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Pedhepar

PaccmaTtpuBaercss Meron mOCTpoeHMs TpuaHryisauuu Jlenone
KOHEYHOTO MHOJXKECTBA TOUEK HA IIOCKOCTH C HCIIOIBb30BAHHEM
QITOPUTMA  CIHSHUA  HPOCTPAHCTBEHHO  HEPa3IENeHHBIX
TpuaHryiasuuit  Jlenone ero mnoaMHokecTB. TpaauuuoHHBIE
METOJBl TIOCTPOCHMSI TPUAHTYISIUU JlenoHe, HCIONb3YIoIne
MIPOCTPAaHCTBEHHOE pa30OHueHne paboTaloT HEyCTOHYMBO H3-3a
00pa30BaHUs BEIPOXKICHHBIX TPEYTONFHUKOB Ha IIPOMEXXYTOTHBIX
sTamax  pekypcud. llpeamaraemoe — pemieHHe — MO3BOISIET
CYIIECTBEHHO CHHM3HTh YHCJIO BBIPOXKICHHBIX TPEYTOIBHHUKOB.
IIpoBeneHHBIE 3>KCHEPUMEHTHI INOKA3BIBAIOT, YTO OOIIEe YHCIO
BEIPOXKACHHBIX TPEYTONBHUKOB COKpAllaeTcss Ha JBa MOPSAKa,
it mMHOkecTB u3 10000 Touek. [Ipm 3ToM BRMHCIHTENBHAS
a¢pexTuBHOCTE anroputMa cocraBmsieT O(n log n) B xymmem
clirydJae.

Kniouesvle cnoga: mpuanzynayus Jlenone, ciusanue
mpuanzynayul, Hepazoenennvle MpUuanzyIayul.

1. BBEOAEHUE

Tpuanrymnsuus Jenone (T/]) Ha miuockocTy mpeacrasiseT coOon
TEOMETPHYECKYI0 KOHCTPYKIHIO, YPE3BBIYAHO IONYJSIPHYIO B
KOMITBIOTEPHOI Tpaduke, 00pabOTKe U aHAIM3e H300paXKCHHIA,
reonH(pOPMALOHHBIX TEXHOJIOTHSIX, KpucTauiorpaduu,
BBIUMCIIMTENBHON  reomeTpuu. Metogam  noctpoenus TJ]
MOCBSAIICHO MHOro paboT (cM. Hampumep, o63op [1]). U3BecTHa
omenka O(n log n) Ansg XyQmiero ciaydvas  BBIYHCIHTEIBHOU
cioxHOCTH 3a1auu noctpoenus T/ n Touek [1,2,3]. CymectByer
HECKOJIBKO J(Q(EKTUBHBIX aIrOPUTMOB, PpEATHIYIOUIUX ITY
OLICHKY, OCHOBAaHHBIX HAa  QJITOPUTMHYECKON  mapaaurme
«pazfensidi W BIACTBYH». AJTOPUTMBI HCIIONB3YIOT —HJICHO
IPOCTPAHCTBEHHOI'O DPA3JEJICHUsl UCXOJHOIO MHOXXECTBA TOYEK
HEKOTOpOH mpsMOH JiMHMEeH (OOBIYHO BEPTHKAIBHON WIH
TOPU30HTANBHOM) Ha JBa IOJAMHOXECTBA IPUOIM3UTENHHO
paBHOM MomHocTu. Jlanee Ui 3TUX HOAMHOXECTB PEKYPCHBHO
CTPOSITCS TPUAHTYJIILMU JleTIoHe, KOTOpBIE 3aTeM «CLIMBAIOTCS» B
onny Tpuanryysinuio [2]. IIpu TakoM moaxojae B TPUAHTYJISIHMSIX
HIOJIMHOKECTB HOSIBIISIETCS OoJIBIIOE  YHCIIO «II0YTH
BBIPOJK/ICHHBIX» TYIOYTONBHBIX TPEYTOJIBHUKOB, BBITSIHYTBIX
BIOJIb PA3JCIISIONICH NPSIMO, B KOTOPBIX OIMH U3 YIJOB HMEeT
BEJIMYMHY, OJNU3KYIO K 180°. Kak moKasbIBaoT SKCIEPUMEHTBHI,
IO TPEyrombHEKOB ¢ yrmom Gombme 179°, mpu n~10%+10*
cocraBisieT 10 1-2% obmiero umcna TpeyroiabHUKOB. [losBieHue
TaKUX TPEYTOJIbHUKOB CYIIECTBEHHO CHI)KAeT HAJEKHOCTh
QITOPUTMOB NPH PEHICHHM MPaKTHYECKUX 3ajadax OOJBIIOI
pa3mepHOCTH (cM. [1]).

[Ipennaraemoe B  HAcTOsLE  CTaTbe  pEIICHUE  3ajJaydu
OCHOBBIBAETCA HAa JAPYrOM IPUHIMIE pa3feNeHnus] HCXOIHOTO

MHOXECTBA TOYECK, IIO3BOJIAIOIIEM CYIICCTBEHHO YMCHBUIUTH
YUCJIO BBIPOXKACHHBIX TPCYTOJIBHUKOB.

JlanHast paboTa BbIIIOJHEHA MpU moaepkke Poccuiickoro donaa
(dbyHmaMmeHTaIbHBIX HccnenoBanuii (rpant 02-01-00667)

2. TPUAHIYNALUNA OENOHE

IlycTh Ha eBKIMIOBOMN INIOCKOCTH 3a/1aHO § — MHOXECTBO U3 n
> 3 TOYek, He BCE M3 KOTOPBIX JIeKaT Ha OJHOU IpsMOIl.
Tpuaneynayueii KOHEYHOTO MHOXECTBa TOueK S Ha3bIBaeTCs
IUIOCKUH TPSAMONMHEHHBIH rpad ¢ BepIIMHAMH W3 .S, IMEIOIIUI
HauOoJbIIEe BO3MOKHOE YHCIIO pedep.

OKpyY>KHOCTb Ha3bIBACTCS NYCMOLll, €CIIN OHA HE COIEP)KUT BHYTPH
ceOss  BeplIMH  TpHaHTYJsAuuu. Hecobcmeennass — mycras
OKPY’KHOCTb — 9TO HpsIMasi JIMHUS, [0 OHY CTOPOHY OT KOTOPOif
HET BEpIUMH TpHaHryIsauuu. OKPY)XHOCTh, NMPOXOASIIAs 4epes
BEpIINHY, Ha3bIBACTCA uHyuoeHmHol dSTON BepuiuHe. Pebpo
TPUAHTYJISIIMY, KOHIIEBBIE BEPIIMHBI KOTOPOTO HMEIOT OOLIyIO
MYCTYI0 HHIMJICHTHYIO OKPY)KHOCTb, Ha3bIBaeTCs pebpom [enone.
I'panp TpWaHTysILUM, y KOTOPOH BEPLIMHBI HMEIOT OOLIyIO
MYCTYIO HHIMJICHTHYIO OKPY KHOCTb, Ha3bIBACTCS epanbvio [enone.

Tpuaneynsyueii /lenone KOHETHOTO MHOXKECTBA TOUEK HA3bIBACTCS
TaKas TPHAHTYJIIIUS, Y KOTOPOH BCE €€ IPaHu SBISIOTCS TPAHIMU
Henone. [lpyroe 5SKBUBQJIEHTHOE OINpEAEIEHHE —  ITO
TPHAHTYJISIHA, Y KOTOpOH Bce pedpa sBistoTcs pedpamu Jlenone.

3. PEKYPCUA C NPOCTPAHCTBEHHbIM
PA3OENEHUEM TOYEK

Db dekTrBHBIE — AMTOpUTMBI  mocTpoeHuss T/,  umeromiue
cnoxHocTh O(n log n) OCHOBBIBAIOTCSA HAa aNTOPUTMHUYCCKOU
napajiurMe peKypcUBHOM JEKOMIO3ULMHU (pa3zfensit U BIacTBYi)
[3]: pa3nmeneHMM HMCXOJHOIO MHOXKECTBA TOYEK Ha JiBa
MOJIMHOKECTBA, PEKYPCHUBHOM IIOCTPOCHHMU TPUAHTYJISILUI 3TUX
HNOAMHOXXECTB M CIMSIHUM IOJyYEHHBIX TakuM o0pa3oM
pasneneHHbIX TpHaHrysinuid (puc.l). Pexypcust mpekparaercs
Ipu pa3OUEHUU BCEr0 MHOXKECTBA HAa JOCTATOYHO MaJICHbKHE
yactl (M3 2 win 3 TOYEK), TPUAHTYJSIIUM KOTOPBIX CTPOSITCS
HENOCPEJICTBEHHO. Bce  uU3BeCTHBIE  aNrOpUTMBl  CIUSHUA
HpeIoyiaraloT pa3oMeHHe HCXOJHOT0 MHOXKECTBA TOYEK Ha
IPOCTPAHCTBEHHO paszeneHHbIe [IOJJMHOKECTBA, T.C.
pasJeneHHble NPSMBIMU JIMHUSIMH, HallpuMep, BEPTUKAIbIO MU
ropuzoHTanbo [1]. DddextuBHocts O(n log n) npu 3TOM
JIOCTUraeTcss 3a CYeT TOro, YTO CIUSHUE JBYX pa3felIeHHBIX
TPHUAHTYJISAIMNA MOXKET OBITh BBITIOJIHEHO 32 BpeMs O(n).

Henocratok Takux aaropuTMOB, KOTODBIH IMPOSBISETCS JIHIIb
npy GONBLINX 7, COCTOMT B CIEAYIOIIEM: BJIOJb pa3festomieil
TpsIMOii 00pa3yIoTCss MHOTOUMCIICHHBIE TPEYTONBHUKH € "OUeHb
TyneiMu" yriamu, T.e. Onmumskumu Kk 180° (puc.1b). Ilossnenne
TaKAX TPEYTOJbHHKOB SBISETCS MPUYMHOW HEYCTOHYMBOCTU B
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paboTe anropuTMOB H3-32 HEU30EKHBIX OIMIMOOK BBIYHCICHHS
TPUTOHOMETPUYECKHUX (YHKIHI 3TUX yTJIOB.

IIpennaraemoe HaMu peleHHE TaK)Ke OCHOBAHO Ha ujee
pexypcuBHoro mnocrpoenuss TJI, HO ¢ wHcCIONB30BaHHEM HE
|

(@

©)

(8)

Puc. 1: PekypcuBHOE NOCTpOEHHME TPHAHTYIISALUH
JlenoHe Ha OCHOBE NPOCTPAHCTBEHHOTO DPa3eICHUs
Touek (@ — IIMHeHHOoe pas3jereHHe HCXOJHOrO
MHOXKECTBA TOYEK, 6 — PEKypCHBHOE IIOCTPOCHHUE
TPUAHTYJIALUNA TIOJMHOXECTB, 6 — OObeANHEHHE
paszieNeHHBIX TPHAHTYIIALMIT).

MPOCTPAHCTBEHHOTO, a  Jpyroro NpWUHOWNA  pa3/elCHHS
HCXOIHOTO MHOXECTBa. B paMkax mpemiaraeMoro moaxona cam
MPUHIMIT ~ pa3feieHUs  MOXET  BBIOMPAThCI  JOCTATOYHO

npousBonbHO.  CTAaHOBUTCA ~ BO3MOXHBIM ~ TOHCK  TaKoro
pazaeneHus, OpH KOTOpoM OyJeT MHHUMM3UPOBAHO YHCIO
BBIPOKIEHHBIX TPEYTOIbHUKOB.

4. CIIMAHUE HEPA3AENEHHbIX
TPUAHIYNALUWUU OENOHE

B ocnoBe mpenyaraeMoro moaxopia JIEKUT HAES CIMSHHS ABYX
T/, i1 KOTOPBIX JOIyCKAaeTCs IEepEeceueHne HX BBITYKIBIX
000JIOYEeK U TIONHOE «IIepeMEIlNBaHNe» HX BepmMH. Takue
TPUAHTYJISIIMU MBI OyJeM Ha3blBaTh HepasJeleHHBIMH. 3ajada
CIVSIHUSL JIBYX HepasIelneHHBIX TJ[ craBHTCS ClleXyIOmuM
obpazom (puc.2). JlaHbl 1Ba KOHEYHBIX MHOXECTBA TOUCK B u W u
ux T Del(B) u Del(W). HyxuHo noctpoutrs T/ Del(BUW),
KOTOpasi TpeAcTaBisieT co0ol OO0beAMHCHHE JABYX JIMHEHHO
HepasJeNneHHbIX Tpuanrysuid Del(B) u Del(W).

Kak 310 nmpuHsATO OyzeM Ha3bIBaTh TOYKH MCXOJHOTO MHOXKECTBA
S caimamu. TlpennoynoxuMm Takxke mIs ynoOCTBa, YTO CaWTHI
packpalleHbl B JiBa LBETa: TOYKM MHOXeCTBa B — depHsble, a
MHOXecTBa W — Gelble.

Ilyukom caiita V&S Ha30BeM MHOXECTBO pelep TpUaHTYJISLUU
V), i=1,....,k, nauungeHTHeIX caiity V. Cnenmys [2], Oymem
NpEeACTaBIATh  IMy4OK  CTPYKTYpOH  HaHHBIX B BHJE
JIByHANpaBJI€HHOT0 ILMKJIMYECKOrO CHOUCKa catoB V...V,
CMEXHBIX ¢ V' B Tpuanrymauun. ®ynxuus V.pred(V;) obo3Hayaer
CaiT, cleAyoluil 3a V; B HallpaBJIE€HUM IO YaCOBOM CTpEIKE, a
¢byukuwms V.suce(V;) — npoTHB 4aCOBOi CTPEIKH OTHOCHUTENBHO V.

4.1 OOwasn cTpyKTypa anroputma

B o6wvenunennoit T/] umerorcs pebpa ABYyX THIIOB: OJHOLIBETHBIE
U pa3HOLBETHHIC, B 3aBUCHMOCTH OT IIBETa CAWTOB, KOTOPbIC 3TH
peopa coemumsitor. OpnHouBeTHBIE pebpa — 3TO  pedpa,
nepexopsiue ¢ Del(BUW) n3 Del(B) n Del(W), a pa3HOIBETHBIE
— HOBEIE pebpa, KoTopsIx He 6bu10 B Del(B) u Del(W).

B Tpuanrymsauuu OyneM pasnuuaTh Ba THIIA CBA3HOCTU €€
371eMEHTOB. MHOXECTBO BEPLIMH M pebep Ha3bIBACTCS CBSI3HBIM,
eciy A7 J000# Mapbl BXOSLIMX B HETO BEPIIUH CYIECTBYET
COEUHSIONIAs LIeMb U3 MOMapHO MHIMIACHTHBIX BEPIINH U pedep.
MHoxecTBO pebep M TrpaHell Ha3bIBaeTCS CBA3HBIM, €CIHM VIS
m000ff mapel BXOASIIMX B HETO DSJIEMEHTOB CYIIECTBYET
COEIUHSAIONAs IIeMOYKa U3 IOMApHO HHIMACHTHBIX pebep H
rpaHei.

B oObemunenHoil TpuaHrynsoun Del(BUW)  omnpenenceHsI
OJHOLBETHBIE ~ KOMIIOHEHTHI —  MAaKCHMAlbHBIC  CBS3HBIC
TIOJIMHOKECTBA BEPHIMH M pebep OJHOTo IBETa, KOTOPHIE MBI
OyzeM Ha3bIBaTh JIOCKYTaMH. JTH KOMIIOHEHTHI 0€3 M3MEHECHHs
nepexonst B Del(BUW) u3 Del(B) u Del(W). OctanbHble pebpa u
TPaHU HUCXOMAHBIX TPHAHTYJSILUH, HE BOIUEAIINE B JIOCKYTHI,
JOIKHBI  OBITH  paspylieHbl.  MakcUManbHBIE  CBS3HBIE
MOAMHOXKECTBA OAHOIBETHBIX pebep M TpaHed MCXOIHBIX
TPUAHTYIISANKH, HE BOLIEANNX B OOBEIUHEHHYIO TPUAHTYIAIMIO,
OyzeM HasplBaTh pa3pe3amu. B pesynbpTare paspylieHus: rpaHeit
IUIs  HEKOTOpBIX oOcTaBIIUXCs pebep wucxomusix T ducio
UHIUJICHTHBIX I'paHeil CTaHOBUTCS MEHbIIE ABYX, T.€. 3TH pebpa
CTAHOBSITCSl OTKPHITBIMH. CBsI3HAsI IIENIOYKA BEPLIMH U OTKPBITBIX
peGep HaspiBaeTcs kpaeM. Kaxnelii kpail coctouT u3 pebep
OJIHOTO IIBETa.

TIponecc popmupoBanust Del(BW) MOXKHO paccMaTpuBaTh, KaKk
TIOCTPOCHUE Pa3pe30B H BBIACICHUE JOCKYTOB B Del(B) u Del(W)
U «CIIMBaHHE» JOCKYTOB C MOMOIIBIO Pa3HOLBETHBIX pedep U



Puc. 2: lcxonmele HepasjeneHHbIE (BBEpXy) W
oObenuHeHHas (BHU3Y) TpUaHTYIsIuH Jlenone

Illos 1

Illos 2 Illos 4

Puc.3: Jlockytsl ¥ 1B B  OOBEAWHCHHOMU
TPUAHTYJIALMU (LUKINYECKUH 1I0B 2 U pa30MKHYThIE
uBbl 1, 3, 4). IlyHKTHp — CTEXKH, IBOMHOM IIyHKTHD
— cTapTepsl, CTPEIKU — HAaIlpaBJICHHs LIIBOB.

rpaneil. MakcuMallbHbIE CBSI3HBIC IIOJMHOXKECTBA PAa3HOIBETHBIX
pebep u rpaHeil 0ObEIUHEHHOI TpHAHTYJISMU OylieM Ha3bIBaTh
mBamu. [Ipu  Takoi  Meradope  oOmpaBIaHO  Ha3bIBaThH
pa3HOLBETHBIE pedpa CTEXKKAMH.

Jlerko BHOETh, YTO KaKIBIH CTEKOK HMMEET B OOBEIUHECHHOM
TPHAHTYJSIMA He Ooiee [ABYX HHLUACHTHBIX Pa3HOIBETHBIX
TpaHel W KakAas pa3HOLBETHAs T'PaHb UMEET J1BAa MHIIMICHTHBIX
crexka. OTcrofa CleAyeT, YTo IIOB — 3TO CBS3HAS LEModKa
Pa3sHOLBETHBIX pedep U rpaHei.

Takum 06p330M, PacCMOTPEHHBIC CBOMCTBa JIOCKYTOB, pa3pe30B U
1IBOB TIO3BOJIAIOT OpraHusoBaThb rnpouecc O6T)e£[I/IHeHI/IH
HUCXOOHBIX TpI/IaHFyJ'ISIL[I/Iﬁ B BHJIC I0CJICA0BAaTCIbHOI'O
IOCTPOCHUA pPas3spe30B, BBIACICHUA KpacB U IOCTPOCHHS IIBOB

MEXJy Pa3HOLBETHBIMU KpasMH. OTOT TNPOLECC HAUYMHAETCS,
KOTJla KpaeB [Ba, a 3aBEPIINTCS, KOTJa YHCIO KPaeB CTaHET
PaBHBIM €UHUIIE.

[IloB MoeT OBITH Pa3OMKHYTHIM WIH IUKIHIecKkuM (puc.3). B
Pa3OMKHYTOM IIBE CYIIECTBYIOT JBa CTEKKA, SBISIOIINECS
rpaHuyHbBIMH pebpamu  Del(BUW), T1.e. peOpaMu BBITyKIOH
obosoukn Conv(BUW). B UMKIMYECKOM IIBE BCE CTEKKH
SBJIAIOTCS BHYTpeHHMMH pebpamu Del(BCW). Ilockonbky u
pa3pesbl, W MLIBBl INPEICTAaBISIOT COOOH CBSI3HBIE MHOXKECTBA
pebep U rpaHeif, mpouecc MOCTPOSHUST KaXIOro paspesa U IIBa
BKJIIOYAeT [Ba JTala: IIOMCK IepBOro ajeMeHra (pebpa WiH
TpaHu), MPUHAIJIEKALIEr0 ITOMY paspedy WIM LIBYy, a 3aTeM
HOCJIE/IOBATEIbHOE  NPUCOCAWHEHHE OCTANBHBIX  JJIEMEHTOB.
Bynem HaspBaTh mapy CadHTOB, C KOTOpPOH HayMHAETCS
NOCTpOEGHHE pa3pe3a u 1mBa, craprepoM. Craprep — 93TO
pa3HOLBeTHass Iapa caiitoB, oOpasyromas pebpo [lenoxe,
KOTOpOE ellle HEe BKIIOYEHO B OOBEAMHEHHYIO TPUAHTYILILUIO.
Craprep wuHHOMaIM3UpyeT o0a Ipolecca: paspe3aHus |
CIIMBaHMS: OH paspymiaeT TIpaHd ¥  pedpa  HMCXOIHBIX
TPUAHTYJSIIMI, YTO JaeT Hayajo paspe3a, M o0Opa3yeT NepBbIid
CTEXKOK, OT KOTOPOT'O HAUYMHAETCSI I1I0B.

TlocTpoeHne CMEXHBIX CTEKKOB ISl CTapTepa MOXKHO BECTH B
JBYX HAIpaBICHUSX: [0 OAHY HJIH 1O APYTYIO CTOPOHY OT HETO.
Jnst Toro 4ro0Bl pa3nMYaTh TU HANPABICHHS, YCIOBHMCS, UTO
CTE)KOK HMMEET JIEBBIM W TpaBblil CalThl, a MOUCK OYEPEIHOIO
CMEXHOTO CTEXKa OCYIIECTBISIETCS B HAIPABICHUU TIEpes HUM
(puc.3). dns pa3oMKHYTOrO MIBa MPOIECC IMOHUCKA CMEXHBIX
CTEXXKOB, HAYaBIINCh OT CTapTepa, BBIIBUT YacTh LETOYKH IO
OJHy CTOPOHY OT cTapTepa. 3aTeM Hy>KHO BEPHYTHCS K CTapTepy,
«pPa3BEPHYTH» €ro, T.€. MEPEONPEAEIUTh B HEM JIEBBII U MPaBBIil
CaliTBl W MOCTPOUTh BTOPYIO TOJOBUHY LEmOuku. Jlns
OUKJIMYECKOTO IIBAa IIOCIEA0BATETBHOE ITOCTPOCHHE CMEXKHBIX
CTeXKOB NpPHBEAET K  3aMBIKAHMIO  IEMNOYKH, T.e. K
TIPUCOCIMHEHUIO IIBa K CTapTepy C APYroil cTopoHs! (0B 2 Ha
puc.3).

IIpoueccel  pa3pe3aHuss W CIUMBaHUS  TPUAHTYJSIIMHA — HE
00513aTeNbHO JOJDKHBI OBITh YCTPOEHBI CTPOTO MOCIEOBATEIIBHO.
B npennaraemoM anroputMe OHU HAYT OJHOBPEMEHHO IO Mepe
MOCTPOEHUSI HOBBIX CTEXKOB: OUEPETHON CTEKOK HCIIONIb3YyeTCs
JUIsL YBEJIMYEHHUS pa3pe3a U paclIMpeHUs KpaeB U TYyT Ke
OCYUIECTBIISIETCS JIOKaJIbHAS CIIMBKA 3TUX KpaeB, MPUBOJSIIAS, B
CBOIO oOuepenb, K OOpa30OBaHUIO HOBOIO CTEXKKa. AJTOPHTM
BKJIIOYAaeT B ce0sl IpoLexypbl IMOWCKAa HavyalbHOTO CcTapTepa,
MOCTPOEHUS pa3pe3a U IIBa U IIOUCKA OUEPEHOrO cTapTepa:

1). HaiiTu HauansHBIHA cTapTep;
2). IlocTpouTs pa3pes u IIOB OT HAlICHHOTO CTapTepa;
3). IIpoBecTr MONCK OUEPEAHOTO CTAPTEPA;

4). Ecin ouepenHOW crapTep HaiiieH, TO MepedTH K 1, WHaye
3aKOHYHTD.

5. BIYUCIIUTENbHbIA 3KCMEPUMEHT

Anroputm peammzoBaH B cpene Delphi u  mposepeH Ha
NPaKTHYECKNX 3ajadax cpemmeil pasmeproctd (n ~ 10%). Jlms
OLICHKM IIPEAJIOKEHHOr0 IMO/X0Ja ObUla MOCTaBlICHA CEpHs
BBIYUCIIUTENBHBIX 9KCIEPUMECHTOB o IIOCTPOCHUIO
TpuaHrynsaimid  Jlenone cpenneir pasmepnocta  (500+10000
Touek). OOmuH MaccuB TOYEK IONY4YeH IIyTeM CIIydaifHOro
BBIOOpA B KPyre ¢ PaBHOMEPHBIM PACIpe/ielIeHHeM BEPOSTHOCTH.
IIpy pekypcHMBHOM IOCTPOCHHM TPHAHTYJISLUM HCIIONB30BAINUCH



4 pasnuuHbBIX crnocoba pa30ueHHs MHOXECTBAa TOYEK Ha IBE
YacTH. B HIePBBIX JBYX criocobax BBITOJIHEHA
JeKcuKorpaduueckasi COPTUPOBKA TOYEK [0 KOOPIMHATaM (X,)).
B Tperbem criocobe TOUKH OTCOPTHUPOBAHBI JIEKCHKOIpahHUECKH
B JBYX OTHEIBbHBIX MaccuBax — N0 (x,y) (TOpU3OHTaNbHOE
ynopsagoueHue) u mo (y,x) (BepTUKaJbHOE ymHopsnaoueHue). B
YETBEPTOM CIIOCOOE COPTUPOBKA HE MPOBOAMIIACK.

Cnoco6 I. YnopsimoueHHBIH MaccHB pa30UBaeTCs Ha J(BE PABHBIC
yactu. IlepBasi mosoBHHA MaccHBa — YEpHBIE TOYKH, BTOpas —
Oenple. OTOT cmoco6  SKBUBAIEHTEH TPaAUILIIOHHOMY
MIPOCTPAHCTBEHHOMY PpasJieNeHuIo MHOKECTBa TOYEK
BEPTUKAJIBHOU NPSAMOIL.

Croco6 II. B ynopsnoueHHOM MaccHBEe TOYKH C HEYETHBIMH
HOMEpaMH OOBSIBIAIOTCS YEPHBIMH, @ C YSTHBIMU — OEJIBIMH.

Cnoco6 III. Ot6uparoTest nBe KpaiiHue (IepBas W ITOCIETHS)
TOYKM CHayajda M3 «TOPH3OHTAJIBHOTO» MacCHBa W JBE U3
«BEPTHKAIGHOTO» U  OOBSABIIIOTCS YEPHBIMH. 3aTeM W3
OCTaBIINXCSl TAKUM >K€ 00pa3oM BEIOMPAIOTCS YeThIpe TOYKH,
KOTOpBIE OOBSBISAIOTCS OesbIMU. Jlaliee CHOBa YETHIpe YepHBIE U
T.1.

Croco6 _IV. HeynopsinoueHHBIE MacCHUB TOYEK JEIUTCA
nomnoiam. [TepBast mosoBMHA MaccHBa — YepHbIC TOUYKHU, BTOPAs —
6enble. [Tomywaercs uncTo cnyyaiinoe pa3oueHue.

JUis  KakAoro - ajropuTMa  OLCHHUBAJIOCh  KOJIMYECTBO
o0pasylolxcss B IIPOLECCE  PEKyPCUBHOTO  MOCTPOCHHS
TpUaHTyJIAui J[eJI0oHe «IIOXUX» TPEYrOJIbHUKOB OTHOCHUTEIBHO
ux obmero umcima. [IIOXMMHM  CUMTaNnCh  TPEYTOJBHHKH,
HMEIOIUe Yroyl OoJblne 179° PesynbTaThl 3KCIIEPUMEHTOB
NIpUBECHBI B TabnuIe.

Ta6nuya. Jlonst TPeyTroTsHAKOB ¢ yriaamu Gombmmmu 179°.

Yucno Cnocob pasgeneHnst To4ek Npu pekypcum

T‘(’:‘)e" ! I it v
500 0,55% 0,14% 0,05% 0,019%
1000 0,78% 0,35% 0,05% 0,020%
2000 1,22% 0,58% 0,12% 0,021%
5000 1,96% 1,10% 0,22% 0,017%
10000 2,43% 1,57% 0,35% 0,014%

Kak BuaHO w3 TaOmuMubl, BCe TPH BapHaHTa IOCTPOCHUS C
Hepas[eJeHHbBIMU TpuaHrysimusamu  (cmocobsr  [I-IV)  maror
CYLIECTBCHHO JydlIMi pe3yinpTar (Ha 1-2 mnopsaka), dem
TPAJMIIMOHHBIA CIOCO0 ¢ MPOCTPAHCTBEHHBIM paszaeneHueM. [Ipu
9TOM U30IIpeHHbIe cnocoObl pasmenenust touek (II w II)
OKa3aJIUCh XyJXKe, YeM IIPOCTOH CITydaiHbIil BEIOOp IIBETa TOYEK.

6. 3AKINIOYEHUE

HpOBeﬂeHHOe HUCCIICIOBAaHUE IIOKa3bIBacCT, qTo
OPOCTPAHCTBECHHOC Pa3ACICHUE MHOXCECTBA TOYCK HpHMOfI

JIMHUCH SABJISICTCS He00s3aTeIbHBIM npu PEKYpPCUBHOM
NOCTPOCHUUN TPpUAHTyJIAUN Z[CIIOHG. Hcnonw3zoBanue
OPEAJIOKEHHOTO ajropurma PEKYPCUBHOI'O CIINSIHUSA

Hepa3eNeHHbIX TPUaHTYJISIIUHA JleloHe MO3BOJSET CYIIECTBEHHO
CHU3UTH JIOJIIO BBIPOXKJIEHHBIX TPEYTOJbHUKOB B IIPOMEKYTOUHBIX
TpuaHryJsuax. OOmee 4YHCIO IUIOXHUX TPEYTOJBHUKOB — C
yriaamu, OJU3KAMH K 180° COKpalaeTrcs Ha JBa MOpsaKa s
3ana4 pazmepHoctd 1000-10000. D10 MO3BOISAET MPENTOTOKUTD,
YTO MPEUIOKEHHBIA alTOPUTM 00JIee YCTOIYHUB IO CPABHEHUIO C
TpaJuMOHHBIMU aJqropuTMamH, HCIIOJIE3YIOUTUMHU

HPOCTPAHCTBEHHOE pa3felieHHe TOYEK. 3aMeTHUM, YTO 3TOT
pe3yabTaT  HONydeH ~ 0e3  CHIDKEHHMS  BBIYMCIUTCIIBHOI
3¢ (PEeKTHBHOCTH, TOCKOJbKY AaCHMITOTHYECKas  CJIO0KHOCTh
NpeAsoXKEeHHoro anroputma cocrtasiusier O(n log n) B Xyauem
ciydae. OKCIEPUMEHTHI MoKa3ajy, 4YTO BBIOOp crocola
pa3fesieHHs MCXOAHOTO MHOXKECTBA TOYEK IPU PEKYPCHBHOM
HOCTPOCHUM TPUAHTYJALMM TAKKe BIMSAET HAa Ka4decTBO
HOJIy4aeMbIX MPOMEXKYTOYHbIX TpHaHryysiuui. ITostomy 3amaua
HOCTPOCHHS ONTUMAIIBHBIX B PAa3IMYHOM CMbICIE pa3OMeHUH
HCXOJJHOTO MHOXECTBA TOUYEK BIIOJIHE IIPAaBOMEPHA U JKJIET CBOETO
UCCIIEIOBAHMSI.
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DELAUNAY TRIANGULATION:
WITHOUT SPATIAL SEPARATION

RECOURSION

Leonid Mestetskiy, Elena Tsarik

Abstract

We consider Delaunay triangulation design method with the use
of special divide algorithm, its subsets. Traditional Delaunay
triangulation merging technics methods which use spatial
division, narrow angle triangle appearance on the stage of
recursion. Our method solves this problem by set of points
division control. Experiments shows, that number of degenerated
triangles decreases to about 100-150 times for 10000 points. In
the worst case the estimation computing complexity of the
algorithm is O(n log n).

Keywords: Delaunay triangulation, merging of triangulation,
nonspatial-separated triangulations.

ABTOpbI

Mecrenxuit Jleonun MouceeBud — 10KTOp TEXHUUECKUX HAYK,
npogeccop kadeapsl THPOPMAITMOHHBIX CUCTEM H TEXHOJIOTHI
TBepckoro rocyapcTBEHHOTO YHHBEPCHUTETA.

IMapux Enena BnagumupoBHa — cTyI€HTKa MarucTparypbl
xagenpsl HHGOPMALMOHHBIX CHCTEM U TeXHONOrui TBepcKoro
TOCYAapCTBEHHOTO YHHBEPCHUTETA.
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