaunm

e |F [Even] =1 THEN [Odd] = 0 ELSE [Odd] = 1;

e |F [Odd] =1 AND [Factorial] =1 THEN [Result] = 1;

e |[F [Even] =1 AND [Prime] =1 THEN [Result] = 2;

e |F [Divs3] =1 AND [Prime] =1 THEN [Result] = 3;

e |F [Divs3] =1 AND [Even] =1 THEN [Result] IN 6, 12;
e |F [Divs3]=1 AND [Odd]=1 AND[Prime]=0 THEN
[Result] = 9;

e [F [Even] =1 AND [Factorial] =1 AND [Divs3] =0
THEN [Result] = 2;




3aBUCUMOCTU ANA AAHHbIX

IF [Result] =2 THEN [Even] = 1 AND [Facto-

rial] =1 AND [Divs3] = 0 AND [Odd] =0 AND
[Prime] = 1;

IF [Result] =3 THEN [Even] = 0 AND [Facto-rial] =0
AND [Divs3] =1 AND [Odd] =1 AND [Prime] = 1;

IF [Result] =6 THEN [Even] =1 AND [Facto-
rial]=1AND[Divs3]=1AND[Odd]=0AND [Prime] = O;
IF [Result] =9 THEN [Even] = 0 AND [Facto-rial] =0
AND [Divs3] =1 AND [Odd] =1 AND [Prime] =0;

IF [Result] =12 THEN [Even] =1 AND [Facto-rial] =0
AND [Divs3] =1 AND [Odd] =0 AND [Prime] =0;



Pe3ynbTaTt reHepauum TeCcT-KeEUCOB

Divided by
three

0 0 1 1

1 1 1 0 0

0 0 1 1 0 9

1 0 1 0 0 12
1 1 0 0 1 2

0 1 0 1 1 1



[1ntochl

* Ha Bbixoae 2 apTedaKTa:
— TecToBble cny4yau
— OnuncaHme 3aBUCUMOCTEN MeXay NPM3HAKaMu B
BUAE UMMNJIMKALUK

* [lopaepXmBaet BO3SMOXKHOCTb pacCclUnpeHuna
MHOeCTBa NPMU3HAKOB:
— Y cyLecTBYyOLWMX OOBEKTOB €ro Haa0 3ano/IHUTb

BEPHO, WX B cay4vae pa3ae/IMMOCTU, CYMTaTb, YTO
y BCEX UMEKLMXCA AaHHbIN MPU3HAK OTCYTCTBYET



[Tpyumep 2

Mpumep 1 nccneposan 3aBUCUMOCTU NS
3HaYeHMUM BbIX0o4a, MOXHO AenaTb C y4eTom
BX0O/1a

MHTepHeT-peKknama: ecTb BHeLWHMe orpaHnYeHus

— HaNnpumep, PeknamoaaTenb 3a4aeT PErUoOH, rae
XoyeT, YTobbl NOKa3biBanCca baHHepP

Bbixoa: noKa3 6baHHepa

BxoA: napameTpbl, BAUAIOLLME HA reoTapreTUHr
(3anpoc, 3aronoBKun, ABHOE yKa3aHMe pernoHa)



[ToPU3HaKMU:

sQueryPresent(IQP ), IsQueryValid(IQV ),
sSgPresent(ISP ), IsSqgValid(ISV ),
slpPresent(lIP),IslpValid(I1V),

UserRegion == BannerRegion(=),

UserRegion < BannerRegion(<),
UserRegion > BannerRegion(>),
IsBannerShown(IBS)
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White-box

* MoXHO ncnonb3oBaTsb attribute exploration
0219 MOKPbITUA BETOK KOAA






a b cde f




a b cde f




a b cde f

XXX




a b cde f

X X X

HKAX X




a b cde f

X X X

HKAX X
X XXX













@ —a,b,cdef
@ — a

b,a—cd e f a b cdef

c—ab,d e f
e—a,b,cdf
fe,d,c,b—a
b—df
c—b,d,f
d—b,f

e —b,df
f—b,d

f,d,b,a—c,e



@ = a;bye;dye

@ — a
b,a—cd e f a b cdef
c—ab,def X

e—a,b,cdf
fe,d,c,b—a
b—d,f
c—b,d,f
d—b,f

e —b,df
f—b,d

f,d,b,a—c,e



@—a; bycyd et
D—a—
b,a—cd e f a b cdef

c—a;byde ><

e—a,b,cdf >< >< ><
fe,d,c,b—a ><><>< ><

b—d,f
c—b,d,f
d—b,f
e —b,df
f—b,d

f,d,b,a—c,e



@—a; bycyd et
D—a—
b,a—cd e f a b cdef

c=a;bydef X

e —a bedf >< >< ><
Ee,déc;bﬁa ><><>< ><
% X XXX

c—b,d,f
d—b,f
e —b,df
f—b,d

f,d,b,a—c,e



@D—a, b,c,d et
D—a
b,a—cd e f
c=a;byd et
e — a bre d
fe;diesb—a
b—df
c—b,d,f
d—b,f

e —b,df
f—b,d

f,d,b,a—c,e




@D —a,; b,c,d e,

D—a

3 b,a—cdef a b cdef
c=a;bydye X
e=a-bredf X X X

Tb—df In2—3
b df X XXX
d— b f XA XXX
e —b,df
f—b,d

2fdba—ce



a b cdef

X
X X X
b—df ><><>< X
C—>b,df X XXX
e XX XXX
e —b,df
f—b,d

f,d,b,a—c,e



OTpuuaHuna aTTpmbyToB

a b c a b c

O OO
X OXO

a—b,c @ — —a,
c—ab




Mcnonb3oBaHMe pelleToK

 ADIT moryT 6bITb YaCTUYHO ynopAa0YeHbl NO

onepauumn BNOXKEHUS Had, coaepaHnamm/
NOrnoLWweHna Haa obbemamum

* Bce dopmanbHble NOHATUA 0O6pa3yIoT peLleTKy
* AHanu3 pe3ynbTaToB NPOroHa TecTos



[Tomep NCNONb30BaHUA PeLleTKA
G\W_ Jfaled  [hitps  [login __|messages
X X X

1

2 X
3 X X

4 X



| messages







[lopumeHeHne peLlleTokK

* AHanm3 ancbepra peLleTkn Ana ynaBLmnx
TeCTOB COOTBETCTBYET NOUCKY Hanbonee
0bOLWKMX ONUCAHUM TaKUX TECTOB

* B bonblWmx cuctemax mox<et ObiTb NOJIE3HO
NCCnea0BaTb CXOXKYH PYHKLUMOHANbHOCTb —
NOCTPOEHNE HE APEBOBNAHON Nepapxmm
4acTen TeCTUPyeMoUn CUCTEMbI



Future work

* [lonHOUEHHOE NCNONb30BAHNE Y30PHbIX
NOHATUMN

* OpelMBOPK A8 NOCTPOEHUSA TMNOTE3 O
NPUYMHAX NaJeHna TecToB

e Attribute Exploration B TepmunHax He TONbKO
byneBbiX 3HAYEHUM



