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AHHOTanmsi. B craThe ommchIBaeTCs MOAXOJ K IMOBBIIICHUIO MOJHOTHI aHANIW3a 3a CYET TIeHEepanud
SKBUBAJICHTHOTO KOJa M3 BHEIIHUX (hailioB. MeTox BOCCTAaHABIMBACT HESBHBIE CBSI3H MEXKIY 3JICMEHTaMHU
MOJB30BaTEIbCKOTO HWHTEpdelica M 00padOTUMKAMH COOBITHI IMyTeM aHalM3a pPa3METKH, H3BIICUCHHS
CEeMaHTHYECKUX CBs3eH M TeHepalM SKBHUBAJCHTHOro koma Ha C#, KOTOPBI MOJETHPYET CLEHapHH
B3aMMOJICHCTBUSI C TI0JIb30BaTeNIeM. DTOT METOA ObLI peann3oBaH B craTndeckoM aHanmm3arope SharpChecker
¢ akientoM Ha npwiokenus WPF. On Brirouaer B cebs cuHTakcuueckuii aHaimm3 XAML, u3BiedeHue
ViewModel mns mab6ioHoB MVVM 1 rerepanuio kona Ha ocHoBe CodeDom, mMutHpyromyro o0paboTky
COOBITHI ¥ BBI30BBI KOMaH] B OTBET Ha JCHCTBHS MOJIH30BATENsI. DKCIIEPUMEHTHI B IATH mpoekTax WPF ¢
OTKPBITHIM HCXOJHBIM KOJIOM BBIIBHIHM 84 HOBBIX MOJOXHUTEIBHBIX MPEAYNPEKACHUH, BKIIOYas OIMINOKA
JIeNICHNs] Ha HOJIb M PaHee MPOMyIICHHBIE Pa3bIMEHOBAaHHS HYJEBBIX yKa3aTeleil. DTOT moaxo] obecrednBaeT
MHHHUMAJIbHbIE 3aTPaThl Ha aHAIU3 U JIETKO UHTETPUPYETCSI C CYIIECTBYIOIIMMH aHAIM3aTOpaMU. Pe3ynbTaTel
JEMOHCTPUPYIOT, YTO T€Hepalys SKBUBAJIEHTHOTO KOJa 3HAYHMTEIHHO IOBBIMIAET IMOJHOTY CTaTHYECKOTO
aHaNM3a UCTIOJB3YIOUIHUX (PPEHMBOPKH PHIIOKEHUH.

KunroueBsbie ciioBa: cTaTHYECKU aHANN3; SI3BIK IporpaMMupoBanust C#; MOBBIIEHNE TIOJTHOTHL; ppeMBOPKHY;
BHeITHHE (aiiiipl; 00padoTka coObITHif; martepH MV VM; reHepanus koza.

Jas uutupoBanusi: bopomasko H.A., Urnarbe B.H. IloBblmieHHe MOJHOTHI CTaTUYECKOTO aHAIN3a
MIPUIOKEHUH, HCTIOB3YIOMUX (ppeliMBOPKH, METOIOM TeHepaliu SkBuBaieHTHOTO Koxa. Tpyast UCIT PAH,
tom 38, Beim. 2, 2026 1., ctp. 95-110. DOI: 10.15514/ISPRAS-2026-38(2)—7.
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Abstract. Static analysis of .NET applications using frameworks such as WPF and Entity Framework Core
faces significant challenges due to incomplete call graphs. These frameworks rely on declarative markup files
(XAML, Razor) processed at runtime, creating semantic gaps invisible to traditional static analyzers that work
only with C# source code. This paper describes the approach to increase analysis recall through equivalent code
generation from specialized files. The method reconstructs implicit connections between user interface
elements and event handlers by parsing markup, extracting semantic relationships, and generating equivalent
C# code that models user interaction scenarios. The technique was implemented in the SharpChecker static
analyzer with focus on WPF applications. It includes XAML parsing, ViewModel extraction for MVVM
patterns, and CodeDOM-based code generation simulating button clicks and command invocations.
Experiments on five open-source WPF projects revealed 84 new true positive warnings, including division-by-
zero errors and null pointer dereferences previously missed. The approach adds minimal analysis overhead and
integrates seamlessly with existing analyzers. The results demonstrate that equivalent code generation
significantly enhances static analysis of framework-based applications.
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1. BeedeHue

B coBpemenno#i paspaboTke mporpammuoro obecreuenus Ha tuiardpopme NET [1] mmpoko
MPUMEHSIOTCSL CIICNHaIn3upoBanubie (peiimBopku, Takwe kak WPF [2] u Avalonia [3] mis
pa3paboTku monb3oBaTenbckux rpaduueckux wuntepdeiicos, ASP.NET Core [4] mis BeO-
npuitoxkenuit, Entity Framework Core [5] ais B3aumoneiictus ¢ 6azamu nanusix 1 MAUI [6] anst
CO3/1aHus1 MOOWIIBHBIX NpWIIoKeHnH. JlaHHble (pedMBOPKH NPEIOCTaBISIOT yI00HbBIE a0CTpaKIN
Juist ObICTPOH pa3pabOTKH, HO OJHOBPEMEHHO BBI3BIBAIOT OOJBIINE CIOXXKHOCTH B CTaTHYECKOM
aHaJIN3e UCXOIHOIO KOAa.

3HaunTeNbHAS YacTh JOTUKHU NPHIOKEHHUH, HAIIMCAHHBIX C HUCIIOJIb30BAaHUEM 3THX (PEeHMBOPKOB,
CKpbITa B CIICIHAIN3UPOBAHHBIX (haililax, KOTOpble HTHOPUPYIOTCS CTATHYECKUMH aHAIN3aTOPaMH
KOoJa, MOTOMY YTO He coiepxar ucxonuslii xoxa. Hampumep, B WPF-npunoxenusx paszmerka
nHTepdeiica u Joruka o0paboTKM COOBITHH ommchIBalOTCS B (aimax Ha s3pike XAML, B BeO-
npuioxeHnsx ASP.NET Core — B Razor-¢aiinax. Jlanusie ¢aiiiel He ABISAIOTCA UCcTIONHAeMBIM CH-
KOJIOM 1 00pabaThIBaroTCs hpeiiMBOpKaMK JTUHAMHUYECKH BO BPEMsI BBIIOJIHEH U TIpHIioxkeHus. Kak
UTOT, TPAJUIIMOHHbIE CTATHYECKUE aHAIU3ATOPBI, PA0OTAIOIINE UCKIFOUUTEIBHO ¢ UCXOAHBIM CH-
KOJIOM, HE CHOCOOHBI BOCCTAHOBHTH IOJHYIO IOCJIEHOBATENILHOCTh BBI30BOB METOJIOB,
MHHUIUHUPYEMBIX Yepe3 00padOTUMKK COOBITHH NI CreHEpUPOBAaHHBIH (PEeHMBOPKOM KOJI.
HenonHoTa rpada BEI30BOB ITPUBOJUT K IBYM KaTeropusM omnbok. Bo-mepBbix, MOr'yT BO3HHKATh
JIOXKHBIE TMPEAYNPEeKACHHS, KOIJa AaHAIN3aTOp HEBEPHO KIACCUPHUIUPYET METOIbl Kak
«HEHCTIONB3YEeMBIe), TOCKOIBKY He CIOcO0eH 00HAPYKUTH MX BBI30BHI. BO-BTOPHIX, OIMHOKH MOTYT
OBbITh IIPOIYLIEHBI, ITOCKOJIKY aHAJIN3aTOp HE MOXET CMOJEIMPOBaTh BO3MOXKHBIE ITyTH
BBITIOJIHEHHSI IPOTPAMMBI.
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B wactHoctn, s mpuioxenmit Ha Spring Framework wMeroTcs crnenmann3upoBaHHEIC
CTATHYECKHE aHAIM3AaTOPHI, TAKUE KaK Jasmine, KOTOpbIE IEMOHCTPHPYIOT CIOKHOCTH aHAIN3a,
BO3HHKAIOIME W3-32 BHEIPECHUS 3aBUCUMOCTeH U peduiekcHd, IIHPOKO HCIOJIB3yeMBIX
(bpeliMBOpKaMU B COBPEMEHHBIX KOPIOPATUBHBIX MPUIOKEHHUAX [7]. AHanorH4dHbIe MPOOIEMBI
OPUBOIAT K TOTEPE MONHOTHI aHAIM3a MPU MPUMEHEHHH CTaTHYECKHX METOMOB K apXHUTEKType
coBpeMeHHBIX Java cepBrcoB U Android-nipumoxenuii [8].

B kauecTBe OmIMOOYHOI cUTyaluu, He OOHAPYKUBAEMON CTATUYECKHMMHU aHAIU3aTOPaMHU, MOYKHO
OPHUBECTH CICAYIOUINIT JeMOHCTpauuoHHbIi mpumep. Ilycts B rimaBHOM okHe WPF-npuioxenus
coJiepkarcsl cnaiiiep M KHOMKa, IPU W3MEHEHHWH TNOJIOKEHHUS Claiiziepa BBI3OBETCS METOJ
UpdateValue, rine oOHOBHTCS 3HaueHHE IEepeMEHHOW value, a NMpU HaXaTUM HAa KHOINKY OyZIeT
BeI3BaH MeTox ButtonClick, B koropom Beruucisiercs pesynbrat nenenust 10 / value, mocne gero
cama repeMeHHas value oOHyisiercsi. B nmuctuHre 1 mpuBeseH Kiacc, peasM3yIOMIMI alrOpUTM
paboTHI IPHIIOKCHHUS.

JlaHHBII pHMEp IEMOHCTPHUPYET NMOTEHIMAIBHYIO OIIMOKY: CIBUT Cilaiiiepa Ha HOJb M Ha)KaTue
KHOITKH WJIM JIBOMHOE Ha)KaTHe KHOIKHU HOAPSI MPHUBEAET K JINICHNIO Ha HOJb. OJJHaKO pa3MeTKa
uHTepdeiica ¢ ykazaHneM OOpaOOTYMKOB COOBITHH AJIs 9JIEMEHTOB HAXOAUTCS B OTIEIEHOM
XAML-daitne (mucTHHT 2), ¥ CTaTHYECKUHA aHATU3aTOpP, paboTaromuil HekirounTensHo ¢ C#, He
PACIIO3HAET CBA3U MEXIy Ha)KaTHEM KHOIIKH U BBEI30BOM 00pa0OTUHKA.

1 public partial class MainWindow : Window
2 |
3 private int value = 1;
4
5 public void UpdateValue (object sender,
6 RoutedPropertyChangedEventArgs<double> e)
7 {
8 value = Convert.ToInt32 (e.NewValue) ;
9 }
10
11 public void ButtonClick(object sender, RoutedEventArgs e)
12 {
13 int res = 10 / value;
14 // BO3MOXHas oumbKka OeJIeHUs Ha HOJb
15
16 value = 0;
17 }
18 }

Jlucmune 1. Ipumep nponyuyeHHot cmamuyecKum aHaiu3amopoM OUUOKY «OelleHUe Ha HOMbY .
Listing 1. Example of an «division by zero» error missed by the static analyzer.

1 <Window

2 x:Class="MyApp.MainWindow" Title="MainWindow"

3 Height="350" Width="525">

4 <Grid>

5 <Slider Value="0" ... ValueChanged="UpdateValue"/>
6 <Button Content="Reset" Click="ButtonClick"/>

7 </Grid>

8 </Window>

Jlucmune 2. XAML-k00 pazmemku 0eMOHCMPAYUOHHO20 NPUTONCEHUSL.
Listing 2. XAML markup code for the demo application.
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be3 sBHOTO mpexacTaBieHUS 3THX CBs3eH B rpad)e BHI30OBOB aHAIM3aTOp HE MOXKET BBIIBHUTDH
CIIeHapuii, B KOTOPOM KHOIIKA Ha)kaTa IBaXKIbI MOJPSJ, YTO BBHI3BIBACT UCKIIOYECHHE JICJICHUS Ha
HOJb. Takum 00pazoM, KpUTHYECKas! OIIMOKa OCTAaHETCS HE3aMEUEHHOM 10 Tarla BBINOJTHEHUS.
Jarnoe WPF-niproxxeHne ObUI0 HAITMCAHO C MCIIOJB30BAHNEM COOBITHHHOTO moaxoaa. OHako B
mocyenHee BpeMs pa3paboTUNKH BCe Yallle HCIOMB3YIOT apXUTeKTypHbIiH matrepH MVVM (Model-
View-ViewModel) [9], mpu koTopoM IOTHKa OTHENAETCS OT WHTEpdeiica, uTo T06aBISET
JIOTIOJTHUTENBHBIE CJI0)KHOCTH B aHAJIU3E MIPOTPaAMM.

[epeuncnenHple MpoOIEMBl HPUBOIAT K OOJIBIIOMY KOJHWYECTBY JIOKHBIX NPEAYNPEKACHUH H
HPONYIICHHBIM OIIMOKaM, II09TOMY aKTyaJlbHa pa3paboTKa METOIOB UX MOJJEPIKKH B CTATHIECKOM
aHanmuzatope. [lomoOHO apyrmm paboTaM IO CTaTMYECKOMY aHANU3y, HCIOJIB3YIOUINM
NPOMEXXYTOYHOE TpeJcTaBieHne nporpammsl [10], B 1aHHOW pa0oOTe JUIs MOBBIMICHUS TOJHOTHI
aHaJgM3a TpUMEHseTCs NpeoOpa3oBaHME HCXOOHBIX apTedakToB B (GOpMy, YAOOHYIO JUIst
nanpHedme o0paboTku. Meroq TreHepanu SKBUBAJCHTHOTO KOAa MPEACTABISIET COOOM
YHUBEPCAJIBbHBIA M BOCHPOU3BOMUMBINA TOAXO0/, KOTOPBIH MOXET OBITh alanTUpOBaH K JII00OMY
(bpeiMBOPKY, HCTIOIB3YIOLIEMY CHeLHaIN3UPOBaHHbIE (BaillIbl pa3METKH.

B nanHOW paboTe MeTOA TreHepaluHd SKBHUBAJICHTHOTO Kojaa OyAeT paccMOTpeH B paMKax
peanuzanuu nojepxku npunoxennii WPF s nacrpymenta SharpChecker, npenHasHaueHHOTO
JUTS TIOMCKA OITHOOK B 00eMHBIX MTpoekTax Ha miatdhopme .NET MeToqaMu cTaTH4eCcKOro aHaiusa.
[TpyBeACHHBII aIrOPUTM MOXKET OBITh IPUMEHUM U IS APYTUX GpeiiMBOPKOB ¢ HE3HAUYUTEILHEIMU
U3MCHCHUSIMU.

1.1 Uenun n 3agaumn

HCJ’IB pa6OTLI — HOBBICUTb HOJIHOTY CTAaTHYCCKOI'0 aHaJin3a HpHHOX(CHHﬁ, HCHOJIB3YOIIUX
(bpeﬁMBOpKPI, myTeM MNPpUMCHCHUA METOAa reHepanu OKBHUBAJICHTHOI'O KOoga us3
CHICUAIU3UPOBAHHBIX BHCIITHUX q)aﬁHOB.

Pe3ynbpraTom paboTHI IOJDKEH CTaTh YHUBEPCAIBHBIA METOM, KOTOPBIA OyneT:

e YBEJIMYMBATH MOJHOTY Tpada BHI30BOB ITyTEM SIBHOTO MPEJCTABICHHUSI B UCXOIHOM KOJIE
cBsi3ei Mex 1y asiemeHTamu nnrepdeiica (XAML) u o6padoTurikamu coobituii (C#);

® MOACIMPOBATH IOJb30BATCIILCKUC CLCHAPUU pa6OTI>I C IHPUIOKECHUCM, TO3BOJIA
AHAJIN3aTOPY BBISIBUTH OHII/I6KI/I, 3aBUCAIIUC OT HOPAAKA BBIITOJIHCHUS

e o0ecrneunBaTh BOCIIPOM3BOJAUMOCTh aHaJIM3a — B OTJIMYHUC OT AMHAMUYCCKOI'O aHalin3a,
pe3yiibTaTbl MOJHOCTBIO ACTECPMUHUPOBAHBI U HE 3aBHUCAT OT KOHKPCETHBIX TECTOBBLIX
CIICHApHCB;

® UHTETPUPOBATHCA C CYLIECTBYIOIINMH aHAIM3aTOpaMH 0e3 N3MEHEHHS UX apXUTEKTYpPhI —
CreHepUPOBAHHBIN Ko N06aBiseTcs B COOPKY Kak 0OBI9HbIN CH-KOI.

1.2 O630p cyLeCTBYIOLWUNX peLUeHUn

HekoTopble aHanu3aTOphl BKJIIOYAIOT MOJJIEPKKY aHaiu3a BHEIIHMX (aiioB, oJHAKO 9Ta
MoJIIepKKa ocTaéTcsl BecbMa OrpaHU4eHHOi. B kauecTBe nprMepa MOXHO MPUBECTH HHCTPYMEHT
Coverity [11], xoprmopaTuBHBIN CTaTHYECKMH aHAIW3aTOP, KOTOPBIA Ui BEO-TPUIOKEHHN Ha
wiatgopme ASP.NET npenocrasisier mogaepxky aHannsa QaiiioB pasmeTku (.aspx) u Razor-
m1absoHoB (.cshtml), Bkimtouast oOHapyskeHHe ys3BUMOCTel 6e30nmacHOCTH, Taknx kak XSS n SQL-
nabekiuu. OnHako Coverity GokycupyeTcs NperMyIIECTBEHHO Ha aHain3e 0e301macHOCTH Beb-
¢dopM, B TO BpeMs KaK BOCCTAHOBJICHHE IIOJIHOTO Tpada BBI3OBOB B NPOEKTE OCTaeTCs
OrpaHUYCHHBIM.

Crenyromue CTaTHYeCKHME AaHAIN3ATOPHl TaKXKe pacCMaTpUBAalOT CleNUalbHbIe (aiyibl, HO
WCKJIFOYMTEIBHO HA YPOBHE CHHTaKcHYeckoil Banmupauuu. Hampumep, B SonarQube [12] mocne
3anpocoB cooOIecTBa pa3paboTUMKOB ObUla BBEAEHA IOJJIEPKKA aHAIM3a BHEIIHHX (aiiios.
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OpnHako 93Ta momnep)Kka orpaHwunBaercs aHamm3oM XAML kak XML-I0KyMEHTOB depes
SonarXml, To ecTh TpoBepseTCcs KOPPEKTHOCTh XML-CTpyKTypbl, OajgaHC Teros, BaJHIHOCTH
MPOCTPaHCTB WMeH, HO Hudero Oomee. IIpoBepku SonarQube mmt XAML He aHamm3upyroT
COOTBETCTBHE 00Pa0OTUMKOB COOBITHI MEXAY Pa3METKOM M KOZOM M HE JOMOIHSAIOT Ipad BHI30BOB.
Jpyrum mpuMepoM BeicTymaer miarud st Visual Studio ReSharper [13]. Om mpemocrasisiet
BCTPOCHHYIO moanep XKy XAML-}aiiioB ¢ mpoBepkaMu, KOTOPEIE B OCHOBHOM COCPEIOTOYCHEI Ha
CHHTaKCH4YeCKOW KoppekTHocTu. ReSharper MokeT NpoBecTH TONBKO 0a30BYIO MPOBEPKY:
CYIIECTBYET JIU METOJ C MIMEHEeM 00paboTunka coOBITHS B CBsI3aHHOM Kitacce. [lToMmumo artoro, npu
pabote ¢ narreppoM MVVM U npuBsizkaMu JaHHBIX BO3HUKaeT npobnema: ReSharper yacto He
MOJKET OIpEeAETIUTh THUI KOHTEKCTa IAHHBIX Ha MOMEHT aHajiu3a, YTO HPUBOIUT K JIOKHBIM
NpeAYNPexICHUAM, Take KOTAa MpHUBsA3Ka TEXHUYECKH KOPpPEKTHa M OyneT paboTaTh BO BpeMs
BbIMosHEHNA. IIpocTas cUHTakcHueckas MOAJCpXKKa HEAOCTaTOYHA JUIs MOBBIIIEHUS IOJHOTHI
rpada BEI30BOB.

HexoTopblie HHCTPYMEHTHI COJIEPIKAT CIIEIHaTN3UPOBaHHbBIE TUarHOCTUKY IS TPOOJIEM, THITUYHBIX
st ppeiiMBOPKOB, HO TIPH 3TOM BCe elle WTHOpHPYIOT BHemrHue aitnel. PVS-Studio [14]
MpeNoCTaBIseT Clenuann3upoBanHble 1t WPF muarHocTHkH, KOTOpBIe HTOMOTAIOT pa3padoTInKaM
n30eXaTh ONEYaTOK M JIOTHYECKUX OMIMOOK B PErHCTPAllMM 3aBHCHUMBIX CBOHCTB. OnmHaKko 3Ta
MOJJIEP)KKA OCTAETCsl JIOKAJIbHOW: aHAIM3UPYETCSl TOJIBKO caM KOJ| OIPENENICHHsI CBOMCTBA, a HE
CBSI3b MEX/y CBOMCTBOM U €T0 UCTOJIb30BaHeM B XAML.

B HayuHbIX pa0oTax, CBA3aHHBIX C aHAJOTMYHBIMHU IO APXUTEKType (ppedMBOpPKaMU Ha APYTHX
miatpopmax (Android, Spring) [8, 15-18], uccienoBaTenu mpeaarardT B KayecTBE pPEIICHHS
poOJIEeMbl UCTIONB30BAaHHE JUHAMHYECKOTO aHAIW3a. DTOT METOA IPEIONAaracT BBIOJIHCHHE
MPWJIOKEHUS 110l MOHHUTOPHHIOM M OTCJIC)KHBaHME (PAKTUYECKHX BBI30BOB METOJZIOB BO BpEMs
pabotsl. Teoperudeckn, TUHAMUYECKUI aHAM3 MOXKET OOHAPYKUTh BCE PEAJBbHO BBIMOJIHAEMbIE
IyTH KOJa, BKJIIOYas T€, YTO MHULMUpYyoTcs u3 XAML.

OnHako AMHAMUYECKUH aHAIN3 CTPaJaeT OT KpUTHIECKUX OrpaHnYeHUH. Bo-TIepBhIX, pe3ynbTaThl
aHaJIM3a MOJHOCTBIO 3aBUCAT OT KOHKPETHBIX CIIEHapHeB TECTUPOBAHUS M BXOJHBIX JaHHBIX. Ecin
TECTOBBIN HAOOP HE BKIIFOYAET OMPEICICHHYIO OCIeI0BaTEIbHOCTD MOJIB30BATEIbCKUX JICHCTBUH,
omuOKa B 3TOM IIyTH OCTaHETCs HeoOHapy»XeHHO#l. Bo-BTOpbIX, HakiiaJHble pacXolbl Ha
MHCTPYMEHTHPOBAaHHE KOJa M MOHMTOPHHI BBINOJHEHHMS 3HAYUTEIBHBI, YTO JAeJaeT aHalu3
MEJICHHBIM U 3aTPaTHBIM IO pecypcaM. B-TpeThux, pe3ysibTaThl JUHAMHYECKOTO aHaJIM3a 4acTo
CTPaJaloT OT MpoOyieM C BOCIPOM3BOAMMOCTBI0O — OJHA M Ta >K€ IPOrpaMMa MOXKET
JIEMOHCTPHPOBATH pasiuaHOoe TIOBE/ICHNE pu MOBTOPHBIX 3aIycKax n3-3a
HeIeTepMUHUPOBAHHOCTH BO BPEMEHH, YCIOBUI MHOTOTIOTOYHOCTH MIIH CITy4aifHBIX KOMIIOHEHTOB.

1.3 O6wme MexaHU3Mbl COBpPEMEHHbIX (PPENMBOPKOB MONb30BaTENIbCKUX
MHTepcencos

CoBpemMeHHbIe (ppedMBOPKH Ul pa3pabOTKU IOJIb30BaTENbCKUX HHTEp(eiicoB (rpaduyeckne
HHTEpQEicH, BeO-HHTep(EHCH, MOOWIBHBIC INPHIIOKCHIS) OCHOBaHBI Ha HECKOJBKHX OOIMIMX
APXUTEKTYPHBIX NPHHIHUIAX U MEXaHH3MaX, KOTOpbIE MOBTOPSIOTCS HE3aBUCHUMO OT KOHKPETHOM
TUTaT(OPMBIL.

B coOwithitHo-ynpaensemoit  apxurektype MVC  (Model-View-Controller) mnpuioxeHue
pasferseTcs Ha TPY KOMIIOHEHTA: MOJeIIb, IPEJCTaBICHHE M KOHTPOJLIEP.

e Mosenb CONECPKUT aHHBIC NPWIOKEHUS U MpaBmia ux obpaborku. OHa pearupyer Ha
KOMaHJbl M3 KOHTPOJJIEpA, HU3MEHAET CBOE COCTOSHHE, M TIepeJaeT [aHHbIE B
IIPE/ICTaBIICHHUE.

e [IlpencraBnenne BU3yanusupyeT B nHrepdeiice moaydeHHyI OT MOJEIH MH(OPMALHIO.
Jlis mpencTaBiieHHsT KaK MPaBHJIO HCIONB3YIOTCA CIEIHAIN3NPOBaHHbBIE s3bIKH (XML-
nogo6usle s3pikn, JSX, HTML), mo3Bossiomue AeKIapaTUBHO OMKCHIBATH CTPYKTYPY
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nHTepdeiica, 4TO MO3BOJSET OTIEIUTD Pa3METKY OT JIOTUKHA 00pabOTKH B3aMMOACHCTBHIA
MOJIB30BATEIIS C TPUIIOKESHUEM.

e KouTpoinep omnpenenser, Kak INpWIOXKEHHE OylneT pearupoBath Ha JICHCTBUS
moJb30BaTeNs. BianmoneiicTBrue ¢ armeMeHTaMu HHTepdeiica (HaxkaThe KHOIKH, BBOJ
TEKCTa, BBIOOp 3JE€MEHTa W T.O.) TEHEPHPYeT COOBITHA, IS KOTOPBIX pPa3pabOTIHK
peructpupyet GyHKINU-00paboTanku. Perucrparus o6paboTINKOB 0OBITHO IPOUCXOTUT
B IIPE/ICTABICHUH IS K&KAOTO IeMeHTa nHTepdeiica, a camMu JEHCTBHS ONUCHIBAIOTCS B
KoHTpoJutepe. COOBITHA MOTYT OBITh HAIPABIICHBI, PACIIPOCTPAHITHCS BBEPX 10 HEPAPXUH
3JIEMEHTOB HJIH 00pabaThIBATHCS JOKAIFHO HA KOHKPETHOM JJIEMEHTE.

BBuy BBICOKOI CIIOKHOCTH HOIIEPKKA MPIJIOKEHUN ¢ UCIOIh30BaHUEM COOBITHHHOTO TTOAX0Ia
13-3a TECHOH CBs3M Om3HEc-TOTUKU U Ul-10THKOM pa3paboTIMKH B HACTOSIIEE BPEMs Halle BCEro
HCTIONB3YIOT  apXutekTypy MVVM  (Model-View-ViewModel), Tme BMecTo KOHTpoIiepa
UCTIONb3YeTCS MOZENb IpeacTaBieHus. [laHHas aOCTpakiysl SABIAETCS MOCPEAHHUKOM MEXITy
MOJENBI0 U TPEICTaBICHUEM, TJE COJCp)KaTcs AAaHHBIE W3 MOJEIH, HpeoOpa3oBaHHBIC LIS
0TOOpa)XeHHUs B TPEICTABICHHM, W KOMAaHIBI JUIS B3aWMOJCHCTBHS, KOTOPHIE HCIOIB3YIOTCS
MPEACTABIICHUCM IJIA BIIUSAHUA HAa MOJCIIb. Taxkoit 1oaxon oOecneynBaeT JY4YIOYyrO YUCTOTY KOJia U
MIO3BOJISIET An3aifHEpaM 1 pa3paboTyrkaM paboTaTh HE3aBUCHMO.

Kiacc Momenu mipeacTaBieHHs SBHO yCTaHABIMBAaeTCs B NpeacTaBieHun (JIubo B
COOTBETCTBYIOIIEM KJlacce MPEACTaBICHUs) B KaueCTBe KOHTEKCTa JaHHBIX, KOTOPBIN OIpeaesseT
00BEKT, CBOHCTBA KOTOPOTO JOCTYITHBI ATt IPUBSI3KU B JJAHHOM YacTH nHTEp(eiica.
HOI[FOTOBH@HHI)IC JUIA 0T06pa>1<eH1/1;1 JAaHHBIE W3 MOACIN CBA3BIBAIOTCA C COOTBCTCTBYIOUIMMU
QJICMCHTaMU YIIpaBJICHUA U3 MNPCACTABJICHUA YCPE3 MCXAaHU3M IIPUBA3ZKU JaHHBIX, B paMKax
KOTOPOI'o0 MPOUCXOAUT CHUHXpOHU3AIUA MCEKIAY COCTOAHUECM MOJACIU NPEACTaBICHUSA U
NpEeACTABIICHUEM 3THUX NAHHBIX B I/IHTep(beﬁce. H3menenus B MOAECJIN aBTOMAaTUYCCKN OTPaKaroTCA
B untepdeiice, u Hao60poT. [IpuBsA3Ka AAHHBIX YaCTO UCMOJBL3YyeT BhIpakeHus npuBssku (binding
expressions), KOTOPBIE CBS3bIBAIOT CBOWCTBA JJIEMEHTOB HHTepdeiica ¢ COOTBETCTBYIOIMIMMHU
CBOHCTBaMH MOJICTIH IIPE/ICTABICHUSL.

BwmecTto npsiMoro cBsi3pIBaHMs COOBITHI C METO1aMK 00paOOTUYMKOB UCTIONB3YETCS ATTEPH KOMAH]I.
Komanga — 370 00beKT, HHKAIICYIUPYIONIMN EHCTBUE U €ro mapaMeTpsl. DJIeMeHThl nHTepdeiica
CBSI3BIBAIOTCS C KOMaHAAaMH 4epe3 MPHUBS3KY JaHHBIX, 00ecreurnBas paszeleHue MEeXAY JIOTHKOH
00pabOTKH U MPEICTABICHUEM.

Bce 3Tu MexaHU3MBI HarpaBJICHBI Ha o6ecnequHe pasaciIcHus OTBETCTBEHHOCTH U YUCTOTHI KOJ1a,
HO OTHOBPEMEHHO OHH CO3/af0T ITPOOIeMy ISl CTATHYECKOTO aHalli3a: CBA3H MEX Iy HHTepdeiicom
(ompeieNieHHBIM B CIICIMAIN3UPOBAHHBIX (haiiiaax) U JIOTHKOH (ONpeaeIeHHoM B KO/Ie) CTaHOBSITCS
OIIOCPEAOBAHHBIMU, HEABHBIMU U TIUHAMUYECKUMMU.

1.4 ApxuTtekTtypa ¢ppenmBopka WPF n noaxoabl pa3paboTKu NnpunoxeHumn

WPF (Windows Presentation Framework) — oxun u3 riaBubix GppeiiMmBopkoB miatgopmsl NET mst
paspabotku kiareHTckux Windows-tipunoxenuii ¢ rpaduueckum unrepdeiicom [2, 19]. B kauectse
crienuaIM3upoBaHHOro sA3bika pasmMeTkn WPF ucnons3yer XAML (eXtensible Application Markup
Language) [20] — s3pik Ha ocHoBe XML, MO3BOJISIOLIMI JEKIapaTUBHO CO3[aBaTh OOBEKTHI
uHTepdeiica 1 OPraHn30BBIBATH UX B HEPAPXHUH.

B WPF ucnone3yrorcs Ba moaxoja K CO3IaHUI0 IPWIoKeHUH — coObrtuiinbil (MVC) 1 naTTepH
MVVM.

CoOBITHHHBII TOAXOA OCHOBaH Ha NPsIMOl 00paboTKe COOBITHI 3JIEMEHTOB YNpPaBICHHS
(HanpuMep, HaxaTHe KHONKH) B code-behind (¢aiin .xaml.cs), The JIOTHKAa TECHO CBs3aHa C
nuHrepdecom.

B moaxone uyepe3 martepr MVVM 00paboTYMKKM JIOTHKK OTAENIEHBI 0T MHTep(etica. [lelicTBus
MOJIb30BATENsl  CBSA3BIBAIOTCS C KoMaHnamu (oObekTamMu Tuma ICommand, Hampumep
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RelayCommand), KOTOpbIE OIpeaeNeHsl B Kiacce Monenu mnpexactaBieHus (ViewModel).
Ipupsizka ganueix B XAML yka3siBaeT Ha KOMaHJBI Yepe3 BBIPAKCHUS IMPHUBSI3KU, HAIPHUMED
Command="{Binding SaveCommand}". Konrekct npussa3ku (DataContext) yka3bIBaeT
Ha 9K3eMIUISIp Kjlacca MOJIEIH MTPEACTaBICHHUS, KOTOPBIA UCHOIB3YETCS ISl pa3pelieHHs IPUBSI30K
BO BpEMsI BHINOJHEHUsI putoskeHnsi. OH MOXKET 3a/1aBaThesl 1100 HanpsiMyo B koge XAML, nu6o
B KOHCTPYKTOpE KJlacca OKHa.

O0a moxxoa CO3/1a0T OJJMHAKOBYIO ITPOOIEMY [ CTATHYECKOT0 aHAIN3a: HH(POPMAIHS O CBS3SIX
MEXIy MHTepPEHCcCOM M KOZAOM OCTaeTCsl HEIOCTYITHOM ISl aHaIN3aTOPOB, Pa0OTAIOIIMX TOJIBKO C
HCXOMHBIM KooM Ha C#.

2. lMpednoxeHHbIU Memod

2.1 Cxema paboTbl anropuTtMma
IIpenoxeHHbI METO COCTOUT U3 YEThIPEX LIAroB:
1. mowuck u pa3bop BHEMIHHX (DailyoB;
2. aHaNM3 CrelHaIN3UPOBaHHbBIX (aiiioB;

3. reHepauusi SKkBuUBajeHTHOro C#-kojma C MOAEIMPOBAHUEM MOCIIEIOBATEILHOCTEH
MOJIb30BATEIBCKUX ICHUCTBUI;

4. anamu3 CICHCPUPOBAHHOT'O KOJIA MO aHAJIOTMH € CYIICCTBYIOIIUM.

Ha Bxon Meronmy mojaeTcs aHAJW3UPYyEeMbINl NPOEKT, Ha BBIXOJE BO3BpAIAeTCsA IPOEKT CO
CreHEepHPOBaHHBIMU (hailmamu.

2.1.1 NMowuck u pa3bop BHewHUX cpannos

Ha nepBoMm 3Tare HHCTPYMEHT MPOBOAMT IOUCK CHIEIIMATN3UPOBAHHBIX (aiijIoB B IPOEKTE BO BpeMs
npolecca MOArOTOBKH K aHanmu3y. MHpopMaiyio o ToM, B KaKUX Karajorax Mx cJeQyeT HUCKarTh,
MOJKHO B34Th M3 (hailioB mpoekTa (.Ccsproj) WIKM IpU IepexBaTe COOPKH, KOTAa aHAIH3aToOp
HanpsMyl0 HHTETPUPOBAH C CHCTEMOH COOpPKM Ha 3Talle, NPEAIIECTBYIOIEM TpaHC(HOpPMAINN
CHeUAIN3UPOBAHHBIX (ailyIoB KOMIMISITOPOM B IPOMEKYTO4YHBIE (opMaThl (Harpumep, BAML
it XAML), uro mo3BOJSET MONYYUTh JNOCTYI K HCXOMHBIM (ainam 10 HX 00pabOTKH U
npeoOpa3oBaHusi. MHCTpYMEHT NpOCMATpPHBAeT CHHCOK (hailIoB IPOEKTa, NPEeIOCTaBISICMbIN
CHCTEMOM COOpKH, U WASHTU(GHUIUPYET (ailiibl ¢ COOTBETCTBYIOUIMMH PACUIMPEHUSIMHU (HapHMep,
.xaml mis WPF).

Jns xaxnoro HaliieHHOro (haiina BBITIOTHAETCS pa300p C LENbI0 HM3BICYEHHS CEMaHTHYECKH
3HauuMoOi wuHpopmanmu. [Ipomecc cTpoUT wHepapxuYecKoe [epeBO 3JIEMEHTOB, COXPaHsA
MHQOPMALIUIO O THITE KaXKI0T0 MIEMEHTA, €0 CBOWCTBAX M JJOYSPHHUX JIEMEHTAX.

Pesynprar 00pabOTKM KaXoro BHEHIHEro Qaila — CTPYKTypHPOBAaHHOE MpE/ICTaBICHUE
CIIeLMaI3UPOBaHHOTO (haiiia, mpuroaHoOe Ui JaJbHEHIIETo aHAIN3A.

2.1.2 AHanus cneymManmM3MpoBaHHbIX ¢hannos

Ha BropoMm 3Tane BRIIOIHAETCS aHATIN3 MOTYICHHOW HH(POPMAINH JUTS OTIPEICTICHNUS CBI3EH MEXK Iy
uHTep(deicoM 1 KOJIOM. DTall BKIIOYAEeT J[Ba [0/[3Tara;

e ComnocraBieHnue 00pabOTYMKOB COOBITHI M KOMaHI K 3JeMeHTaM HHTepdelica: s
KaXJOr0 3JIEMEHTa B CIEHUAIM3UPOBAHHOM (ailie aHaMM3uUpPyIOTCSl OINpPEICICHHBIE
coOpITis W KOoMaHbl. W3 ommcanns uHTepdeiica M3BIEKAOTCS NMEHa 00pabOTIMKOB U
KoMaH 1. OTa HHGOPMaLsI UCTIONIB3YETCs ISl ACHTH(UKAIMKY METOJIOB B KOJIe, KOTOpbIE
OyIlyT BBIIIOJIHEHBI IPU B3aWMO/ICHCTBHH MOJIb30BaTENs ¢ HHTEpdeiicom;

e OrmpenencHue KOHTEKCTA MAaHHBIX: €CIM MPWIOKEHHE HCIIONB3YeT apXUTEKTYPHBIN
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narrepH MVVM, Ha 3TOM mojaTane onpeaensercs Kiiacc, KOTOPbIH CIYy>KUT KOHTEKCTOM
TPUBSA3KH. I 3TOTO aHAIM3UPYETCSI COOTBETCTBYIOMINN JAHHOMY CIICIIMabHOMY (haiiiry
KJacc Ui TOWCKAa TPUCBAaMBAHWN KOHTEKCTy. Tarke pasOupaeTcs HaiiIeHHBIH
ViewModel-kmacc st onpeenieHrst KOMaH I, TOCTYIHBIX IS IPUBSI3KH.

2.1.3 NeHepauua akBuBaneHTHoro C#-koga

IMockonbKy BHemHUE (ailibl camu 1Mo ceOe He SIBISIOTCSA UCIIOTHAEMBIM KOIOM, IS CTaTHIECKOTO
aHaJIM3a UX COIEPKUMOE TpaHC(hOpMHUPYETCs B SKBUBAJICHTHBIH Kiacc. Vnest cocToUT B TOM, YTOOBI
CTeHEpHpOBaTh HCXOMHBIN KOJI, ONUCHIBAIOIINI TE XKe 3JIEMEHTHI HHTepdelica, YTO U B Pa3METKe.
Ha mpakTtuke 310 o03Haudaer co3maHme C#-KJIaccoB, TAe OOBSBIAIOTCS MOJNS U 3JIEMEHTOB
ynpaBjieHus (KHOMKH, IOJISi TEKCTOBOT'O BBOJA) U PETHCTPUPYIOTCS CBSI3aHHBIE C HUMHU COOBITHS.
Kpome Toro, ecnu ucnonb3yeTcst apxuTeKTypHbIil martepH MV VM, To reHepupyeTcs Ko, KOTOPbIH
CO3/1a€T SK3EMIUIPHI KIacca JIOTUKU U PETUCTPUPYET KOMaH/IBI.

[Ipn reHepanuu SKBUBAJICHTHOTO KOJa METOJ IIpeoOpasyeT CTPYKTYPY CHELHaTM3MPOBAHHOTO
¢aiina (takoro kak XAML) B OSKBHBaJIEHTHBIH MCXOIHBI Koja Ha s3bike C#, KOTOPBIH
BOCIIPOHM3BOJINT OOBEKTHYIO HEPApXUIO U CBSI3M MEXIy diieMeHTamu nHTepdeiica. [lepsblit sTan
3aKiIIo4yaeTcsi B pa3dope CrenHaln3upoBaHHOTO (aiina W M3BJICYCHUH BCEH CTPYKTYPHOU
nH(OpMAaLUK: THIIOB 3JIEMEHTOB YIIPABJICHHUS, UX CBOMCTB, IPUBA30K JaHHBIX, COOBITHI ¥ KOMaH/I.
Ha ocHoBe mnomyuyeHHOW HHGOpPMAIMKM TEHEPaTop KOAA CO3JaeT CTaTUYECKHH METoJ] Juis
nocTpoeHus uHTepdeiica (Hanpumep, WindowCreate () ), KOTOPBIH MPOTPaMMHO BOCCO3/ACT
BCIO BU3YaJIbHYIO CTPYKTYPY, HHCTAaHIIMPYS JIEMEHTHI yIIPaBJICHUA U yCTaHABIMBAs UX CBOIICTBA,
BJIO’KEHHOCTbH M IIPUBS3KH. DTO MO3BOJISIET CTATHYECKOMY aHAIM3aTOPY paboTaTh ¢ MOJIHBIM Ipadom
BCEX 3JIEMEHTOB MHTepdetica B Bune oopraaOoro CH#-xkona.

OpfHako TIJIaBHBIH KOMIIOHEHT METOAa — 3TO MOJEIHPOBAHME I0JIb30BATEIBCKUX CLIEHApHUEB.
Kaxnplit cuenapumii mpeicraBisieT co0oi OTAeNbHYI (YHKIMIO, KOTOpas BOCHPOU3BOJUT
BO3MOXHBIE IOCJIEJOBATEIbHOCTU II0OJIB30BATEIbCKUX ACHCTBUM. B pamkax Kaxaoro cueHapus
TeHepUpYeTCs MOCIIeA0BAaTEILHOCTh BBI30BOB: CHaYaja CO3/A€TCSl HOBBIM SK3eMIUIIp OKHA uepes
BBI30B CTAaTHMYECKOTO METoJa JuId IIOCTPOeHMs HHTepdeiica (UTo oOecrednBaeT 4YHCTOE,
N30JIMPOBAaHHOE COCTOSIHUE), 3aTEM HHUIMAIN3NPYETCS KOHTEKCT JaHHBIX /IS JAaHHOTO OKHA (eciH
ucronb3yercs narrepi MVVM), n mociie 3TOro mociiefoBaTeIbHO BBI3BIBAIOTCS 00pabOTUMKH
COOBITHH WJIM METOABI KOMaHJ B Pa3lMYHBIX KOMOMHAIMsIX. KpUTHUECKH BaXXHO, YTO OKHO H
KOHTEKCT JIJaHHBIX CO3/Jal0TCSl 3aHOBO JUI KaXKIOrO CLEHAPHS — ATO TAPAHTUPYET, YTO COCTOSIHUE,
HN3MEHEHHOE OJIHUM CLEHApHEM, He BIMsET Ha Apyrue. Takas M30is0Usl MO3BOJSET aHAIU3ATOPY
HE3aBHCHMO HCCIEJIOBaTh KaX[bl IOTEHIMAIbHBIH MyTh BBINOJHEHHS 0€3 CMEUIMBaHUM
COCTOSIHUHM MEXy pa3IMYHbIMU MOCIEJ0BATENBHOCTAMU JEHCTBU.

KpuTtndeckum acniektoMm sBJseTCsl mpobiieMa KoMOMHATOpHOTO B3phiBa. [lycTh N — KOMUYECTBO
BCEX Map «3JIEMEHT-00padOTUMK/KOMaHa» B OKHE, a L — MakcuMalbHas JJIMHA TeHepUPYEeMbIX
nocsienoBatenbHocTeil. Toria KOMMYIECTBO BO3MOKHBIX KoMOMHaluil coctaBisteT NE, uto pacter
SKCIIOHEHIMAIBHO. J{1s1 00b19HOTO OKHA ¢ 10 3;meMeHTamMu yrpaBieHus Jaxe npu riryouHe L = 3
unucio KomOuHammit jgocturaer 103 = 1000, urto mnpu Gomblueil MHE TPUBOAUT K
KOMOWHATOpHOMY B3pHIBY. [lonHEBINH mepebop BceX BO3MOXHBIX LEMNOYEK COOBITHH CTAaHOBUTCS
HEPE3YJIbTATHBHBIM C KCTIOHEHIIMAILHBIM BpeMeHeM paboTsl N x Tavg, TiE Tayg — cpenHee BpeMs
aHaJM3a OJJHOW KOMOMHAIIMY, WIIK BOBCE HE 3aBEpILIACTCSI.

Jlmg oneHKM MpakTHYEeCKHX MAcIITaboB 3a/7a4u ObUTa MPOBEICHA IKCIEPHUMEHTAbHAS OICHKA Ha
TECTOBBIX IIPOEKTaxX. B TPOEKTax ¢ OTKPHITBIM HCXOAHBIM KOJOM pa3Mep HHTepdencos
BapeupyeTcs oT 1 10 50 HHTEPaKTUBHBIX SJIEMEHTOB C 00paboTurKaMu Ha OKHO. [Ipu orpanmueHun
ry6unsl L =2 s okHa ¢ 20 o6paborumkamu renepupyerca 202 = 400 komOuHauuMi, 4TO
obpabarteiBaerca 3a npuemieMoe Bpems. OxHako yBemwuenue 10 L = 3 maér yxe 203 = 8000
koMOnHammi, a mpu L =4 — 160 TpIcsIY KOMOMHANIMI TONBKO AJISI OAHOTO OKHAa. B peanmbHBIX
MPOEKTAX C JECATKaMU OKOH TaKOM MOJXOJ CTAHOBUTCS HENPAKTUYHBIM.
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TTosTOMy B maHHO¥ paboTe aHATU3aTOp OrpaHUYMBACT JUIMHY KOMOWHAIIMI 3HaYeHHeM L = 3, 9To
MO3BOJISIET  BBISIBUTH  3HAYMTENIBHYIO  4YacTh  OINMOOK, BO3HUKAMOIIMX MPHU  MPOCTHIX
MOCJIEIOBATENILHOCTSAX B3aUMOJICUCTBUH, KEPTBYsSI OOHApyKeHHEeM OoJjiee CIIOKHBIX CIIEHAPHEB C
YETHIPHMS U O0JIee ICHCTBUAMHU.

B pesysbrare nmonyvaeTcs SKBUBaNeHTHBIN C#-Ki1acc, KOTOPBIN BKITFOUACTCs B COOPKY JJIs aHAIN3a,
YTO MOMOTaeT JOMIOJHUTH rpad BBEI30OBOB MHOXECTBOM pebep MEXIy BcemH 00paboTYMKaMu
COOBITHI ¥ KOMaH/I.

2.1.4 AHanus npoekKkTa co CreHepMpoBaHHbIM KOAOM

Iocne 3aBepieHHs TeHEpaluy SKBUBAJICHTHOTO KOAA CT€HEPHPOBAHHBIC (aiiIbl JOOABISIOTCS B
cOOpKy NMPOEKTa 1 BKIFOYAFOTCS B MPOLECC KOMITMIALMK HAPALY C OCTAJIbHBIM HCXOIHBIM KOJIOM.
C TOYKM 3peHHs KOMIIWIATOPA M CTATUYECKOTO aHaJIM3aTopa, CTCHEPHPOBAHHBIN KOJ HUYEM HE
omM4aeTcss OT 0ObIHOTO ucxoAHoro C#-konma, 4Tto oOecreunBaeT IOJIHYI HHTErpaluio 0e3
HE0OX0ANMOCTH MOIU(HUKAIINY apXUTEKTYPHI aHAITU3aTOpa.

IIpn 3amycke HMHCTpyMEHTa aHalHM3a Ha MPOEKT CO BCTPOEHHBIM CrEHEPHPOBAHHBIM KOIOM
NpeayNpexIeHNs, HaliJICHHbIE aHATIM3aTOPOM B 3TOM KoJie, OyayT 0TOOpakaTbCsi B CTaHAAPTHBIX
oTuyéTax aHanuzaTropa. BakHBIM acleKTOM SBISETCA TO, YTO CTCHEPHPOBAHHBIN KOJ COJCPHKUT
TpaccupyeMylo HH(GOPMAalUI0 O MPOUCXOXKACHUM: KaxJoe MNPEeAyNpeKACHHE H3 METOJO0B-
CIIEHapHeB MOXKET OBITh CB3aHO ¢ MCXoAHbIM XAML-daiinoM u  cooTBETCTBYIOLIEH
HOCIIEZIOBATEIBHOCTBIO MOIB30BAaTENbCKUX ACHCTBUH, 4TO obsierdaeT pa3pabOTYHMKy NOHHUMAaHUE
KOHTEKCTa OOHapykeHHOW ommOku. Takum o0pa3om, eciu aHanu3aTop HaWAET MOTEHIHMAIBHYIO
OomMOKy, pPa3padOTYMK MOXKET IOHITh, B KAaKOM KOHKDETHOM CIICHApUH B3aMMOJCHUCTBHS
nonbp3oBatessi ¢ uHTepdeiicom (Hampumep, MpU Kakoil MOCIEI0BaTEIbHOCTH Ha)KaTHH KHOIIOK)
MOXET BO3HHKHYTH ITpo0JieMa, 4To 3HAYUTENILHO 00JIeryaeT oTiaa Ky 1 BOCIPOU3BEACHHE OLINOKH.

2.2 OcobeHHOCTH peanu3auumn

JlaHHBII MOX0/, KaK TOBOPHJIOCH paHee, ObUT peann3oBaH B paMkax mHCTpyMeHTa SharpChecker
JUTS TIOICP KKH CTAaTHUYECKOT'0 aHAIIN3a MPIIIOKEHUH, Henonb3yrommx ¢ppeimBopk WPF. JlaHHBIH
CTaTHYECKUH aHaIM3aTop ObUI pa3paboTaH Uil ITOHMCKA OMIMOOK B OOBEMHBIX IMPOEKTaxX Ha
mnatpopme NET [21]. UHCTpyMEHT peali3yeT pa3iuyHble BUIBI aHAIN3a KOJa, BKIIIOYAs aHAIIH3
MOTOKA JaHHBIX, IPOBEPKY Ha MCIIOJIb30BaHNE HEOE30MACHBIX ONEpaIiid U BBISIBICHUE THITUYHBIX
ommboK mporpamMmupoBanus [22]. B 4acTHOCTH, HHCTPYMEHT 00J1alaeT BCTPOSHHBIM MEPEXBATOM
nporiecca cO0pKH Yepe3 uHTerpario ¢ cucremMoit MSBuild [23], uto mo3BosiseT momy4uTh A0CTYI
K IPOMEXYTOYHBIM apTe(hakTaM KOMIMJISIINY 1 CIICIHAIN3UPOBAHHBIM (aiiiiaM IpoeKTa.

Jns peanusanuy MeToAa TeHEpallMd 3KBHBAJIEHTHOIO KOJa B aHanu3aTope Obul pa3paboTaH
CHeLUAIN3UPOBAHHBIA MOJIYJIb MOJIEPXKKH (peiiMBOPKOB. MoOJysib MHTErpUpOBaH B IIPOLECC
cOOpKH TpoeKTa U paboTaeT Mepesl ITANOM OCHOBHOTO aHalu3a. MOayllb COCTOUT U3 HECKOIBKUX
KOMITOHEHTOB:

e Pa3dop XAML: wucnomnszyer BcrpoeHHbIH B .NET mapcep XamlXmlReader mis
MOCTPOEHHUS OOBEKTHOTO JepeBa. M3BinekaeT HMHQPOpPMAIMI0O O THIAX JJIEMEHTOB,
CBOHCTBaX, COOBITHSAX M TIPHUBSA3KaxX JaHHBIX. Pe3ymbrar pasbopa coxpaHseTcs B
nepapxuvecKoM JiepeBe Ui TalibHel et 00paboTKH.

e MN3BieueHne KOHTeKcTa: ompeaenseT ViewModel-kacc mnpu HCMOJL30BAHWHU B
mpuiaoxeHnn narreppa MVVM. AnammsupyeT aiin xoma uid MOWCKa NPHUCBAaUBaHUN
KOHTCKCTy HpI/IBﬂSKI/I U HN3BJICUCHHUA II0JJHOTO HMMCHHM THUIIA KJIaCCa JIOTUKHU. TaK)Ke
aHaJ'IH?;prCT Haﬁ}:[eHHBIﬁ KJ1acCc st onpeneneHI/m IIOCTyHHBIX KOMAaH/.

o T'eHepaTop Koaa: Ha OCHOBE WH(POPMAITUH, TIOTYIYEHHON MPEABTYIIIMMHA KOMIIOHEHTAMH,
reHepupyeT partial-kiacc, cogepkamii HHUIMAIW3AIMIO 3JIEMEHTOB, PErUCTPALHIO
00paboTYNKOB U METOABI-OMYISTOPHL. s renepanuu ucnons3dyercs CodeDOM (Code
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Document Object Model), 9To o3BoJISET CO30aTh CHHTAKCHYECKH KOPPEKTHBIA HCXOTHBIH
Koz Ha s3bike CH.

BaxHo ormernTh, uto B KoHTeKkcTe WPF renepanus kona nprooOperaer crieliu(puuecKie 4epThl.
I'enepaTop co3naeT moss Uil KaXI0ro MMEHOBAHHOTO 3JIeMeHTa ynpasieHus u3 XAML-pazmerku
(KHOTIOK, CIIMCKOB, MEHIO W T.I.) W IOJHOCTBIO BOCHPOHM3BOAWT JPEBOBHIHYIO CTPYKTYPY
KoHTelHepoB (Grid, StackPanel, u mp.). Ansd KaKIOTO 3JEMEHTa C MPHUBSI3aHHBIM COOBITHEM
WIM KOMAaHJOW YCTaHABIUBAeTCA CBSI3b: HaNpUMep, /U1 KHONOK C KOMaHJaMHU uepes
Command="{Binding CreateNode}" TreHeparop perucTpupyer 0OpabOOTYHK COOBITHS
(mampumep, button.Click). Uro ocobeHHO Ba)XHO, KOT/Ia MPIJIOKEHHUE HUCIOJIB3yeT MaTTePH
MVVM c ucnonszoBanueM RelayCommand, rerepatop co3maer crieruaibHbIN Kiacc-00epTKy Hax
opuruHanpHbeiM ViewModel (Hanpumep, MainWindowViewModel SC), KOTOpBIH COIEPKHUT
METOJbI-JIENIeraThl, CCHUIAIOIIMECS Ha OpUIHHAJbHblE KOMaHAbl. ['eHepalus OTAENbHOrO
ViewModel-knacca BMeCTO HCIONB30BaHMS OPUTHHAIBHOTO TPEOYeTCsl MOTOMY, YTO, BO-TIEPBbIX,
OPUTHHAJIBHBIA KJIacC MOXET COAEP)KaTh CIOXKHYIO JIOTUKY WHHIMANIM3aLUU, 3aBUCUMOCTH WU
COCTOSTHHE, KOTOpOE 3aTpyAHWIO Obl aHamu3. Bo-BTOpBIX, METOABI-AENEraThl MO3BOJIIOT SIBHO
CBSI3aTh BBI30OBBI OOpPabOTUMKOB B CIEHEPHUPOBAHHOM KOJZE, ClHENIaB CBSI3M BUAUMBIMH JUIS
aHaJIM3aTopa.

Cuenapun B WPF npezcraBistor coboii cTaTHdeckue METOAbI ¢ T'€HEPHUPOBAHHBIMH HMEHAMH,
Ka)XJbIH 3 KOTOPBIX SIBIISIETCSA HE3aBHCUMBIM KOHTEKCTOM BBINIOJIHEHMS. B Hauane kaxaoro meroa
BbI3BIBacTcI WindowCreate () AT CO3MaHMS CBEKETO SK3EMIUISIpa OKHA, 3aTEM HHCTAaHIUPYETCS
HOBBI 9K3EMIULIp creHepupoBaHHoro ViewModel-kimacca W mpucBaMBaeTcsi OKHY —Kak
DataContext. Ilocne 3TOro nociaenoBaTENIbHO BBI3BIBAKOTCS METOABI-ACIEraTbl B Pa3InYHbIX
KOMOMHAIMAX, MOIETIHUPYSI peaibHbIe CIIEHAPHH: HAIIPUMED, MOJIH30BATENb MOXKET HAXKATh KHOMKY
Create, 3arem Ed1 t, 1 3aTeM BHIMONHUTH oneparuio Drag-and-Drop. Kaxxnast Takast koMOUHAIHs
CO3/1aeT HOBBIH MyTh BHITMIOJIHEHH, KOTOPBI aHAIN3aTOP MOXKET UCCIIEI0BATh.

Taxkum 00pa3oM, mpouecc paboThl MOAYIS Ha KaKAOM CIELHaNIU3MpPOBaHHOM (aiiie B MpoekTe
BBITJISIAUT CIEAYIOIIMM 00pa3oM:

1. Cucrema cOOpKHM NepexBaThIBAaeT CIICUHUAIN3UPOBAHHbIN (ailn nepes KOMIMISLUCH.
Moyab CYUTHIBACT HCXOIHBIN TEKCT (aiiia;

2. HMauubiit  ¢aitn  pa3dupaercss W CTPOMTCS OOBEKTHOE MPEJICTABICHHE, COXPAHSIS
urdopmanuio o cTpykrype unrepdeiica;

3. TIpoBoauTCst aHAKM3 TOCTPOCHHOTO MPEACTABICHUS (aiiia, B KOTOPOM COOMPAETCsI TIOTHAS
uHdopManus 0 CBA3IX MEXIy HHTepdelicom u jorukoid. B ciyuae oOHapyxeHHs
ucnob30BaHus narrepua MVVM (Hanpumep, npu 0OHAPYKEHUH Y OJHOTO U3 3JIEMEHTOB
XapaKTepHOro cBoicTBa Command) OmpeAensercs KOHTEKCT MaHHBIX IPH ITOMOIIA
M3BIIEKATES KOHTEKCTA,

4. Co3zpaetcs partial-kitacc ¢ MHAIIMATU3AIHEH 3JIEMEHTOB, PETHCTpAIe 00padOTINKOB H
METOIaMU-3MYJISITOPAMU;

5. CreHepupoOBaHHBIA KO/ COXpaHseTcs B (aiin u 1o0aBiIseTcss B MPOCSKT JUIS KOMITHIISIIIHA
BMECTE C OCTAILHBIM KOJIOM.

IIpu 3amycke anamm3atopa SharpChecker creHepnpoBaHHBIN KOJ aHAIM3HPYETCS Kak OOBIYHAS
4acTh MPOEKTA, TO3BOJISS BHISIBUTH OIIMOKU B CMOJICIIMPOBAHHBIX CIICHAPUSAX B3aHMMOICHCTBUS.

B suctunre 3 nmpUBEICH NPUMEDP CTCHEPUPOBAHHOIO KOJA ISl AEMOHCTPAIMOHHOTO MPUIIOKEHHS
(mactuarn 1 m 2). B WindowCreate HMHUIMATM3UPYIOTCS 3JEMEHTHI MHTepdeiica coriacHo
pa3MeTke NpUIIOKEHHsA, a _ Gen Comb N — Bce BO3MOXKHbIE KOMOMHANUU 00pabOTYUKOB
coOpiTuit ummHBI L (B maHHOM mpumepe BoiOpan L = 2). Kaxnas koMOWHAIMs HAXOIUTCS B
OTJICNIFHOM KOHTEKCTE TNPHU IMOMOIIM CO3JaHHs O0BbeKTa OKHa depe3 meron WindowCreate.
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Takum oOpa3oM, B KOMOMHAIIMH 3 TIOTY4YaeTCs MOCIEA0BATEIBLHOCTD, MPUBOIAIIAS K JSIICHUIO Ha
HOJIb.

1 public partial class MainWindow

2 |

3 public Slider slider = new Slider();

4 public Button button = new Button();

5 public Grid grid = new Grid();

6 public static MainWindow WindowCreate ()

7 {

8 MainWindow window = new MainWindow () ;

9 window.Content = window.grid;

10 window.grid.Children.Add (window.slider) ;

11 window.grid.Children.Add (window.button) ;

12 window.slider.ValueChanged += window.UpdateValue;
13 window.button.Click += window.ButtonClick;

14 return window;

15 }

16 //

17 // TpuBonsmas k oumbKe [IOCJIeNOBATEJLHOCTL O0O0paboTuMKOB
18 public static void @_ Gen Comb 3 ()

19 {
20 MainWindow mainWindow = MainWindow.WindowCreate () ;
21 mainWindow.ButtonClick (mainWindow.button,
22 new RoutedEventArgs());
23 mainWindow.ButtonClick (mainWindow.button,
24 new RoutedEventArgs()):;
25 }
26 //
27 }

Jlucmune 3. Ilpumep ceenepupoganHozo kiacca 0is 0eMOHCMPAYUOHHO2O NPUTOHCEHUS
Listing 3. Example of a generated class for a demo application

3. Peaynbmamsl

B xauecTBe TECTOBBIX MPUIIOKEHNH JJIsl U3MEPEHNUS pealbHON A((PEKTHBHOCTH aHaJM3a C MOJyJIEM
MOJJIEP)KKA  MCHOJIb30BAJIMCh TMPOEKTHI €  OTKPBITHIM HCXOAHBIM KOJIOM, HalHMCaHHBIE C
ucnonb3oBanueM ¢peitmBopka WPF [24-28]. O6wwuit pasmep koaoBoii 6a3bl poektoB Ha C# — 3
MJIH. CTPOK, Ha XAML — 76 TbIC. CTPOK.

B XoJe SKCIepHMEHTOB ObUI BBHIIIOJHEH CPABHUTEIBbHBIA MPOTOH CTATHMYECKOrO aHajIM3aTopa
SharpChecker Ha nanHom Habope peanbHbix WPF-npoekroB B 1ByX pexumax: 0e3 Momyis
MOJIEP>KKHU TOITYJISIPHBIX (PPEMBOPKOB U C BKIIFOUECHHBIM MOJTyJIeM. Pe3ynbTaTel cpaBHEHHS YKCiIa
uctuHHbIX (True Positive, TP) u noxueix npenynpexnaenuit (False Positive, FP) no n mocie
WCTIOJIb30BaHUS MOIYJIS TTOAJIEPIKKH OTOOPaKeHBI B Ta0I. 1.

Bpems aHanu3a aHHBIX MPOEKTOB 0€3 MOMYJS HMOAJECPIKKH COCTaBWIO 5 MUHYT 44 CeKyHHbI, C
BKITFOUEHHBIM MOAyJeM — 6 MUHYT 37 cexyHn (+15%).

B pacmmpenHom pexxuMe ObuTo 00HapyeHO 84 HOBBIX MCTHHHBIX NpeAynpekaeHuid. Poct uncia
WCTUHHBIX TPEIYNPEXICHUN CBUIETEIbCTBYET O 3HAYUTEILHOM YIYYLIEHUH ITOJHOTHI MOKPBITHS
aHAJIM3aTOPOM IIOTOKa yIpaBiieHHs poekTa. HoBble npeaynpexxaeHust OTHOCATCS NPEKAE BCETO K
ommOkaM pneneHns Ha Hoib (nerekropsl DIVISION BY ZERO) u pa3sIMEeHOBaHHIO ITyCTOH
cceutku (DEREF OF NULL, DEREF AFTER NULL), a Takke K YS3BUMOCTSIM KOMaHIHOM
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napeknnn  (COMMAND INJECTION),

KOTOpBIE
HEBUIMMBIMHU aHAJIH3aTOpy. BMmecTe ¢ 3TUM 9 JOXKHBIX MPEeayNpexAeHUH Mocie MCIOIb30BaHHA
MOJTyJisl OBLITH YCTPAHCHBI.

6e3

Tabn. 1. Pezynomamul mecmupoganus Memood Ha Habope OMKPbIMbIX NPOEKMO8
Table 1. The proposed method testing results on the set of open-source projects

MOOyJId TOAACPKKHU  OCTaBaJIUCh

Tpoext Bbriio 5 Vo Yuio| Hpumio | [pumio Cramno 5
npenynpexnaenmii | TP | FP TP FP TIPeIyTIPexK ICHUH

Chordious 699 3 4 7 9 708

ScreenToGif 1267 7 1274

JPPhotoManager 211 1 4 70 276

NVM# 60 60

PwM 127 1 389 515

ITpu 5TOM 4 MCTHHHBIX TPENyNpPEkKICHUS He ObUTM OOHApY)KEHBI IMOcie NOOaBICHUS MOIYJs
MOJAEPKKU. DTO 0OBACHACTCA TEM, UTO IIPU FeHepalluy KOMOMHAIUIH MOCIeI0BATENbHBIX BBI30BOB
00paboTYMKOB COOBITHI M KOMaH] MOSBHJIMCh HOBBbIE LUKIBI B rpade BbI30BOB. [Ipu ananmze
nHcrpymeHT SharpChecker pa3duBaeTr 3TH LUKIIBI M aHAINU3UPYET (GYHKUUHM B OTIMYAIOLIEMCS OT
OOBIYHOTO aHAIN3a MOPSIIKE, YTO MPUBOINT K MOIYIECHHIO APYTHX pe3toMe GyHKIuiL.
OIHOBPEMEHHO C 3THM B PACIIMPEHHOM PEXHUME BO3POCIIO YHCIIO JOXKHBIX NPEAYNPEekICHUH IS
ornensHbeIX mpaBwi: i DEREF OF NULL.ARGUMENT 3apeructpupoBaHo 386 JOXHBIX
IpeaynpexacHUHN, IS UNREACHABLE CODE.EXCEPTION - 3 FP, IS
DEREF_AFTER_NULL — 1 FP u mms DEREF OF NULL.RET.USER.PROC — 8 FP. Takum
00pa3oM, B paCIIUPEHHOM peXUMe ObITI0 00HAPYKEHO 398 JIOKHBIX MPETyNpeKACHUI.

BaxHO OTMETHTB, YTO JIOKHBIE HPENYNPERACHUS COCTABIAIOT 83% OT OOIIEero uymciaa HOBBIX
MPEAYNPEXIEHUH W COCPEJOTOYCHBI NPEUMYIIECTBEHHO B oxHOM mnpoekte (PwM), rme onm
cocTaBISAIOT 75% OT Becex mpenynpexaeHuii mpoekra (389 uz 515).

HecMoTps Ha pocT 4Hcia JIOKHBIX NMPEeayHpeKASHUN, MPaKTHUECKas M0JIb3a MOl OAJIEPIKKA
3HauuTeNbHA. bputo 0OHapykeHO 84 HOBBIX MCTHHHBIX HPEXYNPEXICHUS 00 OMAacHBIX OIIMOKax
(neneHne Ha HOJb, Pa3bIMEHOBaHME HYJIEBOM CCBHUIKH, KOMaHAHAs WHBEKINS), KOTOphIE paHee
OCTaBaJIMCh HE3aMEUYEHHBIMHU. DTH OIIMOKH MOTYT IIPUBECTH K KPUTHUECKUM COOSIM 1 ySI3BUMOCTSIM
0€3011aCHOCTH B peaIbHBIX IPHIIOKEHUsIX. KpoMe Toro, B 4eThIpeXx MPOeKTax U3 MSATH POCT JIOKHBIX
npenynpexaeHuil 6pu1 MEHUMaNbHBIM (0T 0 10 9 FP), 4uTo CBUAETENHCTBYET O NMpHEMIIEMOI
TOYHOCTH METO/1a JUIs OONIBIIMHCTBA THTNYHBIX WPF-1poexToB.

[lpyunHa, 1O  KOTOPOW  CHJIBHO  YBEIMYMIOCH  YHCIO  JIOXKHBIX  NPEdyNpekKAeHHH
DEREF_OF NULL.ARGUMENT, 3akmo4aercsi B cieayromeM. [Ipu reHepaimn KOMOUHAINI
MIOCTIEIOBATENEHOCTEH COOBITHIA M KOMaHJ aJrOPUTM CO3/1aeT MHOXKECTBO CIICHAPHEB BBHI3OBOB
obpabotunkoB. B ogHOM u3 mpoektoB (PwM) 3TO mpuBeno K reHepanuyd OOJBIIOTO YHCIa
KOMOWHAIMH, B KOTOPBIX MOJEIUPYIOTCS HEBO3MOXKHBIE WJIM HEJOCTIDKUMBIE ITYTH BBITTOJTHEHHS.
Hanpumep, ompeneneHHbBIE TOCIEAOBATEIFHOCTH HAXKATHII KHOIIOK MOTYT OBITh HEBO3MOXKHEI B
peansHOH paboTe MPHUIIOKEHNS, €CITH KHOIIKA CTAHOBUTCS HEJIOCTYITHOM (CBOMCTBO IsEnabled =
false) mocie onpeaeIeHHOr0 ASHCTBHS MIIM HAaXOANUTCS B IPYTOH BKiIaAKke (MBI HE MOXKEM Ha)KaTh
MIOCJIE/IOBATENIFHO Ha KHOIIKM, HAaXOASALIMECS B Pa3HBIX BKJIAJIKax). AHAIN3aTOp, OJHAKO, IPH
CHUHTaKCHYECKOM aHaJM3€ CreHEPHPOBAHHOTO KOJIa HE YUUTHIBACT 3TH OTPAaHMYEHUsI BUIMMOCTH 1
AKTHUBHOCTH 3JIEMEHTOB, YTO IIPHBOJUT K IOSBICHHUIO NMPEAYNPEKACHUH IETEKTOPOB HA IYTH,
KOTOpBIE HE MOTYT OBITh JIOCTHUTHYTHI B PEAIBHOCTH. OTH 386 JOXKHBIX TNpenynpexaeHuH
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COCPENOTOYCHbl B OJHOM IPOEKTE W BO3HHMKAIOT H3-33a TOTO, YTO IPH CTEHEPHUPOBAHHBIX
KOMOHMHAIMSAX BO3HUKAET HEBO3MOKHOE Pa3bIMEHOBAHHE HYJIEBOT'O YKa3aTels.

B nanpHelmeM IIaHMUPYETCS YIy4YIINTh aITOPUTM TE€HEpanuu KOMOWHAUWi myTeM moOaBieHHs
MHOTOYPOBHEBOH (pHIBTPAIM HEAOCTHIKUMBIX CLIEHAPHEB!

e AHaJIU3 BUAUMOCTH U AKTHBHOCTH 3JIEMEHTOB YNIPAaBJIEHUSs: OTCIEKUBAaHUE CBOMCTBA
Visibility um IsEnabled »31eMeHTOB i1 HCKIIOYEHUS B3aUMOJEUCTBUS CO
CKPBITBIMH JJIEMEHTAMU;

e @uabTpanus M0 KOHTEKCTY BKJAJOK: aHAIN3 HEPAPXUH IIEMEHTOB TabControl mus
UCKJIIOUEHHsI IOCNIEN0BaTEIbHOCTEH COOBITHI, 3aTpardBarOIUX 3JIEMEHTH M3 Pa3HBIX
BKJIaJI0K;

e MopaequpoBaHue JIOTUKH IEPeKJIIOYEHUs] COCTOSIHMIA: OTCICKHUBAHHE W3MEHEHUU
COCTOSHHM DJJIEMEHTOB B XOJE BBINIOJHEHHUS IOCIENOBATELHOCTEH COOBITHI IS
MTOCTPOCHUA O0JIee TOYHOI MOJIENH JOCTHKUMBIX ITyTeH;

e Orpanuyenue riiy0MHbI KOMOMHALMI HA OCHOBE 3BPHMCTHUK: a/IalITUBHOE OIPENEICHNE
MaKCHMaJIbHOM MJIMHBI II0CIEIOBAaTEIbHOCTEH HA OCHOBE CIIOXKHOCTH IIPOEKTa I
MIPEAOTBPAIICHHIS KOMOMHATOPHOTO B3PHIBA.

3.1 Npumepbl npeaynpexapeHnn

3.1.1 DIVISION_BY_ZERO

PaccmoTrpum  mpenympexieHue, oOHapyxkeHHoe B mpoekte  ScreenToGif B daiine
VideoSource.xaml.cs B crpoke 214 (muctunr 4).

private async void OkButton Click(object sender,
RoutedEventArgs e)

/...
Delay = 1000 / FpsIntegerUpDown.Value; // DIVISION BY ZERO

VA

Jlucmune 4. [{emoncmpayus npedynpexcoenus DIVISION_BY_ZERO.INPUT 6 npoexme ScreenToGif
Listing 4. Demonstration of the DIVISION_BY_ZERO.INPUT warning in the ScreenToGif project

B nannHoMm oOpaboruuke coObituss OkButton Click mpu BelYMCIGHMM 3HayeHHa Delay B
Ka4yeCTBE JICJIUTEIIs UCIIOJIb3yeTCs 3HaueHUe FpsIntegerUpDown.Value, KOTOpOE 3a1aeTcs
TMIOJIB30BATENIEM B COOTBETCTBYIOIIEM JIEMEHTE MOJIb30BaTENbCKOr0 HHTepdeiica. Takum oOpazom,
€CJIM TI0JIF30BaTENIb BBEJET HONb U IOCJTE 3TOr0 HAXMET Ha KHONKYy OkButton, OyaeT BbI3BaH
o6paboTunk coObTUs OkButton Click, rjie U NpOU30HJIET JieIeH)e Ha HOJIb.

310 mpeaynpexaeHHe He OOHapyXXHMBalIOCh paHbIIE, MOTOMY YTO AHAIM3AaTOP HE 3HAJ, YTO
3HayeHue FpsIntegerUpDown.Value MOXET H3MEHUThCS M3BHE Yepe3 B3auMOJEiCTBHE
MOJIb30BAaTeIIs C UHTEPPEHCcOM, U TIO3TOMY HE YUUTBIBAJ 3TY BO3MOXKHOCTb ITPY ITOCTPOESHUHN MOTOKA
ynpasieHus. MeTo reHepanny SKBUBAJICHTHOTO KOJia SIBHO CBSA3BIBAET 3JIEMEHTHI nHTepdeiica ¢
obpaboTunkoM coObiTust OkButton Click, 4To HO3BOJIAET aHAIM3AaTOPY IOHATh, YTO JAHHBIH
METO/]1 BOOOIIE BBI3BIBACTCS.
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3.1.2 DEREF_OF_NULL

Crnenyroiee npeaynpexacHue Obuto oOHapyxkeno B npoekte Chordious B ctpoke 259 aiina
DiagramMarkEditorViewModel.cs (MUCTHHT 5).

1 public DiagramMarkEditorViewModel (DiagramMark diagramMark,

2 bool isNew)

3 {

4 //

5

6 Style = new ObservableDiagramStyle (clone) ;

7 Style.MarkStyle.MarkType = DiagramMark.Type; // DEREF OF NULL
8

9 //

10 1}

Jlucmune 5. [{emoncmpayus npedynpexcoenusi DEREF _OF_NULL 6 npoexme Chordious — koncmpykmop
ViewModel-xracca

Listing 5. Demonstration of the DEREF_OF_NULL warning in the Chordious project — constructor of the
ViewModel class

[pu wanmmammzamun ViewModel-kimacca co3maercsi o0bekT ObservableDiagramStyle,
UCTIONB3Ysl KOHCTPYKTOP C ONHHM mapamMerpoM. B nuctuHre 6 mNpPUBOAUTCS CHUTHATYpa H
COJIEPIKUMOE TAHHOTO KOHCTPYKTOPA.

1 internal DiagramMarkStyleWrapper MarkStyle { get; private set; }
2

3 public ObservableDiagramStyle (DiagramStyle diagramStyle,

4 DiagramMarkStyleWrapper diagramMarkStyle = null) : base()
5 |

6 //

7 if (diagramMarkStyle is not null)

8 {

9 //
10 MarkStyle = diagramMarkStyle;
11 }
12 //
13 MarkStyle.ForEachMarkType (() => { ... }); // DEREF_OF NULL
14 //
15 1}

Jlucmune 6. [{emoncmpayus npedynpescoenuss DEREF _OF_NULL 6 npoexme Chordious — koncmpykmop
ObservableDiagramStyle
Listing 6. Demonstration of the DEREF_OF_NULL warning in the Chordious project —
ObservableDiagramStyle constructor

Tak kak BTOpoH TapameTp He YyKa3aH, TO apryMeHT diagramMarkStyle Oyner
MHUIHAATA3UPOBAH null, 9TO BEI3BIBACT clleXyronue mpobieMbl. Bo-iepBbIX, 10 MOMEHTA IEPBOTO
pasbIMeHOBaHMs Hosle MarkStyle He OylneT MHUIMANN3UPOBaHo (MbI He BoieM B Teno if u3-3a
apryMeHTa), M B pe3yJbTaTe IONBITKH BBI30Ba MeToga ForEachMarkType mpowmsoiimer
Pa3bIMEHOBAHUE HYJIEBOIO yKaszaTeissl. Bo-BTOPBIX, BTOPOE pa3bIMEHOBAHUE HYJIEBOI'O YyKa3aTellsd
MPOUCXOJUT YyXKe Toche co3maHus o0bekra ObservableDiagramStyle, BHYTpHU
koHcTpykropa ViewModel-kiracca, rie Takxke MpoucxoauT obparieHne K moo MarkStyle.
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Orta ommbka He Moria ObITh OOHapyXeHa paHbIle, TaK Kak aHajIu3aTop HE BHIUT, OTKyIa
BBI3BIBAETCS ATOT KOHCTpyKTOp. B XAML-daiine HaxoasaTcss Kakue-TO 3JIEMEHTHI, MPUBI3aHBI
KakKue-TO JaHHble, HO Ui MHCTPYMEHTa 3TO abCOJIOTHO HEBUAMMO. be3 Momyms Moaep:KKd
aHaIM3aTOP UMEET OYCHb OIPAaHIMUYCHHYIO BUITUMOCTh BCEX BO3MOXKHBIX IIyTEH BHI30Ba, IOTOMY UTO
OH MOXET YBHJETh TOJHKO MPSIMBIC BBI30BBI KOHCTPYKTOpa B mcxomHoM C#-kome. C Momynem
MOJICPKKHA aHAIM3aTOp TCHEPUPYET KO, KOTOPBIA SBHO MOJICIHPYET pa3IHyHbIC CICHAPHH
WHHUIHATU3AIMA OKHA ¢ pasHeIMu coctostHmsiMu ViewModel.

4. 3aknroyeHue

B pabote mpennoxkeH yHUBEPCATbHBI METOJ IMOBBIINICHUS IOJHOTHI aHAIN3a HPUIOKECHUH,
UCTIONIB3YIOMNX (PEHMBOPKHU C JEKIapaTUBHOW pa3METKOW, ITyTeM T'eHepaluH 3KBHBaJEHTHOTO
kona. Meron ycnenrHo npuMeHeH s noanep>xku WPF B cratnueckom ananuzarope SharpChecker
1 IIPOJIEMOHCTPHPOBAH Ha PEATBHBIX MPOCKTAX.

IIpennoxeHHbId MOAXOA AEMOHCTPUPYET, YTO TIEHepalys SKBUBAJIIEHTHOIO KOJAA SBIIAETCS
3 PEKTUBHBIM M MPAKTUYECKU MPUMEHUMBIM METOJOM JUISi BOCCTAHOBJICHHUS IOJHOTHI aHaIN3a
MPWIOKEHUH ¢ IeKIIapaTUBHOM pa3MeTKOH. MeToa MoKeT ObITh MPUMEHEH K IpyruM (peliMBopkam
C aHAJIOTHYHOW apXUTEKTypoi 6e3 PpyHIaMeHTaIbHBIX I3MEHEHHUI B €TO CTPYKTYPE.
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