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AHHOTAIINA
[TosicHuTenibHas 3anMcka Ha «Teopus cUMIUIMLIMAIBHBIX ceTeill M ee MpUMeHEHUs /i aHa/Iv3a
naHHbIX: ITporpamMmHasi peanu3aiust 6ubauorekn SimplicialX Ha si3pke C++» COAEPXKUT CreAyIOIIHe
pazzensl: «I['yoccapuii», «BBenieHue», «Ha3HaueHue pa3pabOTKu», «TeXHUUYeCKHe XapaKTepHUCTHKHU»,

«TeXHHUKO-3KOHOMHUUECKHe MTOKa3aTean».

B pasgene «['moccapuii» copep»aTcsi oripejie/ieHUsi TEDMHUHOB M TIOHATHM, HCIOJb3yeMbIX B

MOSICHUTE/ILHOM 3aIlucKe.

B pasaeie «BBe,quI/Ie» YKd3dHO HaMMEHOBaHHME€ KW [OOKYMEHT, Ha OCHOBE€ KOTOPOr'oO BeJeTCdA

pa3paboTKa.

B pa3mene «Ha3nauenme pa3paboTKu» yKa3aHO (YHKLUMOHA/TBHOE U IKCITyaTalMOHHOE

Ha3HdA4Y€HHE TTIPOTPAMMHOIO MPOAYKTA.

Pa3zmen «TexHuueckue XapakTePUCTUKU» COEPXUT CJefyroliue rozpasgesnbl: «llocTraHOBKa
3aZlaud Ha Ppa3paboTKy TporpamMmbl», «OrmmcaHue anroputMa M (GYHKLMOHUPOBAHUSI TPOTPaMMbD»,
«Opranm3anys BXOJHBIX JaHHBIX», «OpraHu3aiysi BBIXO/HBIX JaHHBIX», «OmucaHue U 000CHOBaHME

BBI60pa " COCTdBad TEXHUYECKUX U IPOI'PAMMHBIX CDEACTB».

Pa3gen «TexHMKO-9KOHOMUUECKHe TIOKa3aTen» CO/IeP)KUT OPUEHTHPOBOUHYIO SKOHOMUYECKYIO
3¢ GeKTUBHOCTD, TIPEATIONaraeMyro roIoBy0 NMoTpeOHOCTh, SKOHOMUYeCKHe TIpeuMyliiecTBa pa3paboTku

NIpOrpamMbl.

Hacrosiimii 1oKyMeHT pa3pab0oTaH B COOTBETCTBHUHU C TPeOOBaHUSIMHU:
1) T'OCT 19.101-77 Bugpl nporpaMM ¥ IPOrpaMMHBIX JOKYMEHTOB [1];
2) I'OCT 19.102-77 Craguu pa3paboTku [2];
3) 'OCT 19.103-77 O603HaueHws MPOrpaMM M MPOTPaMMHBIX JOKYMEHTOB [3];
4) TOCT 19.104-78 OcHoBHBIe HaarvcH [4];
5) T'OCT 19.105-78 O61ue TpeboBaHUs K MPOrpaMMHBIM IOKyMeHTaM [5];
6) 'OCT 19.106-78 TpeboBaHus K MpOrpaMMHBIM IOKyMEHTaM, BBITTOTHEHHBIM TTeYaTHLIM CcriocoboM [6];

7) T'OCT 19.201-78 INosicauTesbHas 3anucka. TpeGoBaHMs K COfiepKaHUIO ¥ 0popMieHHo [7].
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N3menenus K [TosicHuTesibHOM 3amucke odopmisitotcs corsiacHo 'OCT 19.603-78 [8], TOCT
19.604-78 [9].
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IMPU/IOXKEHMUE 1 15
IMPU/IOXKEHMUE 2 16
rMOCCAPUN
1) T'padh — 3T0 COBOKYITHOCTH BepILKH U pebep MexXy HUMHU.

2)
3)
4)

5)

6)

7)

8)

9)

I'urteprpad — 310 0600611]eHKe rpada, rae pédpaMu MOTYT COeUHATHLCS MOAMHOKECTBA BEPIITHH.
CUMITMLMA/IBHBIN KOMILIEKC — 3TO BUJ, TUrieprpada, KOTOPbIM COCTOUT TOMbKO U3 CUMIL/IEKCOB.
Cummniekc pasmepHocTH k (k-cumriekc) coctout u3 k + 1 BepinHbI, KOTOpbIe COeAUHEeHbI
ToTapHo, KPOMe 3TOT0, OH CO/IePKUT BCe CUMILIEKChl MEHBIINX pa3MepPHOCTel Ha 3TUX
BepinMHax. Kaxkzapiii cumriekc 06/1ajjaeT HEKOTOPBIM HEOTpULIaTe/TbHbIM BECOM.

Hanpumep, 0-cumIiekC — 3T0 IPOCTO BeplInHa; 1-cuMIuiekc — 310 Ba 0-cumriuiekca, KOTopble
coe/IvHeHbI peOpOM; 2-CUMIIIEKC — 3TO TPH 1-cuMIIeKca, 00pa3yroliye TpeyroabHUK.
[MTonyyaetcsi, uToObI 106aBUTH K-CUMIIIEKC B CUMIIMLMAIBHBIN KOMIIEKC, Ha/l0 CHayvasa
ybeauThCsi, UTO MPUCYTCTBYIOT BCE €r0 CUMILIEKChI MEHBIIINX Pa3MePHOCTel, TOIBKO TI0C/Ie 3TOTO
00aBUTH HOBBIM.

['panb (rpanuija) k-cummiekca — 000 CUMIUIEKC MeHbIIeH Pa3MepHOCTH, KOTOPBI B HEM
TIPUCYTCTBYeT.

Korpanb (korpanuiia) k-cumruiekca — yi060¥ cuMriieKe 60sbliiiel pa3MepHOCTH, CO/IePrKallvii
CUMILJIEKC B KauecTBe IPaHM.

(p, q)-Tpad — 370 rpad, KOTOPHIN CTPOUTCS CAEAYIOMIMM 00pPa30M: ero BepIiuHbI — P-CHUMILIEKCHI
MCXOJHOTO KOMILJIEKCa, /[B€ BepPLINHbI COeUHSIIOTCS PeOpOM, eC/iv eCTh (-CUMILIEKC TaKOH, UTO
oba p-cumriekca ero rpanu (kKorga p < q), oba p-cumruiekca ero Korpasu (korza p > q). [Ipu
3TOM Bec peOpa paBeH BeCy COOTBETCTBYIOIIETO (-CUMILIEKCa.

OTKpbITast 3Be3/1a CUMILJIEKCa — 3TO BCe CUMILIEKChI, B KOTOPbIe CUMIUIEKC BXOJUT B KaueCTBe
rpaHH, CaM CUMIUIEKC TOXKe BXOJUT B CBOIO 3Be37y.

3akphbITad 3Be3/ja CUMILJIeKCa — 3TO MUHMMaJIbHbIN MOJKOMIUIEKC, KOTOPBIM CO/IEP>KUT OTKPBITYIO

3Be3y CUMILIEKCAd.

10) JIuHK cuMIieKca — 3TO BCe CUMILIEKChI, KOTOPbIe BXOZSAT B 3aKPBITYIO 3Be3/ly CUMILJIEKCa U He

BXOJSAT B OTKPBITYIO 3BE31Y.
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1. BBEJEHUE

1.1. HaumeHoBaHHe NMPOrpaMMbI
HaumenoBanwue riporpamMmbl — «bubmoreka Simplicial X gst C++».
HanmeHoBaHMe nporpaMMebl Ha aHIVIMHACKOM si3biKe — «SimplicialX library for C++».

Kpatkoe HauMeHoBaHue nporpaMmbl — «Simplicial X».

1.2. [loKyMeHTBI, HA OCHOBaHMH KOTOPBIX BeJeTcs1 pa3padoTka
OcHoBaHueM /1yist pa3paboTKH sIB/IsIeTCs yueOHbIN M/1aH OATOTOBKY OAaKaaBpOB 110 HAIlPaBIeHHUIO
09.03.04 “IIporpamMHasi UHXXKeHepHrs” U YTBeP)KIeHHas akaJleMUueCKMM PYKOBOJUTE/IeM TeMa KypCOBOTO

MpOeKTa.
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2. HASHAYEHME PA3PABOTKU

2.1. @DyHKIUOHA/LHOE Ha3HAYeHHe
MogenvpoBanue JaHHBIX CUMILIMLMATIBHBIMU KOMILIEKCaMU M U3B/leueHre TIPU3HAKOBbIX

OIMCaHUN.

2.2. JKcIulyaTaliMOHHOe Ha3Ha4YeHue
B Haitie BpeMsi BCE GoJibIlie 3a/1a4 periaeTcst C TOMOII[BI0 MAIlTMHHOTO 00y4eHuUs1 1 HeHPOHHBIX

ceTeid. BakHy0 pOJIb TTPU 3TOM UrpaeT Crocob XpaHeHus: UH(GOpPMAaIU, KOTOPBIHA TTO3BOJTUT
MaKCHUMaJIbHO 3G deKTHUBHO C Heli paboTaTk. YacTo [jist 3TOT0 MCII0/B3YIOT rpadbl, HO y HUX €CTh O/IUH
HeJIOCTaTOK — B HUX 0TOOpakeHbl TOJILKO OTHOILIEHUSI MeX/y ITapaMu 00beKTOB, 3TO TIpobsieMy
TIOMOTAIOT PeIIUTh Tutieprpadbl, Tje MOTYT ObITh OTHOIIIEHUS Ha JTFOOBIX MHOXKeCTBaX BEpIIHH.
CuMIUIMI[Ma/TbHBIe KOMITIEKChI — 9TO YaCTHBIM CTydaid rurneprpadoB, oHu 00s1erdarot paboTy ¢
MO/Ie/ISIMU, B KOTOPBIX €CTh He TOJIbKO OTHOLIIEHHSI MEX/y TapaMy 00beKTOB, HO U TIOTIapHbIe

OTHOILIEHHWSA Ha HEKOTOPLIX MHO>KeCTBaX.
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3. TEXHUYECKUE XAPAKTEPUCTUKHA

3.1.MocTaHOBKa 3afauu Ha pa3paboTKy nNporpamMmmbl

bubmoTeka o/mKHA TI03BOJIATE T10/1b30BaTeI0 CO3/laBaTh, MOJUGMHUIIMPOBATD, Y/a/IITh
CUMITTULIAA/IbHbIe KOMIUIEKCHI. [Tpr 9TOM OHa [J0/KHBI TIO/IIeP>KUBaTh /IBa CII0Cco0a XpaHeHMUsI
vH(MOpMalMK: C TTOMOIIIbI0 CUMILIEKC ZiepeBa U C MOMOILI[bI0 Auarpammbl Xacce. Takke MoJib30BaTeslb
MO>KET C TIOMOIIIbIO BbI30Ba COOTBETCTBYIOIMIUX (DYHKIIUM 1MOTy4aTh WHGOPMALIMI0 O CUMILTHI[MAIbHOM
KOMIL/IEKCe U ero CUMIIJIeKCax: CITMCOK BCeX CUMIIEKCOB C UX BecaMH, 3HaueHHs LIeHTpabHOCTeN [1/isi

BepLLuH B (P, q)-rpade, matpuily Jlansaca, eé CriekTp U T. J.

3.2. OmnmcaHue ajropurMa M (yHKI{MOHMPOBaHUS MPOrPaMMBbI

3.2.1. OOwwuii a/iropuTM padoThl MPOrpaMMbI

7515t paboThI C CUMIUTMLMA/IEHBIM KOMILJIEKCOM TI0/Tb30BATEJTI0 T10C/Ie MOAK/II0UeHH s
Oub/IMoTeKN HY)KHO CO3/7]aTh HOBBIM 00BeKT Knacca Simplicial Complex, mpu 3TOM OH MOKET yKa3aTh
TIPeJTIOUNTAEMYIO CTPYKTYPY /I/Is1 XpaHeHUs UH(MOpMaIIiU, TIOMEeHSITh e€ 1ocyie 3Toro 0yzet Hesb3s. Ob6e
CTPYKTYPbI peaii30BaHbl uepe3 CBOU KJIaCChl, KOTOPbIe B CBOIO OUepe/ib pean3ytoT UHTepdeiic
SimplexInterface, B HéM coziep)kaTcst 00BSIBNIEHUST BCEX MeTO/I0B, KOTOPbIe JOCTYTIHBI [10J/Ib30BaTest0. Y
o6bekTa Kacca SimplicialComplex ects mosie complex — ykasaTesib Ha 00beKT kiacca SimplexInterface,
KOTODBIN B KOHCTPYKTOPE CTAHOBUTCS TMOO yKa3aTesieM Ha 00beKT Kiacca HasseDiagram (B HEM
peanr3oBaHa Juarpamma Xacce), 0o yka3areneM Ha 00beKT kacca SimplexTrie (B HEM peanr30BaHO
CUMILIEKC JiepeBo). Korzia rosib30BaTe/b BbI3bIBaeT KaKoOW-11Mb0 MeTo/; 00 beKTa Kiacca
Simplicial Complex, coOTBeTCTBYIOLMI1 METOZ, C TEMU >Ke TlTapaMeTPaMU BbI3bIBAeTCs Y TlePeMeHHOM
complex.
[Tpu 1OMOII[M COOTBETCTBYIOI[MX METO/IOB TI0/Tb30BaTe/ b MOXKET:
— J100aB/sITh CUMILIEKC B KOMIIJIEKC, MEHATh BeC CUMIUIEKCA, YAaAsITh CUMILIEKC (TIPH 3TOM TaKxkKe
yJasIFOTCS BCe ero KorpaHu). [Ipu yjaneHyu HeCyljeCTBYOIIEro CUMITIeKCa HUYero He MPOUCXO/IUT,
KaK U TIpY U3MeHeHHH Beca HeCyIeCTBYIOI[ero CUMITIeKCa
— TIOCUMTATh 00IIee YMC/I0 CUMILIEKCOB, 3HaueHus1 f-BekTopa (OH XpaHUT UMC/I0 CUMITJIEKCOB KaXK/I0M

pa3MepHOCTH), XapaKTepUCTHKY Dilsiepa (3HaKorepeMeHHast CyMMa 3HaueHui f-BekTopa)
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— HaWTH CTerneHb P-CUMILIEKCOB B (P, q)-Tpade, pacCcTosiHUe MeXAy JBYyMs p-CUMILIeKcaMu B (P, q)-
rpade, closeness 1 betweenness 1jeHTpa/IbHOCTH, KO3(PUIIMEHT KaacTepu3alyuy rpada

— TMOJIyYUTh TPAHUYHYIO MaTpULly, MaTpuLyy Jlamnaca, cobcTBeHHbIe 3HaUeHUs1 U COOCTBEHHbIe BEKTOpa
MartpuLel Jlamiaca, uricia bertu

— BBIBECTH [IJIs1 CHMIL/IEKCA ero OTKPBITYIO 3Be3/ly, 3aKPhITYIO 3Be3/y U JIMHK.
ITpy BO3HUKHOBEHHWH OIIMOOK ITPOrpaMMa 3aBepIlaeTCsi C COOTBETCTBYIOIIMM COOOITIEHUEM.
3.2.2. Knacc pns peamm3anum guarpammbl Xacce HasseDiagram

B puarpamme Xacce Ka)KZOMY CUMILIEKCY COOTBETCTBYET OIpe/ie/IEHHasi BepIlrHa, TIPU
3TOM /IJis1 K&)KZI0M BepPILMHbI XPAaHUTCSI MHGOPMAL[Usi O PacrioioyKeHUH BepIIvH-rpaHei
COOTBETCTBYIOILIEI0 CUMIIIEKCa U BepIIMH-KOTpaHel, Mpu 3TOM /17151 kK-cumriekca HaC MHTepecyroT
TOJIKO ero rpaHy pa3mepHocTH (k-1) 1 korpanu pa3smepHoctu (k+1).

YToObI He MyTaTh BEPIIMHBI KOMIUIEKCA ¥ BepIIWHBI AarpaMMbl, OTHBIHE Oy/1eM 3BaTh BEPILHHbI
JluarpaMMbl HOZlaMH (OT aHTJIMMCKOTO cioBa node).

Kaxxgast Hozia — 310 00BekT cTpykTyphl HasseNode, KoTopast XpaHUT aZipeca HOZ-TpaHeH, ajipeca HOJl-
KOrpaHeii, BeC CUMIL/IeKCa, ero pa3MepHOCTb, 3HaueHHe HauOo/Ibliel BepIiMHbl COOTBETCTBYIOLIErO
cuMILiekca (Hoza cumriekca {1, 2, 3} umeeT 3HaueHre 3) U HOMep BepIIUHbI (3TO Hazo 4715 (P, q)-
rpacda). KopHem uarpaMMel sIBJISIeTCs CTieliaabHast Hojja root, 0003Hayvaroliasi MyCTON CUMIUIEKC.

[Tpu M3MeHeHUsIX CUMILIHI[MAbHOTO KOMIUIEKCa CO3Jat0TCst/yIansiFoTCS/MOAUMDULIUPYIOTCS
oripe/ieNiéHHbIe HOABI. [11s TocTpoenus (P, q)-rpada /i/si BCex p-CUMIUIEKCOB HaXOJSTCs BCe
MOIXO/sIIIHe (-CUMIUIEKCHI (/7151 3TOr0 TIPOCTO 3amycKaeTcst 06xo/ 1o pebpam MexXxy HOZlaMH), TIOTOM
1o 3Tol uH(opMaluu B rpade MPoBOASTCA pedpa Mexxay BepirHamMu. [IpeBapuTeIbHO BCe HOJbI
HyMepyoTcsi, YTo0ObI yj00Hee ObII0 co3/1aBaTh Ipad: ec/ii HaM Hajlo TPOBECTH pedpo MeXIy
CUMIUIEKCAMH C HOMepaMH HoJ, 2 ¥ 3, TO MbI B HailieM (p, q)-rpade HaxoJuM BepIITHUHBI 2 U 3 U yKe
MeX/[y HUMH TIPOBOIUM pebpo. JIjist TOCTPOeHUsT OTKPBITOM 3Be3/ibl CUMIT/IEKCAa MbI TIPOCTO OT ero HOJIbI
3aryckaeM 00X0/1 iMarpaMMbl TI0 pebpam, OTBeuaroIM 3a KOTPaHHUIIbI.

17151 IOCTpOEeHUsI 3aKPBITOM 3Be3/ibl MbI U3 BCEX CUMIIEKCOB OTKPBITOM 3Be3/bl HAXOAUM Te, Y KOTOPBIX
HeT KOTPaHMLI, 3a[IOMHUHAaeM BCe BEepIIMHbBI 3TUX CUMILIEKCOB ¥ TIOTOM M3 HOJl, COOTBETCTBYIOIIUM 3TUM

BepILIMHAM 3aIlyckaeM 00X0f JuarpaMMbl 1o pedpaM, OTBEUYArOI|M 3a KOTPAHHULIbI, HO TIPH 3TOM MBI He
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3aX0/iMM B HO/JbI, KOTOPbI€ OTBEUAIOT 3a CUMIIZIEKChI, COAep>Kalljlieé BEePIIMHY He U3 Halllero HaI‘;IAEHHOFO

crircka. YToObl MOCTPOUTD TMHK, HAXOAUM CUMIUIEKChI, KOTOPbIE TIOTaZialoT TOMBKO B 3aKPBITYIO 3Be31y.
3.2.3. Knacc ajia peanm3anuy cuMIuviekc AepeBa SimplexTrie

B cumriiekc iepeBe KaXk/[0My CUMITIEKCY COOTBETCTBYET OmpeziesiéHHast Hoja (B JaHHOM
KOHTEKCTe HOZIa — 3TO BepIIMHA CUMILIEKC epeBa). Hozja xpaHUT 3HaueHre HaubOoJIbIlIel BePIITUHBI
COOTBETCTBYHOLL[ETO CUMILIEKCa, pa3MePHOCTb, ajipeca CBOUX JieTeld, a/peC POUTeIsl, BeC CUMIIeKCa 1
HOMep BepilKHbL. CaMo /iepeBo siB/sieTCsl 0OBIYHBIM O0POM, B KOTOPBIM 100aB/ISIFOTCSI BCEBO3MOKHbBIE
T0/]MaCCHBHI ITOJTyUeHHOTO CUMITIeKCa (CUMITIEKC TOCTyTaeT Kak vector<int>), To eCTb TIpy A00aB/IeHNN
B TIyCTOe ZiepeBo cumriekca {1, 2}, mbI o6aBuM fBa pebpa OT KOPHS (3/1eCh 3TO TOXKe CrielidaibHast
BeplIMHa, 0003HayvaroIIIast IyCTOM CUMITIIEKC): O/IHO K HOZle o 3HaueHreM 1 (oHa 0003HayYaeT CUMILIEKC
{1}), ot 37Ol HOZBI Oy eT pebpo K HO/le Co 3HaueHWeM 2 (3Ta Hoja o0o3HauaeT cumruiekc {1, 2}),
BTOpOe peOpo OT KOpHSI Oy/ieT K APyroi Hojie co 3HaueHWeM 2 (oHa 0003HayaeT CUMITIEKC {2}).
[Nonyuaetcsi, yTOOBI 110 HOZIe BOCCTAHOBUTH CUMITJIEKC, KOTOPBIM OHa 0003HauaeT, Haflo IMPOCTO
TIOJHATBCS [I0 KOPHSI.
Tax>ke BCce HOZIbI Ha OJJUHAKOBOM IyyOHHe C 0/[MHAKOBLIM 3HaueHreM 00beJUHEeHbI B CITUCKH, 3TO
TIOMOTaeT TpHU MOUCKe KOrpaHei.
Y naneHue MPOUCXOJUT TI0 aJITOPUTMY, TIpeio’keHHOMY B cTathbe [10]. Utobst mocTpouTs (p, q)-rpad,
HY)KHO CHauasia MPOMTH TI0 [lepeBY, HalTH BCe P-CUMITIEKCHI U (-CUMILIEKCHI, TIOTOM JI/Is KaXK/[0T0
Hal/IeHHOTO P-CUMILIeKCa 3aMyCTUTh TIOMCK MOAXO/SIINX (-CUMIUIEKCOB, a AJIsi -CUMIL/IEKCOB — TTOUCK
MOXOASILIUX P-CUMILJIEKCOB, TIOTOM TI0 3TOM MH(OpMaIu poBoguM pebpa. CaM MOUCK YCTPOeH
CJIOXKHEe, YeM B Aitarpamme Xacce — yTOObl HAUTH TPaHb HY)KHOH pa3MePHOCTH, HY>KHO TTOJTyUUTh
CMMCOK BCEX BepIMH B HallleM CHMILIeKCe, TTIOTOM PacCMOTPeTh BCe BApHUAHTHI BBIOPATh U3 HUX HY)KHOE
YKCJIO BEPLIVH U HAWTH TaKOW CUMITIEKC B HallleM JiepeBe. YTOObI MOTyYUTh KOTPaHb HY>KHOM
pa3MepHOCTH, HY>KHO TIPOCTO U3 BCeX KOrpaHel BbIOpaTh Te, y KOTOPBIX MOJXO0AsI[asi pa3MepHOCTb.
[MTounck korpaneii onucad B [10]. Kak u B quarpamme Xacce, py OCTpoeHUH rpada Bce HOZbl
HYMEepYIOTCSI.
J171s1 TTIOCTPOEHUSs OTKPBITOM 3Be3/ibl CUMIT/IEKCAa Mbl HAXO/[UM BCE €r0 KOTPaHHUI[bl, KaK B C/Tyuae ero

yaaneHus. [11s mocTpoeHUs: 3aKpPbITOU 3Be3/bl Mbl U3 BCEX CUMIUIEKCOB OTKPBITOW 3Be3/ibl HAXOAUM Te, Y
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KOTOPBIX HET KOTPaHHuLl, 3alIOMUHAeM BCe BEPIIWHbI TUX CUMILIEKCOB U IOTOM M3 HOJl, OTBEUAIOLIMX 3a
3TU BepIINHEI, 3aTyckaeM 00X0/ B IIIMPUHY HAIIlero JepeBa, HO MPH 3TOM MbI He 3aX0/JJUM B HOJbI,
KOTODbIE OTBEUaloT 3a CUMILIEKCHI, CO/iepyKalljie BepIIMHYy He U3 Halllero HaileHHOro criicka. YToObl

MOCTPOUTD JTMHK, HAXO/IUM CUMILIEKChI, KOTOPbIe TMOMNaZatoT TOIbKO B 3aKPLITYIO 3Be31y.
3.24. (P,Q)-rpad

[71s HaxO0XKAeHUsl CTeTieHel BepIIMH CTPOUTCS Tpad U [/1s1 KaXK/I0M BepIIMHbI CUUTAeTCS
YKCJI0 UCXOAIINX U3 Heé pebep. [1/i HaXOKAeHHUsI PAaCCTOSTHUSI MKy IByMsI CUMIL/IEKCaMH, CTPOUTCS
rpad, 3aTeM B HEM HaXO/SATCS BepIIMHBI, KOTOPbIe OTBEUAIOT 3a HO/bI, 0003HaUarOII1e 3a/laHHbIe
CUMILJIEKChI, 3aTeM 3aIyCKaeTcst aropuTtM [erkcTpel. UTOOBI MOCUMTATh 1[EHTPATIbHOCTH U3 KaXK0M
BepIIUHLI MOTyYyeHHOro Tpada 3arycKaeTcst airopuTM [eiKCTphl, MOC/e Yero MpOMCXOAUT BbIUKCIeHHe
eé COOTBETCTBYIOILI[EH [IeHTpa/lbHOCTH. UTOObI HalTH K03 dHUI[MEHT KIacTepu3aliy, B rpade Haxo UTCS
ynciio A = 3 * YuC/I0 TPeyroJibHUKOB (TPOeK BepLrH, KOTOPbIe MOMapHO COeJuHeHbl) U uucio B =
CyMMa T10 BCeM BepIIMHAM BeTMuuHbI dy, r7ie dy = unc/io crocoboB BeIOpaTh IBYX COCe/ield BEpIITMHEI.

Torga KoadduimeHt knacrepusanuu = A/B.

[TporpaMma pacripocTpaHsieTcsi B BHZe 3/1eKTPOHHOIO TlaKeTa, COJepyKalllero MpPOrpaMMHYI0

JIOKYMEHTaALI1I0, MPUIo)KeHHe (UCIoTHsIeMble (haiiibl U Mpoure HeoOXoAUMbIe /it paboThI (haiisib).

3.2.,5. NpaHu4yHaa martpuuya, maTtpuua J/lannaca n yncna bettu

['paHMyHas MaTpuLja — 3TO MaTpHLja FPAHUYHOTO OTlepaTopa, KOTOPKIN MepeBOIUT HEKOTOPbIH
k-cumriekc B IMHeIHY0 KOMOMHALIMIO ero p-CUMILIEKCOB, rfie p < k. OToT onepaTop BBOJAUTCS B CTaThe
[11]. 3Hasi rpaHUYHYIO MaTpPULly, MOXXHO TIOJTyunTh MaTpuLy Jlarmiaca (mpo popmy/y U Hy>KHbIe
nipeoOpa3oBaHus HaNMcaHo B cratbe [11]) v uncna Berru. s nosmyyenus uricen beTtr Hy>KHO
TIpeIBapUTEILHO TIPUBECTH IPaHUYHYIO MaTPUIy K HOpMasibHOU (hopme CMuTa, 06 3TOM HalMCaHO B
ctatbe [12]. 3Hast maTpuily Jlaruiaca, c romoiifsio 6ubamoreku armadillo MOYKHO J1eTKO TIOJTyUHTh
coOCTBEHHBIe UKc/ia U COOCTBEHHbIE BEKTOPA MaTPHILbl, YTO ITIOMOTaeT MPH aHa/I|u3e CUMITIULIMA/TBHOTO

KOMIL/IEKCa.
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3.3. Opranusanus BXO/JHbIX JaHHBIX
Hnst kaxxgoro metoga kiacca SimplicialComplex orpefienéH cBoi psifi BXOJHBIX MapaMeTpOB, Y
HEKOTOPbIX MEeTO/I0B UHMC/IO BXOJHBIX I1apaMeTPOB MOJKET MEHSITbCS, MOTOMY UTO [OMyCKaeTCs

HCII0/Ib30BaHKe 3HAUeHNUH T10 YMOJ/TYaHHUIO.

3.4. OpraHusayusi BbIXOAHbIX AaHHbIX
BbIxo/iHbIe JaHHBIE 3aBUCST OT BbI3bIBA€MbIX METO/[OB:

— MeToppI insert, erase v changeWeight H1uero He BBIBOASAT M HUUero He BO3BpalllalOT
— MeTo/ simlexCount Bo3BpalljaeT UMC/I0 CUMIJIEKCOB THMA int
— MeTog eulerNumber Bo3BpainiaeT DiliepoBy XxapakKTepUCTHUKY THIIa int
— Metop, fVector HUUero He Bo3BpalljaeT ¥ BHIBOAUT UKC/IO CUMITIEKCOB KaXK/]0M pa3MepHOCTH, TTOKa He
BCTPETHUT Pa3MepHOCThb, KOTOPO HeT B KOMILJIeKCe
— MeTo/ distancePQQ Bo3BpalljaeT pacCTosiHAE MeX/y IBYMsl CUMIUIeKcaMu Tvma double
— MeTof clusterCoeff Bo3BpaiiiaeT ko3 duireHT knacrepusanuu (p, q)-rpaca tuna double
— Metop allSimplices BEIBOAUT BCe CUMIUIEKCHI M MX Beca, HUUero He BO3BpalljaeT
— MeTtopbl closeness, betweenness u vertexDegreePQ z/is1 Bcex BepIvH B (P, q)-rpacde BLIBOJAAT CHavasia
CUMILJIEKC, KOTOPBIH 0003HayaeT BepIliHa, a TOTOM COOTBETCTBYIOIIee eif TOCYMTaHHOe 3HaueHHe
— MeTo/ibl openStar, closeStar, link BEIBoAT Bce mogxosiiyie CUMIIIEKChI
— MeTtozbl boundaryMatrix, laplacianMatrix, laplacianMatrixWeight Bo3BpaiijatoT nocuuTaHHble
MaTpULIbI TUTIA arma::mat u3 6ubmoreku armadillo
— MeTo/ laplacianSpectre Bo3BpalljaeT rnapy 3HaueHHi, r/ie repBasi 4aCTb Mapbl — 3TO BEKTOP
COOCTBEHHBIX 3HAYeHUI MaTpHLIbI THIA arma::vec u3 oubmmoreku armadillo, a BTropast yacTh — MaTpHLia
COOCTBEHHBIX BEKTOPOB THIIA arma::mat

— METO/. bettiNumbers BO3BpalliaeT BeKTOp CO 3HaUeHHAMHU UHrce/I bertn Thmna arma::vec.
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3.5. OnucaHue n o60cHOBaHNe BbIGOpPa N cocTaBa TEXHUYECKUX U MPOrpamMmMHbIX

cpeAacTB
3.5.1. CoctaB TeXHU4YeCKUX U nNporpaMmmMHbIX CpeacTB

3.5.1.1. CocTaB TeEXHUYECKUX CpeacTB

Inst pyHKIMOHMPOBaHKMS OMOIMOTEKH peKOMEeH/TyeTCsl CIeAyIOIIHi COCTaB
TeXHUUeCKUX CPeJICTB:
— MBIILIb UJIM COBMECTHOE YKa3bIBarolljee YCTPOHUCTBO
— KJIaBUaTypa
— MOHHUTOD
— 64 Mb onepaTuBHOU NaMsATH

— TIporeccop: Intel Pentium 4 / Athlon 64 nnu HoBee
3.5.1.2. CocTaB nporpaMmMHbIX CpeacTB

BubmoTeka HarmcaHa Ha si3bike C++17
B Kofe ucrionb3yrorcs:
— CranjaptHas 6ubauoreka C++
— bubmoreka a1 onepaiyii ¢ MaTpurjaMu 1 Bektopamu armadillo
— OtkpeIThI cTaHgapT OpenMP 151 pacniapasnienyBaHys HEKOTOPBIX YYaCTKOB KOZia
st paboThl ¢ 6MOIMOTEKOM TT0/Ib30BaTEIT0 HY>KHA Cpejia pa3paboTku Kojia Ha si3bike C++,

KoTopasi ogaepxuBaeT OpenMP. Takke eMy HY>KHO yCTaHOBUTH OmbO/MoTeky armadillo.
3.5.2. O60CcHOBaHUe BblIGOpa TEXHUYECKUX U NPOrpaMMHbIX CpeaCcTB

S3bik C++ ObUT BBIOpAH, MOTOMY UTO OH SIBJIIETCS OTHAM U3 CaMbIX OBICTPBIX U
3¢ GeKTUBHBIX SI3bIKOB ITPOrpaMMHpoBaHusi. bubroTeka armadillo oueHb pocTa B UCMOIb30BaHUU U
T103BOJIsSIeT BLITIOHATE BCe HeobxoauMble ornepatyu. OpenMP nogaepxxuBaetcs Visual C++, GCC,

LLVM u gp.
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4. TEXHUKO-3KOHOMUNYECKHWE IIOKA3ATE/IN

4.1. OpueHTHPOBOUYHAs 3KOHOMHUYecKas 3¢ (PeKTUBHOCTH

B paMKax /JaHHOTO KypCOBOTO IpoeKTa SKOHOMHYecKast 3(deKTUBHOCTh He TIpeZlyCMOTpeHa.

4.2. TIpeamosaraeMasi mOTPeOHOCTH
IanHasi bubsmoTeka OyzieT MHTepPeCHa MOJ/Ib30BaTesIsiM, KOTOPbIe 3aHUMAIOTCS TOTIOJIOTHUECKUM

dHA/IM30M OdHHBIX 1 MdllITMHHBIM 06y‘-IEHI/IEM.

4.3. DKOHOMHYeCKHe MPeUMYIIecTBa Pa3padoTKH 110 CPAaBHEHHIO C 0TeYeCTBeHHBIMU 1
3apy0e>XHBIMH aHA/IOraMH

Tabnwuiia 1 — CpaBHeHue GyHKIMOHAIBHOCTH [1O /151 paboThI C CUMIUTUIIMATBHBIMM KOMIUIEKCAMHU
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Giotto- BATS Dionysus SimplicialX
tda
Yucna
bertn - - - +
OusepoBa
XapaKTepuCTHKa - - - +
Onepatop Jlariaca - + - *
BBICLIMX MTOPSIZIKOB
Lpyrue npu3Haku - - - +

* - oneparop Jlaniaca Mexxy HecMe>XXHbIMU TIPOCTPaHCTBaMU Liereit

Kak BuziHO u3 Tabmuiipl, 6ubmoTteka Simplicial X myuriie aHasmoros, moToMy UTO TIOAJep/KUBAeT

Oonbliie GYHKIMM /15 aHa/IM3a CUMIUIALIAATBHBIX KOMITJIEKCOB.
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NMPUNOXEHME 1
OIIMCAHUE M1 ®YHKIIMOHA/IbBHOE HABHAYEHUE K/IACCOB

Tabmuma 2. Onvcanve U GyHKIMOHAIbHOE Ha3HaueHHe K/IaCCOB
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Knacc

Hasnauenwue

SimplInterface

SIBnsieTcst abCTpaKTHBIM K/1aCCOM, KOTOPBIi
HacsielytoT Knaccel HasseDiagram u SimplexTrie.
B HéM OOBSABISIOTCS BCe METOBI, AOCTYITHbIE

I10JIb30BATeJ/II0.

HasseDiagram

Peanmusyer Juarpammy Xacce u

niepeoripeiesisieT Bce MeTo/ibl Simplnterface

SimplexTrie

PeaJ’IHBYET CHUMIIJIEeKC AepeBo u

riepeoripeiesnisieT Bce MeTo/ bl Simplnterface

Simplicial Complex

Comepxut B cebe ykasaTelb Ha OOBEKT
kinacca Simplnterface, KoTopbifi TIpU CO37aHUU
CTAHOBUTCS yKas3aTeseM Ha OOBEKT Kijacca
SimplexTrie nmu HasseDiagram. OObekT 3TOro
KJacC  CO37aéT T1o/b30BaTe/lb U C  HUM

B3aUMO/eNCTBYeT.
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NMPUNOXXEHUE 2

OIICAHVE U ®YHKIIMOHAJIbHOE HA3HAUEHWE IT0JIEM, METO/IOB 1 CBOVICTB

Tabmwvua 3.1. Onucanue v GyHKIMOHATBHOE Ha3HaUeHWe MeTOoZIoB Kiacca Simplnterface

Mertop Tun AprymeHTbl Ha3nauenue
BO3BpalllaeMOro 3Hau.
insert void vector<int>& OOmbsB/IEHHE
, MeTozia 100aBIeHUs
double = 1
erase void vector<int>& OOmbsB/IEHNE
MeTo/ia y/ja/eHus
changeWeight void vector<int>& OO6mbsiBNeHre
, double = 1 MeToJla  H3MEeHeHMs
Beca
simplexCount int — OObsiB/IeHNE
MeTo/ia rnozcuéra
CUMIIJIEKCOB
fVector void — OOmbsB/IEHHE
MeToZla HaXOXKIAEeHUs
f-BexTopa
vertexDegreePQ void int, int OObaBIeHne
MeTo/ia rnozcuéra
cTerieHeld BepIIMH B
(p, q)-rpace
allSimplices void — OOmbsB/IEHHE
MeTo/la [Jisi BBIBOJA
BCeX CUMILJIEKCOB
closeness void int, int OOmbsaBiieHue
meToja Ajd ToAcCYéTa
closeness
L[eHTPaJbHOCTU
BepIluH B (p, q)-rpade
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betweenness

void

int, int

OObsB/IEHHE
MeToZa /sl TIo/ICUéTa
bbetweenness
L[eHTPaTbHOCTH

BepIlYH B (p, q)-rpade

distancePQ

double

vector<int>&
, vector<int>&, int,
int

OObsBIEHHIE
MeToza JUISt
HAXOXKIEHHUS
pacCcTosiHue  MEX[IY

ABYMs CUMILJIEKCAMU

clusterCoeff

double

int, int

OO6mbsiBneHre
MeToza Jist
HaxoXKJjeHuss Ko3(dao.
K/actepusauuu (p, q)-

rpada

eulerNumber

int

OObsiB/IeHNE
MeToZa AJisi ToZACUETa
O1nepoBoOU xap-Ku

boundaryMatrix

arma::mat

int=1, int=1

OOmbsBIeHME
MeToza ISt
HAXOXKEHHUSI

IrPaHUYHOM MaTpPULbI

laplacianMatrix

arma::mat

int, int=1,
int=1

OObsiB/IeHNE
MeToza [Jist
HaXOXK/IeHUST
MaTpuibl Jlariaca 6e3

yuéTa BeCcoB

laplacianMatrixWeigh

arma::mat

int, int=1,
int=1

OO6mbsiBNeHNE
MeToza I
Hax0X/IeHUsI
MarpuLpl Jlaraca ¢

yuéTOM BeCcoB

laplacianSpectre

pair<arma::vec,
arma::mat>

int, int=1,
int=1, bool=false

OObsB/IEHUS
MeTo/ia LSt
HaxOXK/|eHUsI CIeKTpa
MaTpulbl Jlamniaca
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openStar void vector<int>& OO6mbsiBNEeHNE
MeToza IS
Hax0X/leHusI
OTKPBITOM 3B€3/1bl
closeStar void vector<int>& OOmwsiBNeHnE
MeToza Ji0)
HaXOXKJeHUsI
3aKPBITOM 3Be3/bl
link void vector<int>& OOmbsiBneHre
MeToja IS
HaXO0>K/eH!sl JINHKa
bettiNumbers arma::vec — OOmwsiBNEeHNE
MeToza I
HaxOXJeHHss  uuces
Bertu
Tabmura 3.2. Onrcanue mosned cTpyktypsl HasseNode
[Tone Tun Haznauenue
value int 3HaueHHe MaKCUMaIbHOU
BepLIMHbI CUMIIIeKCa
depth int Pa3mepHoCTb cumIiekca
number int Homep cumriuiekca npu
noctpoenuu (p, q)-rpaca
weight double Bec cummninekca
faces map<int, HasseNode*> CnoBapp C ajpecamu
BCeX TIpaHel CUMIUIeKCa, y
KOTOpBbIX pasMepHOCTb Ha 1
MeHblIIIe
cofaces map<int, HasseNode*> CnoBapp € ajpecamu

BCeX KOrpaHeW CHUMILIeKCa, Y
KOTOPBbIX pa3MepHOCTb Ha 1
Gosbliie

Nzm. Jluct Ne mokym. [Toam. Hata
RU.17701729.04.03-01 81 01-1
NuB. Ne mopyt. [Togm. v gata Bsam. uHB. NuB. Neo [Togn. u
Ne ayou. Jara
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Tabsurja 3.3. Onvcanue noseit cTpykTypol TrieNode

[Tone Tun Hasnauenue

value int 3HaueHHe MaKCUMabHOU
BepIIMHbLI CUMITIEKCa

depth int Pa3mepHOCTb cuMILIeKca

number int Homep cumriiiekca npu
noctpoenu (p, q)-rpaga

weight double Bec cummniiekca

parent TrieNode* Apnpec poguresns HOZBI B
JiepeBe

children map<int, TrieNode*> CroBapp C ajipecamu

BCEeX KOrpaHel CHUMILIeKca, Y
KOTOpPBIX pasMepHOCTb Ha 1
Gosnbiie

Tabnuua 3.4. Onvcanue mosiet kinacca HasseDiagram

[Tone Tun Hasznauenue
root HasseNode* Appec KOpH$ AuarpaMmbl
f int[] MaccuB co 3HaUeHUSAMU
f-BekTopa
nums vector<HasseNode*> MaccuB ¢ azipecoM HOJbI
ISl KaKAoW BepiivHbl (p, Q)-
rpada
translation vector<int> MaccuB  COOTBETCTBUMU
HOMepa HO/bl M0C/Ie HyMepaluu
¥ HOMepa BepuMHbl B (P, Q)-
rpade
Nzm. Jluct Ne mokym. [Toam. Hata
RU.17701729.04.03-01 81 01-1
NuB. Ne mopyt. [Togm. v gata Bsam. uHB. NuB. Neo [Togn. u
Ne ayou. Jara
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Tabmuma 3.5. Onrcanue moseit kaacca SimplexTrie

ITone Tun Hasnauenue

root TrieNode* Aipec KOpHS ZiepeBa

f int[] Maccus co
3HaueHUsMHU f-BeKkTOpa

nums vector<TrieNode*> MaccuB ¢ azapecom
HOZbI /1J151 Ka)KJJOU BEepIIUHbI
(P, )-rpada

translation vector<int> Maccus

COOTBETCTBUH HOMepa HOZbI
rocjie Hymeparid U HoMepa
BepIIUHEI B (P, q)-rpade

depth_lists

vector<vector<list<TrieNode*>>>

Cnucky, B KOTOPBIX
00BbeJUHEHbI HO/IBI HA OJIHOM
ryorHe W C OJUHAKOBLIM
3HaueHWeM BepILUHbI

Tabmuua 3.6. Onucanue noset Knacca Simplicial Complex

[Tone Tun Ha3nauenue
complex SimplInterface* Beirnosnzser BCe
BbI3BaHHbIe MeTO/bl
Tabmuua 3.7. Onucanue 1 GyHKIMOHATBHOE Ha3HauUeHWe MeTo/IoB Kinacca HasseDiagram
Metop Tun AprymeHTbl Ha3nauenu
BO3BpalllaeMoro 3Hau. e
makePretty void vector<int>& B
TI0JIyYeHHOM
CIIMCKe  BepLIUH
ypansieT
IyOnMMKaThI U
copTupyer
Nzm. Jluct Ne mokym. [Toam. Hata
RU.17701729.04.03-01 81 01-1
NuB. Ne mopyt. [Togm. v gata Bsam. uHB. NuB. Neo [Togn. u
Ne ayou. Jara
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BE€PILIMWHBL

dfs

void

HasseNode*

PexkypcuBH
asi  GyHKUus C
yAaJeHueM HOJbl
1 BCeX e€ KorpaHei

dfsClose

void

HasseNode*,

set<int>&

PekypcuBH
as (QyHKUuA A8
Hax0XJeHUs
KorpaHeu
CUMILIEKCa, y
KOTOPBIX HeT
KorpaHei

bfs

void

HasseNode*,

vector<HasseNode*>&

Ob6xon B
[IUPUHY
JluarpaMMbl,
HauvHast C
yKa3aHHOU HOJbI

openStar

void

vector<int>&

BriBoguT
CUMILIEKChI u3
OTKPBITOH 3Be3/IbI

closeStar

void

vector<int>&

BriBogut
CHUMIL/IEKChI u3
3aKPBITOM 3Be3/bl

link

void

vector<int>&

BeiBoguT
CHUMI/IEKChI u3
JIMHKa

numeration

void

HasseNode*, int&

Hywmepyer
HO/bI IMarpamMMbl

erase

void

vector<int>&

Y nanser
MOy YeHHBIN
CUMILJIEKC

changeWeight

void

vector<int>&,

double=1

Memnset Bec
TI0JTyYeHHOT O
CUMILIeKCca Ha
yKa3aHHbBIU

3m.

Jluct

Ne mokym.

ITopn.

Hata

RU.17701729.04.03-01 81 01-1

NHuB. Ne mopyi.

[Togm. v gata

B3am. uHs.
Ne

WHB. No
nyouL.

[Togn. u
Jara
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insert

void

double=1

vector<int>&,

Mobapnsier
CUMILIEKC C
yKa3aHHbIM BECOM

simplexList
e*>

vector<HasseNod

Bo3sgpairjae
T MacCHB C
azpecamu BCeX
HOJ

fVector

void

BriBogut
3HaUyeHus
BeKTopa

£

simplexCount

int

Bosspamjae
T KOJIM4eCTBO
CUMILJIEKCOB

simplexFinder

HasseNode*

vector<int>&

Bosspariae
T ajpec HOABI,
KOTOpast COOTB.
yKa3aHHOMY
CHUMILJIEKCY

dimensionFinder

void

HasseNode*,
vector<HasseNode*>&

int,

Haxopur
BCe  CUMIUIEKCBI
HY>KHOMN
pa3MepHOCTH

simplexFinderUpgrade

HasseNode*

vector<int>&, int

Bo3sgpairae
T ajpec HOABI,
KOTOpast COOTB.
yKa3aHHOMY
CHUMILJIEKCY C
YUETOM
Ha/I0KeHHOU
MacKu

findingNeighbours

void

vector<int>&, int

HasseNode*,
vector<HasseNode*>&

int,

Haxogut
coceiel  HY>XKHOU
pa3sMepHOCTH  JJis
MOCTPOEHUs

(p, @)-rpaca

void

int, int

BriBogut

3m.

Jluct

Ne mokym.

ITopn.

Hata

RU.17701729.04.03-01 81 01-1

NHuB. Ne mopyi.

[Togm. v gata

B3am. uHs.
Ne

WHB. No
nyouL.

[Togn. u
Jara
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vertexDegreePQ

CTereH! BepllIVH B
(P, g)-rpade

graphPQBuilder

vector<vector<pair<int,
double>>>

int, int

Ctpout
(p, q)-rpad

dijkstra

int>>

vector<pair<double,

int,

double>>>

vector<vector<pair<int,

Haxopur
paccTosIHUSA
3a/laHHOM
BepIIMHBbI [0 BCEX
ocTtanbHBIX B (P,

q)-rpade

oT

dijkstraSpecial

double

int,int,

double>>>

vector<vector<pair<int,

Haxoaut
pacCTosIHUSA
3a/laHHOM
BepLLUMHbI Jilo)
JIpyrod 3a/jlaHHOU

B (p, g)-rpade

oT

distancePQ

double

vector<int>&,
vector<int>&, int, int

Haxogut
pacCTosiHue MeXIY
JIByMsi
cuMmIiekcamu B (p,
q)-rpace

closeness

void

int, int

BrBogut
closeness
LIEHTPaJILHOCTA B

(p,q)-rpade

betweenness

void

int, int

BriBoguT
betweenness
LIEHTPa/lbHOCTU B

(p,q)-rpade

clusterCoeff

double

int, int

Bosspaiae
T  Ko3hduiueHT
KJlacTepu3aluu

s (p, q)-rpada

eulerNumber

int

Bosspaiae
T DWIepoBy Xap-

3m.

Jluct

Ne mokym.

ITopn.

Hata

RU.17701729.04.03-01 81 01-1

NHuB. Ne mopyi.

[Togm. v gata

No

B3am. uHB.

WHB. No
nyouL.

[Togn. u
Jara
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Ky

printSimplex

void

HasseNode*

BeiBoguT
BEPIIUHBI U BeC
CHUMILIeKCa,
KOTOPOMY
HOJa

COOTB.

allSimplices

void

BrBogut
BCe CHUMILIEKChI U
UX Beca

rec

void

int, int, int, int,
vector<int>&, int

['enepupye
T BCe KOMOMHALIUU
BbIOpaTth k umcen
u3 n uucen (ot 0
o n-1)

combinations

vector<int>

int, int

Bosspaiae
T BCe YHHUKasbHbIe
BapHaHThI BEIOPATh
k umcen u3 n uucen
(ot 0 mo n-1)

perm_sign

double

vector<int>&

Brrunciser
3HaK
repeCcTaHOBKU

boundaryMatrix

arma::mat

int=1, int=1

Bo3sgpairae
T rPaHUYHYO
MaTpuLy

boundaryMatrixNoPer

arma::mat

vector<HasseNode*>&
vector<HasseNode*>&
int, double

Bo3sspamjae
T IrPAaHUYHYO
MaTpuly, Korja
pa3sMepHOCTH
OT/IMYAIOTCS
TOJIbKO Ha 1

laplacianMatrix

arma::mat

int,int=1,int=1

Bosspamjae
T MaTpuIly
Jlariaca 6e3 yueta
BECOB

3m.

Jluct

Ne mOKyM. ITopm.

Hata

RU.17701729.04.03-01 81 01-1

NHuB. Ne mopyi.

[Togm. v gata

B3am. uHs. HB. Ne
Ne nyouL.

[Togn. u
Jara
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laplacianMatrixWeight

arma::mat

int,int=1,int=1

Bosspaiae
T MaTpuLly
Jlaraca ¢ yuyetoMm
BECOB

simplexWeights

arma::mat

Int k

Bo3sgpairae
T MaTpully BeCOB
OIS CUMILIEKCOB
onpe/ieIEHHOU
pasMepHOCTH

laplacianSpectre

pair<arma::vec,

arma::mat>

int,int=1,int=1,

bool=false

Bosspaiae
T BEKTOD
COOCTBEHHBIX
yhce/ll W MaTpHIY
COOCTBEHHBIX
BEKTOPOB
MaTpuLbl Jlamiaca
c Becom/6e3 Beca

bettiNumbers

darma::vec

void

Bo3sspamjae
T BEKTOP C
yycjamMu bertu

reduce

arma::mat

arma::mat, int=0

PexypcusH
asi  (QyHKUuA A5
NpUBeJeHUs
MaTpHLibl K
HOpPMa/IbHOU
¢opme Cmura

Tabnwviia 3.8. Onvcanue u HyHKIIMOHATBHOE Ha3HaUeHWe MeTo/IoB Kiacca SimplexTrie

Metop, Tun AprymeHTbI Hasznauenu
BO3BpalllaeMoro 3Hau. e
makePretty void vector<int>& B
Nzm. Jluct Ne mokym. [Toam. Hata
RU.17701729.04.03-01 81 01-1
NuB. Ne mopyt. [Togm. v gata Bsam. uHB. NuB. Neo [Togn. u
Ne ayou. Jara
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TI0/TyYeHHOM
CMIHMCKe  BepIlrH
yaansiet
NyO/IMKaThI u
COPTHpYeT
BEPIIHUHBI

numeration void TrieNode*, int& Hywmepyet
HOZIBI JarpaMMBbl

addToList void TrieNode* HobasrnsieT
HOJy B CITHCOK,
OCHOBBIBasiICb ~ Ha
3HaueHUu U
ry1youHe

deleteFromList void TrieNode* Ypansier
HOJy U3 CITMCKa,
OCHOBBIBAsICh ~ Ha

3HaYeHUU U
riyourHe

goodPath bool TrieNode*, [Tpogepsier,

vector<int>&, int COZIEP>KUT v

CUMILJIEKC, Ha
KOTOPbIU
yKa3biBaeT HOZAQ,
MOy YeHHBIN
CUMILIEKC KakK
rpaHb

dfs void TrieNode* PekypcuBH

asi  (QyHKUusA C
y/areHueM HOJBbI
U eé roepesa

bfsFinder void TrieNode*, OyHKLIUS C
vector<int>&, 0b6xo10M B
vector<TrieNode*>& IIMpUHY  JlepeBa

IS TIOCTPOeHUst
OTKDBITOM 3Be3/jbl

openStar void vector<int>& BriBoguT
CUMIL/IEKChI u3
Nzm. Jluct Ne mokym. [Toam. Hata

RU.17701729.04.03-01 81 01-1

NuB. Ne mopyt. [Togm. v gata Bsam. uHB. NuB. Neo [Togn. u
Ne ayou. Jara
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OTKPBITOM 3Be3/IbI
closeDFS void TrieNode*, PekypcuBH
set<int>& asi  QyHKUus [
HaX0X/IeHusI
KOorpaHei
CUMILIEKCa, y
KOTOPBIX HeT
KOrpaHeu
closeStar void vector<int>& BoeiBoguT
CUMILIEKChI u3
3aKpbITOM 3Be3/bl
link void vector<int>& BeiBoguT
CUMIL/IEKChI u3
JIMHKA
erase void vector<int>& Ynanser
TIO/TyYeHHBIMN
CUMILIEKC
changeWeight void vector<int>&, MeHsieT
double=1 BeC TIOy4YeHHOTrO
cUMILIeKCa Ha
YKa3aHHbI1
insertRecursive void vector<int>&, PexkypcuBH
TrieNode*, int, double asi  dyHKUUs [
n00aBeHUs
CcUMILIeKCa B
JlepeBo
insert void vector<int>&;, MobaensieT
double=1 CUMILIEKC C
yKa3aHHBIM BeCOM
simplexList vector<TrieNode* — Bo3sBpaiijae
> T MaccuB C
ajZipecamu BCEX
HO[|
fVector void — BriBogut
3HayeHust f-
Nzm. Jluct Ne mokym. [Toam. Hata
RU.17701729.04.03-01 81 01-1
NuB. Ne mopyt. [Togm. v gata Bsam. uHB. NuB. Neo [Togn. u
Ne ayou. Jara
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BEKTOpa

simplexCount

int

Bo3sgpaiae
T KOJINYEeCTBO
CHUMILJIEKCOB

simplexFinder

TrieNode*

vector<int>&

Bosspaijae
T ajpec HOAB,
KOTOpast COOTB.
yKa3aHHOMY
CUMILICKCY

dimensionFinder

void

TrieNode*, int,
vector<int>&

Haxomut
BCe  CHUMIUIEKCHI
HY>KHOU
pasMepHOCTH,
3arloMUHas 150'¢
HOMepa

dimensionFinderNodes

void

TrieNode*, int,
vector<TrieNode*>&

Haxogut
BCE  CHUMILJIEKChI
HY>KHOU
pa3MepHOCTH,
3alloMyHas ajipeca
HX HOJ|

bitsCount

int

int

CuuTaet
yhucao  OMT  Co
3HaueHneM 1 B
JIBOUUHOM 3aIliCU
ypcaa

simplexFinderUpgrade

TrieNode*

vector<int>&, int

Bosspaiae
T aZpeCc HOJPI,
KOoTopast COOTB.
yKa3aHHOMY
CUMILIEKCY C
yuéTom
Has0KeHHOM!
MaCK1

findingNeighbours

void

TrieNode*, int,
vector<TrieNode*>&

Haxogut
cocefiell  HY>KHOU
pa3sMepHOCTH ISl

3m.

Jluct

Ne mOKyM. ITopm.

Hata

RU.17701729.04.03-01 81 01-1

NHuB. Ne mopyi.

[Togm. v gata

B3am. uHs. HB. Ne
Ne nyouL.

[Togn. u
Jara
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TOCTPOEHHs
(P, 9)-rpada
void int, int BeiBoauT
vertexDegreePQ CTeleHU BepIluH B
(p, 9)-rpade
int, int Crtpour
graphPQBuilder vector<vector<pair<int, (p, Q)-rpad
double>>>
dijkstra int, Haxoput
vector<pair<double, vector<vector<pair<int, pacCTosiHUS oT
int>> double>>> 3a/laHHOU
BEpILMHBI [0 BCEX
ocTtaibHbIX B (D,
q)-rpace
dijkstraSpecial double int,int, Haxoaut
vector<vector<pair<int, pacCTOSIHUS oT
double>>> 3a/laHHOU
BepILHHbI [0
Jpyrov 3ajaHHOMU
B (p, q)-rpace
distancePQ double vector<int>&, Haxoput
vector<int>&, int, int pacCcTostHUe MeXIy
JByMSI
CcUMILIeKCaMH B (P,
q)-rpace
closeness void int, int BreiBoguT
closeness
L[eHTPaTbHOCTU B
(p,q)-rpade
betweenness void int, int BoiBoauT
betweenness
L|€EHTPa/JbHOCTU B
(p,q)-rpace
clusterCoeff double int, int Bo3Bpaiiae
T  Ko3(pduimeHT
K/lacTepr3aliin
N3m. Jluct Ne mOKyM. ITopm. [Hara
RU.17701729.04.03-01 81 01-1
NuB. Ne mopyt. [Togm. v gata Bsam. uHB. NuB. Neo [Togn. u
Ne ayou. Jara
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ans (p, q)-rpada

eulerNumber

int

Bo3sgpaiae
T OWIepoBy Xap-
Ky

printSimplex

void

TrieNode*

BriBogut
BepLIMHbI U BeC
CUMILIeKCa,
KOTOPOMY
HOZIA

COOTB.

allSimplices

void

BriBoguT
BCe CUMILIEKCHI U
UX Beca

rec

void

int, int, int, int,
vector<int>&, int

I'enepupye
T BCe KOMOMHAL[UU
BbIOpaTh Kk umcen
u3 n uyucen (ot 0
Jo n-1)

combinations

vector<int>

int, int

Bosspajae
T BCe YHUKajbHbIe
BapUaHThI BLIOPATh
k umcen u3 n uucen
(ot 0 mo n-1)

perm_sign

double

vector<int>&

Brruuciser
3HaK
repecTaHOBKU

boundaryMatrix

arma::mat

int=1, int=1

Bosspamjae
T IPaHUYHYO
MaTpuLy

boundaryMatrixNoPer

arma::mat

vector<TrieNode*>&
vector<TrieNode*>&
int, double

Bosspaiae
T I'PaHUYHYIO
MaTpully,  Korja
pasMepHOCTU
OTJ/IMYAIOTCS
TOJIBKO Ha 1

laplacianMatrix

arma::mat

int,int=1,int=1

Bos3sspaiae

3m.

Jluct

Ne mOKyM. ITopm.

Hata

RU.17701729.04.03-01 81 01-1

NHuB. Ne mopyi.

[Togm. v gata

B3am. uHs. HB. Ne
Ne nyouL.

[Togn. u
Jara




33

RU.17701729.04.03-01 81 01-1

T MaTpHLly
Jlaninaca 6e3 yuera
BeCOB

laplacianMatrixWeight

arma::mat

int,int=1,int=1

Bo3sgpaiae
T MaTpuLly
Jlarutaca ¢ yuyetoMm
BeCOB

simplexWeights

arma::mat

Int k

Bosspaiae
T MaTpHlly BeCcOB
Ui CUMILIEKCOB
ornpejenéHHON
pa3MepHOCTH

laplacianSpectre

pair<arma::vec,
arma::mat>

int,int=1,int=1,

bool=false

Bosspaae
T BEKTOP
COOCTBEHHBIX
yrces W MaTpUILy
CcOOCTBEHHBIX
BEKTOPOB
MartpuLpsl Jlariaca
c Becom/0e3 Beca

bettiNumbers

darma::vec

void

Bo3sgpaiae
T BEKTOP C
ynciamu bertn

reduce

arma::mat

arma::mat, int=0

PexypcusH
ast  (QyHKUUS [
TpUBe/leHus
MaTpHLIbI K
HOpMaJIbHOM
dbopme CmuTa

Tabsurja 3.9. Onvcanue u GyHKIMOHA/IBHOE Ha3HaueHre MeToZioB kiacca Simplicial Complex

Mertog, Tun AprymeHTbI Hasunauenue
BO3BpalllaeMOro 3Hau.
Simplicial Complex — bool=true
Konctpykrop,
KOTOPBIN co3ziaeT
Nzm. Jluct Ne mokym. [Toam. Hata
RU.17701729.04.03-01 81 01-1
NuB. Ne mopyt. [Togm. v gata Bsam. uHB. NuB. Neo [Togn. u
Ne ayou. Jara




34
RU.17701729.04.03-01 81 01-1

00BeKT KJjiacca
Ecnv aprymeHTta Het
VN nepeZiaHo
3HaueHue true, TO
HCITIO/Tb3YeTCsI
JrarpaMmma Xacce,
MHaue — CHUMIUIEKC
J1epeBo

insert void vector<int>& Hobapnenus
, CUMILIEKCa
double = 1

erase void vector<int>& Y nanenue
CUMILIEKCa

changeWeight void vector<int>& V3meHeHue
, double =1 Beca CUMILIeKca

simplexCount int — [TopcuéT
YKC/ia CUMIIEKCOB

fVector void — BriBog
3HaueHwui f-BekTOpa

vertexDegreePQ void int, int BoiBog,
cTereHell BepIIMH B

(p, q)-rpace

allSimplices void — BeiBog  Bcex
CUMIUIEKCOB

closeness void int, int BriBog
closeness
L[€HTPaTbHOCTH

BepIiuH B (p, q)-rpade

betweenness void int, int BriBog
betweenness
1[eHTPa/IbHOCTH

BepIlYH B (p, q)-rpade

distancePQ double vector<int>& [TopcuéT
, vector<int>&, int, | pacCTOsIHUA  MeXAy

Nzm. Jluct Ne mokym. [Toam. Hata

RU.17701729.04.03-01 81 01-1

NuB. Ne mopyt. [Togm. v gata Bsam. uHB. NuB. Neo [Togn. u
Ne ayou. Jara
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int

ABYMS CUMIIVIEKCAMU

clusterCoeff

double

int, int

IToncuét

K03 d.

Kacrepusany (p, q)-
rpada

eulerNumber

int

[Togcuéra
O1nepoBoy xap-Ku

boundaryMatrix

arma::mat

int=1, int=1

HaxoxneHue
IrPaHUYHOM MaTpPULbI

laplacianMatrix

arma::mat

int, int=1,
int=1

Haxoxpenuve
MaTpuLbl Jlariaca 6e3
yuéTra BecoB

laplacianMatrixWeigh

arma::mat

int, int=1,
int=1

Haxoxnenue
MartpuLipl Jlariaca ¢
YUETOM BeCOoB

laplacianSpectre

pair<arma::vec,
arma::mat>

int, int=1,
int=1, bool=false

HaxoxneHue
CIeKTpa MaTpULbI
Jlarinaca (c Becamu
unmm 6e3)

openStar

void

vector<int>&

BriBop
CHUMIL/IEKCOB
OTKDBITOM 3Be3/bl

nus3

closeStar

void

vector<int>&

BriBog
CUMIL/IEKCOB
3aKPBITOM 3Be3/jbl

nus3

link

void
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