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Ilepedyennb cokpaniennii 1 0003HAYEeHUH

B 3101 paboTe HCoaB3yI0TCS CIEAYIONINE COKpANIeHUs U 0003HAUEHUS
['OCT — rocynapCcTBEHHBIN CTaHAAPT
OOII - 00BEKTHO-OPUEHTUPOBAHHOE TPOTPAMMHUPOBAHUE
I1K - mepcoOHAIBHBIN KOMITBIOTEP
[1O — mporpaMMHOe oOecTieueHue
OCTIK - penepanbHas cayxk0a M0 TEXHUYECKOMY U SKCIIOPTHOMY KOHTPOJIIO
AST (Abstract Syntax Tree) — abcTpakTHOE CHHTAKCHUYECKOE JACPEBO MPOrPaMMBbI
CD (Continuous Deployment) — cucreMa aBTOMATHUYECKOTO pPa3BEPTHIBAHUS
WU3MEHEHHOTO KOJIa
Cl (Continuous Integration) — cucreMa aBTOMAaTHYECKOW IMPOBEPKU HMHTETPAIUN
M3MEHEHUN KOAa
DevSecOps (Development, Security, Operations) — MeTo0JIOTHSI HEMPEPHIBHOW M
6e3omnacHoii pazpadbotku [10
GIL (Global Interpreter Lock) — rimo6anpHas GJIOKMpPOBKA MHTEPIPETATOPA, CIIOCOO
CUHXPOHHU3AINH TTOTOKOB B UHTEPIIPETHPYEMBIX SI3BIKAX.
GUI (Graphical User Interface) — rpaduyeckuii uHTEpdEIic MPUIOKSHHUS
IDE (Integrated Development Environment) — uHTerpupoBaHHas cpeaa pa3paboTKu
JIT (Just In Time) — TouHO B CPOK, TEXHOJIOTHS JMHAMUYIECKON KOMITHIISIINN
JSON (JavaScript Object Notation) — TekcToBbIX (hopMaT oOMeHa JTaHHbBIX
JVM (Java Virtual Machine) — BuptyanbHas mamiHa Java
Ul (User Interface) - mosiib3oBaTensckuii uHTEpdEiic

UML (Unified Modeling Language) - yHupUIHMpOBaHHBIN A3bIK MOCITUPOBAHHSI.
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BBenenue

[IporpamMHOe oOecrieueHHe CTAaHOBUTCS BCE 00JIE€ CIOXKHBIM: COBPEMEHHBIE
IPUIIOKEHUS COCTOAT U3 JIECATKOB MOJAYJIEH, COTEH (PYHKIMH U THICSY B3aUMOCBSI3EN
MeXAy HUMU. B Takux ycioBusX OOHapyK€HHE OIIMOOK M YSI3BHUMOCTEH
TPaJAULIMOHHBIMU METOAAMH, 10 THUITY PYYHOT'O OCMOTpa KOJa WM 3aIlyCKa B PEKUME
OTJa/IKH, CTAaHOBUTCS TPyNOEMKUM M HeHaaé&xHbIM. Ha momoms paspaboTumkam
NPUXOAUT CTATUUECKUI aHAIIU3: UCCIIEA0BAHUE UCXOTHOTO KO/1a 0€3 €ro BBIIIOJIHEHHUS,
MO3BOJISAIOIIEE ABTOMATUYECKHU BBISIBIIATH JE(EKThl HA PaHHUX 3Tallax pa3padboTKH.

AKTyaqbHOCTh TE€Mbl OOYCJIOBJIEHa KaK HPAKTUYECKON MOTPEOHOCTHIO B
MHCTPYMEHTAX aHalu3a Kojaa Ha s3bike Python — omHOM M3 HamOoliee MOMYJISIPHBIX
S3BIKOB B COBPEMEHHOM pa3paboTKe, — TAK U HOPMATUBHBIMU TPEOOBAHUSIMHU: C aIlpesis
2024 roma B Poccum peiictByer ['OCT P 71207-2024, npeanuchIBaromuvin
IPUMEHEHUE MEXIIPOLIEAYPHOI0 aHAIM3a U aHAIM3a IOTOKOB JaHHbBIX IPU pa3padboTKe
Oe3omacHoro nporpaMmmHoro obecriedenus. Oda Moaxoaa HaIPsIMyI0 OMUPAIOTCS Ha
nocTpoeHue rpada u creka BeI30BOB [1].

Ha cerogusmnmii 1eHb CylIECTBYET OYEHb MAJIO pelieHui 3Toi 3aaaun. OHU
peanu3yroT NOCTpoeHuEe TIpada BBI3OBOB KaK BHYTPEHHIOI JI€Tajb peallu3allii,
HEJOCTYIIHYIO Ul BHEIIHErO HWCIOJIb30BAaHUsS, WJIM NMOMNPOCTY OPHUEHTHPOBAHBI HA
JApPYrue S3bIKM IPOTPAMMHUPOBAHUS, WM Y3KOCHEIUAIU3UPOBAHHBIE CIICHAPUU
aHanu3a.

Llenp paboTbl — wuccienoBaTh NPEIMETHYIO 001acTh, NPOAHAIU3UPOBATH
CYILIECTBYIOILIME pEIIEHHUs, pa3padoTaTh KOMIIOHEHT CTaTMYECKOrOo aHalu3aropa,
pa3zpaborarb rpaduueckuii MHTEpQeic s HABUTallMU IO IMOCTPOEHHOMY Tpady

BBI30BOB, ITPOTECTUPOBATH pazpadboranuoe I10.
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1 KOMIOHEHT CTATHYECKOTO0 AaHAJIN3aTOPA, MOCTPOEHHE CTeKA

BbI30BOB (DYHKIUM

1.1 Ananau3 npeaMeTHOI 00J1acTH

1.1.1 Ananu3s TpeGoBaHMit

B cootBerctBun ¢ 'OCT P 71207-2024 «3ammuta unpopmanuu. Pazpaborka
Oe3omacHoOro mnporpammHoro ootecreyeHus. CTaTHUYECKUN aHaIW3 MPOTrPaMMHOIO
obecnieueHusi. OO6mme TpeboBaHuUs», nAeucTByromero ¢ 1 ampens 2024 ropa,
CTAaTUYECKUN aHaJIU3 MOAPA3yMEBAET IMPOLECC MCCIENOBAHUS HCXOAHOIO KOAA,
BKJIIOYAsi OOBEKTHBIN U OalT-KOA, 0€3 ero HEeMmOCPEICTBEHHOI'O BBIIIOJIHEHHUS, LETbIO
KOTOpOTO SIBJISIETCSI BBISIBJICHHE YSI3BUMOCTEH, OUIMOOK M HapyLIEHWH CTaHIapTOB
Oe3omacHoro nporpamMmmupoBanus [1].

AKTYyaJIbHOCTh Pa3BUTHUS U CTAaHJAPTU3AINN CPEACTB CTATHUECKOTO aHaIn3a, B
TOM YHCJIE KOMIIOHEHTOB JIJIsl IOCTPOEHHUSI CT€Ka BBI30BOB, B nieproj1 2022-2026 roaoB
0OyCJIOBJIEHA CIEAYIOIUMH (PaKTOpaMH:

— HOpPMaTUBHOE peryjupoBaHre B oOjactu Oe3omacHOM pa3paboOTKu
(DevSecOps): Crangapt 'OCT ycraHaBiuBaeT eaMHbie TPEOOBAHUSA K METOAAM M
WHCTPYMEHTaM CTaThdeckoro aHanusa. CTaHmapT NpeanuchiBaeT MPUMEHEHHE
MEXTPOIETYPHOTO KOHTEKCTHO-UYYBCTBUTEIHFHOTO aHAIM3a W aHajIn3a MOMEYECHHBIX
naHHBIX (taint analysis) 71 oOOHApYKEHUS CIOXKHBIX e()EKTOB, YTO aBTOMATUYECKH
MoJIpa3yMeBaeT HeOOXOIMMOCTh B KOMITOHEHTE MOCTPOCHMSI Tpada BHI30BOB;

— HEO0OXO0IMMOCTh BEpU(PHUKAIIMH CIIOKHBIX MEKMOIYJIbHBIX B3aUMOICHCTBUI:
B pacrnpenenéHHbIx cucTeMaX U MHKPOCEPBHCHBIX apXUTEKTypaxX KpPUTHUECKHE
OMMMOKH, TakWe KaK YSI3BHUMOCTH BHEAPEHHUS KOJa, TOTCHIMAIbHBIE YTEUKU
KoH(HUIeHIIMATbHON WH(pOpPMAIUK, YacTO BO3HUKAIOT HA CTHIKAX B3aMMOJICHCTBHUS
pa3HbIX MoAyiel u Ombmuorek. Jlokamuzanusi Takux OMIMOOK TpeOyeT MOCTPOCHUs
MOJIHOTO JIepeBa BO3MOJKHBIX IMyTEHl BBINOIHEHUS MPOrpaMMbl, OT TOYKH BXOJa 10

AHAIM3UPYEMOM JIEKCEMBI;
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— HMMIIOPTO3aMEIIeHHE CPENICTB aHalIM3a KOJa: YTBEPXKACHHE CTaHAapTa Ha
ypoBae ['OCT crumynupyeT pa3pabOTKy U CepTU(HUKAIUI0 OTEYECTBEHHBIX
aHaIM3aTOpPOB, yaoBieTBopsomux TpedoBanusiM OCTIK Poccuu B yacTu MOTHOTHI
Y TOYHOCTH BBISIBJIICHUS AEPEKTOB IO KjaccaM KPUTHIHOCTH.

1.1.2 Ananu3 CymIecTBYIOIINX aHAJIOTOB

CTOUT BBIMOJHUTH OLIEHKY UM CPaBHEHHUE YXKE CYIIECCTBYIOUIUX aHAIU3aTOPOB
UCXOAHOTO KOJ1a, B YAaCTHOCTH UX YaCTh, OTBEUYAIOLIYIO 32 TOCTPOCHUE CTEKA BHI30BOB.

Pyre.

Pyre npezacrasiisieT cOO0M HHCTPYMEHT CTaTUYECKOIO aHAIN3a UCXOJHOTO KOJIa
Python mns mpoBepku ero Ha mpobsembl 6e3onacHocT. OH BKIIOUaeT B ceOs Pysa -
aHaJIM3aToOp I OTCIEKMBaHUsA NOTOKOB AaHHBIX (data flow analysis), pesynbrar

paboTBI KOTOPOTO MPEACTaBIICH Ha pucyHke 1 [4].

down the analysis c

ly.

ied data may reach a code

ified data may reach a code e

ified data may reach a code e

Pucynok 1 — Pe3ynbrar pabotsl Pyre

JlocTOMHCTBA:!
— MaKcUMallbHas Tojnepxkka Python: mHCTpyMeHT pa3paboTaH crenuabHO
JUISL OTOTO s3bIKA W YYUTHIBAET €ro OCOOEHHOCTU (JWHAMHYECKas THUIIU3AIlus,

METaKJIacChl, IEKOPATOPbI, TEHEPATOPHI);
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— HMMEeT aJropuTM TOCTPOEHHUs TIpada BBHI3OBOB: B KOJOBOW 0Oaze Pyre
npucyTcTBytor Moayiu DependencyGraph, ClassHierarchyGraph u CallGraph,
peanusylolnme nocTpoeHue rpada u MeXIpoLeypHbIA aHATU3;

— DKCHOPT pe3yJbTaTOB B yHOOHBIX (Qopmarax: Pysa momnepkuBaeT BBIBOJ
pesynbratoB B ¢opmare JSON, dro ymOpomaeT HWHTETPAIMIO C BHEIIHUMH
WHCTPYMEHTAMH, K IPUMEPY, JIsl BU3yaau3aluu rpada.

Henocratku:

— cnenuanu3anus Ha Oe3omacHocTu: Pysa OpUEeHTMpOBaH Ha aHaAJIN3
MOMEYEHHBIX JaHHBIX (taint analysis), a HE Ha IMOCTPOEHUE CTEKAa BBI3OBOB IS
OTIEJNIBHOTO aHanmu3a. MHorue »siemMeHThl rpada BbI30BOB Pyre ocrarorcs
BHYTPEHHUMHU U HE MIPEIHA3HAYCHBI I BHEITHETO MCIIOIh30BAHMS;

— BBICOKas CIOXHOCTh: Pyre namucan Ha s3pike OCaml, yTo 3arpyaHseT
MOAU(PUKAINIO U pacIIupeHue pa3paboTUMKaMy, HE 3HAKOMBIMU C JIAHHBIM SI3BIKOM
IPOrpaMMHUPOBAHUS;

— KOMIIPOMHCC TOYHOCTH U Npou3BoguTenbHOCTH: Paspaboruuku Pysa
CO3HATEJIHHO BHIOpAIM CTPATETHIO IBPUCTHUECKOTO aHaidu3a MHGOpMAIMK O TUMAaX,
LEHOI CHU>KEHHSI TOYHOCTH B MOJIb3Y CKOPOCTH aHAJIU3a.

Infer.

Infer — MHCTPYMEHT IS CTaTUYECKOTO aHalin3a, MIMPOKO MPUMEHSIEMbIA IS
MOKMCKa OIMOOK B KPYMHBIX KOJIOBBIX 0a3ax Ha si3bikax Java, C/C++. B otimuue ot
Pysa, Infer ucrionib3yer npuHIUNHAIBHO HHOW apXUTEKTYPHBIN MOAXO0 K TOCTPOCHHIO
Y UCIOJIb30BaHUIO rpada BHI3OBOB — KOMITO3ULIMOHHBIN aHanu3. Ha mepBom sTame
Infer ctpout rnoOanbHBIA Tpad BBHIBOBOB MPOTPAMMBI, OMPEACHSSs 3aBUCUMOCTH
MeXAy (YHKIUSIMHU. 3aTEM BBIMOJTHSAETCS BOCXOJSAIIUN aHAIM3: OH HAYMHACTCS C
"mucToBBIX" (GYHKUMNA (HE BBI3BIBAIOMIMX APYrUX (QyHKUuWM). Jns Kaxmod Takou
¢ynkiun Infer Beruncasier KpaTKyIo CBOJKY — KOMIIAKTHOE ONKCAaHUE €€ MOBEACHUS C

TOYKH 3PEHHSI aHATTU3UPYEMBIX CBOMCTB. Pe3ysbTar paboThl moka3aH Ha pucyHke 2 [3].
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/// Intraprocedural resource usage example, leaks expected.
//] </summary>
public void ResourcelLeakIntraproceduralBad(){

A

StreamWriter sw = new StreamWriter("everwhat.txt");
sw.WriteLine("Guru99 - ASP.Net");

public class MainClass {
public static void Main(string[] args)

{

A
Program p = new Program("whatever.txt");
// FIXME: should close the global streams by calling p.Cleanup()

// FIXME: should close the global streams by calling p.Cleanup()
// Null dereference error report expected.
p.NullDeReferenceBad().GetHashCode();

A

// No null dereference error report expected.
p.NullbeReferenceOK().GetHashCode();

Found 3 issues
Issue Type(ISSUED_TYPE_ID): #
Dotnet Resource Leak(DOTNET_RESOURCE_LEAK): 2
Null Dereference(NULL_DEREFERENCE): 1

Pucynok 2 — Pesynbsrat padots! infer

JlocTouHcTBa:

— MacIITabUPyeMbIil MEXIPOIeAYypHbIH aHanu3. KOMMO3UIIMOHHBIN TOAXO
no3BoJjisieT Infer BBIMONHATH TIyOOKUN MEXMPOIEAYPHBIM aHamu3 0€3 BBIYMCIICHHUS
OTPOMHOTO KOJINYECTBA BO3ZMOXKHBIX COCTOSIHUM MPOTPAMMBI;

— TOJAJIep>KKAa MHKPEMEHTAJIbHOTO aHaiuza. M3-3a M30JMpOBAHHOTO aHaJIM3a
GyHKIMNA ¥ KIIIMPOBAHUS MX CBOJIOK, Infer MOXeT BBITIONHATH TOBTOPHBIN aHAU3
TOJIBKO HM3MEHEHHBIX (YHKIMI M HMX 3aBUCUMOCTEH. DTO JenaeT HHCTPYMEHT
0oco0eHHO ya00HbIM 17151 uHTerpaiuu B CI/CD-naifmiaifHel U CUCTEMBI KOA-PEBBIO.

Henocratku:

— mojanaepkka Python B coctossHuM paHHel pa3padOTKy;

— OrpaHUYCHUS aHajau3a MICEBJIOHUMOB. Tounoe onpeereHue
MOAUGPUITUPYEMBIX TMapaMeTPOB M OTCICKMBAHHME 3aBUCHMOCTEH uepe3 yKaszaTeln
TpeOyeT KayeCTBEHHOTO aHajin3a IICEBJOHMMOB, KOTOPBIM TPYIHO peaanu30BaTh
Macitabupyemo. Kak ormeuaercst B nokyMenTanuu Infer, cymectByromuii MexaHu3m
aHaJli3a MCEeBJIOHUMOB "NMaj€K OT COBEPIICHCTBA" U MOXKET MPUBOAUTH K OIIMOKaM B

OTPEJEICHUH YUCTOTHI (DYHKIIHIA,
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— CIOXHOCTb — KpoMme wucrnoib3oBaHus s3bika OCaml, BHyTpeHHssA
apXUTEKTypa peaan30BaHa JOBOJBHO CI0KHO, KpaliHE BEPOSITHO MOSIBJICHUH MPOOJIEM
IIPU paCIIUPEHUH.

1.1.3 IlocTaHoBKa 3amauu

B pamkax pa3pa®oTku MoOAayns aHaln3a HEOOXOAMMO, YTOOBI OH O00XOIUII
CUHTAKCHYECKOE IEPEBO UCXOIHOTO KOJa, UICHTU(ULUPYS TOUKH BX0/1a, 00bSBICHUS
(GYHKIMI 1 TOYKH BBI30BOB, BKJIIOUAsl BJIOXKEHHBIC (DYHKITUH, TIEKOPATOPHI U UMIIOPTHI
Moayieil. JlomkeH ObITh peaau30BaH aJITOPUTM ONPEAECICHHSI UMEH JIJISl yCTaHOBJICHHUS
CBsI3€M MEXKIy MECTOM BbI30Ba U omnpeaeneHueM GyHkuu. JomkHa Ob61Th 00padboTka
JIOKaNbHBIX M TI00aTBHBIX (DYHKIIMH, METOJOB KJIACCOB C MPOCTEHIIEH HepapXxuen
HacyenoBaHus. Pa3zpabaTbiBaeMblii KOMIIOHEHT JOJKEH HAaXOIUTh BCE BO3MOJKHBIE
IyTH BBIMOJHEHUS OT LIEJIeBOM (DYHKIMM 10 TOYEK BXOAAa B MPOrpaMMy, BO3Bpallas
CTPYKTYPUPOBAHHBIE OOBEKTHI B (pOpMaTE, MPUTOTHOM ISl AaHATIU3A.

['paduueckuit uuTepderic 10KeH ObITh MOHATHBIM U YI0OHBIM 7151 paOO0ThI KaK
C HEOONBIIMMH, TaK U C OOBEMHBIMU MpoeKTamH. JlokKHA OBITh BO3MOKHOCTh
UMIIOpPTa AUPEKTOPUN C UCXOJHBIM KOJIOM IPOEKTa WM OJHOTrOo (ailina-ucxoaHuka,
[ocJie Yero JOJDKEH BO3BpalaThCs Ipad BHI30BOB Ui yKa3aHHBIX €IUHUI] KOJA.
Takske qoJHa OBITh BOBMOXHOCTb KCIIOPTa PE3YIIbTATA.

KoMnoHeHT A0mkeH ObITh MPOTECTHUPOBAH HAa CHHTETHYECKUX NpUMEpax u
pearbHBIX OTKPBITBIX MPOEKTaX Jisi OLEHKA TOYHOCTU pa3pelieHHs] BBI30OBOB U
MOJIHOTHl TOCTpoeHus: cTeka. Kox momkeH ObITh paclidpsieMblM, € YYETOM
BO3MOYKHOCTH €0 BCTPAMBAHUS B MHCTPYMEHTBI CTATUYECKOTO aHAIU3A.

Texuuueckue TpeboBanus: a3bik Python Bepcuu 3.7 u Bbllie ais ynpouieHUs
NOJICPKKA M HMHTETpallud B WHCTPYMEHTHhl aHanu3a Python-xoma. OtcyrctBue
TSDKEJIBIX BHEUIHUX 3aBUCHUMOCTEH, JIOMYCKAeTCs MCIOJIb30BAHUE YIPOILEHHBIX
CTPYKTYp AaHHBIX IJsi XpaHeHusi rpadoB. MoaynbHas apXUTEKTypa, MO3BOJISIOIAs
3aMEHATb OTHENbHbIE OJOKH, B YAaCTHOCTH MOJIYJb pa3pelieHHs UMIIOPTOB, 0Oe€3

NEPEIrChIBaHUA BCEM JIOTMKHA KOMIIOHEHTA.
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1.2 Bb1Oop cpeacTB M1 HHCTPYMEHTOB Pa3paboTKu

1.2.1 Bsi0op si3bIKa IPOrpaMMHUPOBAHUS

Cu — mpoueaypHbI S3bIK HU3KOTO YpOBHS. OJIWH W3 MEPBBIX S3BIKOB
POrpaMMUPOBAHMS, TPUMEHSETCS ISl CHCTEMHOT'O IPOrPaMMHUPOBaHUS, pa3paboTKu
OIepallMOHHBIX CHUCTEM, JpaiiBEPOB, BCTPOCHHBIX CUCTEM u
BBICOKOIIPOU3BOIUTEIBHBIX BBIYUCIICHUN.

JlocTouHcTBa:

— BBICOKAsl MPOU3BOAUTEIBHOCTH — mporpammbl Ha C BeimonHstoTes B 10-100
pa3 ObICTpee UHTEPHPETUPYEMBIX SI3BIKOB NPU ONTHUMHU3NPOBAHHOM KOMIMIIAIINH;

— HM3KO€ MOTpeOJeHUE NaMATH — OTCYTCTBHE HAKJIAIHBIX pacxoJ0B Ha
BUPTYAJIbHYIO MAIIMHY WA UHTEPIIPETATOP;

— MPEICKA3yeMOe IOBEACHUE — IIOJHBIM KOHTPOJb HAJX BBIICICHUEM U
OCBOOOKIEHUEM PECYPCOB;

— KpocciiaT(OpMEHHOCTh HA HU3KOM YPOBHE — KOMIMJISITOPBI MOJ JHOOYIO
apxutektypy (x86, ARM, RISC-V);,

— orpomHas 0asa koma — sapo Linux, Windows, apaiiBepbl, 0a3bl JaHHBIX
(PostgreSQL, SQLite) Hanrcanb! Ha CH.

Henocrarku:

— pY4YHOE YINpaBJICHUE MNaMATbI0O — OCHOBHOW HCTOYHUK YTEUEK MaMSITH,
BUCSIUMX yKa3aresel u nepenoiaHeHus oydepa (ys3sumoctu tuna CVE);

— HM3Kas CKOpOCTh pa3paboTKu — Jaxe MpocTas 3ajnaya (Hampumep,
JUHAMHYECKHI MacCUB CTPOK) TpeOYeT AECATKOB CTPOK KOJa;

— MaJIo€ KOJIMYECTBO BCTPOCHHBIX TUIOB — HET CIIMCKOB, CIIOBApE, MHOKECTB,
BCE pealin3yeTcsl BpYUHYIO UM Yepe3 CTOPOHHKE OMOINOTEKH;

— CIIO)KHOCTh OTJIAAKM — OMIMOKKM C TaMAThIO YacTO TMPUBOIAT K
HEONPEEIEHHOMY MTOBEJEHUIO;

— MHUHUMajbHas abCTpakiMs — KOJ CIOXKHO MOAEPKUBATh U PACHIUPSTH MPU

pOCTe MPOEKTA.
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Java — 0OBEeKTHO-OPHEHTHPOBAHHBIN S3BIK CO CTATHYECKOW THIHM3AIUEH,
KOMIWJIUPYEMBIH B 6aiiT-ko/1 Ut BUpTyanbHoi Mamuubel JVM (Java Virtual Machine).
YacTo ucnosib3yercsi B KOPIOPATUBHOM pa3pabOTKe, JJIsi CEPBEPHBIX MPUIOKEHUN U
1 pazpadotku Ha Android.

JlocTonHcTBA:!

— aBTOMAaTHYECKOE YIPABJICHUE MaMSIThIO — CHIXKAET KOJWYECTBO OLIMOOK I10
cpaBHenuto ¢ Cu;

— BBICOKasl Mpou3BOAUTENbHOCTh Onaromaps JIT-kommunsiiuu. 1o ckopocTtu
ycrynaer CH, HO IPEBOCXOAUT YUCTYO0 HHTEPIPETALINIO;

— KpoccmiaT(OpMEHHOCTh — OJIMH U TOT K€ 0alT-KOJI BBIIOJIHAETCS Ha 000
OC, B xotopotii 3amryckaercss JVM (Windows, Linux, macOS);

— pa3BUThIE MHCTPYMEHTHI JII MHOTOINOTOYHOCTH, MHOKECTBO BCTPOECHHBIX
THUIIBI U PYHKITUU JJI HAIMUCAHUS TApaJUIeIbHO UCTIONHAEMOI0 KOJIa;

— cTporas TUMHU3aIKs — MHOTUE OITMOKH BBISBIISIFOTCSI HA ATAIe KOMITUJISIIUN.

Henocrarku:

— OoJee HU3KasE IPOU3BOAUTENBLHOCTD, YeM y Cu — HakiagHbie pacxoasl JVM
(mo 30—-50% B HEKOTOPHIX 3a/1aUax);

— BBICOKOE MOTpebeHue onepatuBHou namsat — JVM «3abupaer» ot 256 Mb
MUHUMYM, TUITUYHBIC CEpBEpHBIC MprioxkeHus: — 1-4 I'b;

— crporoe OOII — naxke mpocTasi mporpaMma TpeOyeT HamuCaHus KJIACCOB;

— MEIUIEHHBIN cTapT — Bpems 3arpy3ku JVM u nepsuunont JIT-kommnusaiuu
nenaet Java HemoAXOAIIEN TSI KOPOTKOXKUBYIIUX CKPUIITOB;

— CIIOHOCTh B W3ydeHWHn — Heoboxoammo 3Hath OOII, ymers pabortaTh ¢
UCKJIIOYEHUSMU, KOJUIEKIUSIMU, TOTOKAMH BBOJIa-BbIBO/IA.

Python — wuHTepnpeTHpyeMblii  s3bIK € JMHAMHYCCKOM  THIIM3aIUCH,
MOJICPKUBAIOIIUI  HECKOJBKO MapaaurM (mpouenypHoe u (yHKIHOHAIBHOE
nporpammupoBanue, OOII). 3a nocneanue 5-10 jeT cram OAHUM H3 CaMBIX
NOMYJISIPHBIX SA3BIKOB B MHpE, OCOOEHHO B 00JIACTM MAIIMHHOTO OO0Yy4YeHus,

aBTOMAaTH3aIlNH, BeO-pa3paboTku U oOpa3oBanwms [2].
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JlocTonHCTBA:!

— BBICOKasi CKOpPOCTh pa3padOTKu — OOBEM KOJA, BBIIOJHAIOIIETO THUIIOBHIE
nevicteus Ha Python B 2—5 pa3 xopoue, uem aHamoruuHslii Ha Java, u B 10-20 pa3
Kopoue, ueM Ha C.

— HU3KUN TOPOT BXOJIa — MPOCTOM CUHTAKCUC MO3BOJISIET COCPEIOTOUUTHCS Ha
QIrOpUTMaXx, a He Ha YIIPABICHUH MaMSThIO WU TUIaX.

— JUHAMHYecKash TUMM3alus — THOKOCTh NpPH CO3JIaHUM MPOTOTUIIOB U
HCCIIEI0OBATEIbCKOM ITPOrPaMMHUPOBAHUH.

— OrPOMHOE KOJIMYECTBO FOTOBBIX OMOIMOTEK JIJIsl peIlIeHUs JTI00BIX 3a/1a4

— KpocciiaTGOpMEHHOCTh — MHTEPIPETATOP TOCTYNEH JJI BCEX OCHOBHBIX
OC.

— omnmuHas uHTerpamus ¢ C/C++ — uepes ctypes, Cython, pybind MoxHO
YCKOPATh KPUTUYECKHUE K CKOPOCTHU BBITIOJTHEHHUS YYACTKHU KOJa.

— YHUBEpPCAJIBHOCTh — OT CKPUITOB aBTOMAaTH3allud 10 BeO-cepBEpOB, OT
aHaju3a JaHHBIX JIO BCTPAUBAEMBIX CUCTEM.

Henocrarku:

— HU3Kasg npousBoAuTeabHOCT, — B 10—100 pa3 mennennee C u B 2-5 pa3
MeJiJieHHee Java J1J1 BBIYUCIUTENIbHBIX 3a]1ay.

— BBICOKO€ TIOTpeOJICHHE TMaMsTH — KaXIbli OOBEKT HMeeT OOJbIIOoi
3aroJIOBOK, K MpUMEpPY, TUIIUYHBIN int 3aHUMAaeT 28 OailT.

— GIL — orpanwumBaeT mapajuieJbHBIC BBIYMCICHHUSA, TaK KaK B Mpeiesiax
OJIHOTO Tpoliecca OJJHOBPEMEHHO MOYKET BBITIOJIHAETCSA TOJIBKO OJuH MOTOK Python-
KOJIa.

[To uToram MpoOBEACHHOTO CPAaBHEHUS I Pa3paOO0TKH JAHHOTO MPOEKTa ObLI
BHIOpaH 51361k Python. Bei6op 00ycioBiieH B epBy0 ouepeib TEMOU MPOEKTa, TaK KaK
KOJIMYECTBO MHCTPYMEHTOB CTATHUECKOT0 aHaJIK3a KOJa Ha 3TOM SI3bIKE KpaiiHe MaJlo,

HECMOTPSI Ha PACTYILYIO MOMYJSPHOCTb SI3bIKA.
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1.2.2 Brei6op cpenbl pa3zpaboTku

PyCharm or JetBrains— mpodeccuonanpHas cpeia pa3padOTKH, CO3JIaHHas
cnenuanbHo A Python. BeimonmHsieT rimyOokwii aHaM3 KO/Aa, UMEET BO3MOXKHOCTD
YMHOTO aBTOJIOTIOJTHEHUS, BCTPOCHHBIN TEPMHUHAJ, MOIIHBIA OTIATUUK, MOAJACPKKY
IOHUT-TECTUPOBAHUS, HHTETpanuio ¢ Git, a Tak’ke HHCTPYMEHTHI IS pabOThI ¢ 0a3aMu
JIAHHBIX U BeO-(hpeiMBOPKaMH.

Visual Studio Code — iierkoBecHBIH, HO pacIIUPSAEMBbIA TEKCTOBBIA PEIAKTOP OT
Microsoft. brnarogaps maruny Python, pegaktop mpeBpaiaercs B MOJTHOLIEHHYIO
cpeny pa3pabOTKu C aBTOJOIMOJHEHHEM Ha OCHOBE CepBepa S3bIKa, OTIATIHKOM,
MOAJEPKKOMN Jupyter n BCTpOCHHBIM TEPMHUHAJIOM.

Eclipse — cBoOomHas HWHTErpupoBaHHas cpela pa3paOdOTKH MOIYJIbHBIX
KpoccrnaTGopMeHHBIX npuiioxkeHnit. Hanbosee n3BecTHbIE MPUITIOKEHHUSI HA OCHOBE
Eclipse — «Eclipse IDE» nmns paspabotku I1O0 Ha MHOXECTBE S3BIKOB
nporpammupoBanusi. HambGonee mnomymsapubie: «Java IDE», «Eclipse CDT» s
pa3paboTku npuioxenuit Ha C/C++, «PyDevy» mist pa3paOoTKy TPHIOKESHUH Ha
python [9].

B pesynbraTe cpaBHeHu# 1 BeIOOpa octaHoBmiics Ha Eclipse IDE mo npuunnaam
OecCIIaTHOCTH, KpOCCIIaTHOPMEHHOCTH, PACIIUPSEMOCTH, TMOIJACPKKA MHOTHX
S3BIKOB TIPOTPAMMHPOBAHUS U JUTUTEIILHOTO OMbITa paboTa ¢ Hell.

1.2.3 Bei6op 6ubanoTeku rpadudeckoro nurepdeiica

[Ipu BBIOOpE Tpadmyeckoit OMOIMOTEKH ISl peaau3aluy MOJIb30BaTEIbCKOTO
uHTepdeiica Ob1IM paccMoTpensl Tpu BapuaHTa: Tkinter, Matplotlib u PyQt.

Tkinter umeer BecoMOe TNPEMMYINECTBO, OHA BXOAWT B CTaHIAPTHYIO
oubnuoTexy si3pika. [Ipu 3TOM MMEET MHOXXECTBO HEIOCTATKOB: OMOIMOTEKAa UMEET
yCTapeBIIMA BHEUTHUI BUJl BUIXKETOB, CKPOMHBIN HA0OpP KOMIIOHEHTOB, CJIOKHOCTb
CO37aHusi COOCTBEHHBIX JJIEMEHTOB WHTep(deiica W mpoOIeMbl, CBSI3aHHBIE C
otoOpakeHHMeM Ha pa3Hbix IMargopmax. Ha pucynke 3 wuzoOpaxkeH mnpumep

MPUIOKEHUS, UCTIOJIB3YIOIIETO 3Ty OMOINOTEKY.
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¢ Address Entry Form £ = X

First Name:
Last Name:
Address Line 1
Address Line 2:
City:
State/Province:
Postal Code:
Country:

Clear Submit

Pucynok 3 — [Ipumep okxna na Tkinter

Matplotlib B ocHOBHOM TipeiHa3HAYECHA JIJI BU3yallU3alluu JAHHBIX U pabOThI C
NumPy, mostomy ob6nagaer ciabbIMH HHTEPAKTUBHBIMH BO3MOXKHOCTSAMH, U HE
TOJUTCS AJIs CO37IaHui MoJHOLeHHBIX U ynooHbix GUI. Ha pucynke 4 mokaszan mpumep
UCITIOJIb30BaHUSI OMOJIMOTEKHU.

Figure 1 - a x

AeED> Q=M

Pucynox 4 — [Ipumep ucnons3zoBanus Matplotlib
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Bri6op 6b11 caenan B monb3y PyQt. B otnnuuum ot npeapiaymux, PyQt numeer
OoJee MMUPOKKUE BOZMOKHOCTH: HECKOJIBKO COTEH TOTOBBIX KJIACCOB M (DYHKITUI ISt
paboThl C caMbIMHU Pa3HBIMU 3JIEMEHTaMU Ipaduueckoro uHTepgderica, B TOM 4UCIE
daitnamu, rpaduxoi. OTianyaeTcss Xopouie KpoccrmiarQOpMeHHOCThIO, MO3BOJISET
IPUIIOKEHUSM OJIMHAKOBO BBIMIISIETh Kak B Windows, Tak 1 B macOS u Linux.

Oco0oe y106cTBO B OMOJINOTEKE MTPENOCTABISAET MEXAHU3M CUTHAJIOB U CJIOTOB,
KOTOpPbIE CHJIBHO YIPOILIAIOT B3aWMOACHCTBUE MEXAY pa3HbIMA BHJIKETaMU U
JJIEeMEHTaMu HHTepdeiica, aenas HMHTEpPEiic MaKCUMaJbHO HWHTEPAKTUBHBIM C
MUHUMAJIBHOM pPYy4YHON cuHXpoHu3anuel. Ilpumep wucnosb3oBaHus OUOIMOTEKH

M300paxeH Ha PUCYHKE 5.

[N funhouse
File View Alpha Beta Charlie

Style: | Phantom L Ise style's standard palette Disable widgets
Group 1 Group 2
® Radio button 1 Mormal Push Button
Radio button 2
= Tri-state check box Default Push Button

¥ | Chedk box Flat Push Button

Toggle Push Button

Table | TextEdit L
.I E Y FEEREE
1 Mormal line edit gipgy LI1|
2 40 =

422019 3:39 AM

= Tool Button | Auto Raise |

I

Pucynok 5 — [Ipumep ucnonszoBanus PyQt
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1.3 IlpoekTHpOBaHUE U pa3padoTKa

1.3.1 ApxuTekTypa MOAyJIsl aHAIU3a

Moysb aHaHM3a pean30BaH B MakeTe graph u oTBeyaeT 3a aHAINU3 UCXOIHOTO
koza. TaMm ke BBIMOJHACTCS MOCTPOCHUE Tpada BHI30BOB PYHKIIMH. MOIyJIb COCTOUT
u3 IByX (haiiios: resolvers.py — BcnomorarenbHble QyHKIMH pa3dopa U pa3penieHus
uMEH, u builder.py — ocHoBHOTO (haitia, comeprkanium Joruky ooxoma AST.

resolvers.py BkirouaeT B ce0sl ciaeayromue QyHKINu:

— get_source_filepaths(source_dir) — peKypcUBHBIH 00XOA JAUPESKTOPHUU
IpOEeKTa JJIs TOUCKa (PaiyIoB C HCXOIHBIM KOJIOM ITPOTPAMM;

— parse_ast(filepath) — w4grenme daitla w mocTtpoeHue abCTPAKTHOTO
CUHTaKCUYECKOI0 JIEpeBa C MOMOLIBIO CTAaHJAPTHON OMOIMOTEKH ast;

— resolve_attribute_chain(node) — BoccTaHOBIEHHWE TONHOM  LEMOYKH
aTpuOyTOB BBI3OBA,

— resolve_callee(raw, caller, defined) — pa3pernieHne WMeHU BBI3bIBACMOMU
(GyHKIMM, TIyTEM MOWCKAa CPeAM W3BECTHBIX onpexaeneHuit ¢ yuérom Self, cls u
KOHTEKCTa MOJTYJISI.

builder.py coxmepxut Tpu kiacca-ooxomunka AST, nuarpaMma KOTOPBIX
n300pakeHa Ha PUCYHKE 6

— DefinitionVisitor — mepBbIit IPOXO IO CHHTAKCHYCCKOMY JIEPEBY, COOMpacT
MHO’KECTBO MOJIHOCTBHIO KBATM(DUIIMPOBAHHBIX UMEH BCEX OMPEACIEHHBIX (DYHKIIMH 1
METOIOB B IIpoekTe, hopmupyet cinoBapb unaekc defined_functions;

— CallVisitor — BcromorarenbHbIH 00XOMYHK, BBISBISICT BBI30BBI (DYHKIIHI
BHYTPH TPOM3BOJHLHOTO BBIPAKEHHUS WM Tella OJoKa KOJAa, MCIONb3yeTCs Kak
uHCTpyMeHT it BranchVisitor;

— BranchVisitor — ocHoBHOI 00XOJYMK, BBIIOIHSAET OOXOAWT JCpPEBa,
OTCJICKHMBACT CTCK UMEH (MOIYJIb — KJIACC — (DYHKIIUS — BIOYKEHHAST (DYHKITHUS U T. I1.),
buxcupyeT 0e3yclIOBHbIE BBI30BBI (DYHKIIUN W pa30upacT KJIIOUeBbIE ClI0Ba OJIOKOB
xona (if, elif, else, for, while, try, except, finally, with) B crpykrypsr BranchNode u
BranchArm [6].
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DefinitionVisitor

+ name_stack: list[str]
+ definitions: sef{str]

+ __init__(name_stack)

+ get_current_name(): sir

+ visit_ClassDef(node)

+ visit_FunctionDef{node)

+ visit_AsyncFunctionDef{node)

+ get_defined_functions(iree, name_stack): set

CallVisitor

+ caller_name: str

+ defined_functions: set[str]
+ visit_branch: bool

+ visit_defs: bool

+ calls: list[str]

+ __init__(caller_name. defined_functions, visit_branch, visit_defs)
+ visit_Call{node)

+ generic_visit_definition(node)

+ generic_visit_branchi(node)

+ visit_FunctionDef{node)

+ visit_AsyncFunctionDef{node)

+ visit_ClassDef(node)

+ visit_If{node)

+ visit_For(node)

+ visit_\While(node)

+ visit_Try(node)

+ visit_\With(node)

+ visit_TryStar(node)

+ collect_calls_in_expr(node, caller_name, defined_functions): list
+ collect_calls_in_body(stmis, caller_name, defined_functions, visit_branch): list

BranchVisitor

+ medule_name: sir

+ definition_index: set{str]

+ name_stack: list[str]

+ branches: dict[str, BranchNode]

+ branches_in_func: dicistr, list{str]]

+ calls: dictfstr, list[str]]

- _branch_counters: dict]str, dict{str int])
- _parent_stack: list[str]

+ __init__(module_name. definition_index)
- _current(): str

- _is_in_function(): bool

- _next_branch_key(kind): str

- _rc(expr_node): list{str]

A

- _rb(stmts): list{str]

- _register_branch(key, node_obj)
- _add_call{raw}

+ visit_ClassDefinode)

+ visit_FunctionDef{node)

+ visit_AsyncFunctionDef(node)
+ visit_If(node)

+ visit_For{node)

+ visit_\While(node)

+ visit_Try{node)

+ visit_TryStar(node)

+ visit_With(node)

+ build_pranch_map(iree. module_name. definition_index): tuple
+ build_project_graph(source_path, source_files): dict

Pucynox 6 — UML-auarpamma kiacco Visitor

BranchNode u BranchArm — cTpyKkTypsl JaHHBIX, ONMMCHIBAIOIINE BETBICHHE.

BranchNode xpanut cniucok pébep-BeTBeit (arms), rae kaxasii BranchArm — sto

TeKCT 3arosioBka Betsu, tuil BetBu (if, elif, else, for, while, try, except, finally, with),

BbI30BHI B ycioBuu (Calls_in_cond) u Bei3oBsl B Tesie Betu (calls). Iuarpammy atux

KJIACCOB MOKHO YBUJIETh Ha PUCYHKE 7.

BranchNode

+ key: sir
+ arms: list[EranchArm]

BranchArm

+ fext: sir

+ kind: str

+ calls_in_cond: list]str]

+ calls: list]ztr]

+ parent_pranches: lisi[str]

Pucynok 7 — UML-muarpamma kiaaccoB BranchNode u BranchArm
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build_project_graph(source_path, source files) — ocHoBHass ¢yHKIHS.
[TpuHMMaeT My Th K MPOEKTY U CIIUCOK (DaiiIoB, BHIMIOIHAET JBa Ipoxo/a rmo Bcem AST:
IIOCTPOEHUE MHJEKCA OIPEACIICHNN, 3aTeM MOJHBIM aHain3. Bo3Bpamaer ciaoBaph ¢
MHOKECTBOM JICKJIApUPOBAHHBIX (YHKIUH, OOIIed KapTOil BETBICHUN, KapTOu
BETBJICHUN B (QYHKIUAX, U KapToil BeI30BOB. Ha pucCyHke 8 moka3zaHbl JaHHBIE,

CO3OaHHBIC B PC3YJIbTATC aHAJIN34d.

w O retval dict: {'defined_functions': {"draw.QT3LabyrinthDraw.draw’, ‘win
@ 'defined_functions' (1366957592128) set: {'draw.QT5LabyrinthDraw.draw’, 'window.MWindow.initMe
@ 'branches' (1366957624304) dict: {'draw.QT5LabyrinthDraw.draw_styled_3d_rectanglexif_1" |
@ ‘branches_in_func' (1366957393248) dict: {'draw. QT5LabyrinthDraw. draw_styled_3d_rectangle’: ['dra

v @ ‘calls’ (1366949204636) dict: {'draw. QT5LabyrinthDraw.draw': ['draw.QT5LabyrinthDraw
@ protected variables

‘draw.CT5LabyrinthDraw.draw' (1366984183520) <class 'list">: ['draw.CT5LabyrinthDraw.draw_styled_3d_rectang

‘window.MWindow.newMap' (13669284190640) <class 'list'>: ['window.MWindow.requestMapDimensions']

‘window.MWindow.genMap' (1366984191200) <class 'list">: ['window.MWindow.requestMapDimensions']

‘window.MWindow.solve' (1366984192160) <class 'list'>: ['logic.Labyrinth.leee']

‘window.MWindow.reload' (1366984152880) <class 'list'>: ['window.MWindow.cpenMap']

LrAm s mn a4 A

) @ @ @ @

Pucynox 8 — Pe3ynbpraT ananusza

1.3.2 Anroput™m pabOThl MOJYJISl aHATTN3a

PabGora momyns aHanmm3a [ENHTCS HA 4YeThIpe dTama — IMOATOTOBKA, IBa
JIOTHYECKUX TIPOX0/Ia CHHTAKCUIECKOTO JiepeBa U cOOp pe3y/IbTaTOB B 3aBEPIICHUU.

Boi3os build project graph uaunuupyet Bbi3oB ¢yHkimu get source filepaths
JUTSL OTIPEJICIICHUS CIIMCKa (DalJIOB HCXOAHOTO KOJa B TUPEKTOPUH MTPOEKTA. 3aTeM IS
KaXJIOTO HAWJCHHOTO (paiiyia BBIMOJIHSICTCS BBI30B parse ast C IMeIb0 TOCTPOCHHUS
CHHTaKCUYECKOTo JiepeBa. I1ociie 3Toro BIMOIHSAETCS HEMOCPEICTBEHHO aHAIIH3.

Ha nepBom mpoxoje st kKaxaoro ucxoaHoro daiina no ero AST 3amyckaercs
DefinitionVisitor. O6xomxuuk pekypcuHo mocerniaer y3isl ClassDef, FunctionDef,
AsyncFunctionDef coxpansisi crek uméH. [lpu mocemeHun QYHKIHHA, K CTEKY
nobagisiercs e€ nokaabHoe uMs. Tak popMuUpyeTCs OTHOE KBATU(DUIIMPOBAHHOE UMSI
Buga module/subdir.ClassName.method_name, kotopoe moOaBisieTcs B CiIOBaphb
defined_functions. TTocie nmepBoro mpoxoza mo BceM ¢aitiaM mpoekra GopMupyercs
€IMHBII UHJEKC U3BECTHBIX (DYHKIUH.

Ha BTopom npoxoe mist kaxaoro AST 3amyckaercs BranchVisitor. O6xomaunk
MIOJI/ICPIKUBALT:

— name_stack — Texymmii myTh: MOIYJIb - Kiacc - PyHKIuS,
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— parent_stack — cTek akTUBHBIX BETBEH, JIJIS BIIOYKCHHBIX YCIIOBHUH;

— branch_counters — cuéruuku BeTBel J1s TeHEPAIIUN YHUKAIBHBIX KITFOUEH.

[Ipu mnocemenun y3ma FunctionDef peructpupyroTcs WUCHONB30BaHUS
JICKOPATOpPOB KakK O€3yCIIOBHBIC BBI3OBbI (DYHKIIMU. 3aTE€M BBIMOIHICTCS BBI3OB
CallVisitor.collect_calls_in_body mns coopa BeI30BOB B Teie (PyHKIHH, TO €CTh 0e3
yriayOyeHus B JouepHue BeTBU. Pesynbrar 3anuceiBaercs B calls[current_func]. ITocne
9TOTO BBIMIOJHACTCS PEKYPCHBHBIN Tena (yHKIMH I TIOUCKA BETBJICHUH.

[Tpu mocemeHNM KIIOYEBBIX CJIOB, coaepkammx Oioku koma (If, For, While,
Try, With) renepupyercs yaukansHbiii kitou Buga module.Class.func::if_1, cosmaéres
o0obext BranchNode, u mig kaxnoi BerBu cosmaércsa BranchArm ¢ tekctoBbIM
3aroJIOBKOM, CITHCKOM BBI30BOB B YCIIOBHUHW M B TeJie BETBH, rmocie yero BranchNode
peructpupyetcs B branches u branches_in_func.

Oyuknus resolve callee peanmmsyer joruky paspemieHuss UMEH B BHJIE TpeX
IPOBEPOK: €CAHM OTO TouHOe coBmageHne ¢ osnementom defined functions,
BBIMOJIHSACTCS. BO3BPAT 3TOr0 ke uMeHH. Ecnu mms Haumnaercs ¢ Self. wm cls., o
BBITIOJTHACTCS IOMCK METOJIa B paMKaX TEKYIIEro Kijacca, 3aTeM PacIlIuPeHHBIN TTONUCK
nmo cypdurcy cpenu Bcex omnpeaenacHuid. Ecam TodyHOro coBmajcHUsS HET —
OCyIlecTBIsieTCST TMOMCK 1o  cydhdukcy .method _name, ¢  pasperiecHueM
HEOTHO3HAYHOCTEH MPUOPUTETOM OJTHOMMEHHBIX (DYHKIIUN U3 TOTO KE MOTYJIS.

Pesynbratel  0OpaOOTKM  HECKOJNBKMX  (aliJloB  OObEOUHSIOTCA B
build_project_graph: cmosapu branches, branches_in_func u calls naxamuBarorcs B
o0Iue CTPYKTYpHhI, @ B CIUCKE BBI30BOB YOUparoTcs ayOoiukaThl. ITOroBbIN cioBapb
nepeaaércess B MOyJIb TpadudecKkoro uHTepdeiica, mpuMep ero 3HaYCHUH MPUBEACH
Ha pUCyHKe 9.

defined_functions: set[str] = set()
all_branches: dict[str, Branchiode] = {}
all_branches_in_func: dict[str: list[str]] = {%}
all_calls: dict[str, list[str]] = {}

Pucynox 9 — [lepemennsie, 3anonHseMble 00X0TYUKAMHU

1.3.3 Apxutektypa rpadgudeckoro uHTepderica
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I'paduaeckuit uaTEpderic peaaTn3oBaH ¢ UCIOIb30BaHueM OnbIMoTekn PyQtS u
xpanutcs B nakere gui. ApxurektypHo GUI crnenyer mabnony «lIpeacraBinenne —
Hannapie — KoHTpoiuiep», ¢ pas3ieleHHeM Ha KOMIIOHEHTHl OTOOpakeHWs, Ou3Hec-
JIOTHUKHY TIOCTPOCHUS Tpada v JIOTUKH YIPABICHUS COCTOSTHUEM [7].

[TakeT COCTOUT U3 HECKOJIBKUX MOIYJICH, ONTMCHIBAEMBIX HUXKE.

lib.py — pa3HOOOpa3HbIe KOHCTAHTBI, MEPEUYMUCICHUS M BCIOMOTATCIIbHBIC
byHKINA:

— Const — cTpoKOBBIE KOHCTAHTHI IIBETOB, pa3MEPhI Y3JI0B U CTPEJIOK;

— QtColors / QtConst — o6wexthl Qt (QColor, QFont), ucmonbp3yeMblie s
OTPUCOBKH HHTEp(eiica;

— EdgeType, IconType, SortBy — nepeuncienus (Enum) TumoB pEdep, HKOHOK
Y PEKUMOB COPTUPOBKH;

— BcrioMorateNbHble pyHKIHH Create icons, confirm_warning, _cond_color.

builders.py — anropurMuyeckue GyHKITUH IOCTPOCHUS M pa3MeTKH rpada:

— build_edges_from_data — npeoGpa3zoBanue cioBaps graph_data B crmcok
p€6ep ¢ y4€TOM HACTpOeK MocTpoeHMsl rpada: MokKa3 BETBICHUM, OObEIMHCHUS
PaBHOLICHHBIX BETBJICHHIA, TTOKAa3 TOJbKO BHEIIHUX (DYHKIIHIA;

— hierarchical_layout — anroputM w#epapXxMyYeCKOro pasMEIIeHHUS Y3JIOB:
OTpe/IeTICHUEe YPOBHEW, Pa3IMYHbIC COPTHUPOBKH JJIi MUHUMH3AIUU TICPECECUCHUN
pEOep, uTepaTUBHOE CTIIAXKHUBAHHUE ITOJIOKCHHI y3JI0B.

main_window.py — riaBHOE OKHO MPHIIOKCHHS:

— MainWindow(QMainWindow) — co3aaét komnonoBky: QSplitter ¢ 60koBO#
MAHEJIBIO U XOJICTOM, MCHIO, COSAMHSICT CUTHAJIBI MKy KOMIIOHCHTAMHU;

— GraphSerializer — cepuanu3zanus/necepuanu3zanus rpapa B JSON-dopmar
daiina-npoekra.

gui/widgets/ — nakeTt Bu3yaabHBIX KOMIIOHEHTOB, BKJIFOUEHHBIX B JHarpaMMbl Ha

pucynkax 10 u 11:
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— Nodeltem(QGraphicsitem) — Bu3yanbHBIF 3JIEMEHT Y3Jia, MOJICPKHBACT

NepeTacKUBaHWe,  BBIJCICHUE, COOBITHS ~ HABEJCHMS,  BBI3BIBAET  CUTHAJIBI
position_changed u clicked;

— Edgeltem(QGraphicsPathltem) — BusyanbHbIE 37eMeHT peOpa rpada
(cTpenku), moAAepKUBAET NPAMOIUHENHBIN U KPUBOJUHENHBIN PEXUMBI OTPUCOBKH,
MOJICBETKY MPU HABEJICHUH,

— CallGraphView(QGraphicsView) — rmaBHBIM XOJCT, YIpaBIsSeT CLEHOM
(QGraphicsScene), KOOpAUHUPYET MOCTPOCHUE U NEPECTPOUKY rpada, oOpadaThiBaeT
HaBHUTANUIO (MacmTald KOJIECOM MBI, MPOKPYTKY, BBIICICHUE Y3JIOB), PEaH3yeT
aHUMAIIMIO TJIABHOTO LIEHTPUPOBAHUS U MUTAHUS Y3I1a;

— BaseTree(QWidget) — 06a30BbIii KjlacC OOKOBBIX IAHEICH C JIEPCBOM
(QTreeWidget), 061I1Ie KOHTEKCTHBIE MEHIO C 00pabOTYMKAMK COOBITUI;

— NavigatorTree(BaseTree) — maHenb HaBUTaTOPa: HEPAPXUIECCKOE ACPEBO BCEX
GyHKUMNA POEKTa ¢ PUIbTPALUEH, COPTUPOBKON U KOHTEKCTHBIM MEHIO;

— SelectionTree(BaseTree) — manesns BbIICACHHS: OTOOpaXkaeT TEKyIUH HabOp

BBIJICJICHHBIX Y3JIOB C TPYMITUPOBKOM 110 MOTYJISIM/KIIaCCaM.

MNavigatorTree MainWindow

- _search: QLineEdit - _view: CallGraph\isw

BaseTree

- _viewr: CallGraph\isw
- _tree: QTree\Widget

center_on_node_requested: pyatSignal(str)

+ __init__{view, parent)
+ rebuild(} zabstracts

_set_expandediitem, state)
_node_icon{depth, ha:
+ _on_item_clickedt:

column)

- _context_menu(pos)
- _delete_selected()

children, full_name, all_funcs): Qlcen

+ _build_context_menu_actions{menu, item): dict
+ _handle_commeon_action{action, actions, item): kool

select_children_requested: pygtSignal(str)

v

+ __init__(view, parent)

+ rebuild()

+ show_item({item)

- _apply_filter(text)

- _update_count)

- _is_module_or_class_item(item): bool
- _context_menu(pos)

- _delete_selectad()

+ eventFilter(obj, event) bool

- _nav_panel: NavigaterTree
- _sel_panel: SelectionTree
- _splitier: QSplitter

- _side_tabs: QTabWidget

- _link_navigater: becl

- _focus_on_selection: bool
- _is_maedified: bool

+ project_file: str

SelectionTree

- _group: bool
center_on_node_requested: pyqtSignalistr, bool)

| T —init__{view, parent)

+ _on_item_clicked(item, column)
- _context_menulpas)

GraphSerializer

dump_a(arm): dict
dump_b{node] dict
serialize(data): dict

load_a(data): BranchArm
lozd_pi EranchMode
deserialize{raw): dict

+ __init__{graph_data)

- _connect_signals()

- _setup_ui{)

- _sefup_sidebar()

+ create_action{menu, label, slot, shortcut): QAction
+ create_checkable_actienimenu, label, slof, checked, shoricut)
- _guarded_view_action{new_value, callback)

- _set_show_branches(state)

- _set_link_navigator{v, i)

- _set_focus_on_selec ue)

- _toggle_navigator(checked)

- _setup_file_menu()

- _sefup_graph_menu()

- _setup_window_mznu()

- _on_node_clicked{node)

- _on_scene_selection_changed()

- _center_on_nodeiname, keep_selaction)

- _select_children_in_graphiname)

+ shew_in_navigator{item)

+ after_file_menu_operation()

+import_file()

+ import_dir(}

+ close_project()

+ open_praject()

+zave_fila()

+save_file_as()

+ save(filepath): bool

+ loadifilepath): bool

- _collect_node_pesitions(): dict
- _collect_vievi_settings()- dict
- _mark_maodified ()

- _confirm_discard(): bool

+ update_title()

- _show_about()

+ closeEvent(event)

Pucynox 10 — UML-nuarpamma KiaccoB, HE CBSI3aHHBIX C OTPHCOBKOM rpada
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CallGraphView

Nodeltem Mode Signals

+ graph_data: dict

- _show_internal_only: bool
- _show_branches: bool

- _merge_branch_calls: beol
- _curved_edges: bool

- _scene: QGraphicsScene

- _flash_node: Modeltem

¥ - _flash_timer: QTimer

- _anim_fimer: QTimer

- _anim_keep_selection: boo
- _fb_meved: beel

- _fb_press_pos: bool

graph_changed: pyqtSignal

nede_maved: pygiSignal

nede_clicked: pyqtSignal{Modeltem)
show_ncde_in_tree: pygiSignal{Medeliem)
show_edge_in_tree: pyqtSignal(Edgeltem)

+ name: str
+is_condition:

- _wint
- _h:int

+ edges_out: list[Edgeltem]
+ edges_in: list
- _hovered: bool

+ signals: NodeSignals

> position_changed: pygtSignal
bool clicked: pygiSignal(MNodeltem)

[Edgeltem]

| + __init__(nam

+ paintipainter,

+ on_hover(

+__init__[(graph_data, parent)
+ get_show_int_only(v)
+ set_show_branches(v)
+ set_merge_branch_calls(v)
+ zet_curved_edges(v)

- _rebuild{)

- _build_graph()

+ selected_jtems(): lisi{QGraphicsliem]

+ find_nodes(name, childran): list[Modeltem]
+ edge_counts(): dict[sir, list]
+remove_edoe(edge)

+ remove_node{node)

+ delete_subtree(name)

+ delete_nodes_confirmed (nodes)

+ delete_edge_confirmed{edge)

- _flash_step()

+ smooth_center_on(item, keep_selection)
- _anim_step(}

+ ZOOm(Zoom_in)

+1it()

+resizeScene()
+ wheelEventievent)

+ mousePressE e
+ mouseMoveEven nt}

+ mouseReleaseEvent(event)
+ mouseDoubleClickEventievent)

+ keyPressEvent{event)

+ resizeEvent{event)

- _select_chain{node, parents, children)
+ contextMenuEvent(event)

+ flash_ncde(node, flashes, interval_ms, keep_selection)

+ top_center():
+ right_cent

+ boundingRect(): QGRectF

+ itemChange{change, valus)
+ mousePressEvent{event)

+ hoverEnterEvent{event)

+ hoverLeaveEvent/event)

+ center(): QPointF
+ bottom_center(): QPcintF

+ left_center():
+ centered_edge_peint{index, total, bottom): QPeintF
+ top_entry(index, tofal): QPointF

+ bottom_exit{index, total): QPointF

e, is_condition)

option, widgat)

el

QPaintF

Edgeltem

+is_cond_call:

+ curved: bool

+ src: Modeltem
+ dst: Modeltem

+ edge_type: EdgeType

- _highlight: bool

bool

- _pen() QPen

+__init__(src, dst, is_cond_call, edge_type, curved)
+ zet_highlight(enable)

- _bottom_exit_point
- _top_entry_point

PainterPath

+ hoverEnterEvent{event)
+ hoverLeaveEvent/event)

{): QPointF
QPointF

te)

Pucynox 11 — UML-nuarpamma KiaccoB, BBITOJTHSIOIINX OTPUCOBKY Tpada

B3auMopeiicTBE KOMITOHEHTOB OPraHM30BaHO 4YE€pEe3 CHUTHAIBHO-CIOTOBBIN

Mexanu3M ounbsmorexku Qt (tadmura 1) [8].

Tadomuma 1 — Crimcok CUrHaIoOB:

Cur"an

NcTtounuk

[Tonyuarenu

graph_changed

CallGraphView

NavigatorTree.rebuild,  SelectionTree.rebuild,
MainWindow._mark_modified,

MainWindow.update _title

node_moved

CallGraphView

MainWindow._mark_modified

node_clicked

CallGraphView

MainWindow._on_node_clicked

show_node_in_tree

CallGraphView

MainWindow.show_in_navigator

show_edge in_tree

CallGraphView

MainWindow.show_in_navigator

selectionChanged

QGraphicsScene

MainWindow._on_scene_selection_changed
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Curnan Hcrounuk [Tonyuarenu

Center_on_node_requested | Navigator TTee 7 | Manwindow._Center_on_node

SelectionTree

select_children_requested | NavigatorTree MainWindow._select_children_in_graph

1.3.4 Anroput™m pabotsl rpaduueckoro uaTepdeica

[Tpu 3amycke MPUIIOKSHUS BBITIOIHACTCS CIICAYIOIMINN alITOPUTM:

— ©CJIM ITyTh K MPOCKTY MepeiaH apr'yMEHTOM KOMaHTHOW CTPOKH, BBI3BIBACTCS
(GYHKITUS TTOJTyYeHHUs CIIHCKA UCXOMHUKOB M (DYHKITUS IMOCTpOCHHS Tpada, pe3ynbrar
COXPaHSCTCS,

— co31aéTCcsl TJIaBHOE OKHO, HWHHIMAIU3UPYIOTCS KOHCTAHTBI, CO3/Ial0TCS
CallGraphView, NavigatorTree, SelectionTree, HacTparBaeTcsi KOMIOHOBKA U MEHIO,
COCMHSAIOTCS curHaiibl, Bei3biBacTcs View.fit() u _nav_panel.rebuild();

— Be3oB  Dbuild_edges from _data — dopmupyercs HaGbop HMEH y3JI0B
(all_node_names), crnucox pédep ¢ MeramanHbiMu (edges) u HaOOp y3JI0B-BeTBEi
(condition_node_names);

— pa30ueHHe y3JI0B Ha CBs3aHHbBIC (MMEroIIre péopa) U N30JIMPOBAHHEIC,

— BbI30B hierarchical_layout — Beruucistorcest KoopauHaThl y3i10B [5];

— cosganre Nodeltem mst kaXxmoro ysia, pa3MeIleHue y3iia B CICHE,

— co3nanue Edgeltem mns kaxmoro pebpa ¢ MPUBSI3KOM K y3J1aM-UCTOYHUKY U
y3J1y-Ha3HAYCHHIO, J00aBjcHHEe B crucku edges out/edges in COOTBETCTBYIOMIUX
y3JI0B;

— BbI130B fit() — MaciTrabupoBaHue CIIEHBI IO COAECPIKUMOMY.

AJITOpUTM 3aITOJIHEHUS TTaHeJIel HaBUTaIINH:

— IMOCTPOCHHME CJIOBApHOro JepeBa HMMEH Name tree u3 Bcex (QyHKIMH
graph_data;

— pexypcuBHoe 3anojHeHue QTreeWidget ¢ HazHaueHHEM HMKOHOK (MOJYJb,
KJacce, GYHKIMsS) B 3aBUCUMOCTH OT TIIyOuHBI ¥ ipuHaiexHocTH K all_funcs;

— nmobaBnieHue JovepHUX 3eMeHToB BerBiieHuid (BranchNode, BranchArm),

OKpallICHHBIX I10 THITY BCTBH,
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— CKPBITHE DJIEMEHTOB, OTCYTCTBYIOIINUX B TEKYILEU CLECHE;

— IPUMEHEHHE TEKCTOBOTO (QUIIBTpA.

AnroputM 00pabOTKH MOIB30BATEIBLCKUX JCHCTBUM:

— MaclITadupoBaHUE: KOJIECO MBIIIH BbI3bIBACT (PYHKIIMIO ZOOM;

— IAHOpPaMUPOBAHHUE: HAXKAaTUE JIEBOM KHOMKHU MBIIIHU HA IyCTOE MTPOCTPAHCTBO
aktuBupyet ScrollHandDrag;

— BBIJICJICHUE PaMKO¥i: ITpaBasi KHOIKa MbIiM aktueupyet RubberBandDrag;

— HaBUramMs: KIHK 10 DJJIEMEHTY JepeBa WM Y31y HHUIUUPYET
smooth_center_on — aHuMaIuio MPOKPYTKH CLIEHBI C TIOCIICAYIONMM MUTaHUEM Y371,

— ypanenue: knaBuima Delete uam KOHTEKCTHOE MEHIO, IIOKa3 Juajora
HOJTBEPXKICHUS yIalleHUe y37a/pedpa u3 ciieHsl u u3 graph_data ¢ momaueii curnana
graph_changed;

— coxpanenue win 3arpy3ka. GraphSerializer.serialize wmm .deserialize
npeooOpasyet graph_data B8 JSON-coBMeCTHMBI#H CJI0Baph, BMECTE C TIO3UIIMSIMH y3JI0B
Y HACTPOWKaMH BUJA COXPaHsIETCs B (hai.

I[Ipu wu3menennm HacTpoek «llokas3piBaTh BeTBW», «TONBKO BHYTPECHHHUE
BbI30BBI» W ap. _rebuild() ouummmaer cueny u moBTopHO 3amyckaer _build_graph.
[lepecTpoiika maHene HABUraTOPA U BBIAEIIEHUS BBITIOJIHSAETCS aBTOMAaTUYECKH Yepe3

curHai graph_changed.
1.4 TecrupoBaHue 1 OTJIAAKA

B  npomecce  pa3paboTKu  BBINOJHSUIACh  HEOJHOKpATHAas  MPOBEpKa
KOPPEKTHOCTH pabOThl TMPUIOKEHHs, (QYHKIHMOHATHHOE TECTHPOBAHUE MOy
aHallu3a Ha peajbHBIX MPOEKTaX, MHTETPAllMOHHOE TECTHUPOBAHUE B3aUMOJIECHCTBUS
MOIyNsg aHanmu3a W Tpadudeckoro uHTepdeiica, a Takke PydHOE TECTUPOBAHUE
MOJIB30BATEIHCKOTO MHTEPPEiica.

Jlns ObICTpoil mpoBepku Joruku aHanu3a 0e3 3amycka GUI ucnosnb3oBancs

ckpunt main_cli_demo.py, BeIBOAsIINI B KOHCOJIb HOJHBIA CIIHCOK ONPEAeTIEHHbBIX
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¢byHKIHM, 6€3yCcIOBHBIX BHI30BOB M BCEX BETBIIEHUH C UX CTPYKTYpPOH, TO €CTh BCEX
JTAaHHBIX, MTOJIy4aeMbIX B pe3yJbTaTe aHaIn3a.

1.4.1 TectupoBaHue MOYJIA aHAIM3a

[TpoBepsinack npasmibHOCTH (hopmupoBanus defined_functions ms pasmuaHbIX
CTPYKTYp KoJia:

— (YHKIIMU HA YPOBHE MOJIYJIS;

MeTOTbI KiTaccoB (Bkirouas staticmethod u classmethod);

— BJIOYKEHHBIE KJIacchl U (DYHKIINH;

— acuHxpoHHbIe QpyHKIuu (async def).

TecToBBIE COCHAapH BKIIIOYAJIN IIPOCKTBI C HCCKOJIBKUMU (baﬁHaMH, YTOOBI
yOenuTbcsi B KOPPEKTHOCTHM (POPMHUPOBAHUS KBATM(PUIUPOBAHHBIX HMMEH BHUAA
subpackage/module.Class.method.

[IpoBepsiiach KOPPEKTHOCTH pa3pelieH s BbI30BOB (pyHKIHEH resolve callee Ha
CIIEAYIOLINX CIIy4YasX:

— TPSMbIE BBI30BHI JIOKAJILHO ONPEAEIEHHBIX (YHKIININ;

— BbI30BBI MeTo1a yepe3 Self.method() u cls.method();

— BBI3OBBI METOJIOB Yepe3 Iienouku arpuoyToB (0S.path.join, self.attr.method());

paspenieHrue HeOTHO3HAYHOCTH TP COBNAJACHUH CYy(PPUKCOB UMEH METO/IOB
Pa3HBIX KJIACCOB,;

— KOPPEKTHOE WTHOPHPOBAHUE BBI30OBOB CTAHIAPTHBIX OUOIUOTEUHBIX
¢byukuuii (He Bxoasuux B defined_functions).

[IpoBepsutach  MOJIHOTA  HM3BJICYCHUS  BETBJCHUUN, OOHapyKeHHE BCeX
YIPABISIOIMUX KOHCTPYKIIHNA:

— if/elif/else ¢ BnoXeHHBIMU yCTOBHUAMU;

— for/else u while/else;

try/except/else/finally ¢ Heckonmpkumu 0OpadboTurKamu;

— With ¢ MHOXECTBEHHBIMU KOHTEKCTHBIMU MEHEKEPAMH;

KOPPEKTHOE OTCIIC)KMBAHHE CTEKa POIUTEILCKHX BeTBer (parent branches)

IIPpH BJIOKCHHUMU.

Jlucm

[11'y1.090301.01.001 713

Uam. | Jlucm Ne dokym. lMNodnucek | Jama

27




OnHuM U3 KIIIOYEBBIX MPOBEPOUYHBIX CLIEHAPUEB CTaJl 3allyCK aHajau3aTropa Ha
UCXOAHOM Kojzie camoro mnpuioxkeHus. [lomydeHHslil rpad BBHIZ0OBOB CpaBHUBAJICS C
OKMJAEMBIMU 3aBUCUMOCTSMU MEXJIYy MOAYJISAMH, YTO IIO3BOJWIO BBIABUTH U
UCIPABUTH PsiJ] OIIMOOK B JIOTHKE pa3pelieHus 1enoyek arpuOyToB. Pe3ynpraT Tecra

MOKa3aH Ha pucyHke 12.

<terminated> main_cli_demo.py [debug] [D:\Program Files\Python310\python.exe]
b;dev debugger: starting (pid: 8234)

source search path: D:wwehdeviuniver'4 coursehsshdwh\src

Located scurce files:

Dwmehdevhuniverya course\sshdw\srcwmain_cli_demo.py
HyMehdeviuniveri\d course\ss\dw\src\main_gui.py

Dwmehdevhunivery4 course\ssh\dw\srchgraphibuilder.py
SMedeviuniverid course\s3h\dw\srcigraph\resolvers.py
Dwehdevhunivery4 course\sgh\dw\srchguisbuilders.py
HyMetdeviuniverid course\sahdw\srchguirlib.py

DwMehdevhuniverya courseh\sshdw\srchguiimain_window. py
SyMerdeviuniverid course\s3hdw\src\guil\widgets\edge.py
DwMehdevhuniverya course\sshdw\srchguitwidgetshgraph_view.py
SMedeviuniverid course\s3hdw\srchguiiwidgetsinode.py
Dwmehdevhunivery4 course\ssh\dw\srchguitwidgets\tree_base.py
SMehdeviuniverid course\s3hdw\src\guiwidgets\tree_navigator.py
Dmehdeviunivery4 course\sgh\dw\srchguivwidgets\tree_selection.py

L=]

== - === -

185 defined functiens

uncenditienal calls:

graph\builder.Branchvisiter._add_call: ['graph\\builder.Branchvisitor._current', 'gra
graph\builder.Branchvisiter._next_branch_key: ['graph‘\builder.Branchvisitor._current
graph\builder.Branchvisiter._rb: ["graph’\builder.Callvisitor.collect_calls_in_body",
graphi\builder.granchvisiter._rc: ["graph’\\builder.Callvisitor.collect_calls_in_expr’,
graph\builder.Branchvisiteor._register_branch: ['graph‘\\builder.Branchvisitor._current
graphibuilder.Branchvisiter.visit_ror: ['graph\\builder.Branchvisiter._next_branch_ke
graph\builder.Branchvisitor.visit_1f: ['graph\\builder.Branchvisitor._next_branch_key
graphibuilder.Branchvisiter.visit_try: ['graph\\builder.Branchvisiter._next_branch_ke
graph\builder.Branchvisiter.visit_trystar: ["graph\\builder.Branchvisitor.visit_Try"]
graphibuilder.Branchvisiter.visit_while: ['graph\\builder.Branchvisitor._next_branch_
graph\builder.Branchvisitor.visit_with: ['graph\\builder.Branchvisitor._next_branch_k
graph\builder.pefinitionvisitor.visit_rFuncticnpef: ['graph‘\\builder.Definitionvisitor
guitbuilders.hierarchical_layout: ["guiii\1lib._center']

Pucynox 12 — IlpoBepka MOyt aHau3a Ha UCXOTHOM KOJE 3TOH paboThI

1.4.3 TectupoBanue rpaduueckoro uarepderica

[TpoBepsiiach KOPPEKTHOCTH IIOCTPOEHHUS U pa3METKH rpada:

— COOTBETCTBHE YHCIIa OTOOpakaeMbIX y3JI0B U pébep maHHbIM 3 graph_data
npyd  pa3n4yHbIX KoMOWHamusx Hactpoek (Show_branches, merge branch_calls,
internal_only);

— KoppekTHast pabota anroputma hierarchical_layout: orcyrcrBue nepekpoiThii
y3JI0B OJTHOTO YPOBHSI, IIPABUIIBHOE PACIIOIOKEHUE H30JTMPOBAHHBIX Y3JI0B;

— npumenenue tunoB péoep (TRUE, FALSE, REGULAR, CONDITION) B

COOTBETCTBHUH CO CTPYKTYPOU BETBJICHHMS, UTO MOJATBEPKAAETCS pUCyHKOM 13.
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Window. Mdindow. toggleEdit

w lnd oW . MWl ndow. resetBoard

Pucynox 13 — PasHble 11BeTa B 3aBUCUMOCTH OT TUIIa pEdep

[IpoBepsiich BCe MHTEPAKTUBHBIE CLICHAPUU:

— MacIITabupOBaHUE KOJIECOM MBIIIH U KIIABUIIAMH «ILIIOC», KMUHYCY,;

— HaBWrauus 1o rpady u BbIIEJICHHE Y3JIOB paMKOW C MOMOIIbIO MBIIIH, KaK
MOKa3aHO Ha pUCYHKe 14;

— KJIMK IO Y3JIy ¥ CHHXPOHH3alMs BbIOOpa C TaHEIbI0 HABUTaTOPA;

— JIBOWHOM KJIMK 1O pedpy ¢ aBTOMAaTUYECKHMM LEHTPUPOBAHUEM Ha
OJmKauIem ysie;

— IUIaBHOE LIEHTpUpOBaHKE (Smooth center on) u aHUMaLUg «MUTaAHUSY;

— KOHTEKCTHOE MEHIO: BbIJICJICHUE [IEMOYKH POJAUTENEH/TIOTOMKOB, YIaJICHHUE C

MNOATBCPKACHUCM.

Jlucm

[11'y1.090301.01.001 713 29

Uam. | Jlucm Ne dokym. lMNodnucek | Jama




Navigator Selection

selection (8)
v [ window
v (@ Miindow
f gendMap

f newLabyrinth
v f newMap
if 1 -» if width an.
v f openMap

if_8 -» if not self. —

)

reload

=

requestMapDimensions

il Lredd O« ML el o . e s TM2PD Eme s Lons

Pucynox 14 — IIpoBepka COOTBETCTBHUS BbIJEICHHBIX 3JIEMEHTOB

TectupoBanme MUKIOM «COXpaHEHHUE-3arpy3Kay MPOBEPSIICS AJIS CISAYIOIINX
AJIIEMEHTOB COCTOSTHUSI:

— graph_data (BeTBH 1 BBI3OBHI);

— TIO3MITUH BCEX Y3IIOB;

— HacTpoiiku Buma (Show_branches, merge_branch_calls, curved_edges,
BUJIMMOCTH OOKOBO TTaHEIH, pa3MEPbI PA3ACIUTENs).

[Tocne 3arpy3ku (aitna mpoekta rpad U MO3UIMU Y3JIOB BOCCTaHABIMUBAIKUCH

UJIEHTUYHO COXPAHEHHOMY COCTOSHUIO.
1.3 AHaju3 pe3yJibTaToB

Jlist Hadana paboThl HEOOXOAMMO CO3/1aTh, WIM OTKPHITh MPOEKT Yepe3 MEHIO
«File», moxazannom Ha pucyHke 15. JlocTyHbIC BApUAHTHI: CO3/1aTh IPOCKT U3 OJTHOTO
daiina ¢ UCXOTHBIM KOAOM, U3 JUPEKTOPUU C MCXOIHBIM KOJOM, WJIA OTKPBITh YK€

CYILECTBYIOILIUNA MTPOEKT.
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[Tocne sToro BBIMONHSETCS TOCTpoeHHE Tpada,

File

Graph building  Window  Help
Mew project from source file... Ctrl+ 0
Mew project from source directory... Ctrl+P
Open project... Ctrl+Shift+ 0
Close project
Save project Ctrl+5
Save project as... Ctrl+Shift+5

Exit Ctrl+C

Pucynok 15 — Mento «Filex

WIM €ro 3arpyska u3

COXpaHéHHBIX JaHHBIX. Ha PHUCYHKC 16 moka3zaHO OCHOBHOE OKHO IMIPUIOKCHUA, Ha

KOTOPOM BHJHO MOCTPOCHHBIM Ipad BBI30OBOB, MaHENb HABUralMu MO rpady, mosie

BBO/JIa U (PUIIBTPALIMU y3JI0B B HABUTATOPE, U MMAHEIb MEHIO.

OCyHIECTBJIAThL C IMOMOIIBIO MBIIIH, II€pEMEIIas Cé, YACpKUBas Ha)kaToun JIEBYIO

KJIABUINy, W C TOMOINIbI0 KJIABUIN CO CTpeJIKaMH Ha KiaBuarype. Macmrab

%, * Dy/Me/dev/univer/4 course/s8/dw/example_code_prjjson: 35 nodes, 37 edges

File Graph building Window Help

Navigator Selection

Navigator (35) "

~ [ draw
~ @ QTSLabyrinthDraw
f draw

~ f draw_board_grid
v

v

~ f draw_cell_text
v if 1
if isinstanc.
~ f draw_cells
~

v

v if 2
if value != ..

v ifl
if value == ..
elif value =.
elif value =.
else:

~ f draw_path
~

v if 1
if path:
~ f draw_styled_3d_.
v if 1
if inverted:
~ [ 10gic
~ @ Labyrinth
f generate
v f get_cell
LV E N |

windaw. Méindow. requestMapdinensions

Pucynox 16 — IToctpoeHHblit rpad BEI30BOB C BETBICHUSIMHU

HaBuramus no rpady noiayuyunach JOBOJIBHO yaoOHOM. [lepememnienne MoxHO

[11'y1.090301.01.001 713
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oToOpakaeMoro rpada MEHSETCS C IIOMOIIBIO KOJIECHKA MBIIITU W KJIABHII «ILTIOC» U

«MHUHYC» HA KJIaBUATYyPE.

orobpaxenune B MeHio «Graph building», moxasannom Ha pucynke 17. ITocite 3Toro
OyzeT moka3aHo MpeaynpekAcHue, U rpad OyAeT MepecTpoeH, YTO BUIHO HAa PUCYHKaX

18-19. AmnanoruuHoe MNpeaynpexAcHUE TOKa3bIBA€TCA IPH H3MEHEHHH JI000M

HAaCTPOMKH B TOM MEHIO.

Graph building

B CclIydac, €CJIM HCT HYKIbI pa6OTLI C BCTBJICHUAMH, MOKHO OTKIIOYHUTL HX

Window Help

" Show only external calls

W

Show branches

~  Consider call as unconditional if it in every branch

Pucynok 17 — Mento «Graph building»

. * D/Me/dev/univer/4 course/s8/dw/example_code_prjjson: 15 nodes, 10 edges

File Graph building Window Help

Navigator

Selection

Navigator (15)

v [ drau

~ & QTSLabyrinthDraw

f

f
f
f
f

-

v m logic
v Labyrinth

f

v [ window
v & Muindow

f

f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f

draw
draw_board_grid
draw_cell_text
draw_cells
draw_path
draw_styled_3d_..

leee

genMap
keyPressEvent
keyReleaseEvent
mouseMoveEvent
mousePressEvent
newlabyrinth
newMap

openMap
paintEvent
reload
requestMapDimen..
resetBoard
saveMap
saveResults
solve
toggleEdit
updateCellValue

Pucynok 18 — Ortort xe rpad, Ho O0e3 BeTBICHUI
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"r-‘; Rebuild graph

Changing this setting will rebuild graph and reset all node positions,
Continue?

Ok Cancel

Pucynox 19 — 3anpoc noaTBepkieHus Mpyu U3MEHEHUH pPeKUMa MOCTPOCHUS

rpada

st paboThl ¢ OOJBIION KOJOBOM 0a3oi MpeaycMOTpeH (PHIIbTP, KOTOPHIi
MO3BOJIACT JIETKO HAWTH HYXHYIO (YHKIMIO B TMAHEIW HABUTAIlMH, Yepe3 KOTOPYIO
MOKHO OJIHUM KJIMKOM MEpPEeUTH K COOTBETCTBYIOUIeMYy Y3y B Tpade. [Ipumep
UCTIONIb30BaHus ipuBeieH Ha pucynke 20.

File  Graph building Window  Help

MNavigator selection

|draw_ce11

Navigator (9/35)

hd m draw
v QTSLabyrinthDraw
w f draw_cell_text
w 1f 1
if isinstance(text, int) and text.
v f draw_cells

w 1f 2
if value != @ and displayNumbers:
w if 1
if value == -1:
glif value ==
glif value ==
else:

v f draw_path

-2
T
i

v if_1

if path:

v f draw_styled_3d_rectangle

Pucynok 20 — Ilpumep ucnonb3oBanust pUiIbTpa B HABUTATOPE
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[Ipu pa3paboTke NPUTIOKEHUU OBLIM MPETyCMOTPEHbI

oOnerdenust paboThl B KpaiiHe MeperpyKeHHOM rpade:

byHKIIMA IS

— IOACBCTKA BCCX CBA3AaHHBIX pe6ep IIp1 HABCACHHUHN Ha Y3CJI, KaK Ha PUCYHKC

21;

— MOJCBETKA pedpa Npy HABEJICHUU Ha HETO;

— BO3MOXXHOCTb Tepexoja K HauyaJbHOMY M KOHEYHOMY Y3Iy Jitoboro pedpa

4Cpe3 KOHTCKCTHOC MCHIO, IOKA3aHHOM Ha PUCYHKC 22, a TaKXKC ﬂBOﬁHBIM KIIMKOM AJIsA

nepexoja B IPOTUBOIOJIOKHBIA KOHEL pedpa;

— BO3MOJXHOCTB IICPCXOJa K Y3J1y B IMIAHCIM HABUT'allUH, IJIA 0oJyiee TOYHOTrO

OIIpCACICHUA CT'0 IIPUHAAJICKHOCTHU K MOJYJII0 MJIN KJIACCYy 4YCPC3 MCHIO, IIOKA3aHHOM

Ha pUCYHKe 23.

e e LA = i i e ey S ) i Sy B

]

core\node_vwisitor.BanditNodeVisitor.visit_Bytes::if_1 L J.
if not isinstance(node._bandit_parent, ast.Expr):

Pucynox 21 — IloxcBetka pedep npu HaBeIeHUH Ha y3en rpada

S

Go to source node

Show in navigator

Go to destination node

Delete...

Pucynoxk 22 — KonTekctHoe MeHIO y3710B rpada

raw . QTSLabyr-LnthDraw . drg

raw_path

Show in navigater

Select all chain
Select parent nodes chain

Select child nodes chain

Delete...

Pucynok 23 — KoHntekcTHOe MeHI0 pedep rpada
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[TocTpoeHHbIit Tpad MOXKHO YACTUYHO PEIAKTHPOBaTh. Peann3oBaHHBIA B

IPUIOKEHUHU (QYHKIIMOHAJ 10 PEJaKTUPOBAHUIO BKIIIOYAET B CEOS:

— BO3MOXHOCTB CBO6OI[HOFO MNEePeMCIICHUA Y3JI0OB II0 rpa(by C IIOMOIIBIO

MBI, B TOM YHUCJIC BCCX BBIACIICHHBIX (HOHO}KCHI/IC pe6ep MCHJACTCA aBTOMaTI/ILICCKI/I);

— BO3MOXHOCTb YyAAJICHUS BBIJACJICHHBIX WM KOHKPCTHBLIX Y3JIOB H3 rpa(l)a

(BMecTe BO CBsI3aHHBIMHU peOpammu) ¢ momonibio kiaBuim «Delete» u koHTekcTHOTrO
MEHIO, TTOKa3aHHOM Ha PUCYHKE 22;

— BO3MOXHOCTb yJaJ€HHUS KOHKPETHBIX pedep C MOMOIIbI0 KOHTEKCTHOTO
MEHI0, PUBEJICHHOM Ha PUCYHKE 23;

— BO3MOXXHOCTb yJIaJieHWs JOUYEpPHUX Y3JI0B BBIOPAHHOTO MOJYJIA, Kiacca,
(GYHKITUH B ITAHEITH HABUTAIMH, B TOM YHCJIC HECKOJIBKUX ¢ IOMOIIIBIO KiaBuIu «Ctrly
¥ KOHTEKCTHOTO MEHIO, TTOKa3aHHOM Ha pUCyHKe 24,

— BO3MOXXHOCTb BBIJICJICHHUS IIEMTOYKH BCEX POJUTEIBCKUX UITU IOYEPHUX Y3IIOB
OTHOCHTEIFHOTO BBIOPAHHOTO y3JIa Uepe3 MEHI0, TOKa3aHHOM Ha pUCyHKe 23;

— BO3MOXXHOCTb BBIIETICHUS BCEHl T0UEPHUX y3J10B OTHOCHUTEIHHO BEIOPAHHOTO
MOYJIs, Kiacca, Wiv (yHKIIMH B MTAHEJI HaBUTallUU, YTO TTOKa3aHO Ha PUCYHKeE 24;

IIpu nepememienun 1o rpady, BBIACICHHUIO Y3JIOB JIIOOBIM CHOCOOOM WU
nepexoly K HEMY, MPOIIJIOe BBIACICHUE COXPAHAETCS, YTO TMO3BOJISET BBIMNOJHATDH
HaBUTAIMIO 1O rpady U BHIOMpPATH HIEMEHTHl 0€3 TMOTEePU MPOMEKYTOUHOTO

pe3yabTara.

Mavigator (35)

LI, T

rir

Select children in graph

f draw_bc Expand all children
f draw_ce Collapse all children
f drav_ce
f draw_pz Expand all
f draw_st Collapse all

v [ 1ogic

. Delete with children...
W Labyrinth .

Pucynok 24 — KoHTeKCTHOE MEHIO 3JIEMEHTOB B HABUTaTOPE
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I[JIH y,[[O6CTBa, 10 YMOJYaHHWIO BKIIFOUCHA CHHXPOHHW3AHs ITAHCIIWM HaBUT'aAllUU C

rpajom. To ecTh, mpu KIMKe Ha y3ed B rpade, B MaHENU HABUTAIIMU BHIOMpAECTCS

COOTBCTCTBYIOHII/Iﬁ Y3CII, U HaO60pOT. B ciIydac BI)I60pa HCCKOJIBKHUX 3JICMCHTOB, B

uHTepdeiice pazBopaumBaeTcsi maHenb «Selectiony, oToOpaxkaromasi BEIOpaHHBIC

y3JIbl, YTO IEMOHCTPUPYETCS HA PUCYHKE 25.

IpYNIIMPOBKA [0 HMEpapXMHU MOKET MellaTh, B TaKOM ciydae Lielecoo0pa3Ho eé

[Ipu BBIOOpE MHOKECTBA Y3JIOB U3 Pa3HBIX MOJYJIEH, KJIACCOB, WIH (PYHKIUH,

OTKJIFOYHTh. JIOJDKHO MOJTy4HThCS, Kak Ha pucyHke 26. B manenu menro «Windowy

JOCTYTICH BEIOOP THUITOB COPTHPOBKH i anenel «Navigator» u «Selectiony, Tam xe

AOCTYIIHbI JJIA OTKIIFOYCHHA BCC BBINICOIIMCAHHBIC (byHKI_[I/II/I, KaK ITIOKa3aHO Ha

pucyHke 27.

Navigator Selection

Selection (3)
~ [ window
~ & Muindow
f genMap
f newMap

f requestMapDimen..

window. M indow . news

lap

window. MWindow.

A¥a

window.

Pucynok 25 — Beinenenue y3ioB

MNavigator

selection

f
f
f

Pucynoxk 26 — BeiOpaHbI Te ke y3i1bl, HO TPYIIHUPOBKA OTKIIIOUEHA

selection (3]
window.MWindow.genMap
window.MWindow. newMap

window.MWindow. reque..

MW indow. requestMappimensions

NN3m.
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Window = Help
F Fit graph to window Ctrl+R

Draw edges with curved lines

~  Show sidebar
~  Sync graph selection with navigator panel
" Focus on selection panel when selecting nodes on graph

Group nodes in selection panel

Mavigator serting P & Alphabetic
Selection sorting 4 All edge count
In edge count

Cut edge count

Pucynok 27 — MeHI0 ¢ BU3yalbHBIMU HACTPOMKAMU TMPUITOKCHHS

[To ymomyanuto, pucoBanue pedep rpada BBITOJHIECTCS C TOMOIIBIO MPSIMBIX
JUHUM, TaK Kak MpU TUIOTHOW KOMIIOHOBKE Y3JIOB OHM BOCIPHUHHUMAIOTCS TPOIIIE.
B03MO0OKHO, B HEKOTOPBIX CUTYaIUsIX, PUCOBAHUE C MOMOIIBIO KPUBBIX JTUHUI OoJiee
MPEANOYTUTENBHO. DTOT PEXKUM MOKHO BKIIOUUTH B MeHIO «Window», KoTtopoe
MOKa3aHo Ha pucyHke 27. [Ipumep pe3ynbTara moka3aH Ha pUCYHKE 28.

OTaenbHO CTOUT OTMETHTB, YTO TIEpE]1 JTF000M onepalueit yaalieHus 3JeMEHTOB
BBITIOJTHSIETCSI 3aITPOC MOATBEPKICHUSI, KaKk Ha pucyHKe 29. AHAJIOTMYHO TP BBIXOC

U3 MIPUJIOKEHUS WIH MPOEKTa 0€3 COXpaHEeHUs] K3MEHEHU, YTO BUJHO HA pucyHke 30.

winda.M
i ndaw neuran = “indow. gerttap

Pucynok 28 — PexxuM oTpucOBKHU pebGep ¢ TOMOIIBIO KPUBBIX
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% Delete nodes

Delete following nodes

'core\extension_loader. Manager. validate_profile::if_1::if not
self.chedk_id(inc):'
‘corenode_visitor . BanditModeVisitor .generic_wvisit'
‘coremetrics. Metrics. count_locs. proc’
‘corenode_visitor . BanditModeVisitor, visit_Bytes:if_1::if not
isinstance(node. _bandit_parent, ast.Expr):'?

This action cannot be undone.

| QK || Cancel |

&
., Unsaved changes

Pucynoxk 29 — 3anpoc noaTBepKACHUs MPU yAAJTICHUN

o The project has unsaved changes. Save before continuing?

Yes Mo Cancel

Pucynok 30 — 3ampoc noaTBepkIeHUH MPU HECOXPAaHEHHBIX N3MEHEHUSX

NN3m.
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2 Oxpana Tpyaa

PabGoter 3a IIK TpeOyer coOntofeHus pa3iMyHbIX Mep O€30MacHOCTH IS
COXpaHeHus 3710poBbsi. OCOOCHHO 3TO aKTyaJbHO IS JIOCH, CIEIIUAIbHOCTh PaObOTHI
KOTOPBIX TOJpa3yMeBaeT JIUTEIBHYIO CUASIYI0 paboTy 3a kKommbtoTepoM. 1o sToii
IPUYUHE COBPEMEHHOE 3aKOHOJATEIhCTBO B OOJACTH OXpaHbl Tpyda o0O0sA3yeT

BBITOJIHATH HECKOJIBKO BaKHBIX TpeOoBanuii [10].
2.1 TpeGoBanus k padoueMy MecTy.

OCHOBHBIE HOPMBI, KOTOPBIE MO3BOJISIOT MUHUMU3UPOBATH Bpe OT pabOThI 3a
KOMITBIOTEPOM B JTOJITOCPOYHOM NTEPCIEKTHUBE !

— paboune MecTta JODKHBI OBITh HM30JIMPOBaHbI Jpyr oT Apyra. Ecmum
COTPYIHHUKHU 3aHATHl TBOPUYECKOW JEATEIBHOCTBIO, CIEIYyET 00OpyAOBAaTh MX MeECTa
IepEropoaKamMu BeicoTon 1,5-2 meTpa;

— KOHCTPYKLHMSI Kpecja J0JDKHA PEeryJupoBaThCs, YTOOBI COOTBETCTBOBATH
WHIUBUIYAIbHBIM (U3MUECKUM MapaMeTpaM CcOTpyIHUKOB. [loBepXxHOCTH Kpecia
JOJKHA OBITh HECKOJIB3SLIEH M JIOJKHA OOeCleyuBaTh BO3MOXHOCTh €r0 JIETKOM
YUCTKU;

— KOHCTPYKILMSI CTOJla AOJKHA MpeaycMaTpuBaTh MPOCTOPHOE M YI0OHOE
pa3MeleHrne UCIOoIb3yeMOro OO0OpyAOBaHUS, MpPU OSTOM HUMETh KOADPUIIMEHT
OTpa)KeHUsI MOBEPXHOCTH, HE MpeBbiatonuii 0,7;

— IUIOUIa/lb OJAHOTO PaboYero MecTa COTPYJHUKA JOJIKHA COCTABIIATh HE MEHEE
6 kBaapaTHbIX MeTpoB. Ecim B paboTe HUCHOJIB3YIOTCS COBPEMEHHBIE IUIOCKUE
KOMITBIOTEPHBIE MOHUTOPBI, TO HE MeHee 4,5 KBapaTHBIX METPOB;

— BHYTPEHHSsSI  OTAeJIKa  [OMEIIEHUH  JODKHAa  MPOU3BOIJUTHCA  C
UCIIOJIb30BAaHUEM MATEpPHUATIOB, MMEIOUIUX COOTBETCTBHE HEOOXOJIMMBIM HOpPMaM.
MaxkcuManbHbli  KO3(DPUIIMEHT OTpakeHHsl TOBEPXHOCTH MaTepuaia TMOTOJKa

coctaBisaeT — 0,8, mig cren — 0,6, myis mona — 0,5.
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2.2 TpeOGoBaHus K NOMeENIEHUIO

st obecrieyeHust Oe30macHOCTH  TpeOyeTcs COOMIOeHUE  CIISAYIOIINX
TpeOOBaHMI K TOMEIIEHUIO, B KOTOPOM pa3MelleHbl paboyre MecTa:

— JKeNaTelabHO, YTOOBl B TOMEIICHHHM OBUTM OKHA, 4Yepe3 KOTOphIE MOXKET
MPOXOJUTh €CTECTBEHHBIN CcBeT. [Ipu 3TOM OHU AOJIKHBI ObITh OPUEHTUPOBAHBI HA
CEBEp WJIM CEBEpO-3amajl, 1 000pyI0BaHbl yCTPONUCTBAMHU JJIsI PETYJIUPOBAHUS IPKOCTH
€CTECTBEHHOTO OCBEILICHHUS, HATPUMED, IITOPAMH, KaJO3U U T. I1.;

— B clly4ae, eciu paboTa MPOMCXOJIUT B TMOMEIICHUSIX 0€3 €CTECTBEHHOTO
OCBEIICHMS, TO HEOOXOJMMO OOECIEeYUTh OpPraHM30BAaHHOE HCKYCCTBEHHOE
OCBEIIEHUE, COOTBETCTBYIOIIE BCEM HOpMaM;

— paboune MecTa JOJDKHBI HAaXOJUThCS BIAIM OT CHJIOBBIX KaOeseH,
TpaHcopMaTOpoB U APYroro o0OpyIOBaHMs, CIIOCOOHOTO CO3/1aBaTh MOMEXH s
UCIIOJIb3yeMO TEXHHKU. B MOMenieHuu MOJDKHO OBITh OPraHW30BaHO 3aIUTHOE
3a3eMiIeHHe, oOecreunBarollee 0e30nacHyr0 paboTy C KOMIBIOTEPOM U APYTHM
AIIEKTPUUECKUM 000pYA0BaHUEM;

— HaJIMYKME NPUTOYHO—BBITSKHOM CUCTEMBI, CKOPOCTh ABMKEHUA Bo3ayxa < 0,1
M/c. KoHIleHTpauuy pa3iWyHBIX JIETYYUX OIACHBIX COCAUMHEHUNW HE JOJIKHBI
MPEBBINIATH YCTAHOBJICHHBIC HOPMBI;

— TeMmIeparypa Bosayxa JaobkHa ObITh oT 20 mo 24 °C, B maeane 22 °C,
OTHOCHUTENbHAs BlaxkHOCTh 40—60 %;

— YpPOBEHBb IIIyMa JIOJDKEH COCTaBisiTh He Oosee 50 ab, »TO mMO3BOJIUT

COTPYAHUKAM MHUHUMAJIBHO OTBJICKATHCA U COCPECAOTOUCHO BBIIIOJIHATD pa60Ty.
2.3 IIpaBuiia pa3melneHnsi MOHUTOPA

[lpn pa3MernieHMr MOHUTOpA JUIS OOECTIeYeHUs Oe30MaCHOCTH 3/I0POBbBS
HE00X0MMO COOI0ATh CAeAYIOUIe TPEOOBAHNUS:
— paccTOsHHE MEXIYy CTOJaMH HE MeHee 2 METpPOB, a MEXay OOKOBBIMHU

IMOBECPXHOCTAMH MOHUTOPOB — HC MCHEC 1,2 MCTpPa,
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— DKpaH MOHHTOpA HaXoIuTcs Ha paccTossHuy He MeHee 0,6-0,7 meTpa ot rias,
HO U He OoJiee oJTyTOpa METPOB.
— BEPXHSISA YaCTh MOHUTOPA JIOJDKHA OBITh YyTh HIDKE YPOBHS TJ1a3, KEIATeIbHO

HaJIMYUEe aHTHOJIMKOBOTO IIOKPBITHA.
2.4 Pexxum TPpyAa M OTAbIXA IPHU HCIIOJb30BaAHUUN KOMIILIOTEPA

B 3aBuCHMOCTH OT KaTeTOpPHH BBIMOJIHSAEMON pabOTHl M YPOBHS 3pUTEIHHOM
Harpy3KH, KOTOpasi BO3HUKAET Y UEJIOBEKA B TCUEHHUE CMEHBI, BbIJIEJICHA OTIPE/ICIICHHAs
JUTUTEIBLHOCTD MEPEPHIBOB, 3aBUCAINAS OT MPOAOJIKATEIIBHOCTU PA0OTHI:

— 1pu 8 - yacoBoil cMeHe — oT 30 1o 70 MUHYT;

— npu 12 - gacoBoit cmene — ot 70 1o 120 MunHyT.

JJist coxpaHeHus 37I0pOBBS CIEAYET BCTaBaTh ¢ pabouero Mecta XoTs Obl pa3 B
yac, BCEro Ha HECKoJbkO MHMHYT. Kpome mnopaep:kaHuu 370pOBbSl CIHHBI, 3TO

IIO3BOJIMT HCMHOI'O OTAOXHYTH I'lIa3aM OT 3KpaHa U CHU3UTb 0611166 HAIIPSAKCHHUC.
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3akJIroueHue

B xone BbImonHEHUsT HaHHOW pabOTHl OBLT MPOBEECH aHAIU3 NPEAMETHOMN
00J1aCTH, PACCMOTPEHBI CYLIECTBYIOUIUE aHAJIOTH, UX JOCTOMHCTBA M HemocTaTku. C
Y4e€TOM JTOro ObUIM BBIOpaHBI CpPEACTBA U HHCTPYMEHTHI Pa3paOOTKH, H3YYEHBI
QITOPUTMBI TIOCTPOCHHS rpadoB, CIOCOObI aHAIKM3a UCXOAHOTO KOJIa U BBISBIICHUS B
HEM Pa3JIMYHbIX KOHCTPYKIIHIA.

Tak>ke ObLTM NOJIy4EHBI 3HAHUS IO paboTe ¢ a0CTPAKTHBIMU CUHTAKCHYECKUMU
JepeBbsAMU, (aililaMu HCXOAHOTO Kojaa Ha si3bike Python. IomydyeH onbIT HanmucaHus
rpaUIecKOr0 TPWIOKCHUS C HCIOoJb30BaHHueM Ounbmmoreku PyQt Ha s3bIKe
nporpammupoBanus Python. M3y4yeHsl 1 mpuMEHEHBI HA TPAKTUKE METOJIbI PabOTHI C
daiinamu, rpadhamu, U rpadUUECKUMI TPUMUTHBAMHU.

B mpouecce pa3zpaboTku OBUIO CO3JAHO MPUIOKEHUE, BBINOIHSIIONIEE
IOCTPOEHUE Trpada BHI30BOB C YYETOM BETBJICHHUH, M MO3BOJIAIOIIEE BBINOJIHATH
yI0OHYIO HaBUTALIMIO IO MOJIyY€eHHOMY T'pady ¢ BO3MOKHOCTBIO €0 PEIaKTUPOBAHUS
U COXpaHEHUs pe3yJibTara.

B nanpHeiiiieM BO3MOXKHO yAydllleHHE | paciiupeHue (yHKIMOHaa
nporpaMmbl, B TOM uucle J00aBl€HUE TMOAAECPKKA  JIPYTrUX  S3BIKOB

MIPOTPaMMHUPOBAHUS U BO3MOXKHOCTEH 0OoJiee ri1y00KOoro aHajanu3a HCXOIHOTO KOJia.
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[Tpunoxenue A.1 — Jlmarpamma kiaccoB rpaduueckoro uarepdeiica
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[Tpunoxenue A.4 — Jluarpamma KOMIIOHEHTOB
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Hpuioxenue b
(O0s13aTesibHOE)
KommnoHeHT cTaTuueckoro aHaan3aTopa, IOCTPOCHHUE CTEKa BHI30BOB (PYHKIIHIA
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daiin graph/builder.py

import ast
from dataclasses import dataclass, field
import os

from graph.resolvers import parse ast,
resolve attribute chain, resolve callee, unparse safe

@dataclass
class BranchArm:

text: str

kind: str # if elif else for while try except finally
with

calls in cond: list[str] = field(default factory=list)

calls: list[str] = field(default factory=list)

parent branches: list[str] = field(default factory=list)
@dataclass

class BranchNode:
key: str # module.Class.func::if 1
arms: list[BranchArm] = field(default factory=list)

class DefinitionVisitor (ast.NodeVisitor):

def  init (self, name stack: list([str]):
self.name stack: list[str] = name stack
self.definitions: tuple[str] = set|()
def get current name (self) -> str:
return ".".Jjoin(self.name stack)

def visit ClassDef (self, node: ast.ClassDef):
self.name stack.append (node.name)
self.generic visit (node)
self.name stack.pop ()

def visit FunctionDef (self, node: ast.FunctionDef) :
self.name stack.append (node.name)
self.definitions.add(self.get current name())
self.generic visit (node)
self.name stack.pop ()

visit AsyncFunctionDef = visit FunctionDef

@staticmethod
def get defined functions(tree: ast.AST, name stack:
[str]) -> (str):
v = DefinitionVisitor (name stack.copy())
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v.visit (tree)
return v.definitions

class CallVisitor (ast.NodeVisitor) :

def init (self, caller name: str, defined functions:
set[str],
visit branch: bool, visit defs: bool):
self.caller name = caller name
self.defined functions = defined functions
self.visit branch = visit branch

self.visit defs = visit defs
self.calls: list[str] = []

def visit Call(self, node: ast.Call):
if isinstance (node.func, ast.Name) :

raw = node.func.id
elif isinstance (node.func, ast.Attribute):
raw = resolve attribute chain(node.func) or
f"<expr>.{node.func.attr}"
else:

raw = None

if raw:
resolved = resolve callee(raw, self.caller name,
self.defined functions)
if resolved and resolved != self.caller name and
resolved not in self.calls:
self.calls.append(resolved)
self.generic visit (node)

def generic visit definition(self, node):
if self.visit defs:
self.generic visit (node)

def generic visit branch(self, node):
if self.visit branch:
self.generic visit (node)

visit FunctionDef = generic visit definition
visit AsyncFunctionDef = generic visit definition
visit ClassDef = generic visit definition

visit If = generic visit branch
visit For = generic visit branch
visit While = generic visit branch
visit Try = generic visit branch
visit With = generic visit branch
visit TryStar = generic visit branch
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@staticmethod
def collect calls in expr(node: ast.expr, caller name:

str,
defined functions: set[str]) ->

[str]:

v = CallVisitor(caller name, defined functions, True,
True)

v.visit (node)

return v.calls

@staticmethod

def collect calls in body(stmts: list[ast.stmt],
caller name: str,
defined functions: set[str],

visit branch: bool=True) -> [str]:

v = CallVisitor(caller name, defined functions,
visit branch, False)

for stmt in stmts:

v.visit (stmt)
return v.calls

class BranchVisitor (ast.NodeVisitor) :

def init (self, module name: str, definition index:
set[str]):
self.module name = module name

self.definition index = definition index
self.name stack: list[str] = [module name]

# pesysbTaTH

self.branches: dict[str, BranchNode] = {}
self.branches in func: dict[str, list[str]] = {}
self.calls: dict[str, list[str]] = {} # 6Ge3ycJoOBHHE
self. branch counters: dict[str, dict[str, int]] = {}

self. parent stack: list[str] = []

def current(self) -> str:
return ".".join(self.name stack)
def 1is in function(self) -> bool:

return len(self.name stack) > 1

def next branch key(self, kind: str) -> str:
func = self. current()
if func not in self. branch counters:
self. branch counters[func] = {}
cnt = self. branch counters[func]
cnt[kind] = cnt.get (kind, 0) + 1
return f"{func}::{kind} {cnt[kind]}"
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def rc(self, expr node: ast.expr) -> list[str]:
return CallVisitor.collect calls in expr (expr node,
self. current(), self.definition index)

def rb(self, stmts: listlast.stmt]) -> list[str]:
return CallVisitor.collect calls in body (stmts,

self. current(), self.definition index, False)

def register branch(self, key: str, node obj:

BranchNode) :
func = self. current()
self.branches[key] = node ob]

self.branches in func.setdefault (func,
[1) .append (key)

def add call(self, raw: str):

func = self. current()
resolved = resolve callee(raw, func,
self.definition index)
if resolved is None or resolved == func:
return

self.calls.setdefault (func, [])
if resolved not in self.calls[func]:
self.calls[func] .append(resolved)

def visit ClassDef (self, node: ast.ClassDef):
self.name stack.append (node.name)
self.generic visit (node)
self.name stack.pop ()

def visit FunctionDef (self, node: ast.FunctionDef) :
for decorator in node.decorator list: # mexopaToOp:
5T0 Oe3yCJIOBHHE BHEISBOBEH
if isinstance (decorator, ast.Name) :
self. add call (decorator.id)
elif isinstance (decorator, ast.Call):
if isinstance (decorator.func, ast.Name):
self. add call (decorator.func.id)
elif isinstance (decorator. func,
ast.Attribute) :
chain =
resolve attribute chain(decorator.func)
if chain:
self. add call(chain)
elif isinstance (decorator, ast.Attribute):
chain = resolve attribute chain(decorator)
if chain:
self. add call (chain)

self.name stack.append (node.name)
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for ¢ in self. rb(node.body):
self.calls.setdefault (self. current(), [])
if ¢ not in self.calls[self. current()]:
self.calls[self. current()].append(c)

for stmt in node.body:
self.visit (stmt)

self.name stack.pop ()
visit AsyncFunctionDef = visit FunctionDef

def visit If(self, node: ast.If):
if not self. is in function():
self.generic visit (node)
return

key = self. next branch key ("if")
branch = BranchNode (key=key)

current if = node
is first = True
while True:

if is first:

arm_kind = "if"

is first = False
else:

arm_kind = "elif"

cond text = unparse safe(current if.test)
arm = BranchArm (
text=f"{arm kind} {cond text}:",
kind=arm kind,
calls in cond=self. rc(current if.test),
calls=self. rb(current if.body),
parent branches=self. parent stack.copy(),
)

branch.arms.append (arm)

self. parent stack.append(arm.text)

for stmt in current if.body:
self.visit (stmt)

self. parent stack.pop ()

orelse = current if.orelse
if not orelse:
break
if len(orelse) == 1 and isinstance (orelse[0],
ast.If):
current if = orelse[0]
else:
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else arm = BranchArm(text="else:",
kind="else",
calls in cond=[], calls=self. rb(orelse),

parent branches=self. parent stack.copy())
branch.arms.append(else arm)

self. parent stack.append(else arm.text)
for stmt in orelse:
self.visit (stmt)
self. parent stack.pop()
break

self. register branch(key, branch)

def visit For(self, node: ast.For):
if not self. is in function():
self.generic visit (node)
return

key = self. next branch key("for")
target text = unparse safe (node.target)
iter text = unparse safe(node.iter)

branch = BranchNode (key=key)
for arm = BranchArm(
text=f"for {target text} in {iter text}:",
kind="for",
calls in cond=self. rc(node.iter),
calls=self. rb(node.body),
parent branches=self. parent stack.copy())
branch.arms.append(for arm)

if node.orelse:
else arm = BranchArm(text="else:", kind="else",
calls in cond=[],
calls=self. rb(node.orelse),
parent branches=self. parent stack.copy())
branch.arms.append(else arm)

self. parent stack.append(else arm.text)
for stmt in node.orelse:

self.visit (stmt)
self. parent stack.pop ()

self. register branch(key, branch)

self. parent stack.append(for arm.text)
for stmt in node.body:

self.visit (stmt)
self. parent stack.pop()
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def visit While(self, node: ast.While):
if not self. is in function():
self.generic visit (node)
return

key = self. next branch key("while")
cond text = unparse safe (node.test)

branch = BranchNode (key=key)
while arm = BranchArm(text=f"while {cond text}:",
kind="while",
calls in cond=self. rc(node.test),
calls=self. rb(node.body),
parent branches=self. parent stack.copy())
branch.arms.append(while arm)

if node.orelse:
else arm = BranchArm(text="else:", kind="else",
calls in cond=[],
calls=self. rb(node.orelse),
parent branches=self. parent stack.copy())
branch.arms.append(else arm)

self. parent stack.append(else arm.text)
for stmt in node.orelse:

self.visit (stmt)
self. parent stack.pop()

self. register branch(key, branch)

self. parent stack.append(while arm.text)
for stmt in node.body:

self.visit (stmt)
self. parent stack.pop()

def visit Try(self, node: ast.Try):
if not self. is in function():
self.generic visit (node)
return

key = self. next branch key("try")
branch = BranchNode (key=key)

try arm = BranchArm(text="try:", kind="try",
calls in cond=[], calls=self. rb(node.body),
parent branches=self. parent stack.copy())

branch.arms.append (try arm)

self. parent stack.append(try arm.text)
for stmt in node.body:

self.visit (stmt)
self. parent stack.pop()
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for handler in node.handlers:

if handler.type is not None:
exc_text = unparse safe (handler.type)
if handler.name:

exc text += f" as {handler.name}"

header = f"except {exc text}:"

else:
header = "except:"

exc_arm = BranchArm(text=header, kind="except",
calls in cond=[],

calls=self. rb(handler.body),

parent branches=self. parent stack.copy())

branch.arms.append (exc arm)

self. parent stack.append(exc arm.text)
for stmt in handler.body:

self.visit (stmt)
self. parent stack.pop ()

if node.orelse:
else arm = BranchArm(text="else:", kind="else",
calls in cond=[],
calls=self. rb(node.orelse),
parent branches=self. parent stack.copy())
branch.arms.append(else arm)

self. parent stack.append(else arm.text)
for stmt in node.orelse:

self.visit (stmt)
self. parent stack.pop()

if node.finalbody:
fin arm = BranchArm(text="finally:",
kind="finally",
calls in cond=[],
calls=self. rb(node.finalbody),
parent branches=self. parent stack.copy())
branch.arms.append(fin_arm)

self. parent stack.append(fin arm.text)
for stmt in node.finalbody:

self.visit (stmt)
self. parent stack.pop ()

self. register branch(key, branch)

def visit TryStar(self, node):
if not self. is in function():
self.generic visit (node)
return
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self.visit Try (node)

def visit With(self, node: ast.With):
if not self. is in function():
self.generic visit (node)

return
key = self. next branch key("with")
1st = []
for item in node.items:
text = unparse safe(item.context expr)

if item.optional vars:
text += f" as

{unparse safe(item.optional vars)}"

lst.append (text)
items text =", ".join(lst)

branch = BranchNode (key=key)
calls in cond = [c for item in node.items for c in

self. rc(item.context expr)]

with arm = BranchArm(text=f"with {items text}:",

kind="with",

calls in cond=calls in cond,

calls=self. rb(node.body),

parent branches=self. parent stack.copy())
branch.arms.append (with arm)

self. register branch(key, branch)

self. parent stack.append(with arm.text)
for stmt in node.body:

self.visit (stmt)
self. parent stack.pop()

@staticmethod
def build branch map(tree: ast.AST, module name: str,

definition index: set[str]

-> tuple[dict[str, BranchNode], dict[str,

)
list[str]], dict[str, list[str]ll]l]:

visitor BranchVisitor (module name,

definition index)

visitor.visit (tree)
return visitor.branches, visitor.branches in func,

visitor.calls

def build project graph(source path: str, source files: str)

-> dict:
ast trees: [(ast.AST, str)] = []
for path in source files:
ast tree = parse ast (path)
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module name = os.path.relpath(path, source path) [:-3]
ast trees.append((ast tree, module name))

defined functions = set()
for ast tree, module name in ast trees:
definitions =

DefinitionVisitor.get defined functions (ast tree,
[module name])
defined functions |= definitions

all branches: {str: BranchNode} = {}
all branches in func: {str: [str]} =
all calls: {str: list[str]} = {}

{1

for ast tree, module name in ast trees:

res = BranchVisitor.build branch map (ast tree,
module name, defined functions)
branches, branch in func, calls = res

all branches.update (branches)
for £, keys in branch in func.items():
all branches in func.setdefault (f,
[]) .extend (keys)
for £, ¢cs in calls.items () :
Ist = all calls.setdefault(f, [])
for ¢ in cs:
if ¢ not in 1lst:
lst.append(c)

retval = {
"defined functions": defined functions,
"branches": all branches,
"branches in func": all branches in func,

"calls": all calls,

}

return retval

daiin graph/resolvers.py

import ast
import os

def get source filepaths(source dir: str, file exts:
tuple=None) -> list[str]:
if file exts is None:
file exts = (".py",)

source files = []
for root, dirs, files in os.walk(source dir):
for file in files:
if file.endswith(file exts):
source files.append(os.path.join(root, file))
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return source files

def parse ast(filepath: str) -> ast.AST:
with open(filepath, mode="r", encoding="utf-8") as file:
return ast.parse(file.read(), filename=filepath)

def unparse safe(node: ast.expr) -> str:
try:
return ast.unparse (node)
except Exception:
return "<expr>"

def resolve attribute chain(node: ast.expr) -> str:

# obj.method() -> 'obj.method', os.path.join() ->
'os.path.join'

parts = []

current = node

while isinstance (current, ast.Attribute):
parts.append (current.attr)
current = current.value
if isinstance (current, ast.Name):
parts.append(current.id)
return ".".Jjoin (reversed(parts))
return None

def resolve callee(raw _callee: str, caller qualified: str,
defined functions: set[str]) -> str:
if raw callee in defined functions:
return raw _callee

parts = raw callee.split(".") # self.foo; cls.foo;
self.attr.method ()
if parts[0] in ("self", "cls") and len(parts) >= 2:
for end in range(l, len(parts)):

method name = ".".join(parts[end:])

caller parts = caller qualified.split(".")

for 1 in range(len(caller parts), 0, -1):
candidate = ".".join(caller partsf[:i]) + "."

+ method name
if candidate in defined functions:
return candidate
suffix = "." + method name
matches = [g for g in defined functions 1if
g.endswith (suffix) ]
if len(matches) ==
return matches|
if len (matches) > 1

1:
0]
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caller module =
caller qualified.split(".") [O]
same module = [m for m in matches if
m.startswith(caller module + ".")]
if same module:
return same module[0]
return matches[0]
raw callee = parts[-1]

suffix = "." + raw callee
matches = [g for g in defined functions if
g.endswith (suffix) ]
if len (matches) ==
return matches]|
1

1:
es[0]
if len(matches) > 1:
caller module caller qualified.split(".") [O]
same module = [m for m in matches if
m.startswith(caller module + ".")]
if len(same module) == 1:
return same module[0]
return matches[0]

return None

daiin gui/widgets/edge.py

import math
from typing import TYPE CHECKING

from PyQt5.QtCore import QPointF

from PyQt5.QtGui import QPainterPath, QPainterPathStroker,
QPen

from PyQt5.QtWidgets import QGraphicsItem, QGraphicsPathItem

from gui.lib import Const, EdgeType, QtColors, QtConst

if TYPE CHECKING:
from .node import NodeItem

class Edgeltem (QGraphicsPathItem) :

def  init (self, src: "NodeItem", dst: "NodeItem",
is cond call: bool=False,
edge type: EdgeType=None,
curved: bool=False):

super () . init ()

self.src: "NodelItem" = src

self.dst: "NodeItem" = dst
self.is cond call: bool = is cond call
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def

QtConst.

def

def

e.is_cond_callT

if is cond call:

edge type = EdgeType.CONDITON
if not edge type:

edge type = EdgeType.REGULAR
self.edge type: EdgeType = edge type

self.curved: bool = curved
self. highlight: bool = False

self.setZValue (QtConst .EDGE 7)

self.setAcceptHoverEvents (True)
self.setFlag(QGraphicsItem.ItemIsSelectable, False)
self.update path()

set highlight (self, enable: bool):

self. highlight = enable

self.setZValue (QtConst.EDGE Z HOVER if enable else
EDGE_Z)

self.update path()

_pen(self) -> QPen:
if self. highlight:

return QPen (QtColors.EDGE HOVER, 2.0)
return QPen(self.edge type.value, 1.0)

_bottom exit point (self) -> QPointF:
bottom edges = [e for e in self.src.edges out if not

index bottom edges.index(self) if self in

bottom edges else 0

def

else O

def

return self.src.bottom exit (index, len (bottom edges))

_top _entry point(self) -> QPointF:
top edges = [e for e in self.dst.edges in]
index = top_ edges.index(self) if self in top_ edges

return self.dst.top entry(index, len(top edges))

update path(self):
if self.is cond call:
pl = (self.src.left center()
if self.src.center().x() -

self.dst.center().x() > O

else self.src.right center())
else:
pl = self. bottom exit point()
p2 = self. top entry point()

path = QPainterPath ()
path.moveTo (pl)
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if self.curved:
if self.is cond call:
ctrll = QPointF(p2.x(), pl.y())
ctrl2 = QPointF(p2.x(), p2.y() -
Const.SPACE SIZE * 2)
path.cubicTo(ctrll, ctrl2, p2)
elif p2.y() < pl.y():
src w = self.src. w
go right = p2.x() >= pl.x()

side x = (self.src.right center() .x()

if go right

+ Src w

else self.src.left center()

src w * 0.5)

below src = QPointF (side x, pl.y()
Const.SPACE SIZE * 2)

above dst = QPointF(side x, p2.y()
Const.SPACE SIZE * 2)

path.cubicTo (QPointF (pl.x (), pl.y()
Const.SPACE SIZE * 2),

QPointF (side x, pl.y()
Const.SPACE SIZE * 2), below src)

_|_

_|_

_|_

.x ()

path.cubicTo (QPointF (side x, (below src.y()

above dst.y()) / 2),

QPointF (side x, (below src.y()

above dst.y()) / 2), above dst)
path.cubicTo (QPointF (side x, p2.y()
Const.SPACE SIZE * 2),
QPointF (p2.x(), p2.v()
Const.SPACE SIZE * 2), p2)

else:
dy = p2.y() - pl.y()
ctrl offset = max(dy * 0.4, 20.0)
path.cubicTo (QPointF (pl.x (), pl.vy()

ctrl offset),
QPointF (p2.x(), pP2.vy()
ctrl offset), p2)
else:
mid x = (pl.x() + p2.x()) / 2
mid y = (pl.y() + p2.y()) / 2
if pl.y() + Const.SPACE SIZE >= p2.y():

+

near x = (self.src.right center () .x()

Const.SPACE SIZE
if pl.x() < p2.x()

else self.src.left center()

Const.SPACE SIZE)
if self.is cond call:
path.lineTo (near x, pl.y())
path.lineTo (near x, p2.y() -
Const.SPACE_SIZE)
path.lineTo (p2.x(), p2.y() -

Const.SPACE SIZE)

+

.x ()

+

+
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Const

Const.

Const.

Const.

Const.
Const.

P2 .x(

Const

Const.

Const.

Const.

Const.
Const.

self.

math.

math.

math.

math

math.

else:
path.lineTo(pl.x (), pl.y() +

.SPACE SIZE)
path.lineTo (near x, pl.y() +

SPACE_SIZE)
path.lineTo (near x, p2.y() -

SPACE_SIZE)
path.lineTo (p2.x(), p2.v() -

SPACE_SIZE)

else:

if self.is cond call:

if self.src.left center().x() -
SPACE SIZE <= p2.x() <= self.src.right center().x() +
SPACE SIZE:
if pl.x() - Const.SPACE SIZE >
) :
path.lineTo(pl.x () +
.SPACE SIZE, pl.y())
path.lineTo(pl.x () +
SPACE SIZE, self.src.bottom center().y() +
SPACE SIZE)
else:
path.lineTo (pl.x () -
SPACE SIZE, pl.y())
path.lineTo (pl.x () -
SPACE SIZE, self.src.bottom center().y() +
SPACE SIZE)
path.lineTo (p2.x(),
src.bottom center().y() + Const.SPACE SIZE)
else:
path.lineTo (mid x, pl.y())
path.lineTo (p2.x(), pl.v())

path.lineTo (p2.x (), mid y)
else:
path.lineTo(pl.x (), mid y)
path.lineTo (p2.x (), mid y)
angle = math.radians (90)
center = QPointF(p2.x(), p2.y() - Const.ARROW SIZE *
sin(angle - math.pi / 4))

left = QPointF(p2.x() - Const.ARROW SIZE *
cos (angle - math.pi / 8),

p2.y() - Const.ARROW SIZE *
sin(angle - math.pi / 4))

right = QPointF (p2.x() - Const.ARROW SIZE *

.cos (angle + math.pi / 8),

p2.y() - Const.ARROW SIZE *
sin(angle + math.pi / 4))
path.lineTo (center)
path.lineTo (left)
path.lineTo(p2.x(), p2.y() - 1)
path.lineTo (right)
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def

def

def

def

path.lineTo (center)

self.setPen(self. pen())
self.setPath (path)

shape (self) -> QPainterPath:

stroker = QPainterPathStroker ()
stroker.setWidth (5)

return stroker.createStroke (self.path())

on hover (self, state: bool):
self.set highlight (state)

self.src. hovered = state
self.dst. hovered = state

self.src.update()
self.dst.update()
self.update()

hoverEnterEvent (self, event):
super () .hoverEnterEvent (event)
self.on hover (True)

hoverLeaveEvent (self, event):
super () .hoverLeaveEvent (event)
self.on hover (False)

daiin gui/widgets/node.py

from typing import TYPE CHECKING

from PyQt5.QtCore import QObject, QPointF, QRectF, OQt,
pygtSignal

from PyQt5.QtGui import QBrush, QPainter, QPen
from PyQt5.QtWidgets import QGraphicsItem

from gui.lib import Const, QtColors, QtConst

if TYPE CHECKING:
from .edge import Edgeltem

class NodelItem (QGraphicsItem) :

def

__init (self, name: str, 1is condition:
super (). 1init ()

self.name: str = name

self.is condition: bool = is condition

self.edges out: list["EdgeItem"] = []
self.edges in: list["EdgeItem"] = []

bool=False) :
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self. hovered: bool = False
self.signals: NodeSignals = NodeSignals()

self.setFlags (QGraphicsItem.ItemIsMovable |
QGraphicsItem.ItemIsSelectable |
QGraphicsItem.ItemSendsGeometryChanges)
self.setAcceptHoverEvents (True)
self.setZValue (QtConst.NODE Z7)

text w = QtConst.NODE FONT M.size (0,
self.name) .width() + 24

self. w: int = max(Const.NODE W, text w)

self. h: int = Const.NODE H

def boundingRect (self) -> QRectkF':
return QRectF(-self. w / 2 - 2, -self. h / 2 - 2,
self. w + 4, self. h + 4)

def paint(self, painter: QPainter, option, widget=None) :
rect = QRectF(-self. w / 2, -self. h / 2, self. w,
self. h)
bg color = QtColors.BG HOVER if self. hovered else
QtColors.BG
border color = QtColors.BORDER
text color = QtColors.TEXT
pen width = 1.0

if self.isSelected():
border color, pen width = QtColors.BORDER SEL,

elif self. hovered:
border color, pen width

QtColors.BORDER HOVER,

elif self.is condition:
bg color = QtColors.CONDITION BG
text color = QtColors.CONDITION TEXT

painter.setBrush (QBrush (bg color))
painter.setPen (QPen (border color, pen width))
painter.drawRect (rect)

painter.setPen (QPen (text color))
painter.setFont (QtConst.NODE FONT)
painter.drawText (rect, Qt.AlignCenter, self.name)

def itemChange (self, change, value):
if change == QGraphicsItem.ItemPositionHasChanged:
for e in self.edges out + self.edges in:
e.update path ()
self.signals.position changed.emit ()
return super () .itemChange (change, wvalue)
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def mousePressEvent (self, event):
super () .mousePressEvent (event)
if event.button() == Qt.LeftButton:
self.signals.clicked.emit (self)

def hoverEnterEvent (self, event):
self.on hover (True)

def hoverleaveEvent (self, event):
self.on hover (False)

def on hover (self, active: bool):
self. hovered = active
for e in self.edges out + self.edges in:
e.set highlight (active)
self.update ()

def center(self) -> QPointF:
return self.mapToScene (QPointF (0, 0))

def bottom center(self) -> QPointkF:
return self.mapToScene (QPointF (0, self. h / 2))

def top center(self) -> QPointF:
return self.mapToScene (QPointF (0, -self. h / 2))

def right center (self) -> QPointF':
return self.mapToScene (QPointF (self. w /2, 0))

def left center(self) -> QPointF:
return self.mapToScene (QPointF (-self. w / 2, 0))

def centered edge point(self, index: int, total: int,
bottom: bool=False) -> QPointF:
if total <= 1:
return self.bottom center() if bottom else
self.top center ()

total width = (total - 1) * Const.ARROW SPACING
if total width > self. w:
self. w = total width + 6

offset = -total width / 2 + index *
Const.ARROW_ SPACING
height = self. h if bottom else -self. h
return self.mapToScene (QPointF (offset, height / 2))

def top entry(self, index: int, total: int) -> QPointkF:
return self.centered edge point (index, total, False)

def bottom exit (self, index: int, total: int) -> QPointF':

[11'y1.090301.01.001 713

NN3m.

Jlucm Ne dokym. lMNodnucek | Jama

Jlucm

68




return self.centered edge point (index, total, True)

class NodeSignals (QObject) :
position changed: pygtSignal = pyqgtSignal ()
clicked: pygtSignal = pygtSignal (NodeItem)

daiin gui/widgets/graph_view.py

from PyQt5.QtCore import QPointF, Qt, QTimer, pygtSignal
from PyQt5.QtGui import QContextMenuEvent, QKeyEvent,
OMouseEvent, QPainter, QWheelEvent

from PyQt5.QtWidgets import QFrame, QGraphicsItem,
QGraphicsScene, QGraphicsView, QMenu, QMessageBox

from gui.builders import build edges from data,
hierarchical layout

from gui.lib import EdgeType, confirm warning
from gui.widgets.edge import Edgeltem

from gui.widgets.node import NodeItem

class CallGraphView (QGraphicsView) :

graph changed: pyqgtSignal = pygtSignal ()
node moved: pyqgtSignal = pygtSignal ()
node clicked: pygtSignal = pygtSignal (NodeItem)

show node in tree: pygtSignal = pygtSignal (NodelItem)
show edge in tree: pygtSignal = pygtSignal (Edgeltem)

def  init (self, graph data: dict, parent=None):
super (). 1init (parent)
self.graph data: dict = graph data

self. show internal only: bool = True
self. show branches: bool = True

self. merge branch calls: bool = True

self. curved edges: bool = False

self. scene: QGraphicsScene = QGraphicsScene (self)

self.setScene (self. scene)

self. flash node: NodeItem = None
self. flash timer: QTimer = None

self. anim timer: QTimer = None
self. anim keep selection: bool = False
self. rb moved: bool = False

self. rb press pos: bool = None
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self.setRenderHint (QPainter.Antialiasing)

self.setTransformationAnchor (QGraphicsView.AnchorUnderMouse)
self.setResizeAnchor (QGraphicsView.AnchorUnderMouse)
self.setFrameShape (QFrame.NoFrame)

self. build graph()

def set show int only(self, v: bool):
self. show internal only = v
self. rebuild()

def set show branches(self, v: bool):
self. show branches = v
self. rebuild()

def set merge branch calls(self, v: bool):
self. merge branch calls = v
self. rebuild()

def set curved edges(self, v: bool):
self. curved edges = v
for item in self. scene.items():
if isinstance(item, Edgeltem) :
item.curved = v
item.update path/()

def rebuild(self):
self. scene.clear()
self. build graph()
self.graph changed.emit ()

def build graph (self):
if not self.graph data:
return

all node names, edges, condition node names =
build edges from data (
self.graph data, self. show branches,
self. merge branch calls,
self. show internal only)

connected = {n for s, d, ,  in edges for n in (s,
d) }

isolated = sorted(all node names - connected)

node list = sorted(connected | set(isolated))

layout edges = [(s, d) for s, d, , _ 1in edges]

positions = hierarchical layout (node list,

layout edges, x gap=60, y gap=110)

node items: dict[str, NodeItem] = {}
for name in node list:
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item = NodelItem(name, 1s_condition=(name in
condition node names))
item.setPos (*positions.get (name, (0, 0)))

item.signals.position changed.connect (self.node moved)
item.signals.clicked.connect (self.node clicked)

self. scene.addItem(item)
node items[name] = item

for src name, dst name, is cond call, edge type in

edges:
if src name == dst name:
continue
src_item = node items[src name]

dst item = node items[dst name]
if edge type is True:
node type = EdgeType.TRUE
elif edge type is False:
node type = EdgeType.FALSE
elif edge type is None:
node type = EdgeType.REGULAR
else:
node type = None
edge = Edgeltem(src item, dst item,
edge type=node type,
is cond call=is cond call,
curved=self. curved edges)
self. scene.addItem (edge)
src_item.edges out.append (edge)
dst item.edges in.append (edge)

self.fit ()

def selected items(self) -> [QGraphicsItem]:
return self. scene.selectedItems ()

def find nodes (self, name: str, children: bool=False) ->
[NodeItem]:
nodes = []
for item in self. scene.items():
if not isinstance(item, Nodeltem) :
continue
if item.name == name or (children and
item.name.startswith (name + ".")):
nodes.append (item)
return nodes

def edge counts(self) -> dict[str, list]:
counts: dict[str, list] = {}
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for si in self. scene.items():
if isinstance(si, Nodeltem) :
counts[si.name] = [len(si.edges in),
len(si.edges out) ]
return counts

def remove edge (self, edge: Edgeltem):
if self.graph data:
for key, callees in
list (self.graph data["calls"].items()):

if key == edge.src.name:
calees = [c for ¢ in callees if c !=
edge.dst.name]
self.graph data["calls"] [key] = calees

edge.src.edges out.remove (edge)
edge.dst.edges in.remove (edge)
self. scene.removeltem(edge)

self.graph changed.emit ()

def remove node (self, node: Nodeltem) :
name = node.name

if self.graph data:
gd = self.graph data

gd["calls"] .pop (name, None)
for key in list(gd["calls"].keys()):

calees = [c for ¢ in gd["calls"] [key] 1if c
name]
gd["calls"] [key] = calees
removed branch keys: set = set()
for key in list(gd["branches in func"].keys()):
if key == name:
for bk in gd["branches in func"] [key]:

removed branch keys.add (bk)
del gd["branches in func"] [key]
for bk in removed branch keys:

gd["branches"] .pop (bk, None)

for edge in list(node.edges out):
self.remove edge (edge)

for edge in list (node.edges in):
self.remove edge (edge)

self. scene.removeltem(node)

self.graph changed.emit ()

def delete subtree(self, name: str):
if not self.graph data:
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return

if "\n" in name:

parent name, arm name = name.split ("\n")
else:

parent name, arm name = name, None
is match = lambda i: (i == parent name or

i.startswith(parent name + "."))

gd = self.graph data
for key in list(gd["calls"].keys()):
if is match (key) :
del gd["calls"] [key]
else:
gd["calls"] [key] = [c for c in
gd["calls"] [key] if not is match(c)]

for key in list(gd["branches"].keys()):
if is match (key) :

arms = gd["branches"] [key] .arms
for arm in arms.copy() :
if arm.text == arm name:

arms.remove (arm)
if not arms:

func _name = key.split("::") [0]

if parent name in
gd["branches in func"] [func name]:
gd["branches in func"] [func name] .remove (parent name)

for node in self.find nodes (name, True):
self.remove node (node)

def delete nodes confirmed(self, nodes: list[NodelItem]):

names = "\n".Jjoin(["'" + node.name.replace("\n",
"::") + "'" for node in nodes])
reply = confirm warning(self, "Delete nodes",

f"Delete following nodes\n\n{names}?\n\nThis
action cannot be undone.™)
if reply == QMessageBox.Ok:
for node in nodes:
self.remove node (node)

def delete edge confirmed(self, edge: Edgeltem):

src, dst = edge.src.name.replace("\n", "::"),
edge.dst.name.replace ("\n", "::")

reply = confirm warning(self, "Delete edge",

f"Delete edge

from:\n'{src}'\nto:\n'{dst}'?\n\nThis action cannot be
undone.")

if reply == QMessageBox.Ok:
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self.remove edge (edge)

def flash node(self, node: NodelItem, flashes: int=4,
interval ms: int=150, keep selection:
bool=False) :
if self. flash timer and
self. flash timer.isActive():
self. flash timer.stop()
if self. flash node:
self. flash node. hovered = False
self. flash node.update ()
if not keep selection:
self. scene.clearSelection()

self. flash node = node

self. flash count = flashes * 2

self. flash state = False

self. flash timer = QTimer (self)

self. flash timer.timeout.connect (self. flash step)
self. flash timer.start (interval ms)

def flash step(self):
if self. flash count <= 0:
self. flash timer.stop()
self. flash node. hovered = False
self. flash node.update ()
return

self. flash state = not self. flash state
self. flash node. hovered = self. flash state
self. flash node.update ()

self. flash count -=1

def smooth center on(self, item: Nodeltem,
keep selection: bool=True) :
if self. anim timer and self. anim timer.isActive():
self. anim timer.stop ()

target vp = self.mapFromScene (item.center ())

vp center = QPointF (self.viewport().width() / 2,
self.viewport () .height () / 2)

delta = target vp - vp center

self. anim steps = 25

self. anim delta = delta / self. anim steps
self. anim item = item

self. anim keep selection = keep selection

self. anim timer = QTimer (self)
self. anim timer.timeout.connect (self. anim step)
self. anim timer.start (16)

def anim step(self):
if self. anim steps <= 0:
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self. anim timer.stop ()
self.flash node(self. anim item,

keep selection=self. anim keep selection)
return

hb, vb = self.horizontalScrollBar(),
self.verticalScrollBar ()

hb.setValue (int (hb.value () + self. anim delta.x()))

vb.setValue (int (vb.value () + self. anim delta.y()))

self. anim steps -= 1

def zoom(self, zoom in: bool):
self.scale(1.15 if zoom in else 1 / 1.15, 1.15 if
zoom in else 1 / 1.15)

def fit(self):
self.resizeScene ()
self.fitInView(self. scene.sceneRect(),
Qt .KeepAspectRatio)

def resizeScene(self):
e = 100

self. scene.setSceneRect (self. scene.itemsBoundingRect () .adju
sted(-e, -e, e, e))

def wheelEvent (self, event: QWheelEvent) :
self.zoom(event.angleDelta () .y () > 0)

def mousePressEvent (self, event: QMouseEvent) :
if event.button() == Qt.LeftButton:
self.setDragMode (QGraphicsView.ScrollHandDrag
if self.itemAt (event.pos()) is
None
else QGraphicsView.NoDragqg)
elif event.button() == Qt.RightButton:
self.setDragMode (QGraphicsView.RubberBandDrag)
self. rb press pos = event.pos()
self. rb moved = False
super () .mousePressEvent (event)

def mouseMoveEvent (self, event: QMouseEvent) :
if (event.buttons () & Qt.RightButton) and
self. rb press pos:
if (event.pos() -
self. rb press pos).manhattanLength() > 4:
self. rb moved = True
super () .mouseMoveEvent (event)

def mouseReleaseEvent (self, event: QMouseEvent) :
self.setDragMode (QGraphicsView.NoDrag)
super () .mouseReleaseEvent (event)
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self.resizeScene ()

def mouseDoubleClickEvent (self, event: QMouseEvent) :

if event.button() == Qt.LeftButton:
scene pos = self.mapToScene (event.pos())
item = self. scene.itemAt (scene pos,

self.transform())
if isinstance(item, Edgeltem) :
vp center = QPointF (self.viewport().width() /
2, self.viewport () .height() / 2)

def dist(p):
d = p - vp_center
return d.x () ** 2 + d.y() ** 2

src_vp = self.mapFromScene (item.src.center())
dst vp = self.mapFromScene (item.dst.center())
self.smooth center on(item.src if
dist (src _vp) >= dist(dst vp) else item.dst)
return
super () .mouseDoubleClickEvent (event)

def keyPressEvent (self, event: QKeyEvent) :
key = event.key ()
if key in (Qt.Key Equal, Qt.Key Plus):
self.zoom(True)
elif key == Qt.Key Minus:
self.zoom(False)

hb, vb = self.horizontalScrollBar (),
self.verticalScrollBar ()
if key == Qt.Key Left:
hb.setValue (hb.value () - hb.singleStep())
elif key == Qt.Key Right:
hb.setValue (hb.value () + hb.singleStep())
elif key == Qt.Key Up:

vb.setValue (vb.value () - vb.singleStep())
elif key == Qt.Key Down:

vb.setValue (vb.value () + vb.singleStep())
elif key == Qt.Key Delete:

selected = self.selected items()
if selected:
self.delete nodes confirmed(selected)

def resizeEvent (self, event):
super () .resizeEvent (event)
self.resizeScene ()

def select chain(self, node: Nodeltem, parents: bool,
children: bool):
visited: set[Nodeltem] = set()

[11'y1.090301.01.001 713

Uam. | Jlucm Ne dokym. lMNodnucek | Jama

Jlucm

76




def walk parents(n):
for e in n.edges in:
if e.src not in visited:
visited.add(e.src)
_walk parents(e.src)

def walk children(n):
for e in n.edges out:
if e.dst not in visited:
visited.add(e.dst)
~walk children(e.dst)

if parents:
_walk parents (node)
if children:
_walk children (node)
for item in visited:
item.setSelected (True)

def contextMenuEvent (self, event: QContextMenuEvent) :
scene pos = self.mapToScene (event.pos())
item = self. scene.itemAt (scene pos,
self.transform())

if isinstance (item, Nodeltem) :

menu = QMenu (self)

show nav = menu.addAction("Show in navigator")

menu.addSeparator ()

sel all = menu.addAction("Select all chain")

sel parents = menu.addAction ("Select parent nodes
chain™)

sel children = menu.addAction("Select child nodes
chain™)

menu.addSeparator ()

delete = menu.addAction ("Delete...")

action = menu.exec_ (event.globalPos())

if action == show nav:
self.show node in tree.emit (item)
elif action == sel all:

item.setSelected (True)

self. select chain(item, True, True)
elif action == sel parents:

item.setSelected (True)

self. select chain(item, True, False)
elif action == sel children:

item.setSelected (True)

self. select chain(item, False, True)
elif action == delete:

selected = self.selected items ()

if not selected:

selected = [item]
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self.delete nodes confirmed(selected)
elif isinstance(item, Edgeltem) :
menu = QMenu (self)
show nav = menu.addAction ("Show in navigator")
menu.addSeparator ()
jump src = menu.addAction("Go to source node'")
jump dst = menu.addAction("Go to destination

node")
menu.addSeparator ()
delete = menu.addAction ("Delete...")

action = menu.exec (event.globalPos())

if action == show nav:
self.show edge in tree.emit (item)

elif action == jump_ src:
self.smooth center on(item.src)

elif action == jump dst:
self.smooth center on(item.dst)

elif action == delete:
self.delete edge confirmed (item)

else:
if self. rb moved:

return
menu = QMenu (self)
sel all = menu.addAction ("Select all nodes")
if menu.exec (event.globalPos()) == sel all:
for si in self. scene.items():
if isinstance(si, Nodeltem) :
si.setSelected (True)

daiin gui/widgets/tree_base.py

from PyQt5.QtCore import QPoint, Qt, pygtSignal

from PyQt5.QtGui import QIcon

from PyQt5.QtWidgets import QAction, QMenu, QTreeWidget,
QTreeWidgetItem, QWidget

from gui.lib import IconType, QtConst
from gui.widgets.graph view import CallGraphView

class BaseTree (QWidget) :

center on node requested = pygtSignal (str)

def  init (self, view: CallGraphView, parent=None) :
super (). 1nit (parent)
self. view = view

self. tree = QTreeWidget ()
self. tree.setFont (QtConst.NODE FONT)
self. tree.setContextMenuPolicy (Qt.CustomContextMenu)
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self. tree.customContextMenuRequested.connect (self. context m
enu)
self. tree.itemClicked.connect (self. on item clicked)

def rebuild(self):
raise NotImplementedError

def sort key(self) -> str:
return self.sort group.checkedAction () .data()

@staticmethod
def set expanded(item: QTreeWidgetItem, state: bool):
item.setExpanded(state)
for i in range (item.childCount()) :
BaseTree. set expanded(item.child(i), state)

@staticmethod
def node icon(depth: int, has children: bool, full name:
str, all funcs) -> QIcon:
if depth ==
return QtConst.ICONS[IconType.MODULE]
if has children and full name not in all funcs:
return QtConst.ICONS[IconType.CLASS]
return QtConst.ICONS[IconType.FUNCTION]

def on item clicked(self, item: QTreeWidgetItem,
_column: int):

name = item.data (0, Qt.UserRole)

if name:

self.center on node requested.emit (name)

def build context menu actions(self, menu: QMenu, item:
QTreeWidgetItem) -> dict:
actions: dict[str, QAction | None] = {
"show in graph": None,
"select children": None,
"expand children": None,
"collapse children": None,
"expand all": None,
"collapse all": None,
"delete with children": None,
}
if item and item.childCount () > O:
actions["expand children"] =
menu.addAction ("Expand all children")
actions["collapse children"] =
menu.addAction ("Collapse all children")
menu.addSeparator ()

actions["expand all"] = menu.addAction ("Expand all")
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actions["collapse all"] = menu.addAction("Collapse
all"™)

if item:
menu.addSeparator ()
actions["delete with children"] =
menu.addAction ("Delete with children...")

return actions

def handle common action(self, action: QAction, actions:
dict, item: QTreeWidgetItem) -> bool:
if action is None:
return False

if action == actions.get ("expand children") and item:
self. set expanded(item, True)
elif action == actions.get("collapse children") and
item:
self. set expanded(item, False)
elif action == actions.get ("expand all"):
self. tree.expandAll ()
elif action == actions.get("collapse all"):
self. tree.collapseAll()
elif action == actions.get("delete with children")

and item:
self. delete selected()
else:
return False
return True

def context menu(self, pos: QPoint):
item = self. tree.itemAt (pos)
menu = QMenu (self. tree)

actions = self. build context menu actions (menu,
item)

action =
menu.exec (self. tree.viewport () .mapToGlobal (pos))

self. handle common action(action, actions, item)

daiin gui/builders.py

from gui.lib import node pixel width, center

def build edges from data(graph data: dict,
show branches: bool,
merge branch calls: bool, internal only: bool
) —> tuplel[set([str],
list[tuple[str, str, bool]l]l]:
all branches = graph data["branches"]
all branches in func = graph data["branches in func"]
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all unconditional = graph data["calls"]

internal funcs: set[str] = set(all unconditional.keys())

| set(all branches in func.keys())

unconditional: dict[str, set[str]] = {f: set(cs) for f,

cs in all unconditional.items()}

if show branches and merge branch calls:
for func, branch keys in
all branches in func.items() :

unc_set = unconditional.setdefault (func, set())

for bk in branch keys:
bn = all branches[bk]

arms_with calls = [arm for arm in bn.arms if

arm.calls]

all arms have = len(arms with calls) ==
len(bn.arms) and len(bn.arms) > 1

if all arms have:

common = set(arms with calls[0].calls)

for arm in arms with calls([1l:]:
common &= set (arm.calls)
unc_set |= common

cond expr edges: list[tuple[str, str]] = [] # BLI3OBEI B

YCJIOBUAX
if show branches:
for func, branch keys in
all branches in func.items() :
for bk in branch keys:
bn = all branches[bk]
for arm in bn.arms:
for callee in arm.calls in cond:

cond_expr edges.append( (func,
callee))

all nodes: set[str] = set()
edges: list[tuple[str, str, bool]] = []
condition node names: set[str] = set()

for func, callees in unconditional.items(): # mmua
6e3yCJIOBHEIX BEI3OBOB
all nodes.add (func)
for callee in callees:
all nodes.add(callee)
edges.append( (func, callee, False, None))

if show branches:
for func, branch keys in
all branches in func.items() :
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unc_set = unconditional.get (func, set())
all nodes.add(func)

for bk in branch keys:
bn = all branches[bk]

for arm in bn.arms:
if merge branch calls:

shown unc = unc_set
else:
shown unc = set ()
remaining = [c¢ for ¢ in arm.calls if c

not in shown unc]
has cond calls = bool(arm.calls in cond)

if not remaining and not has cond calls:

continue

cond label = f"{bk}\n{arm.text}"
condition node names.add (cond label)
all nodes.add(cond label)

edge type = True if arm.parent branches
else None
edges.append ( (func, cond label, False,

edge type))
if arm.kind in ("if", "elif", "except",
"while") :
edge type = True
elif arm.kind in ("else"):
edge type = False
else:
edge type = None

for callee in remaining:
all nodes.add(callee)
edges.append( (cond label, callee,
False, edge type))

for callee in arm.calls in cond:
all nodes.add(callee)
edges.append( (cond label, callee,
True, True))

if internal only:

keep = internal funcs | condition node names
edges = [(s, d, ic, t) for s, d, ic, t in edges
if s in keep and d in keep]
all nodes = {n for s, d, ,  1in edges for n in (s,

[11'y1.090301.01.001 713

Uam. | Jlucm Ne dokym. lMNodnucek | Jama

Jlucm

82




Il
0
@
purt

seen: set[tuplel[str, str, bool]]
unique: list[tuplel[str, str, bool]] = []
for e in edges:
if e not in seen:
seen.add (e)
unique.append (e)

return all nodes, unique, condition node names

def hierarchical layout(nodes: list[str], edges:
list[tuple([str, strll]l,
X gap: int=200, y gap: int=90) ->
dict[str, tuple[float, float]]:
node set = set (nodes)
children: dict[str, list[str]] = {n: [] for n in
node set}

parents: dict[str, list[str]] = {n: [] for n in node set}

for src, dst in edges:
if src in node set and dst in node set and src !=

dst:
if dst not in children[src]:
children[src] .append(dst)
parents[dst] .append(src)
connected nodes = [n for n in nodes if children[n] or
parents[n]]
isolated nodes = [n for n in nodes if not children[n] and
not parents[n]]
if not connected nodes:
positions: dict[str, tuplel[float, float]] = {}
x = 0.0
for n in nodes:
positions[n] = (x, 0.0)
x += node pixel width(n) + x gap
return center (positions)
levels: dict[str, int] = {}
roots = [n for n in connected nodes if not parents[n]]
if not roots:
roots = [connected nodes[0]]
for r in roots:
levels[r] = 0
queue = list (roots)
visited: set[str] = set()
while queue:
cur = queue.pop (0)
if cur in visited:
Jlucm
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continue
visited.add (cur)
for ch in childrencur]:
1v = levels[cur] + 1
if ch not in levels or levels[ch] < 1lv:
levels[ch] = 1v
if ch not in visited:
queue.append (ch)

for n in connected nodes:
if n not in levels:

levels[n] = 0
max level = max(levels.values()) if levels else O
level nodes: dictl[int, list[str]] = {}
for n in connected nodes:
level nodes.setdefault (levels[n], []).append(n)

def Dbarycenter sort(layer: list[str], reference level:

int,
use parents: bool) -> list[str]:
ref positions = {n: 1 for i, n in
enumerate (level nodes.get (reference level, []))}

def score(n: str) -> float:
neighbours = parents[n] if use parents else
children[n]
refs = [ref positions[nb] for nb in neighbours if
nb in ref positions]
return sum(refs) / len(refs) 1if refs else
float ("inf")

return sorted(layer, key=score)

for in range(3):
for 1lv in range(l, max level + 1):
if 1v in level nodes:
level nodes[lv] =
_barycenter sort(level nodes[lv], 1lv - 1, use parents=True)
for 1v in range (max level - 1, -1, -1):
if 1v in level nodes:
level nodes[lv] =
_barycenter sort(level nodes[lv], 1lv + 1, use parents=False)

PADDING = x gap
positions: dict[str, tuplel[float, float]] = {}

for 1lv, layer in level nodes.items() :

x = 0.0
for n in layer:
positions[n] = (x, 1lv * y gap)

x += node pixel width(n) + PADDING
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for 1lv, layer in level nodes.items() :
xs = [positions[n] [0] for n in layer]
cx = (min(xs) + max(xs)) / 2
for n in layer:
X, y = positions[n]
positions([n] = (x - cx, V)

for in range(2):
for 1lv in range (max level + 1):
layer = level nodes.get (lv, [])
if not layer:
continue
desired: dict[str, float] = {}
for n in layer:
nb xs = (
[positions[nb] [0] for nb in parents[n]
if nb in positions] +
[positions[nb] [0] for nb in children[n]
if nb in positions]
)
desired[n] = sum(nb xs) / len(nb xs) if nb xs
else positions[n] [0]

layer sorted = sorted(layer, key=lambda n:
positions[n] [0])
for n in layer sorted:
old x = positions[n] [0]
positions([n] = (old x + 0.4 * (desired[n] -
old x), positions[n][1])

for 1 in range(l, len(layer sorted)):

prev = layer sorted[i - 1]

cur = layer sorted[i]

min x = (positions[prev] [0]
+ node pixel width (prev) / 2
+PADDING

+ node pixel width(cur) / 2)
if positions[cur] [0] < min x:

positions([cur] = (min Xx,
positions[cur] [1])
xs = [positions[n] [0] for n in layer sorted]
cx = (min(xs) + max(xs)) / 2

for n in layer sorted:
X, y = positions[n]
positions[n] = (x - c¢cx, V)

if isolated nodes:
iso y = (max _level + 1) * y gap
x = 0.0
for n in isolated nodes:
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positions[n] = (x, 1so_y)

x += node pixel width(n) + PADDING
iso xs = [positions[n][0] for n in isolated nodes]
cx = (min(iso xs) + max(iso xs)) / 2
for n in isolated nodes:

o0x, oy = positions|[n]

positions[n] = (ox - cx, oY)

return center (positions)
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IIpuioxenue B
(O0s13aTesibHOE)
KommnoHeHT cTaTuueckoro aHaan3aTopa, IOCTPOCHHUE CTEKa BHI30BOB (PYHKIIHIA

[Ipe3enranus
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KOMMNOHEHT CTATUHECROIO

AHANTM3ATOPA,
[MTOCTPOEHUE CTEKA BbI3OBOB

OYHKUUA

AgsTop pabotb!:
cTyaeHT rp. 22BBMN1 Amupos UmpaH Padannesmy

Pykosogutens:
K. T. H., AoueHT Eropos Banepuii lOpbeBuy

Llenb paboTsbl

Pa3paboTaTb KOMMOHEHT CTaTUYECKOTO aHaIM3aTopPa, BbIMONHAOLLYO
0bpaboTKy ncxoaHoro Koaa Python-nporpamm, ¢ nocneayowmm nocTpoeHem

CTEKa BbI30BOB DYHKLMIA.
dYHKUMOHAN NPUIOKEHUA BKAKOYAET B ceba:
— BblABNEHMWE NaKeToB, GYHKUMIA, KNaccoB, YCNOBHbLIX ONepaTopoB B MCXO4HOM
Ko4e nporpamm;
nocTpoeHue rpaca BbLI30BOB C YYETOM BETBJAEHMIA U3 NOAYHEHHbIX AaHHbIX;
BM3yanu3auma NnocTpoeHHoro rpada, c BO3MOXHOCTbIO HAaBUTaLMKM No HeMy;
— COXpaHeHWe W 3arpy3Ka pe3ynbTaTos paboTbl NPUNOKEHNUA.
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AKTYya/IbHOCTb

— PacTywmit cnpoc Ha MHCTPYMEHTbI aAns 6e3onacHom
pa3paboTtku NO

—Hebonblioe KoMYecTso aHanoros

— CraHaapt NOCT P 71207-2024 no pa3paboTke n BHeAPEHUo
cpeacTB CTaTUYECKOro aHanms3a Koaa

KoCBeHHble aHanor

Pyre Infer
JocTtounHcTea: JocTtounHcTea:
- MakcumanbHas nogaep»ka Python - Macwrabupyemsbiii aHanMs 6oNbLIMX NPOEKTOB
- DKCNOpPT pe3ynbLTaToB B YA0OHbIX dopmaTax - NoppepKa MHKPEMEHTaIbHOTO aHaNM3a
HepgoctaTku: HepoctaTku:
- BbICOKanA CNOMHOCTb, HanucaHo Ha OCaml - NopaepxKa Python HaxoauTca B paspaboTke

- HOMI‘IpOMMCC TOYHOCTM M NPOU3BOOAUTENBHOCTHU - Ol'paHM'-iEHI/IE dHa/M3a ncesAoOHMMOB

- Monyyaembiii rpad BbI3OBOB He NpeAHa3HayeH - BbICOKaA CNOMHOCTb, HanucaHo Ha OCaml
AR UCNO/Ib30BaHUA BO BHELHUX MHCTPYMEHTaxX
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KOCBEeHHbIe aHa/10Tn

Pyre Infer

[lnarpamma BapMaHTOB MCMNO/1b30BaHMA

Ynpasnenue ananuzos Haeuzauus no 2pady
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[1eMoHCTpaums paboTbl

New project
New project

Save project
Save project

it

File  Graph building Window Help

from source file..

from source directory...

Rpen project...
Close project

as..

ko0
Cuep

CtrkeShift+O

CtrleS
Crle ShifteS

ClQ

3arpyska npoeKkTa u
HaBurayma no rpady

[lemoHcTpaLma paboTbl

window.MWindow.reload

window . MiWindow.newMap: : if_

window.MWindow.o pergtlap

N

Window.PWindow.newrap

MopcseTka pebep u y310B Npu
L HaBeAeHMM Ha HUX

v

if width and height:

window.MWindow. newLabyrinth

1

|

window.MWindow. requestMapDimer|

NN3m.

Jlucm

Ne dokym.

lMoodnuck

[ama

Jlucm
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[leMoHCTpaums paboTbl

MepemelleHune y3nos ¢
aBTOMAaTUYECKUM U3MEHEHUEM

nytv pebep

[lemoHcTpauma paboThbl

L
vV

window.MWindow. solve

Show in navigator
Go to source node
draw CK;to destination node

Delete...

_boa

!

if value == -1:

draw.QT5LabyrinthDraw.draw_cells:

Mepexon K HayasbHOMY U
KOHEeYHOMY Y37y yepes
KOHTEKCTHOE MEHIO U ABONHbIM
KAMKOM

NN3m.

Jlucm Ne dokym. Modnuck | Jama
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[emoHcTpaums paboThbl

ig

ator Selection

Mokas Bbl6paHHbIX 3/1eEMEHTOB

f

f
f
f
f
f
f
f

pction (11)

draw.QTSLabyrinthDraw.draw_ce.. Z

F_1 3 elif value == -2:

F_1 9 if self.drawer:

draw.QTSLabyrinthDraw.draw
window.MWindow.openMap
window.MWindow.reload
window.MWindow.paintEvent
draw.QT5LabyrinthDraw.draw_pa..

draw.QTSLabyrinthDraw.draw_st.. v gran

draw.QTS5LabyrinthDraw.draw_ce..

[RTera

B BUAE CMUCKa C Mepapxmeﬁ

File
Na

v

> logic

[lemoHCcTpauma paboTsbl

D:/Me/dev/univer/4 course/s8/dw/example_code_prjjson: 35 nodes, 37 edges

Graph building Window  Help

vigator  Selet it graph to window

Selection (35)

Draw edges with curved lines
[ window 9

v @ Miindow ¥ Show sidebar

f lm‘.r’.l". Sync graph selection with navigator panel
openta
newMap o Group nodes in selection panel
mouseP
genMap Navigator sorting
solve Selection sorting

paintEvent if

Focus ¢ selection panel when selecting nodes on graph

reload window.MWindow.paint Event::if_1
self.drawer:

Bo3moOXKHOCTb NoKasbiBaTb
Bbl6paHHbIe 3/1eMeHTbl B BUAe
NMAOCKOro CnuckKa, 6es

*] nepapxuu

Ctrle R

»
»

mouseMoveEvent
updateCellValue
resetBoard

B R R RS

requestMapDimens...

-

newlabyrinth

|
l

[ draw

\ draw.QT SLabyrinthDraw. draw

I

l

draw. QTSLabyrint

NN3m.

Jlucm

Ne dokym. Modnuck | Jama
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[lemoHcTpauma paboThbl

0O6e PpyHKLUM BO3MOXKHO OTKIOUUTD

CuHxpoHu3auma Bbibopa mexay naHenblo Hasurauumn 1 rpadpom

f draw_path
> f draw_board_grid
> f draw_cell_text

> f draw_styled_3d_recta..

logic
@ Labyrinth
f get_cell
A 1 ¢
f generate
f leee
window
@ Miindow
> f genMap
f mousePressEvent

> f newMap

draw.QTSLibyr‘SnthDr‘aw‘dr‘aw_cells

_abyrinthDraw. draw_path

‘H draw.QTSLa

‘inthDraw.draw_path::for_1
range(len(path) - 1):

ator  Selection ©  Selection

ptor (35) ~ r (35) A

draw i

@ QTSLabyrinthDraw QTSLabyrinthDraw
f draw f draw ithDraw.draw
f draw_cells f draw_:cl'g

f draw_path
f draw_board_grid

f draw_cell_text
f draw_styled_3d_recta..

pic

Labyrinth

f get_cell

f init__

f generate

f leee

dow

MWindow

f genMap

f mousePressEvent

f newMap

I v| | v|

draw.QT5LabyrinthDraw.d

draw.QTSLabyrinthDraw. draw_path
E [

[lemoHcTpaLuma paboTsbl

window. Miindow .paint Event 1

YnaneHue y3/10B 4Yyepe3
KOHTEKCTHOE MEHIO Ha rpad)e

window.m indow. reload

H,

draw.Qry

window.MWindow.paintevent::if 1

Delete folowng nodes

‘wndow.Miindow. pagtEvent
“draw. QT SLabyrinthOr . draw’
‘window.Miindow. pantEvent:if_1::if self. drawer "2

This action cannot be undone.

)

window .M indow.opentap

—

TaK»Xe BO3MOXHO Yyepes naHesnb
| HaBuraumm v knasuwen «Delete»

oK Cancel

draw.QTSLabyr inthOr aw.draw_cells

draw.QTSLabyrint hOraw. draw_path

NN3m.

Jlucm Ne dokym.

Modnuck | Jama
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JlemoHCTpauma paboTbl

File Graphbuilding Window Help
Navigator  Selection

Navigator (35) !

v [ draw
v @ QrSLabyrinthDraw

TR owiograeh

v f draw Gafidass
¥ Expand all

Callged

v f draw_ -

v if1 Delete with children...

if isinstan.
v f draw_cells
v

v

v if2

if value !=.

v if1
if value ==..
elif value -
elif value
else:

v f draw_path

v

v if 1

“if path
v f draw_styled_3d..
v if1

2 Select childrenin graph  *"dom.Mindon paintivent:iif d

Ynob6Han paboTbl C BAOKEHHbBIMU
3/1eMEeHTaMU B MaHeNn HaBUraumu:

CcBOpa4vmnBaHue U passopavynBaHune
— TOXXe Camoe, HO O/1A BCeX 3/1IEMEHTOB

w  Help

L3

[emoHcTpaums paboTbl

Pexkum pucoBaHus pebep c
NMOMOLLLbIO KPUBbIX

NN3m.

Jlucm Ne dokym. lModnuce

[ama

Jlucm
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BbiBOAbI

B Xoae BbiMNOJIHEHUA paﬁOTbI 6b1M BbINONHEHbI BCE NOCTaB/IEHHbIE 3agavun:

npoaHanM3upoBaHa npegmeTHas 0b1acTb, CyLLEeCTBYOWME aHANOTH;
— paspaboTaH KOMMOHEHT CTaTUYECKOro aHaM3aTopa;

paspaboTaH rpadpuyecknin MHTepdec nonb3osaTens.

[anbHelwee passuTUe:

— yNy4lweHue aaropuTMa COPTMPOBKM y310B Ha rpade;

— paclmpeHune cnucka NoaaepHKMBaemMbiX A3bIKOB NPOrpaMMMUPOBaHMA;
— Bonee rnyboKkKiA aHanms c BbIMUCAEHUEM YCNOBMA.

CNACMBO 3A BHUMAHWE!

NN3m.

Jlucm

Ne dokym.

lMoodnuck
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