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In the context of creating the new tools for automated quality assurance it is important to
enable convenient ways of tool integration into the development process while providing high
quality interaction with the analysis results. In this work author extends the existing system
for the software architecture visualization in the form of graph by proposing the novel
specialized approach to graph placement in space. The solution improves the performance of
the existing force-directed placement algorithm without negative aesthetic impact by
providing the specialized heuristics. The machine learning techniques are used to reveal the
implicit aspects of placements of the architecture models of the real software and provide the
heuristics. Based on the performance of the new approach depending on graph size, we
implemented the combined solution.

Po3BuToK TEexHONOTIH B Tamy3i poO3poOKH MNPOrpaMHOrO 3a0e3Me4eHHS CTBOPIOE
nocTiiiny motpeOy B AOCIHIPKEHHI HOBUX CIOCO0IB MEPEBIpKU SKOCTI MPOAYKTiB. B Toif yac
SK BUSBIEHHS BIJHOCHO TPOCTHX Baj He moTpeOye 3HAYHMX 3aTpaT i MOXe OyTH
aBTOMATHU30BAaHO, aHANI3 apXITEKTYPU MPOTPaMu € HETPUBIaJbHUM. 3 OTJISILy Ha BUCOKY I[iHY
TaKoro aHajizy y GopMi ayJuTy Ta BUCOKI PU3MKH, MOB’SI3aHi 3 HECBOEUYACHUM BHSBIICHHSIM
Mpo0JIeM Ha TaKOTO POy, MOIIYK MOKJIMBOCTI MTPUCKOPHUTH Ta CIIPOCTUTH TIPOIIEC MTEPEBIPKU
3aJIMIIAETHCS AKTYaIbHUM.

Panime Oyno 3amponoHOBaHO MPOTPaMHU KOMIUIEKC, IO JO3BOJISIE aBTOMATHYHO
aHaJi3yBaTH apXiTeKTypy mporpaM MoBoro Swift, OyayBaru ii Bi3yanbHy Mojens y ¢opmi
3BaKEHOTO OPIEHTOBAHOTO rpada Ta BigoOpaxaTu 3a JOIIOMOTOI0 CIIEHiadbHOTO 3aCTOCYHKY-
neperignada B npocropi. Iliznime, y poboti [1] Oyi0 3anmponoHOBaHO BJIOCKOHAJICHHS
Bi3yaJIbHOI MOJIENI, IO 30UIBIIMIIO i1 iHQOPMATHUBHICTD 3aBASKH BKIFOUSHHIO YACTHH KIIACIB,
CTPYKTYp Ta TepertikiB (a came MOdiB, METOIB, iHAEKCATOPIB, TOIIO) B 3arajbHy MOJEIH B
ssBHOMY BUTIIAAL. Lle, 3 iHmoro 00Ky, 3HaYHO 30UTBIIAIIO 11 pO3Mip, IO CTBOPHIIO MOTPEOy B
MOLITYKY MOKJIMBOCTEH ONTHUMI3allil alrOpuTMy PO3MIleHHS rpady B IPOCTOPi.

OxpiM TOTO CepilO3HMM HEIONIKOM CHCTEMH € Te, [0 aHalli3 Ta pOo3MIIIeHHs Tpada y
MpocTopi BiAOyBaeThCS HAa KOMITIOTEpi, a Mepersii — Ha MoOiTpbHOMY mpucTpoi. lle
HETaTHBHO BIUIMBA€ HAa THYYKICTh B3a€MOJIii KOPUCTyBaya 3 Bi3yaJIbHUM IPEJCTABICHHSIM.
Jlyis Toro, 11100 HiBEIIOBATH 10 MPOOJIEMY, BaXJIMBO OYJIO 3alPOINIOHYBATH PillICHHS, 10 Oye
MPAIOBAaTH 1 HA MOOUTEHUX TIPUCTPOSIX.

[Ipobmema po3mimenHs TpadiB y MPOCTOpi HE € HOBOI, OJHAK BOHA Ma€ IEBHI
JOJaTKOBI BHKIIMKH, KOJNM HAEThCS MNpPO Bi3yallizallilo apXiTeKTypu mnporpamu. PiBeHb
CHPUNHATTS TIEBHOTO PO3MIIEHHS rpada 3aJle)KUTh BiJl BiMOBIMHOCTI IIEOTO PO3MIIICHHS
MEBHUM KPHUTEPISIM €CTETUYHOCTi, SK-OT BIJICYTHICTh HaKJaJaHHS BY3IiB YU BIJCYTHICTBH
nepeTuHiB pedep. HalOULIbII BHCOKMX TOKAa3HUKIB €CTETHYHOCTI JO3BOJISIOTH JOCATHYTH
QITOPUTMH, 110 0a3yrOThCS Ha (QiznyHux Moneisx. CaMe ToMy AJis Bisyasizalii 0yi0 oOpaHO
CWJIOBHI1 anropuTM. B KOHTEKCTI HOTO aNropuTMy rpad po3risiaaroTh K (i3UIHYy CHCTEMY,
B SIKi BY3JIM MOJICNIIOIOTh TMO3UTUBHUMH TOYKOBHMH 3apsiiaMu, a pedpa — MpyKUHAMH.
ToYKOBi 3apsiiu BiAIITOBXYIOTHCS 3a 3aKOHOM KynoHa, a mpyXHWHH, 110 3 €IHYIOTH 3apsiiy,
CTBOPIOIOTH TPOTHAII0 3a 3akoHOM ['yka. BBaxkaerbcs, mo posMimieHHS Tpada Aocsrae
€CTeTUYHOCTI, KOJIM BOHO BIJIOBIIa€ PO3MIIMICHHIO TaKOi CHCTEMH B CTaHI CITOKOIO.
JloAaTKOBOIO MEPEBaro0 AITOPUTMY € Te, IO BiH JIO3BOJISIE JIETKO MPAIFOBATH 31 3BAXKCHUMH
rpadamu. B Takomy pasi Baru pedep MOAETIOIOTHCS SIK )KOPCTKOCTI MPYKHH, 10 MOJCTIOIOThH
pedpa.
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Cepen HEIOMIKIB CHIJIOBOTO aJITOPUTMY BapTO IiJKPECIUTH HECTaOIMBHICTh T4 BUCOKY
4acOBY CKJIQJHICTb.

HecrabinpHicTh mONSiTaE y HEBU3HAYEHOCTI KUIBKOCTI KPOKIB, SKi 3HAMOOMSATHCS IS
TOTO, 00 CrcTeMa MepeiInia y CTaH crokor. O4eBHIHO, IO IS KUTBKICTh CHIIBHO 3aJICKUTh
BiJl TOYAaTKOBOTO ToJiokeHHS Tpada. Jyig 11 3MEHIIeHHs 3a3BUuYali BHKOPHCTOBYIOTH
BUMAJIKOBY €BPHCTHUKY, TOOTO BCi By3JH rpada po3MilllyloTh B IPOCTOPI BUMAJAKOBUM YHHOM,
IO TPAIIoe Kpamie, HiXK K0 Ha MOYaTKy poOOTH anropuTMmy Bci By3nu Oymu O B omHii
Touni. [CHYyIOTh MiAXOAHW, IO IO3BOJSIOTH MOOYAyBaTH OuIbII iHGOPMOBaHY EBPUCTHUKY,
OJTHaK BOHH YaCTO HE € IOCTATHLO yHIBEPCATbHUMH.

Bucoka "acoBa CKIIaIHICT adTOpUTMY IPYHTYETHCS Ha TOMY, IO HA KOXKHIN iTepartii
3arajbHOTO aJTOPUTMY ISl JTOCSTHEHHS CIIOKOIO CHUCTeMH TOTpiOHO 00ilTH Bech Tpad i
nepepaxyBaTH CHIIH, 1110 JIFOTh HA KOXKEH 3 CJIEMEHTIB. ICHYIOTh OnTHMI3allii, 1110 JO3BOJISIFOTh
3a MEBHUX YMOB MEPEeHTH 10 00X01y JepeBa 3aMicTh rpada, OJHAK 1Ie Ma€ HETaTUBHUHN BIUIHB
Ha €CTeTHYHICTH OTPUMAHOTO Pe3yIbTaTy.

3aBIsSKM JOCTYIMHOCTI CIIELiali30BAHOTO MPOrPaMHOTO Ta anapaTHOro 3abe3redeHHs
Ui poOOTH 3 MAIIMHHAM HaBUaHHSAM, 30KpeMa HEWPOHHMMH MepekaMH, OyJo pPO3TIISTHYTO
MOKJIMBICTh BHUKOPHCTaTH ICHYIOUI pIIIEHHS I po3MimieHHs TpacdiB. Xoda ITiaxou,
ormcadi B [2], [3] Ta [4] 103BONAIOTh OTPUMATH €CTETHYHI MMPEACTABICHHS T TIEBHUX 3324,
B HAIIOMY BHIIA/IKY iXHE BUKOPHCTaHHSI OOMEKEHHM 3 TOYKH 30pY YHIBEpCaJIbHOCTI, 30KpeMa
3 orisAy Ha MOoTpe0y B TOHKOMY HANAIITyBaHHI YW OKPEMHUX peali3allisx 3aJeXHO Bif
po3MmipiB Ta ocobauBocTel OymoBU rpadis.

3aas CTBOPEHHSI YHIBEPCAJILHOTO MiAXOJy, IO BOAHOYAC JIO3BOJIUB OW 3a0e3MedyuTH
TaKWii K€ BUCOKUH DIBEHb €CTCTUYHOCTI, SK 1 CHUJIOBUN aJrOpUTM, aBTOPH PO3TJISHYJIU
MOXXJIMBICTh 3acTocyBaTH TpadoBi 3ropTKoBi Mepexi [5] st HesBHOI TOOYIOBH
CHeIialli30BaHOlI E€BPUCTHKU I CHJIOBOTO anroputMmy. Bukopucranus mrapiB GCNConv
TakoX 3a0e3nedymsio MoBHY cyMmicHicTh 3 CoreML Ta 103BOJIMIIO 3aCTOCYBaHHS JaHOT'O
migxoay Ha i0S mpuctposx. HasgBHICTh HEBHUIAaIKOBOI eBpUCTUKU 3a0e3reuye cTabiTbHICTD
anroputMy. OKpiM TOTO TaKk MOKHA OTPUMATH JEesIKe TOKPAIIEHHS NPOJYKTHBHOCTI 32 YMOBH,
[0 BUKOPUCTaHHS €BPUCTUKU 3MEHIINTh KUIBKICTh HEOOXITHUX iTepalliii / 1y JOCSITHeHHS
CTaHy CIIOKOIO CHCTEMH Ha CTUIBKHU, II0 OOYHMCICHHS Mepexi morpeOyBaTHMe MEHIIE 4acy,
HIXK TIOTeHIIIHHEe 004KcIeH s A  iTeparlii.

Juis TpeHyBaHHS BiacHOI Mepexi Oylio aBTOMaTH30BaHO 30ip AaHWX: 30ip pearbHUX
MPOEKTIB I KOHKPETHOI TexHoorii 3i cxoBuma GitHub Ta moOymoBy iXHiX Bi3yasJlbHUX
Mozenell. PesynpTar moOymoBH 3a JOMOMOIOI0 KJIACHYHOTO CHIJIOBOTO alTOPHTMY B3STO 3a
€TAIOHHHH.

3 ornsay Ha omucani B [5] pesynbratr pobotu 3 miapamu GCNConv 3 MeToro
BUSIBJICHHS HIOAHCIB pOOOTH 3 HAIIMMU JIaHUMH aBTOPH MiATOTYBAJIM TPH CIIOPiTHEH] Mepexi,
110 3HAYHO HE BiJpi3HsuHCh. llepmmmii map Mepesxi mpuiiMae Ha BXiJ iHIEKC By3IiB, pedep Ta
ixHix Bar. OCKUIBKM B3I HamMX TpadiB He MAOTh YITKO BU3HAUYEHHX BIACTHBOCTEHU, IS
3a0e3MeUeHHs] CyMiCHOCTI BJIACTHBICTIO By3Ja Oysio BH3Ha4YeHO Horo creminb. OcTaHHiH 1map
MmoBepTae HaOip TPUBHMIPHHMX BEKTOPIB, IO MO3HAYAIOTH TIepeadavyeHi KOOPAWHATH B
MPOCTOp1 AN KOXKHOTO By3ma. Po3zpoOieHi mepexi Manmu Bixm 0 10 2 MPUXOBaHUX IIapiB.
BignosigHo Moaens ABopiBHeBa Mepexa L2 mana 0 mpuxoBaHux mapis, a TpupiBHeBa L3 Ta
yoTupupiBHeBa L4 manu o 1 i 2 mpuxoBaHi miapy BiJIOBIIHO.

Jns mopiBHAHHSA e(EKTUBHOCTI CHEIialli30BaHUX E€BPUCTUK Oylo TPOBEIEHO
MOPIBHHHS 32 KUIBKICTIO iTepalliil Ta yacy, He0OXiJHOTO [T pO3MillleHHS Tpada.

[lo3uTnBHEM pe3ynbTaToM CTayo 3a0e3ledeHHs KOHCTAHTHOI KIIBKOCTI iTeparii
30BHIIIHBOTO [UKITY QJITOPUTMY JUIS BCiX €BPUCTHK.

BignoBigHO 110 OTpUMaHUX MJaHUX TaKOX BJAOCS 3’SICyBaTH, IO EBPHCTHKA
o0uyucIieHa 3a TOMOMOTor Mepexi L2 cripaBzi cyTTeEBO 3MEHIIY€E KUTbKICTh iTeparii 10 40%
JUTSE HEBENTMKUX TpadiB 3 MaJOr0 KIIBKICTIO BY3JiB Ta pedep (mo 50), L3 anamoriuyHO mparrroe
Ut TpadiB 3 KiIbKOCTAMHU BY3JiB Ta pedep Big 50 mo 300, L4 — g Oinbinux rpadis. B
KOHTEKCTI 3aTpaT 4acy BapTO 3ayBaXKUTH, 1110 i TpadiB 3 KUIBKICTIO By3J1iB Ta pedep 10 100
HaKJIaJHI BUTPATH Ha OOYMCICHHS €BPHCTUKH OUTBIN, Hi’)K BOHA [O3BOJISIE 3€KOHOMUTH,
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3MEHIIYIOYN KiTbKICTh HEOOXiTHUX iTepamniid. BinnmoBimHo, B TakoMy pa3i OLIbII e(eKTHBHOIO
€ BHITaJIKOBA €BPUCTHKA, SKIIO CTA0UIbHICTh AJITOPUTMY HE € MIPUHIIAIIOBOIO.

Crimparodrch Ha OTpUMaHi pe3ynbTaTé OyJIo CTBOPEHO HOBUI MOAYIb IS PO3MIIIEHHS
rpadiB B cHCTeMi Bi3yami3allii, II0 AWHAMIYHO MiI0Wpae OiNbIl €PEeKTHBHY EBPUCTHKY
3aJIe)KHO Big po3MipiB rpada. Lleir momyns Takox cymicHuit 3 CoreML, a ToMy J03BOJIHB
nepeHectd 004YHCIeHHSI Ha MOOUTBHY TIaTGOPMY [UIs PO3IIUPEHHST MOMXIIMBOCTEH B3a€MOIL
KOPHCTYBada 3 MOJIEIUTIO ITiJl 9ac Meperisiy.

BaximBo miAKpecnuTH, IO TOpOIEC CTBOPEHHS TaKUX MEpEeX MOBHICTIO
aBTOMATHU30BaHO, IO JIO3BOJIIE JIETKO 3a MOTpPeOM aganTyBaTH pIlIeHHS [AJs 1HIINX
TEXHOJIOT1H.

[Nomrykx HaiOLIBII €PEeKTUBHIX MEPEeX IS CTBOPEHHS €BPUCTHK I TpadiB Oimbmmx
PO3MIpiB, a TAKOXK MOXKIUBOCTI 1X BIIOCKOHAJICHHS € IPEAMETOM MalOyTHIX TOCTI/IKCHb.
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The given work is devoted to the problem of overfitting in machine learning models. Such
models learn the training data rather than its patterns, and fail to generalize on the out-of-distribution
data. While increasing the dataset size helps with the problem, in practice it’s hard or even impossible
to gather enough labeled data. The weight decay method is described, which includes 1, 2 and

regularization, along with their advantages and disadvantages. Dropout is another

regularization method, which is applied to deep neural networks. It works by randomly turning off
some neurons during training, allowing, at the inference time, for the ensemble effect produced by a
single model. Additionally, the work highlights other regularization methods, such as tuning
hyperparameters for decision tree models, using smoothed labels, or adding noise to features.

BaxnmBoro mpo0iemoto, sika 3’IBISIEThCS IPU POOOTI 3 MOAEIAMH MAIIMHHOTO HABYAHHS, €
nepenaBuanus (overfit). BoHo BinOyBaeThCsI, KOJIM MOJICIh BUBYAE HABYATIBHY BHOIPKY, a HE IIA0JIOHU
Ta 3aKkoHOMIipHOCTI. Taki MOJIeli OraHo MoKa3yoTh cede Ha out-of-distribution qanux (THX, IO HE
OyJI0 y TpeHyBaJIbHIN BHOIpIIi), B TOW Yac K TOYHICTH IX Ha TPEHYBAJIbHUX JAHHUX € BUCOKO. OTHIM
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