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Paspa6oTtka - inarpamma BopoHOro n eé npumeHeHus """

Anroputmbl®, C++*

[obporo BceM BpeMeHM CyTOK, YBaxxaeMble noceTuTenn cainta Xabpaxabp. B naHHON cTaTbe A 6bl XO0TeNn pacckasaTb BaM O TOM, YTO Takoe
avarpamma BopoHoro (M3o6paxeHa Ha KapTUHKE HUXE), O Pas/IMuHbIX anropuTMax eé nocrtpoeHus (3a O(n4), O(nz *log(n)) —
rnepeceyeHne nosnynsaocKocTen, O(n * log(n)] — anroputM ®opuyHa) U HEKOTOPbIX TOHKOCTSX peanu3auun (Ha ssbike C++).

Takoxke GY,CI,ET paccMOTPEHO MHOMO MHTEPECHbLIX MPUMEHEHNI ANnarpaMMbl U HECKONTbKO N060MbITHBIX ¢dakToB 0 Hel. ByaeT nHTepecHo!

MnaH ctatbu:

— HeobxoanMble NOHATUS U onpeaeneHns
— ANropuUTMbl NOCTPOEHUA

— lMpuMeHeHuns

— WHTepecHble akTbl

— Cnucok nutepartypbl

CTOWUT OTMETUTb, YTO B JaHHOI CTaTbe 6yAyT paccMaTpuBaThLCA TOMbKO afirOPUTMbl MOCTPOEHMS AMarpaMmMbl BOPOHOro Ha niockocTy.
MonyTHO 6yAyT pacCMOTpeHbl HEKOTOpble ApYyrue anropuTMbl, HEO6X0AUMbIE ANS MOCTPOEHUSI AMarpaMMbl — airOPUTM OMNpeaeneHuns

TOUKWN NepeceyeHuns AByX OTpe3koB, anroputM O Pypka nepeceyeHns ABYX BbiMyK/bIX MHOMOYro/ibHUKOB, a/irOPUTM MOCTPOEHMS
«6eperoBon TMHUM».

HeO6XOLI,VIMbIe NMOHATUA U onpeaeneHnA
Cpasy ckaxy, uTo BC&, uTo 6yAeT Aanblue NPONCXOAUTb, HAXOAWUTCA HA MIOCKOCTY.
YTo X, Nepea TeM, KaKk HayaTb pa3bupaTtbcs, UTO 3TO Takoe — AvarpaMma BopoHOro, HaNmoOMHIKO HEKOTOPbIE MOHSATUS HYXXHbIX HaM

reoMeTpunyecKkmnx o6bekToB (npe,qnonaraeTcn, OAHAKO, 4YTO Bbl YXX€ 3HAaKOMbIl C onpeaeNieHNAMN TOUKN, I'Ipf-lMOVI, nyda, OTpe3Ka,
MHOroyrosibHuKa, BepLlwunHbl 1 pe6pa MHOroyrosibHuKa, BeKrtopa n UHTYUTUBHOIO NOHATUA pa36MeHm:| I'IJ'IOCKOCTM):
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/—IpOCTOI;I MHOIroyro/ibHMK — 3T0O MHOIoyroJibHuK 6e3 caMonepecequMVl. Mol 6y,qu paccMaTpumBaTb TONIbKO NMPOCTbIE€E MHOIOYrosibHUKN.

HeBbInyK/ibIfi MHOrOYro/ibHMK — 3TO MHOIOYrOfibHUK, B KOTOPOM HalAyTCs Takue ABe BEPLUMHbI, YTO Yepe3 HUX MPpOoBOAUTCS nNpsiMas,
nepecekawoLas AaHHbINA MHOMOYroNbHUK rae-nnbo elwé, kpome pebpa, COEANHSIOLLErO 3TN BEPLUNHDI (CM. KapTUHKY),

BbInyK/iblii MHOrOyro/lbHUK — 3TO MHOFOYTrOfIbHWK, Y KOTOPOrO NMPOAO/IXXEHUSI CTOPOH HE NnepeceKaloT APYruMX ero CTOPOH (CM. KapTUHKY).
C ApyrMMM BapuaHTaMu onpeaeneHnin MOXXHO 03HAKOMUTLCS Ha BUKUTEANN,

Bbinyk bl HeBbinyknbli
MHOr 0y OIbHUK MHOT Oy ONTbHUK

VIMEHHO 13 BbINYK/bIX MHOFOYTrO/IbHUKOB U 6yZEeT COCTOSTb AnarpamMma. MoyeMy MMeHHO M3 BbiNyK/bIX? MOTOMY YTO OHW SIBASOTCS HUYEM
MHbIM, KaK nepeceyeHMeM MosyMI0CKOCTEN (Kak Mbl YBUAUM YyTb MO3XKE), KOTOPbIE SABASIOTCS BbIMYKAbIMW GUrypaMu, a BOT NodyeMmy
nepeceyeHune BbiMyKbIX hUryp — Bbinyknas Gpurypa, Nnpeanoxy BaM y3HaTb caMMM (A0Ka3aTeNbCTBO €CTb, HanpuMep, B kHure [21]).

Pa3 y>x 8 Hayan roBopuTb NPO NOMYNIOCKOCTU, TO MOXHO MJ1ABHO NEPENTM N K CaMOl AMarpaMMe — OHa COCTOUT U3 TaK Ha3blBaeMbIX
JIOKYCcOB — ob6nacreli, B KOTOPbIX MPUCYTCTBYIOT BCE TOYKM, KOTOPblE HAaXoAATCa 6/MXe K AaHHOM TOYKe, YeM KO BCEM OCTaNbHbIM. B
Avarpamme BopoHOro NOKYCbl SABASIKOTCS BbIMYK/bIMWU MHOMOYrO/lbHUKaMMU.

Kak cTpouTb nokyc? Mo onpeaeneHnto oH 6yaeT CTpouTbCs Tak: MyCTb AaHO MHOXECTBO U3 N TOYEK, AJIS KOTOPOro Mbl CTPOUM
AvarpamMy. Bo3bMEM KOHKPETHYIO TOUKY P, ANl KOTOPOW CTPOUM JIOKYC, U ELUE OAHY TOYKY U3 AaHHOro HaM MHoXecTBa —  (He paBHYH
p). MNpoBeaéM OTPE30K, COEAMHSIOLWMNI 3TN ABE TOYKM, U NPOBEAEM NpsaMYt0, KoTopasi 6yaeT SBNSTbCA cepeAUHHbIM NeprneHAnKynsipoM
[aHHOro oTpe3Ka. dTa npsMasi AenuT MJI0CKOCTb Ha ABe MOMYNI0CKOCTU — B OHOWM NEXMUT To4Ka P, B APYrON NeXUT Touka . B AaHHOM
Cly4ae NoKyCaMun 3TUX ABYX TOYEK ABNAKTCA NONny4dYeHHble NOAYN10CKOCTH. To ecTb Anga T0ro, YyTOobbI NOCTPOUTb JTOKYC TOYKUN P, HYXHO
NnoNy4YnTb NepeceyeHme BCcex TaKMx NOMYNI0CKOCTeN (TO eCTb Ha MecTe q NobbIBalT BCE TOYKM AaHHOrO0 MHOXECTBa, KpoMe p).

HPQ HCIP

Pe—FH—2(

TouKy, ANs KOTOPOW CTPOUTCS JIOKYC, Ha3biBaloT caMToM (site). Ha cneaytoweit KapTMHKE JTOKYCbl MOMEeYeHbl Pa3HbIMU LiBETaMM.

ANropunTMbI NOCTPOEHUSA AMArpaMMbl Kak pas U eCTb HEe YTO MHOE, KaK afirOpUTMbl MOCTPOEHNSA 3TUX CaMbIX JIOKYCOB ANSi BCEX TOYEK U3
3agaHHoro Habopa. JIokyCbl B JaHHOW 334a4e TakXe Ha3blBalOT MHOroyro/ibHuKamMmm BopoHoro wnw syerikamm BopoHoro.

HakoHeu, chopmynupyem onpeneneHne guarpaMmmbl BOpoOHOro n Touek Ha NJIOCKOCTU (N — HaTypanbHoe) — 3TO pa3ébueHue
NJIOCKOCTH, COCTOSILLEE U3 N JIOKYCOB (418 KaXA0M TOYKM Mo NoKycy). OnsiTb Xe, APYrovi BapuMaHT onpeaeneHns MoXHO HaruTu Ha

BUKUMNeann.

KcTraTtu, BOT CaiT ¢ MHTEPaKTUBHbLIM LIBETHLIM BU3Yann3atopoM AuarpaMmMbl BOpOHOro, MOXXHO CaMOMy HaXmMaTb Ha 061acTb U SaanfaTs
BMAETb, KaK CTPOMTCA Avarpamma.
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Ecnun nHTepecHo, kak nosiBunack gumarpamMMa u nodemy oHa HocuT damumnuto BopoHoro, To BaM CTOUT B3r/ISSHYTb NoA cn017|r|ep HUXe.

HeMHoro ncropum

(maTepuan B3AT C caiiTa)
Booble, nepBoe Ucnonb3oBaHMe 3TOM AMarpaMmMbl BcTpeyaetcs B Tpyae PeHe [ekapTa (1596-1650) «Hauana dunocodpumn» (1644).
[ekapT npeanoxun geneHvie BceneHHoM Ha 30Hbl FPaBUTALMOHHOMO BIUSIHUS 3BE3A.

MEDITATIONES
DE PRIMA

| PHILOSOPHIA. |
IN QVA DEI EXISTENTIA

ET ANIMAZ IMMORTALITAS
DEMONSTRATYR

] DES.CARTES. ‘
|
|

PARISIIS, |

ApudMiCHAELEM Sory 4 Tacobed fub |
figno Pheeni

A M. DC. XL1fic

i Prisilegis, e Approbarione Dolforsms

TonbKO CNyCTS ABa Beka, U3BECTHbIM HeMeLKnin Matematuk NoraHH Metep MNycras Jlexén-Aupuxne (1805 — 1859) Been agnarpammbl
ANS ABYX- N TPEXMEPHOro ciy4yaes. M03TOMY MX MHOrA@ HasblBalOT AnarpaMmamu upuxne.

Hy a yxe B 1908 roay pycckmint matematmk Feoprun ®eogocbeBmy BopoHoii (16(28) anpens 1868 — 7(20) Hosbpsa 1908) onucan 3Ty
Avarpammy Ans npoctpaHcTe 60nbWNX pa3MepHOCTeN, C TeX Nop Anarpamma HocuUT ero pamunumio. BoTt ero kpatkas 6uorpadusa
(B3siTO U3 ):

leopruin deopocbeBny BopoHoW poauncs B gepesHe XXypaska MNontasckoi rybepHumn (HbiHe YepHurosckasa obnactb). C 1889 roaa
obyyancsa B CaHkT-leTepbyprckom yHusepcutete y AHgpess Mapkosa. B 1894 roay 3awmtnn Marncrepckyto gucceptaumio «O uenbix
uncnax, 3aBUCALWNX OT KOPHS YypaBHEHUS TpeTbel cTeneHn». B ToM xe rogy 6bin n3bpaH npodeccopoM BapluaBckoro yHUBepCUTETa,
rae usydyan uenHble apobu. Y BopoHoro obyvanca Bauynas CeprninHckuii. B 1897 rogy BopoHOM 3alwumMTna AOKTOPCKYHO AuccepTaumio
«06 ogHOM 0606L1eHMM anropMTMa HenpepbIBHbIX 4pobein», yA0CTOEHHY NpeMum nMeHn ByHAKOBCKOro.
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An rOpUTMbI MOCTPOEHUA

Hayunmcs ctpontb gnarpamMmy BopoHoro. Mbl paccMOTpuM 4 anroputma, 2 u3 KoTopbix NogpobHo (1 ¢ peanusaunen, NOAHON peanusaumm
anroputMa ®opyyHa 6yaer noceslleHa OTAeNbHas CTaTha), eweé 2 kpaTko (u 6e3 peanunsauunn):

1. AAropnTM NoCTpoeHuns avarpamMMbl BopoHoro «B n06». CnoXHOCTb: ()[;14);

2. AnropuTt™ NocTpoeHusi AnarpaMmbl BopoHoro nyTém nepeceveHms noaynnockocrei. CloXHOCTb: ()[;;_2 *login));
3. Anroputm ®opuyHa NOCTPOeHUs AnarpaMmMbl BopoHoro Ha nnockoctu. CroxHocte: O + log(n));

4. PeKypCUBHbI anropuT™M NOCTpoeHUs AnarpamMmmbl BopoHoro. CnoxHocTb: {1 ?r)g[n.) ).

Mocne onncaHus HeKOTOpbIX anropuTMoB 6yAeT NpuBeAeHa ero peanusauuns Ha s3bike C++. [ns peanusaumm ncnonb3oBanacb
HanucaHHas Hamu 6ubnunorteka SplashGeom © — , B KOTOpOI eCcTb BCE HeobXxoaMMOoe ANa peannsaumm MHOrnx
anropvTMOB BbIYNCITUTENBHOW FEOMETPUMN Ha MJTIOCKOCTM U HEKOTOPbIX B MPOCTpaHCTBeE. MpoLly He CyAuTb CTPOro AaHHyk 6ubnuoTeky,
OHa ELUE HaxoAWTCS B CTaAUWN aKTUBHOW pa3paboTKuM U yNyulleHUs, OAHaKO BCE 3aMeyaHust 6yayT ycblllaHbl.

Ecnu >xe BaM MHTEpecHbl Apyrue peanusaunun, To BOT elé HEKOTOpbIE:

e Peanuszauusa Ha java

Tenepb nepeinsém K HENOCPEACTBEHHOMY PAacCMOTPEHMIO a/irOPUTMOB:

ANropuTM NOCTPOEHUNA AnarpaMmbl BopoHoro «B n106» 3a 0in?)

3pecb uaes B ToM, YTo6bl NepecekaTb He MoynaockoCTU, @ UMEHHO CepeanHHbIe NeprneHAnKyNsapbl OTPe3KoB (MOTOMY YTO 3TO NPOLLE,
cornacuTech), COeANHSIOLLMX AaHHYIO TOUKY CO BCEMU APYrMMM TOYKaMu. TO eCTb Mbl, ClieAyst onpeaeneHunto syeliku BopoHoro, 6ynem
CTPOUTb JIOKYC AJ1S TOYKK P TaK:

1. Monyyaem n-1 npsMyto (cepeanHHblE MEPNEHANKYSAPbI), TaK Kak Mbl NPOBENW CEpeAMHHbIE NeprneHANKYNsipbl BCEX OTPE3KOB,
COeANHSILWNX JaHHYIO TOUKY P C OCTanbHbIMU;

2. MNepecekaeM nonapHoO BCE NpsMble, NONyYaem (’)[}12) TOYeK nepeceyeHms (NOTOMY YTO Kaxaas NpsiMasi MOXET nepeceyb BCce Apyrue,
B «XYALUEM cnyvae»);

3. MpoBepsieM Bce 3Tn ()[;12) TOYEK Ha NPUHAANEXHOCTb KaXAoh U3 N-1 NOonyniocKoCTel, TO eCTb MOMYyYaeM yxe aCUMMTOTUKY ()[,1;_3).
COOTBETCTBEHHO TE TOYKM, KOTOpbIE NMPUHAANEXaT BCEM MOMYMNSIOCKOCTAM, U 6yayT BeEpLUMHAMK Sueikn BopoHOro Touku p;

4. MpoaenbiBaeM MnepBble TPU Wara A BCEX N TOYEK, NMOSTyYaeM UTOroBYH acCMMNTOTUKY ()[”_'1:].

Cc anropnuTMOM TakKXe MOXHO O3HAaKOMUTbCA Ha

Mpw xenaHnmn Bbl CaMOCTOATENBHO MOXETE peann3oBaTh 3TOT a/ifrOpUTM C noMoubio SplashGeom ©. B gaHHOW cTaTbe ero peanusaumst He
NpUBOAUTCS, MOTOMY KaK AaHHbIA anropuMTM Ha NpaKTUKe CUJIbHO YCTynaeT XoTsa 6bl cieaylowemy...

ANropuTM NOCTPOEHMUSA AMarpaMmmbl BOpoHOro nyTém nepeceyeHms nonynaockocTen 3a o(n? « iogin))

DTOT a/IfOPUTM YXXe MOXXHO MCMONb30BaTbh Ha NPaKTUKe, Tak Kak OH He MMeeT CToNb 60NbLION BbIYNCIIUTENBHOM CNIOXHOCTU. [N HEro Ham
n0Tpe6yE‘rcn: YMETb NepeceKkaTb OTPE3KN U NPsAMblIE, YMETb NepeceKkaTb BbliNYK/ibl€ MHOIOYyrosibHMKM, YMETb NepecekaTb NosynjaoCKoCcTHu,
yMeTb 06BbeANHATb NOYyYEHHbIe JIOKYCbl B AMarpammy.

Anroputm

1. NMonyyaem n-1 npsaMylo Ans TeKyluero calita (Kkak B NpeablayLieM anropuTtMe — cepefuHHble nepreHanKynspbl). 3to 6yayT
«obpasyrowme» nonynaocKocTen;

2. Tenepb Mbl UMeEM N-1 MONYMNIOCKOCTb. Kaxaas u3 3TUX NonynjiockocTei 3aaaéTcs Kakon-nnb6o npsiMoit U3 npea. NyHKTa u
OopueHTaumel, To eCTb C KaKoW CTOPOHbI OT MPSIMOI OHa pacnonoxeHa. OpUeHTauuio MOXHO onpeaenuTb Mo TeKyLleMy CanuTy, Ans
KOTOPOro CTPOUM JIOKYC — OH JIEXXUT B MCKOMOM MOMYMIOCKOCTM, @ 3HAYUT U ero JIOKYC AOSKEH JieXaTb B HEW;

3. MepecekaeM BCe MOMYMIOCKOCT — Mbl CMOXEM AenaTb 370 3a (1 * [og(n)) — nonyyaem nokyc Ans Tekyllero caitTa;
4. MpoaenbiBaem nepeble TPY LWara Ans BCEX N TOYEK, MONyyaeM UTOroBylo acumntotuky 11 * O(n * log(n)) = O(n® * log(n)).
Peanusaumns

OcHoBHasi 3arBo3aKa 34ecb, s CUMTal0, peannsoBaTb HOPMasrbHOE NepeceyeHmne BbiMyKbIX MHOMOYrOfIbHUKOB, MOTOMY Kak TaM eCTb
HEMNPUATHbIE BbIPOXAEHHbIE CNy4Yan (cosna,qume BEPLUH I/I/VU'IVI CTOPOH MHOroyroJibHMKOB; B C/lly4ae nepece4yeHmnsa MHOroyrosibHuKa c
caMuMm coboit Hago HeMsIoXo NoAyMaTtb, YTO6bI aganTupoBaTh anropmuTM O Pypka Afsi KOPPEKTHON paboTbl B 3TOM C/iydyae).

Cpasy CKaxy, YTo Mbl OrpaHMuMBaeM BClO 061acTb AEUCTBUI OrpaHNYMBaIOLWMM MPSIMOYIroIbHUKOM — MOJYNN0CKOCTU 6yayT
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oTCeKaTb OT Hero 4actu, KOTopble Mbl U Nepeceyém Apyr C ApYyroM. DTO pellaeTt I'Ip06ﬂeMy 6EeCKOHEYHbIX SlUeeKk B Anarpamme.

MepeceyeHune NpsMbIX U OTPE3KOB

MpUYéM HaM Hy>XHbl MIMEHHO TOYKWN NepeceyeHns, a He NPOCTOo ornpeaeneHne ero Hannumsa. B SplashGeom © 3To ecTb — BOT, K NpuMepy,
peanusauuns nepeceyeHunss NpsiMbIX U OTPE3KOB:

Point2D Line2D::GetIntersection¢onst Line2D& second line) const

{
double cross_prod norms = Vector2Dthis->A, this->B).OrientedCCW (Vector2D(second_line.A, second line.B));
Point2D intersect_point;

if (fabs(cross_prod norms) <= EPS) {

fabs(this->B * second line.C - second_line.B *this->C) <= EPS) {

intersect_point = kNegInfPoint2D;

intersect_point = kInfPoint2D;

} else {
double res_x = (second line.C *this->B - this->C * second_line.B) / cross_prod_norms;
double res_y = (second line.A *this->C - this->A * second line.C) / cross_prod norms;
intersect_point = Point2D(res_x, res_y);

}

return intersect point;

Point2D Segment2D::GetIntersectiond¢onst Segment2D& second seg) const
{
Line2D first line (*this);
Line2D second line(second_seg);
Point2D intersect point = first line.GetIntersection(second line);
if (intersect_point == kNegInfPoint2D) {
if (this->Contains(second_seg.b)) {

intersect_point = second_seg.b;

else if (this->Contains(second_seg.a)) {

intersect_point = second_seg.a;

else if (second seg.Contains this->b)) {

intersect_point = this->b;

else if (second_seg.Contains this->a)) {

intersect_point = this->a;

else {
intersect point = kInfPoint2D;
}
} else if (! (this->Contains(intersect_point) && second_seg.Contains(intersect_point))) {
intersect_point = kInfPoint2D;
}

return intersect point;

[MepeceyeHne BbINYK/bIX MHOMOYrofbHUKOB

Tenepb peanvdyeM nepeceyeHe MHOrOYrofibHUKOB. MOXHO, KOHEUHO, AenaTb 370 3a (3 nim), TAe N M M — KOMMYECTBO BEPLUMH NEepBOro
W BTOPOro MHOIOYrofibHMKa COOTBETCTBEHHO — MepecekaTb KaXAyl CTOPOHY MepBOr0 MHOMOYrofibHMKa C KaXAoM CTOPOHOW U3 BTOPOro,
3anucbiBas TOYKMN NepeceyeHnd, a TakXXe NpoBepPATb TOYKMN Ha NMPUHAANEXHOCTb APYrOMY MHOMOYyroiibHMKY, HO Mbl, Aasbl AOCTUNYb }'IyHLIJGVI
ckopocTu, 6yaeM nepecekatb Mo anroputmy O Pypka (OpurMHanbHOe onvcaHue anroputMa — ).

TakKe C OAHWMM U3 BapMaHTOB €ro OnmncaHns MOXXHO 03HAKOMUTLCS Ha . Y Hac xe peanusaums ocHoBaHa Ha OnmcaHum
anropuT™Ma B KHUre (cTp. 334), C HEKOTOPbLIMU AOMOAHALWMMU naesMm. Cpasy oTMedy, YTO AaHHas peannsauus He yuuTbiBaeT
cnyyam, Koraa y MHOroyrofisHUKOB eCTb 06Lume CTOPOHbI (Kak OTMeUYeHo B KHUre [1], 3TOT cnyyvait TpebyeT oTAeNbHOro
pPaccMOTPEHMS), OAHAKO CllydYan C 06LMMM BEPLUMHAMK paboTakoT KOPPEKTHO.
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Moa cnoinepoM Huxe MOXHO yYBUAETb obllee onnucaHne anropuTMa.

ANropuTM (3a AOMOMHUTENbHLIMW NOSICHEHMAMM 06pPaTUTECh K Bbille YKa3aHHbIM UCTOYHWUKAM):
1. MNoka He NPONAET MakCMMasibHOe KOMIMYEeCTBO nTepaumii (40KasbiBaeTCsl, YTO OHO He 6onble 2*(n + m)), BbINO/HSAEM
cneayroLme MHCTPYKUNK:
a). bepém Tekylme pébpa nepBOro 1 BTOPOro MHOMOYrofbHUKOB;

6). Ecnun oHM nepecekatroTca — TorAa pacCMaTpuMBaEM TOYKY M3 MepeceyeHns: MoXeT HbiTb TakK, YTO Mbl TONbKO YTO eé fo6aBunn

B MHOMOYrofibHWK MepeceyeHunsi, Toraa npocro UrHopvpyem aobaBneHue, nHaye — ecsiv oHa He SIBASIETCS HayanbHON TOYKOM
nepeceyeHus (To eCTb Mbl yXe cAenanun Kpyr), To AobaBnisieM B nepeceyeHne, nHave 3aKkaH4YMBaeM asiropuTM — Mbl BCTPETUIN
TOUKY MepeceyeHusi, kotopas 6bina B Hayane;

B). [lanee (HE3aBMCMMO OT TOro, NepecekalnTcs Tekylume pébpa uam HeT) Bbi3biBaeM yHKLMIO [IBUMKEHMUE, KOTOPasi OTBEYAET 3a

nepeaBuXXeHNe OKHa NepBoro (MM BTOPOro) MHOroyrosibHMKa Ha oaHO pebpo Brnepéa, a Takxe 3a BO3MOXHOe AobaBneHne
BEPLUMHbI B MHOIOYrofibHUK nepeceveHnsi. OCHOBHbIE AEACTBUSA NMPONCXOAAT UMEHHO B [ABMXKEHUWN.

2. Ecnu He 6b1710 TOYEK NepeceyeHunst, onpeaennTb, IEXUT TN OAUH MHOIOYrOfibHUK BHYTPY APYroro (NpoBepka NpUHaAeXHOCTN
TOYKM BbINMYKIOMY MHOrOyrosibHuKY 3a O(log(KonnyecTBo BepLUMH MHOrOyrofibHMKa)) — , €Tp. 59-60). Ecnun nexwur, 10
BEPHYTb €ro, nHaye BEpPHyTb NMYCTOe NepeceyeHne.

DyHKLMIO [IBUXKEHUSA MOXHO peaniM30BbiBaTh MNO-pasHOMY, Y Hac OHa BO3BpallaeT HoMep (MeTKy) MHOroyrofibHuKa, pebpo KoToporo
Mbl ABUraeM. KOHLENTyanbHO OHa BHYTpW cebs AenaeT Tpu Bely:

— ornpeaensieT HOMep cnyyasi — TeKyllee B3avMHOe pacnonoxeHne pebpa nepBoro MHOroyronbHUKa U pepa BTOporo
MHOMOYrofibH1Ka. 3TO OCHOBHAas UAEs anropuTMa — MpocMoTP C/y4YaeB MOMIOXEHUS pébep OTHOCUMTENbHO Apyr Apyra. Bce atn
YeTblpe MOMOXKEHNSI XOPOLLO OMMcaHbl B [1], B Halel peannsauny nofioXeHWe OnpeaensieTcs C MOMOLLbI KOCOro Npov3BeaeHus
BEKTOPOB Ha MJIOCKOCTU;

— onpeaensiet, pebpo Kakoro MHOroyrosibHMKa ceiyac «BHYTPU», TO €CTb OHO JIEXUT «C/IeBa» OT APYyroro pebpa, y Hac 3To Toxe
NpoBepsieTCsl KOCbIM NMPOU3BEAEHUEM (NIEXUT «C/IEBa», €C/IN KOHEYHasl TOUKa NIEXUT «CleBa»);

— PpeLUaeT, 3anucbiBaTh JiM TEKYLUMIA KOHEL, OAHOro M3 pébep B MHOIOYyrofibHUK nepeceyeHusi. ECim 3To COOTBETCTBYET HYXXHOMY
c/yyato 1 pebpo BHYTPW, TO HYXKHO A06aBUTb, MHAYe HeT.

Hy a B SplashGeom © 3To BbIrNSAUT Tak:

Convex2D Rectangle::GetIntersectionalConvex2Ddonst Point2D& cur_point, const Line2D& halfplane) const
{
vector<Point2D> convex points;
Segment2D cur_side;
Point2D intersection_point;
for (int i = 0, sz = vertices_.size(); 1 < sz; ++i) {
int j = (1 +1) % sz;
cur_side = Segment2D(vertices_[i], vertices [j]):
intersection_point = halfplane.GetIntersection(cur_side);
if (intersection_point != kInfPoint2D)
convex_points.push_back(intersection point);
if (halfplane.Sign(cur_point) == halfplane.Sign(vertices [i]))
convex_points.push_back (vertices_[i]);
}
Convex2D result polygon (MakeConvexHullJarvis (convex points);

return result polygon;

NumOfCase EdgesCaseNum(const Segment2D& first edge, const Segment2D& second edge)
{
bool first_looks_at_second = first_ edge.LooksAt (second_edge) ;
bool second_looks at_ first = second edge.LooksAt (first_edge);
if (first_looks_at_ second && second looks_at first) ({
return NumOfCase::kBothLooks;
} else if (first_looks_at_second) {
return NumOfCase::kFirstLooksAtSecond;
} else if (second looks_at_first) {
return NumOfCase: :kSecondLooksAtFirst;
} else {

return NumOfCase: :kBothNotLooks;
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WhichEdge WhichEdgeIsInside (const Segment2D& first edge, const Segment2D& second_ edge)
{
double first second side = Vector2D(second edge) .OrientedCCW (Vector2D (second edge.a, first edge.b));
double second first side = Vector2D(first_ edge) .OrientedCCW(Vector2D(first edge.a, second edge.b));
if (first_second_side <0) {
return WhichEdge: :kSecondEdge;
} else if (second first_side <0) {
return WhichEdge: :kFirstEdge;
} else {

return WhichEdge: :Unknown;

WhichEdge MoveOneOfEdges (const Segment2D& first edge, const Segment2D& second edge, Convex2D& result polygon)
{
WhichEdge now_inside = WhichEdgeIsInside (first_edge, second_edge);
NumOfCase case_num = EdgescaseNum(firstiedge, second_edge) ;
WhichEdge which_edge is moving;
switch (case_num) {
case NumOfCase: :kBothLooks: {
if (now_inside == WhichEdge::kFirstEdge) {
which _edge_is moving = WhichEdge::kSecondEdge;
} else {
which_edge_is moving = WhichEdge::kFirstEdge;
}
break;
}
case NumOfCase: :kFirstLooksAtSecond: {
which _edge_is moving = WhichEdge::kFirstEdge;
break;
}
case NumOfCase: :kSecondLooksAtFirst: {
which_edge_is_moving = WhichEdge: :kSecondEdge;
break;
}
case NumOfCase: :kBothNotLooks: {
if (now_inside == WhichEdge::kFirstEdge) {

which edge_is_moving = WhichEdge: :kSecondEdge;

} else {
which_edge_is moving = WhichEdge::kFirstEdge;
}
break;
}
}
if (result_polygon.Size() !=0 && (case_num == NumOfCase::kFirstLooksAtSecond || case num == NumOfCase::kSecondLooksAtFirs

) |

Point2D vertex to_add;
if (now_inside == WhichEdge::kFirstEdge) {
vertex to_add = first_ edge.b;
} else if (now_inside == WhichEdge::kSecondEdge) {
vertex to_add = second_edge.b;
} else {
if (case_num == NumOfCase::kFirstLooksAtSecond)
vertex to_add = first_edge.b;// ?!
else
vertex_to_add = second_edge.b;
}
if (vertex to_add != result_polygon.GetCurVertex())
result_polygon.AddVertex (vertex to_add);
}

return which_edge_is_moving;
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Convex2D Convex2D::GetIntersectionalConvex (Convex2D& second polygon)
{
Convex2D result polygon;
size t max_iter =2 * (this->Size() + second polygon.Size());
Segment2D cur_fp_edge;
Segment2D cur_sp_edge;
Point2D intersection point;
bool no_intersection = true;
WhichEdge moving edge = WhichEdge: :Unknown;
for (size t i = 0; i < max_iter; ++i) {
cur_fp_edge = this->GetCurEdge () ;
cur_sp_edge = second_polygon.GetCurEdge () ;
intersection_point = cur_ fp_ edge.GetIntersection(cur_sp_edge);
if (intersection_point != kInfPoint2D) {
if (result_polygon.Size() ==0) {
no_intersection = false;

result_polygon.AddVertex (intersection_point);

} else if (intersection_point != result_ polygon.GetCurVertex()) {
if (intersection_point == result polygon.vertices (]) {
break;
} else {

result_polygon.AddVertex (intersection_point) ;

}
moving edge = MoveOneOfEdges (cur fp_ edge, cur_sp_edge, result_polygon);
if (moving edge == WhichEdge::kFirstEdge) {
this->MoveCurVertex () ;
} else {

second_polygon.MoveCurVertex () ;

}
if (no_intersection ==true) ({
if (second polygon.Contains this->GetCurVertex())) {
result_polygon = *this;
} else if (this->Contains(second_polygon.GetCurVertex())) {

result polygon = second_polygon;

}

return result_polygon;

Haperocb, faHHOE onncaHne n Koa 6Y.Cl,yT BaM MOME3HbI.

MepeceyeHne NoNynI0CKOCTEN

MTaK, y Hac ecTb BCE HEO6X0AMMOE AJSl MOCTPOEHUS MEPECEYEH NS MOYMIOCKOCTEN. UTO X, CAENaeM 3T0, Aa CAENIAaeM He MpocTo, a Mno-
YMHOMY — B CMJTy acCOLMaTUBHOCTM OMepaummn rnepeceHeHmns nosyriockocTeil, Mbl MOXEM NepecekaTb UX B /II060M MOPSAKE, a 3HaUUT
repeceyém [Be M0CKOCTU, MOTOM nepeceyéMm elwé ABe, a NoTOM nepeceyém Mx rnepeceveHmns, 3To Belb yxe bbICTpee, YeM nepecekaTb BCe
Mo-0TAENbHOCTH.

Tak uTo TYT LenecoobpasHo UCMOMb30BaTh PEKYPCUID {Epasy-HacTpoeHeneropToes) — eé paboTa 34€ecCh BroHE NOHATHA, CaMm
rnocMoTpuTeE:

lMocMoTpeTh Kopg,

Convex2D GetHalfPlanesIntersection(const Point2D& cur_ point, const vector<Line2D>& halfplanes, const Rectangle& border box)
{
if (halfplanes.size() ==1) {
Convex2D cur_convex (border_box.GetIntersectionalConvex2D(cur_point, halfplaned[));
return cur_convex;
} else {
int middle = halfplanes.size() >>1;

vector<Line2D> first half (halfplanes.begin(), halfplanes.begin() + middle);
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vector<Line2D> second_half (halfplanes.begin() + middle, halfplanes.end());
Convex2D first convex(GetHalfPlanesIntersection(cur_point, first_half, border_bo3x)
Convex2D second_convex (GetHalfPlanesIntersection(cur_point, second half, border bo3j})

return first_convex.GetIntersectionalConvex (second convex) ;

JobaBneHune nokyca B guarpammy
Tenepb Mbl UMeeM MHOrOyro/ibHMK BOpoHOro faHHoM Touku, nopa AobasBuTb ero B gvarpammy. Mpobnem ¢ 3TuM 3aecb 0cobo He

BO3HWKAET, MOTOMY KaK Mbl Mosiy4aem 061actv B NPOM3BO/IbHOM MOPSAKE, U MeXAy CO60l OHW HUKaK He CBsA3aHbl (B OTanune ot
peanusaumn B anroputMe OopyyHa, rae MOXHO NepenTn Ha CoCeAHMI NTOKYC Mo yKasaTento Ha pebpo):

Voronoi2DLocus VoronoiDiagram2D: :MakeVoronoi2DLocusconst Point2D& site, const ve

>r<Point2D>& points, const Rectangle& border_ bo
x)
{
Voronoi2DLocus cur_locus;
vector<Line2D> halfplanes;
for (auto cur_point : points) {
if (cur_point != site) {
Segment2D cur_seg(site, cur_point);
Line2D cur_halfplane (cur_seg.GetCenter (), cur_seg.NormalVec())

halfplanes.push back(cur_halfplane);

}

*cur_locus.region_ = GetHalfPlanesIntersection(site, halfplanes, border_box);
cur_locus.site_ site;
return cur_locus;
}
VoronoiDiagram2D VoronoiDiagram2D: :MakeVoronoiDiagram2DHalfPlanesénst vector<Point2D>& points, const Rectangle& border_ box)

{
Voronoi2DLocus cur_locus;
for (auto cur point : points) {
cur_locus = MakeVoronoi2DLocus (cur_point, points, border_box);
this->diagram_.push _back(cur_locus);
}

return *this;

Tak, Mbl HAy4YMIUCb CTPOUTL Anarpammy BopoHoro 3a ()[;12 * [og(n)), oHa umeeT BuA BekTOpa (Cnmcka) nokycos. Hepoctatok AaHHOro
peweHns — MHHOPMALMUKN O COCeAsX HE MONYUYUTb (BO3MOXHO, 3TOT HEAOCTAaTOK MOXHO TMKBUANPOBATL Y/YULWEHHON peanusaumnei).

Kyna 6onblue nHdopmaummn MoxHo nonyunts ns PCAC (DCEL). OTta cTpykTypa 6yaet ncnonb3osaHa B anroputme ®opuyHa.
[anee 6yaet onucaH anroputm ®opyyHa C UCNOMb30BaHNEM 3aMeTaloLel NpsaMol U «6eperoBoin NMNHUN» {FOTOBbTE Iy RafbHHMA I

AAABIA—HAEMHE-FFSK). [10 MOEMY MHEHUIO, 3TO CaMblii MPUEMSIEMbIV BapUaHT, eC/K Bbl XOTUTE peasin3oBaTh NMOCTPOEHME ANarpaMMbl
BOpOHOro 1 CTpouTb €€ co «CkopocTbio» eseta (O (n * log(n)).

Anroput™M ®opUyHa NOCTPOeHns amarpamMmMmbl BOpoHOro 3a Ofn «log(n))

B 1987 roay Ctus ®opuyH (Steve Fortune) npeanoxun anroput™ nocTpoeHusi Avarpammsl 3a O * foy(n) J. KOHeuHo, oH siBfisieTcs He
€ANHCTBEHHbLIM a/ITOPUTMOM NOCTPOEHUSA C Takom aCVIMI'ITOTVIKOVI, HO OH AOCTAaTO4YHO MOHATEH N HE OYeHb C/I0XXEH B peanunsaunn (.qa n, K
TOMY Xe, O4YEHb KpaCuUB-A-MaFeMaTHdeHt), N03TOMY s Bbl6pan MMEHHO ero.

MaTtepuanbl no anroputmy ®opyyHa MOXHO HaUTH

7 7 "

KcraTn, paccMOTpeHunto AaHHOro anropmuTtMa yxe 6bina nocesileHa cratba Ha Xabpaxabpe.
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MTak, ocHOBHas uaes anroputMa — 3TO Tak Ha3biBaeMas 3aMmeTtarowjan npsimas (3M) (sweep line). OHa NnpyMeHsaeTcs BO MHOMMX
anropuTMax BblYMCIUTENLHOW FreOMeTpMn, NOTOMY YTO NO3BONSET yA0OHO MOAENNPOBaTb ABUXEHNE NPAMOM NO HEKOTOPOMY MHOXECTBY
obbekToB (HanpuMep, B anropMTMe NepeceyeHmns N OTPE3KOB TOXE Ucnonb3lyetcs sweep line).

Mepen TeM, Kak HayaTb FOBOPUTb NPO TO, Kak U 4To Mbl 6yaem Aenatb, AaBaviTe NOCMOTPUM, Kak ABmxxeTcs sweep line (B3sTO ):
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KpacvBo, He npaBaa nn? B peanvsaumu BCE NPUMEPHO TaK e, Tonbko 3 06bIYHO ABMXKETCA CBEPXY BHM3, @ HE ClieBa HanNpaso, U Ha
CaMoM Jene BCE He TaK MNNIaBHO, a MPOUCXOAUT OT CO6bITUSI K COBLITUIO (CM. HUXE), TO €CTb AUCKPETHO.

CyTb anroputMa

EcTb n caitToB (Touek Ha NaockocTh). EcTb 3amMeTalolas npsMasi, Kotopas ABWUraeTcs (HanpuMmep) «CBepxy BHU3», TO eCTb OT caiTa C
Hanbonbllel opaANHATON K CaliTy C MeHbLuen (0T cobbITUS K COBbITUIO, eCrTn B6biTb TOYHbIM). Cpasy CTOUT OTMETUTbL, YTO BAUSHUE Ha
NOCTPOEHWE AnarpaMmMbl OKasblBalOT TO/IbKO Te CalTbl, KOTOPble HAaXOAATCS BbilLE M/IM HA 3aMeTaloLen NpsMon.

Koraa 3 nonapaeT Ha oyepeaHol canT (npoucxoanT cobbiTne Toukmn (point event)), cospaércsa Hosas napabona (arch), cdbokycom
KOTOPOW SIBNSIETCS AaHHbIV CaliT, a AUPEKTPUCOM — 3aMeTatollas npsMas ( ). OT1a napabona nenut
MJIOCKOCTb Ha ABE YacTu — «BHYTPEHHsAs» 061acTb Napabosibl COOTBETCTBYET TOYKaM, KOTOpble celiyac 6/Mxe K caiTy, a «BHEeLIHsSs»
obnactb — ToukaM, KoTopble 6nmxe k sweep line, Hy a Touku, nexawme Ha napabone — paBHoyaaneHbl oT caiita u 3. Mapabona 6yaer
MEHSATbCA B 3aBUCMMOCTW OT nonoxeHus 31 k caiTy — yem ganblue 31 yxoauT oT caiTa BHM3, TeM 6onblue paclumpsieTcs napabona,
OflHaKo B CaMOM Hauasne oHa BooblLe SIBNSETCS OTPE3KOM («HarnpaB/iEHHbIM» BBEPX).

[anee napabona pacwmpseTcs, y Heé nosiBNsAlTCS ABe KOHTPoJibHble Touku (break points) — Toukn eé nepeceveHns € oCcTanbHbIMK
napabonamu («6eperosoi nuHuen»). B «6eperosoit MTMHUU» Mbl XpaHUM Ayru napabon OT O4HOM TOYKM NepeceyeHns ux 4pyr C 4pyrom
[0 ApYroi, Tak u nonyyaetcs beach line. Mo cyTu, B 3TOM anroputMe Mbl MOAENMPYEM ABUXEHNE 3TON «6eperoBor IMHUM>». NMOTOMY Kak
3TK caMble break point’ bl ABUXYTCS akkypaT no péépam siueek BopoHoro (BeAb MONy4YaeTcs, YTO KOHTPOJIbHbIE TOYKU paBHOYyAaNeHbl OT
0bonx canToB, KOTOPbIM COOTBETCTBYIOT 3TK napabonbl, Aa eweé n ot 30M).

M kak pas-Taku B TOT MOMEHT, KOrfa ABe KOHTPOJSibHble TOYKM — MO OAHOW U3 pasHbIX Napabon — «BCTpevalnTcs», TO eCTb Kak 6bl
npesBpaLlarnTCcs B O4HY, 3Ta TOYKa M CTaHOBUTCS BEPLUMHON siyelikn BopoHoro (npomcxoant cobbitne kpyra (circle event)), npnuém B

3TO BpeMsi Ta Ayra, KOTopas HaxoAuaach MeXAy 3TVUMU ABYMS TOUKaMU — <CXJOMbIBAETCA» W yAaNndeTcs us «6eperosoi NnHumn». Janee
Mbl MPOCTO COEAMHSIEM 3TY TOUKY C NpeAblayLlelt COOTBETCTBYIOLEN el U NnofyyaeM pebpo sueinkn BopoHoro.

Anroputm

NTak, npu aABmxeHun sweep line BHM3 Mbl BCTpEYaeMcs C ABYMSI TUNaMm COObITHIA:

CobbiTne Toukn (point event)

CobbITne Toukn — 370 nonaaaHue 3l Ha oAWH U3 caliToB, MO3TOMY Mbl CO34aéM HOBYO napabony, COOTBETCTBYIOLLYIO AaHHOMY CailTy, a
Takxe A06aBNSAOTCA ABe KOHTPOJibHbIe Touku (break points) (Ha camom gene cHavana — oAHa, a NpW paclUMPEHnn apku yxe ase) —
TOYKM nepeceyeHuns 3Tol napabonbl ¢ 6eperoBoi nMHMEN (To eCcTb C GPOHTOM yXe CylecTByowmx napabon). CTouT OTMETUTL, YTO B
OaHHOM anropuTMe napabona (a TouHee eé yacTb, NpuHaanexalwlas «6eperosoin NMHM» — apKa) «BCTaBnseTcs B 6eperoByto TNHUIO»

TOJ1bKO B C/lly4ae COBbITUS TOUYKM, TO €CTb HOBas apKa MOXET NosABUTbCA TOJIbKO Npu 06p360TKe Cco6bITUA TOUKMN.

KcraTu, Ha cneayowmx KapTMHKax BUAHO, NoYeMy 06beMHEHMS TaKuX «KyCKOB Mapabon» HasblBaloT «6eperoBoi TMHUER>.
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CobbiTne kpyra (circle event)

CobbITWe Kpyra — 3TO BO3HWKHOBEHWE HOBOW BEPLUMHBI SUelikn BopoHOro BMecTe C yAaneHWeM OAHON apku, NOTOMY YTO BO3HUKHOBEHWE
HOBOW BEpPLUMHbI AMarpaMMbl 34eCb 03Ha4YaeT, 4YTo H6bIN0 TPU apKu, neBast, CPefHAS U MpaBasi, CPefHSAS «CX/10MNbIBAeTCA» BCeACTBUE
cbnnKeHNS 1eBON M NMpaBol TOYeK apok M MOSy4aeTcst HoBasl BepLUMHA AnarpaMMbl BopoHoro. CTOMT OTMETUTB, YTO B AAHHOM anropuTtme
napabona (apka) yaansercs ns «6eperosovt IMHUM» TOJIbKO B Crlyyae cobbiTUs Kpyra, TO eCTb apka MOXEeT yAanunTbCs TONbKO Mpu
obpaboTke co6biTUA Kpyra.

EcTb TeopeMa, B KOTOpPOI FOBOPUTCS, YTO BEPLUMHA AMarpaMMbl BOpoHOro Bcerga NexuT Ha nepeceyeHnn poBHO Tpéx pébep anarpammel,
M eCcTb C/leACTBUE U3 3TOW TeOopeMbl, KOTOpOe r1acuT, YTO BePLUMHA AMarpaMMbl SIBISETCS LLEHTPOM OKPYXHOCTU, NMPOXOAsLLEN yepes Tpu
caiiTa U paccTosiHue OT 3TON TOYKM 10 3aMeTaloLLel NPsSIMOM TOXE PaBHO paguycCy 3TOW OKPYXXHOCTM (3TO CBOMCTBO TOYeEK, Nexalumx Ha
«beperoBoit MIMHUK»). 3TO — KJIIOYEBOWN MOMEHT, MOTOMY YTO MMEHHO KOr4a caMas HMXKHAS TOUYKa OKPY>XHOCTHU, Npoxoasilei
yepes Tpu caiTa, eXuT HUIKE UIIN Ha 3aMeTaloLLein NPSAMO, Mbl NYLIMM B o4epeab cobbITUI cobbiTMe Kpyra C 3TOW CaMOM HUXKHEN
TOYKOM, NOTOMY YTO KOrAa npsmas Ha Heé nonaféTr, Mbl MONY4YMM BEPLUMHY AMarpaMMbl BopoHoro.

Ba)xHO, 4TO C /1106bIM COBbITUEM (TOUKM MM Kpyra) CBsi3aHa Of4Ha KOHKpeTHasl apka, n HaobopoT. DTo NpuroanTcs npu obpaboTke

NMOHMMaTb CBSI3b apoK C p&bpamu.

TaknM 06pasoM, ABUXKEHWE NPSIMO ANCKPETHO — MpsiMas B 11060/ MOMEHT BpeMeHM JIN60 Ha caliTte, IM60 B HUXKHEN TOUKe
OKPY>XHOCTH, NPOXOAsILLEN yepes Tpu caiTa, LeHTP KOTOpPOi — HOoBas BepLUMHa AnarpamMbel BopoHoro. MpekpacHo.

O6wWwuii anropuTM:

1. Co3paém odepenb (C NpUOPUTETOM) COBLITUIM, M3HAYANbHO UHULMANU3NPYS COBbITUAMM TOYKM — AaHHbIM MHOXECTBOM CalToB (Beab
KaXkA0My CailTy COOTBETCTBYET COObITUE TOUKN);

2. MNoka oyepenb He nycra:
a). bepém n3 Heé cobbiTue;
6). Ecnu 3To — cobbITHE TOUKM, TO 06pabaTbiBaEM COObLITNE TOYKU,
B). Ecnu 310 — cobbiTne kpyra, To ob6pabatbiBaemM cobbiTue Kpyra,
3. 3aKkoHuYMTb BCe ocTaBlmnecs pébpa (nopabotatb ¢ border_box).

Peanunzsauusa

Peanusauns anroputma ®opuyHa 6ysger paccmMoTpeHa rnogapobHO B OTAE/IbHOM CTaTbe, OAHAKO 34eCb NPUBOASATCA HEKOTOpble HapaboTku,
KOTOPbI€ MOryT MOMOYb B €ro NMOHMMaHWW.

HeobxoanMble CTpYKTYpbl

[ns peanvsaumy AaHHOrO anropuTMa HaM NMoHaAo06ATCA HECKOMbKO CTPYKTYp (KMaccoB), @ UMEHHO:

e [lpuvopuTeTHas oyepenb C COBbITUAMY;
e [1BoMYHOe AepeBo (y Hac 3To BeachSearchTree) — ansa xpaHeHus «6eperoBon IMHUU» — TEKYLLErO MNONOXEHUS napabon u Toyek.
CTOUT OTMETUTB, UTO 3TO AEPEBO sABNSieTca cbanaHCMpOBaHHbIM — Y y351a M60 pOBHO ABa CbiHa, NMM60 HOMb (ABNSETCS JINCTOM).
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MoapobHee 06 3TONM CTPYKTYpe MOXHO NpoYMTaTh, HanNnpMMep, B 3TOK cTaTbe Ha Xabpe (y Hac oHa npeacTaBieHa HEMHOMO Mo-
Apyromy).

MIMest Takune CTPYKTYpbl AaHHbIX, MOXEM HanucaTb peanvsauunio obLluero anropmtma:

VoronoiDiagram2D VoronoiDiagram2D::MakeVoronoiDiagram2DFortuneénst vector<Point2D>& points, const Rectangle& border box)
{
priority queue<Event> events_queue (points.begin(), points.end());
shared_ptr<Event> cur_event;
BeachSearchTree beach_line;
DCEL edges;
while (!events queue.empty()) {
cur_event = make_shared<Event>(events_gqueue.top());
shared_ptr<const PointEvent> is_point_eventdynamic_cast<const PointEvent *>(cur_event.get()));
if (is_point_event) {
events_queue.pop () ;
beach line.HandlePointEvent (*is_point_event, border_ box, events_queue, edges);
} else {
shared ptr<const CircleEvent> is circle_eventdynamic cast<const CircleEvent *>(cur_event.get()));
events_queue.pop () ;

beach_line.HandleCircleEvent (*is_circle_event, border box, events_queue, edges);

}
edges.Finish (border_box);
this->dcel = edges;

return *this;

Bcs noruka u cnoxHoctb B HandlePointEvent() n HandleCircleEvent(), um 1 6yaeT nocesileHa oTAaeNnbHas CTaTbsl, Aanee Xxe npuseay
HEeKOTOpble BCroMoraTesibHble QYHKLUWW, KOTOpPbIE NMOTOM MOMOryT B peanusauuu.

BcrnomoraTtenbHble GyHKUMMK
MepeceyeHne napabon (apok)

HaM HyXHO yMeTb nosnyyaTb nepeceveHve AByx napabon (apok) B 3aBUCMMOCTU OT nonoxeHwus 3. YpaBHeHne napabonbl ¢ pokycom B
Touke X' U y' U ANPEKTPUCON, NMONOXEHNE KOTOPOIM MO OCK Y paBHO |, 3aaaétca cneayowmM ypaBHEHNEM (€ro MOXHO BbIBECTU):

L 2 g
.g_mu.z — )+ =17

Kcratn, Apobb nepes ckobKon — 3TO (OKa/IbHbINA NapaMeTp AaHHON napabonbl. OTCOAa Mbl MOXEM «BbITalLMTb» COOTBETCTBYOLME
K03 dUUMEHTBI ypaBHEHUS Napabosnbl U pelwnTb CUCTEMY U3 ABYX HETMHENHbIX YPaBHEHUN NPOCTbIM CNOCO60OM — BblYTEM OAHO U3
ApYroro, a NoToM NOACTaBMM HalAeHHble KOPHW B NepBoe, MOyYMM ABe TOYKWU. Hac MHTepecyeT Ta Touka, KoTopas Huxke (TO eCTb C
MeHbLUe OpANHATOM), MOTOMY UTO BbICOKasl TOUKA NIEXMUT 3a «beperoBoit nMHMen». OnncaHHble AeNCTBUS OTPaXaloTcs B CleayloLeM
Koae:

pair<Point2D, Point2D> Arch::GetIntersectiondonst Arch& second_arch, double line pos) const
{

pair<Point2D, Point2D> intersect points;

double pl = 2 * (line_pos - this->focus_->y);

double p2 = 2 * (line_pos - second_arch.focus_->y);

if (fabs(pl) <= EPS) {

intersect points.first =this->GetIntersection (Ray2D(this->focus , Point2D this->focus_->x, this->focus ->y +

intersect_points.second = intersect points.first;

} else {

double al =1 / pl;
double a2 =1 / p2;
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double a = a2 - al;
double bl -this->focus_->x / pl;
double b2 = -second_arch.focus_->x / p2;
double b = b2 - bl;

double cl

pow (this->focus_->x, 2) + pow(this->focus_->y, 2) - pow(line pos, 2) / pl;

double c2

pow(second_arch.focus_->x, 2) + pow(second_arch.focus_->y, 2) - pow(line_pos, 2) / pl;
double c = c2 - cl;
double D = pow(b, 2) - 4 * a * c;
if (D < 0) {
intersect points = make_pair (kInfPoint2D, kInfPoint2D);
} else if (fabs(D) <= EPS) {
double x = -b / (2 * a);

double y = al * pow(x, 2) + bl * x + cl;

intersect_points = make pair(Point2D(x, y), Point2D(x, y));
} else {

double x1 = (-b - sgrt(D)) / (2 * a);

double x2 = (-b + sqrt(D)) / (2 * a);

double yl = al * pow(xl, 2) + bl * x1 + cl;
double y2 = al * pow(x2, 2) + bl * x2 + cl;

intersect_points = make pair(Point2D(x1l, yl), Point2D(x2, y2));

}

return intersect points;

MOCTpOEHNE OKPYXXHOCTM MO TPEM ToUKaM

Mpu 06paboTke cObLITUS Kpyra HaM NMOHaA06MTCA ONPeAENaTb LEHTP M CaMYH HUXKHIOK TOUYKY OKPYXXHOCTW, MOCTPOEHHOM Mo doKycaM
Tpéx apok (caiTam). ECTb HEKOTOpble aHanNUTUUYECKNE anropuUTMbl MOCTPOEHMS OKPYXXHOCTM MO TPEM ToukaM (NoA NMOCTPOEHUEM Mbl
NMOHMMaeM rosyyeHue eé LeHTpa 1 paanyca), y Hac B NporpaMMe 3To cAesiaHo Tak ( ) — coeaunHsieM oTpeskamu

nepBble ABE TOUKM M BTOPble ABE TOUKMN. LIEHTP IEXUT Ha NepeceyeHnmn cepeanHHbIX NepneHanKYnsapoB, paanyc — pPaccTosiHWe OT LeHTpa

[0 Nto60i U3 Tpéx ToueK. BbICTPO U KpacvBo:

Ciliz@l®s 3

{

Circle (const Point2D& pl, const Point2D& p2, const Point2D& p3)

Segment2D first_ segment (pl, p2);
Segment2D second_segment (p2, p3);

Line2D first perpendicular (first_segment.GetCenter () first segment NormalVec());

Line2D second perpendicular (second_segment.GetCenter () second segment NormalVec());
center = first perpendicular.GetIntersection (second perpendicular);
little haxis = big haxis = center .12 distance(pl);

O6paboTka cobbITUA TOUKM

CobbITHE TOUKM — 3TO KOrAa Mbl BbITalMaM U3 ovepeam PointEvent. Yto B HEM ecTb? B HEM eCTb TOMbKO CalT, C KOTOPbIM accoLnmnpyercs

3TO CO6bITH

e.

YT0 MbI AenaeM npu ero obpaboTke? Mbl fobaBnsieM HOBYIO apKy B «6eperosylo JIMHUIO», HacTpanBas B AepeBe BCe CBS3WN «KakK Hago», u
nposepsieM, He MOSIBUIOCh NN CObbITUE Kpyra B OAHOM M3 TPEX BO3MOXHbIX C/Ty4aeB — HaM HYXHO NPOBEPUTL BCE C/lyvaun, B KOTOPbIX
MOXET y4YacTBOBaTb HOBbIN CalT.

YT1o Mbl genaem npu gobasneHnn apkn? Mol MweM Ana Heé MeCcTo B HalleM ABOMYHOM AepeBe «6eperoBoit NMHUM» (No KoopAuHaTe X),
3aTeM BCTaB/isieM eé.

https://habrahabr.ru/post/309252/
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Y10 MbI AenaeM npu BCTaBke? Mbl HalWIM yKasaTenb Ha apKy, C KOTOPOM HOBast MMEET rnepeceyeHune B ABYX ToUkax (Cnyyan ¢ nonagaHvem
TOYKWN NepeceyeHns pOBHO Ha OAHY M3 KOHTPOJIbHbIX TOYEK paccMaTpuBaeTCa OTAENbHO — TaM nepeceyeHune 6yaet ¢ AByMsa napabonamu
— cfieBa 1 cnpasa).

To ecTb Mbl 6epéM 3Ty apKy, KoTopas «pa3buBaeTcs», U BMeCTo Heé BcTaBnsem ax 5 y3nos (6bin 1, ctano 5, ga) — archl, bp1, arch2,
bp2, arch3. Archl — 3To NeBbI KyCOK apKu, KOTOpPYIO NepecekaeT HoBasi, TO CTb 3TO KYCOK c/iieBa OT nieBoro break point™a, bpl —
nesbin break point (neeBoe nepeceyeHne HOBOM apku), arch2 — 3To HoBas apka co6CTBEHHON nepcoHon, bp2 — npasbit break point
(npaBoe nepeceyeHne HOBOW apku), arch3 — 3TO NpaBblil KyCOK apkun, KOTOPYK NepecekaeT HoBas.

CTOWUT OTMETUTb, YTO COBbITUE TOUKM AAET Hayano HoBoMy pebpy (unun pébpam, ecTb criyyaun) avarpammbl BopoHoro.

OAWH 13 BO3MOXHbIX BApUaHTOB nob6aBneHns HoBoOM apku B <<6eper03yro JINHUIO» MpeAcTaBfieH B 3TOW cTaTbe Ha Xabpe, Haw Xe BapuaHT
onucaH Bbiwe, N 6onblUe NOXOX Ha TOT, KOTOPbIN NPeANoXeH

O6paboTka cobbITus Kpyra

CobbITe Kpyra — 3TO Korga Mbl BbiTawmnm us odepeam CircleEvent.

YT0 B HEM ecTb? B HEM ecTb Touka — 3TO CaMast HMXKHSSA TOUKa HEKOTOPOI OKPYXXHOCTM, KOTopasi MPOXOAUT Yepes TP KaKMX-TO caiTa, 1
apka, KoTopytlo cnefyeT yaanuTb. B nepeBe ecTb ABe €€ KOHTPO/bHbIE TOYKM U OHa caMa, KOHTPOJibHbIE TOUYKWU B UTOTe MpeBpaTaTCs B
OZlHY, @ apKy HY>XHO aKKypaTHO yAanuTb U3 AepeBa, NepecTpomB BCE «CBSA3WN poauTenen-geten». Mo cytn, obpabotka 3Toro cobbitnsa

3aMeHseT B lepeBe Tpu y3n1a Ha oaunH (aBa break point”a u apky Ha oauH break point).

CTOUT OTMETUTb, YTO COBbITUE Kpyra 3aBepLuiaeT ABa pebpa AnarpamMMbl BopoHOro, To ectb npu o6paboTke 3Toro cobbiTus pébpa 6yayTt
3aBepLuaTbcs.

Takxe CKaxy, YTO BaXXHOW YacTbio 06paboTkun cobbITU ABNSETCS TO, KakK Mbl cneanM 3a poctoM pébep, aobaBneHneM mx B CNUCOK U
3aBeplueHmeM pébep, TO eCTb 3a TeM, YTO6bl B UTOre OHM BCe BblNn «3aKOHYEHbI», U NTM60 6blNn KOHeYHbl, NMb60 ynupanuce B

OrpaHNyMBatOLLMIA NPAMOYTOSIbHUK.

HebonbLliolh aHanus pesynbTaTa

Tak Kak Mbl nonyunm Ha Bbixoge yxe PCAC (DCEL), To cMoXeM nonyy4nTb AOCTaTOMHO MHOpMaumm — Ang Kaxaoro pebpa Mbl 3HaeM

COOTBETCTBYIOLLUMIA CalNT, MOXEM MONYy4nTb «6ansHeua» 3Toro pebpa, y3HaTb CaiT AN HEro n Byans — Mbl y3Hanu cocefa (Tak, nponas
no BCEMY CMUCKY, MOXeM CPOpMMPOBaTL CMIUCKN COCeAein Ans BCeX CanToB, a 3TO yxe JOCTUXEHME, TaK KaK BCE NMPOoU3OLWWo B UTOre 3a
O(n *log(n)) + O(n) = O(n xlog(n))).

Mpuuém ecnn y pebpa «HyNEeBOW» CaiT, TO Mbl OKa3asnCb Ha «FPaHUYHOM CaiiTe» — caiTe C «6ECKOHEUYHbIM» JTOKYCOM. XMM, HO BeAb 3TO
MO3BO/IUT HaM MOCTPOUTL BbIMYKYH 060/104KY HayanbHOro MHOXeCTBa Touek 3a () () B uTore, 340poBo.

Hy v Boobwe, PCAC — 3710, No cyTu, rpad, Tak 4TO MOXHO NpoAo/mkaTe paboTaTb C 3TUM CMMCKOM BO MHOMMX anroputMax Ha rpadax.

PeKypCUBHbII anropuTM NOCTPOEHUSt AnarpaMMbl BopoHOro 3a Ofin * log(n))

[aHHbI anroput NpuUBOAUTCA B KHUre (cTp. 260), 34ecb s NpMBeAYy TONbKO CaM aniropuTM MOCTPOEHMS, MOCKOSbKY AaHHbIN BapuaHT
Mbl HE peanin30BbIBasiv, XOTS OH SIB/IIETCS XOPOLUEei aHanornein anroputmy dopuyHa.

Anroputm
1. lennM BCE MHOXECTBO CaiToB S Ha ABe NPUMEPHO paBHble YacTu (MOXET 6biTb HEUETHOE KOTMYECTBO TOUeK) Sy U S,;
2. PekypCMBHO CTPOUM Anarpammbl BopoHoro ans S, 1 S,;

3. O6beAUHNUTDL MOMYyYEHHbIE AMarpaMMbl U MONYUYUTb Auarpammy ans S.

Obwee onucaxne anropuTMa He CNOXHOe, O4HAKO B airOPUTMe eCTb CBOM TOHKOCTU, C KOTOPbIMWU Bbl MOXETe 03HaKOMUTLCH B yKa3aHH017I
KHUre.

MpuMeHeHnsa

MCHeprIBa}OU.lMVI CMUCOK BCeEX I'IpVIMEHeHVII‘/‘I Anarpammbl BOpOHOFO HaxoauTca , 8 XK€ YNOMAHY HEKOTOPblIE U3 HUX, MOKa3aBLlMNeCs
MHe Hanbonee MHTepecHbIMU (MHOrne cBeaeHns B3sSTbl U3 [1]):
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B nporpamMmnpoBaHumn, paspaboTtke urp n kaptorpadpum

B BblUMCAUTENbHOI FreoMeTpUKN AnarpaMmmMa BopoHOro HyxHa npexae BCero Ans pelleHus 3aa4m 6J1M30CTn Touek, a TouHee, 0cobbin
BbIUMPbIW AMarpaMmMa AaéT B pelleHun 3agaquv BCE 6nvikailune cocefmn {He-Fe,«oTopbieFpoMike-BIFHOYOT MySbHey;—a-X6T#—), NOTOMY
KaK aHanornyHole e cnocobbl He Tak npoctbl ([1]). Ucnonb3ya anarpaMmy BopoOHOr0 MOXHO MOCTPOUTL BbINMYKYHO 060M104KY 3a O(n)
(cMOTpeTb Ha «nyyeBble» pébpa, HaxoaMUTb CailTbl, K KOTOPbIM OHW MPpUHaANEeXaT, U BKItoYaTb UX B 060/104KY).

Takxe CyLlecTBYeT BaXxHasi CBSA3b AnarpaMMbl BopoHOro ¢ TpuaHrynsiumMein [lenioHe, Kotopas no3BoaseT CTPOUTb OAHO MO ApYyroMy 3a
O[n), MOTOMY KaK OHMW SBASIOTCS ABONCTBEHHBIMW APYF K APYry (coeanHsem pébpamu cocegHue CaiTbl, B UTOre NOAYYUM TPUAHIYNALNIO
[enoHe — BUKNKOHCNEKThI).

MpvMep 1cnonb3oBaHWa AvarpamMMbl BOpOHOro B reiMMaeBe MOXHO HalTW, HAaNpUMep, B 37Ol CTaThbe — 34eCb CUCTEMA HaBUrauuun B
UIrpOBOM ABMWXKKE OCHOBaHa Ha Auarpamme.

He ncknoyeHo, n aaxe BEpoSATHO, YTO pa3J'IVILleIl7I reosioKaLMoHHbIN codT ncnonb3yeT AnarpamMmmbl BopoHoro. NeonokaumoHHble
peKoMeHAaTeNbHble CUCTEMbI MOTYT UCNOMb30BaTb AMarpaMMy BopoHoro Ans onpeneneHus, Hanpumep, 6amxaniLiero K BaM npoayKToBoro
MarasuvHa, And pas/iM4Horo noncka n aHasamsa MeCcTtonosIoXKeHUA.

34echb e MOXHO YNOMSIHYTb U MPUMEHEHMe AnarpaMmMbl B KapTorpaduv — As o4epuvMBaHuUs rpaHuL, PermoHoB U AanbHelLero aHanusa
Ha ux ocHoBe. [la 1 Booblue, ntobble reorpaduryeckme aAnarpammbl, nokasbiBalowwme pacnpesesieHne Yyero 1Mbo, MOXHO HarnsAHO
NpOoVIIOCTPUPOBAaTL C MOMOLLBIO PacKpalLeHHbIX AnarpaMM BopoHoro, n Tam 6yaeT BUAEH Nepexo HYXXHOro HaM rnokasaTens
(Hanpumep, TemMnepaTypsbl):

Hy 1, KOHEYHO, MOXHO AenaTtb pasfnyHble GunbTpbi-06paboTumkn HOTo C MOMOLLBIO AMarpaMmMbl BOpoHOro, nosnyyas HEKY «Mo3anKy».
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Ho 3To ToNbKO Hayano eé NpuMeHeHus.

B apxuTekType v ansaiHe

BecbMa /IOrMYHO, YTO JII0ASM B FOMI0BY MpULNA MAESA UCMOMb30BaTh AMarpaMmmy BOpoHOro B apxuTekType 1 AnsaliHe, NOCKObKY OHa cama
no cebe SBNSETCA KPACMBLIM PUCYHKOM, CBOEr0 poa «reOMETPUYECKON NMayTUHOM», TaK YTO eCTb MHOMO C/ly4aeB MpUMEHEeHUs eé B
KauecTBe OAHOMO M3 OCHOBHbIX 3/IEMEHTOB KOMMO3MUMM UK AaXKe KapKaca BCero TBOpeHus. Mpumepbl:

YAPLAKAL.COM

B apxeonorum

N3 [1]:

B apxeonormm MHOroyrosibHMKM BOpoHOro UCMoNb3yloTCs AN HAHECEHUS Ha KapTy apeana NpPUMEHEHWs OpyaWsa TpyAa B APEBHUX
KynbTypax U ANS U3yYeHUs1 BIUSHUS COMEPHUYAIOLWMX LLEHTPOB TOProBIu.
B 3KOM0rMM BO3MOXHOCTM OpraHvM3Ma Ha BbDKMBaHWE 3aBUCAT OT YMC/Ia COCEAEN, C KOTOPbIMU OH A0KeH 60pOTbCs 3a NuLLy M CBET.

— 4TO BMOJZIHE NOrnM4HO, BEAb 06bI4HO 3a Nt060e «BbhKMBaHWE» 6bIOTCA UMEHHO coceacreyroLine permoHbl.
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B MoaennpoBaHn U pacnosHaBaHnn

B 3Tol ctatbe 3D-aAnarpaMma BopoHOro He paccMaTpuBaEeTCsl, OAHAKO OHa MMEET MHOMME NPUNoXeHus B duanke n 3D-MoaennpoBaHmm
06beKToB. Pa3HOro poaa cetku (M ckesieTbl) 06bEKTOB B MPOCTPAHCTBE MOXHO MOCTPOMTb C MOMOLLbLIO AvarpaMMbl BopoHoro (ogHako yale
C MOMOLLbIO TPUAHrynsiuMmn [lenoxe).

3D-ckaHMpoBaHWe (U KOMMLITEPHOE 3peHire (computer vision)) pasnmMuHbiX 06BEKTOB TOXE MOXET UCMOJIb30BaTh AMarpaMmy BopoHoro u
TpuaHrynsumio [lenoHe, Takxxe 3TO TECHO CBA3aHO C pOOOTOTEXHMKONM — LABWXeHMe po6oTa € yYETOM NPensTCTBUI Ha NyTw.

B 6uonormn n xmmmm

N3 [1l:

CoBMECTHOE BIUSIHUE 3NEKTPUYECKUX U 6NIM3KOAENCTBYIOWMX CUS1, AN U3YUYEHMS KOTOPbIX CTPOSTCA C/I0XHbIE AMarpaMMbl BopoHoro,
roMoraeT onpeaensaTb CTPyKTypy MOMeKy.

BOT ewé oaHa VHTepecHas CTaThs NPo NPpUMEHeHMe AuarpamMmsl BopoHoro.

NHTepecHble daKThbl

Mpupoaa — yanBuTENbHas BEllb, Beb OKa3blBAETCS, YTO OKpac xupada pakTmyeckm nMeeT sna Anarpammsl BopoHoro. 3To BUAHO
HEBOOPYXXEHHbLIM r/1a30M:
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Kcratun, 4yTb MeHblle, YeM roA Hasag, C Anarpammon BopoHoro Takxe 6bin cBA3aH OAMH UHUMAEHT — 34eCb OHa MCNosb30oBanach B
norotune npoekta «HoBas MockBa».
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N — Hanocnepok — BMAEO, B KOTOPOM BMAHO, KakK AMarpaMMa nosiBisieTcs npu pocre Opr)KHOCI'eVI C UEHTpaMu B caiTax:

34eCb MOXHO NPOBECTU aHaNornko C pacnpocTpaHeHMEM noxapa, UMelLero HeCKONbLKO O4aros BO3ropaHums.

Hy, BOT M NOAOLWO K KOHUY Hawle HebonbLwoe nytewecrsme B MUp, rae BCe 3HaOT, KTO HAaXoAUTCA K HUM 6nuxe Bcero. Hapetocb, BaMm
noHpaBunacb 3Ta CTaTbsa U Bbl LENCTBUTENBbHO Y3Hanun 4to-TO HOBOE, NO/IE3HOE U UHTEPECHOE.

Cnacunbo 3a BHUMaHue!

Cnucok nutepaTtypbl

[1] NpenapaTta @., LWWelimoc M. BbluncnutenoHasa reometpus. BeeaeHune (1989)
[2] Anekcanapos A. [., BepHep A. J1., Poxuk B. . CTtepeomeTpus. M'eomeTpus B NpocTpaHCTBe
[3] Joseph O'Rourke. Computational Geometry in C

» CTaTbio NoAroToBusa CTyA€eHT 1-ro kypca ®UBT MOTU 3axapkuH Unbs.

» B HanucaHnn 6MbaN0TEKN TaKKe MOMoranun CTyAeHTku 1-ro kypca ®UBT MOTU KnpunneHko EneHa v KacnmoBsa Hapexxpaa.
» B TectuposaHun 6ubaunoreku nomoran sipocnas CMpHH.

» OTgenbHas 6narogapHoctb MmeHTopam FagenbwmHy UnbHypy v FaghapoBy Pycramy.

anropuTMbl, BbIYUCIUTENbHAS FEOMETPUsl, reoMeTpusi, AnarpaMmMa BopoHoro, nepeceveHne npsMbIx, nepeceyeHne napabon, nepeceyeHne OTPe3KOB, NepeceyeHne MHOroyroslbHUKOB
anroputm ®opuyHa, beperosas NuHMS, 3ameTalolwas npamas

+86 24,2k 228 a u n

Unbsa 3axapkuH @QuantZero 23,0 0,0
[Monb3oBaTenb
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Moxoxxue nyébnukaumm

+16 OO6cyxaeHve paboTbl anroputma PomaHoBa Ha npumepe
o1k %19 W24

+44  OTKpbITOE NNCbMO YYEHBIM Y 3TanoHHasa peanusauns anroputma PomaHoBa ans NP-nonHon 3agayn 3-Bblll
®51k %32 ®W132

+145 Anroputm «diamond-square» Ans NOCTPoeHus ppakTanbHbIX NaHALadToOB
® 61,4k K608 W@54

(N kak ¢ aTum paboTtaTh?)

Y3HaitTe GonblUe -

IBM. noroTtun |BM, ibm.com ABNAKTCA TOBADHEIMK 3HAKAM EIMI BO MHOTMX CTPaHax Mmupa. Cnucok

TOBAPHLEIX SHAKOB, 3aPerMcTpUpoBaHHLX IBM Ha HacToAwKY 6 IBM Corporation. Bce npaea 3alyueHs.
CneunpoekT
Camoe untaemoe Paspa6oTka

Ceitvac  Cytkm Hepens Mecsu

+13 OpHa npocTeHbkas 3agayka. beICTpo, KpacuBo Uy YMCTo?
©97k K59 W27

+19 [Mapagokc Rimworld: 3axBaTbiBaloLLas CIHXKETOM «NECOYHULAY
©®23 %18 W8

+11 OO6bscHsem 6abyLike: Kak 3awmdpoBaTbcs 3a Yac
©43k K60 W21

+25 Log in unu Log on? Front-end unun Frontend? Mpogomkaem pasbupatbcs
®23k %25 W16

+10 Kak a go6asun 30000 4yenoBek B NepBbIN KPYr KOHTAKTOB, @ 3Ty coLceTb 3abnokupytot B PO
©21k %11 W6

KommeHTapum (47)

mayorovp 5 cenTsiopsi 2016 8 19:23 1 +3

> EcTb TeOpeMa, B KOTOPOW rOBOPUTCS, YTO BEpLUMHA Avarpammbl BopoHoro Bcerga nexuT Ha nepeceveHMn poBHO Tpéx pébep avarpammebl
KoHTpnpumep: noctponte gnarpammy BopoHoBa ans kBagpata

Semenar 5cenTs6ps 20168 19:48 11 | +2

Ons Ha60pa TOYEK, N3 KOTOPbIX HUKaKNEe YeTblpe He nexart Ha opHon OKPY>XXHOCTW 3TO BEPHO. Ecnun mbl Haknpaem CJ'ly‘-IaVIHbIX TOYeK, TO TaK 6y,qu
npakTn4ecku ecerga (MaJ‘IbIM LueBeneHneM Tovek ncnpaensiercs noodon KOHTpI'IpI/IMep).

Deosis 6 centsibps 2016809:32 [ T +5
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Tak MOXHO J0Ka3aTb, YTO CryvaiHoe HaTypasnbHOE YMCIO ABMAETCS HEYETHBIM ( ManbiM U3MEHEHMEM YUCHa MOXHO UcnpaBuTb nobon
KOHTPNpMMep)

Semenar 6 cenTsbps 2016 B 09:36

Hy Tak B fOKa3aTenbCTBe HEYETHOCTU Mbl CUSIbHO OFPaHNYeHbl B TOM, Kakne Marsble LeBeneHns aenarb, TyT ke — npakTtuiecku noboie
(nnowaab «3anpeLéHHOro Kycka» pasHa HYIIo).
. DistortNeo 6 cexTsbps 2016 B 09:43

A Tenepb npeacTasbTe cebe, YTO LEeBENUTb TOYKU Mbl HE MOXEM.
Hanpumep, Korga To4YkM — NuKcenu.

. Semenar 6 ceHTs6ps 2016 8 09:46 -1

Hy TaK CTaTbA He NpPo 3TOT cnyqalh, Bbl CAMW HUXE coobLyaeTe, YTo eCcrnv TOYKM — MUKCENU, TO Ha3blBaeTCst 3TO yXe no-gpyromy.

. DistortNeo 6 ceHTsi6ps 2016 B 09:56

A pa3sBe 06LMe anropuTMbl HEMb3s NPUMEHSITb K M306paxeHUsam?
[axe ecnv He n306paxeHus, ceTka YacTo GbiBaeT AVMCKPETHOW. A Korga pesynsraT paboTbl anroputMa 3aByUCKT OT paHZoMa — 3TO HY OYEHb
CTpaHHo.

Semenar 6 cenTs6ps 2016 B 10:01 -1

[ins Ton Teopemel, C KOTOPOW Havanock obeyxaeHve, Bpaa MU paccmaTtpuBanack ceTka. B peanbHocTu n3-3a 6onee ctporux
OrpaHuyeHunit Ha pacnosiokeHne ToYek (B y3nax CETKM) OHa MOXET U He BbINOMHATLCS.
A TO, 4YTO A NPO crnyyariHble TOYKM Hanucan — 3To e€ JoKa3aTenbCTBO, MO CyTU.

mayorovp 6 ceHTs6ps 2016 B 11:02

He nyTaVlTe AoKa3aTesibCTBo N ycrnosue npuMeHNMOoCTU.

Semenar 6 cenTs6ps 2016 B 13:05 -2

Mbl 6epém kakoin-To Habop Touek 1 paccmaTpuBaem Teopemy Ansa Hero. [Ins npaktuyecky Bcex HAbopoB OHa Oka3biBAeTCsA BEpHa.

OTO HEe 03HaYaET, YTO €€ MOXHO NMPUMEHSTH TONMBKO K CrlyYaiiHO HaBpocaHHbIM To4YKaM, NPOCTO ANs TOYEK HA CETKE OHa
OKa3blBaeTCH HEMHOTO HeBepHa (41CNo BapuaHTOB PacCTaHOBKN KOHEYHO, U3 HUX €CTb He YAOBMNETBOPSIOLLME YCIIOBUIO — T Xe
TOYKM B BEpLUMHAX KBaapata).

R\ Semenar 6 ceHTs6ps 2016 & 13:06 -1

Ecnu cetka cama orpaHuyeHa, ga.

. DistortNeo 6 ceHTs6ps 2016 B 13:40 +1

TeopeMa He MOXeT 6bITb «HEMHOTO HeBEpHa», MaTeMaTika — TouYHast U cTporast Hayka. Teopema 6o BepHa, 6o Het. B
[aHHOM Cllyyae Teopema HeBepHa.

MOKHO HanoXmTb YCIOBUE «HUKAKWE 4 TOUKM HE AOIMKHbI NeXaTb Ha OAHOM OKpYXHOCTW». Toraa Teopema GyaeT cnpaseanvea.
Ho ato ycnosue n3bbITouHO.

PeanbHo nonesHasi MHOpMaLmMsi — 3TO BbIMYKOCTb NOSYYEHHbIX KMacTepoB.

mayorovp 6 cextabps 2016 B 13:40 +1

MaTtemaTtuyeckas Teopema He OblBaeT KHEMHOTO HeBepHa». Y Hee ecTb BMosfHe KOHKpEeTHOE yCcrnoBue — eCcnn HUKakue 4 TOYKN
He nexar Ha ofHoW OKPY>XXHOCTU.

[N cnyyaiHbIX TOYEK Ha MOCKOCTU MOXHO MCMNOMb30BaTh (DOPMYMUPOBKY «BEPLUNHBI AarpaMMbl UMeIOT cTeneHb He 6onee 3
C BEPOATHOCTBIO 1».

[OuckpeTHas ceTka ¢ MPOU3BONbHBIMU TOYKaMU HU K OQHOMY M3 3TUX BapUAHTOB YCINOBUSI HE NMOAXOAMUT (TaM eCTb TOUKU Ha
O[HOW OKPYXXHOCTU U UCMOSIb3yeTCsl He BCS MIOCKOCTb).

I& PapaBubaDiop 5 ceHTsitps 2016 B 19:49 +4

Ewe 6onee KOHTpNpumep — I'IOCTpOI;ITe aunarpammy ansa npousBosibHO HaGpOLIJeHHbIX TOYEK Ha OKPYXHOCTU.

@ Meklon 5 cenTsbps 2016 B 19:23 (KOMMEHTapWIt Bbl1 U3MEHEH) +2

Cnacubo 3a nybnukauuio. C ygosonbcteuem npouuntan. Eule yactoe npumeHeHne — 6uonHdopmaTmka. AHanma pacnpeaeneHuns KneTok n CTpyKTyp Ha
doTorpadun, onpegeneHve coceagen U perMoHoB.

DaylightIsBurning 5 cexTs6ps 2016 B 19:49 +2
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Ho6agnto, 4To anropuTM NPUMeEHsIeTCA B OIOOPECLEHTHON MUKpOCKonuK (dpoTorpadpmm KNeTok) Ans onpeneneHns rpaHnL, KNneTouHon membpaHbl.
3a ueHTpbl 6epyT kneTouHble sapa. MNpumeHsitoTes auarpammel BopoHoro, npaega, He NOTOMY YTO OYeHb XOpoLo paboTatoT, a NOTOMY YTO 3TO —
npoctoi anroput™. Ho Ha camom aene KneTtouHble MeMbpaHbl He BeayT cebs B COOTBETCTBUM C anroputMom BopoHOro 1 B HEKOTOPLIX CryyYasx
pasnuunsa CToMb 3HAYMTENbHbI, YTO NPUXOANTCA BPYYHYIO YKasblBaTb rpaHuLbl KNETOK.

citirex 5 cenTs6ps 2016 B 19:53 +1

Cnacubo 3a ctaTblo.

BcnomHun, kak I'IepBbIVI pas peannsosan anroputm CDopqua, Torga 3To ObINO AN MEeHS AOCTUXEHUEM Y ym>|6Ka He cnesana C nuua oYeHb gonro.

EndUser 5 centsbps 2016 B 21:49

AHanorn4Ho, Ansi onpeaenieHns NPUCKBaXXeHHbIX YYACTKOB COUMHSN anropuTM pasayBatoLLMXCS KPYroB.
Bbin camoaoBoreH.
O TOM, YTO 370 AMarpamma BopoHOro y3Han 3HaunTenbHO No3xe.

pehat 5 centsbps 2016 B 19:57 +3

HeBoopyXeHHbIM Ma3om Hallen Ha Terne xupada HeBbinyknoe NATHO. He Hago npunneTaTb, Noxanyncra.

. QuantZero 5 cents6ps 2016 B 20:33 -1

Bbl npaBbl, y xu1padoB pUCYHOK HE BCerga B TOYHOCTU SBMSIETCS AMarpammoit, Tem Gornee, YTo Y BCeX XKUpaOB OH PasHbIii.
OpfHako B TEKCTe OTMEYEHO, YTO OH (haKTUUECKU ABMSIETCS AMarpaMmoi, MOCKOSbKY CXOACTBO OYEBMAHO, W HaNMM4ne HECKOMNbKUX NUHWIA, AenatoLnx
MHOTOYrOSIbHUKIU PUCYHKA HEBBIMYKIBIMU, 3TOTO (pakTa He OTMEHSIIOT.

pehat 5 cenTa6ps 2016 B 23:01 +11

3abaBHo, 4To Bbl onpoBepraeTe Habnogaembli hakT CoBoM «aKTUYECKU».

]

e sergeypid 6 centsab6ps 2016 B 09:17 +3
PSS geyp P

MaTHa Ha Koxe )KVIpacba N OPYINX XXUBOTHbIX 6onee KOPPEKTHO MOAENUPYTCA KNETOYHbIMU aBTOMaTtamu.
Shortki 6 centsbps 2016 B 01:44 +1
Ecrun NPUCMOTPETLCA K CbOTO, TO BUOHO 4YTO paHee Takue nNaTHa Obinu pa36V|Tb| Ha BbINYKIble, HO rpaHuLbl Mexay HUMK CTanun O4eHb TOHKUE U Tenepb
NoYTU He BUAHbI. [OX0Xe NUIMeHTaLMSA WKypbl HAUYMHAETCS C HEKUX CyYalHbIX 38peH KOTOpbIe PacTyT Noka He BCTPETATCS Ha rpaHuLe.

B Halt 6 cents6ps 2016 B 07:59 (KOMMeHTapuit BblN U3MEHEH) +2

OTnnyHoe BMAEO Ha 3Ty Temy ¢ kaHana MinuteEarth:

beTrue 5 ceHTsbps 2016 B 22:30 (KOMMeHTapWii Bbil U3MEHEH) +1

ABTOp, OTNMYHasA cTaTbsi, GonbLloe cnacubo!
Ccblirka Ha peanu3saumto 3d Ha JS ¢ nomoubio WebGL , B CBOE BPEMS MPULLINOCh
ponro pasbupatbesi, faHHasa cTatbst ByaeT oTNMYHBIM nocobuem.

slik 5 ceHTs6ps 2016 B 22:42 s

Kak npumMmep Ucnonb3oBaHUA —

Shortki 6 ceHTs6ps 2016 B 01:29

Y MeHs1 B NPUNoXeHUW BO3HUKIA NOXoXas 3ajava: Ana anarpamMmmMbl C NPsiMOYrofbHbIMU 06bekTaMu B pa3HOM COCTOSIHUM HY)XXHO HaiiTu pasbueHue Ha
obracti npumMbIkatoLLe K NPSIMOYronbHUKY. To ecTb kak Avarpamma BopoHoro, HO € NpsIMOYrofibHUKaMy BMeCTo Touyek. TOYHOE peLleHue st 3aMeHnn
YNPOLLEHHBIM anropuTMOM, NOJYHMIIOCh YAAYHO, C apTedakTamu TONbKO B 0COObIX Ha KPUTUYHBIX CriydasiX, HO BbICTPO, Tak YTO MOXHO pasbueHue
nepecTpauBaTb Mo Mepe pPefakTMpOBaHUS CXEMbI.

Tenepb Ha guarpamMmmMe npoueccoB y MeHA eCTb TaKTU4eCKasa pacKpacka nokasbiBalollana Kakasd 4aCTb AnarpaMmbl UCMOJTHEHA (3eJ'IéHaH), Kakada akTuBHa
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(kpacHasi), a kakas naccuBHa (6e3 okpackun) BnonHe yaobHo 1 Ha cxeme apHEKTHO CMOTPUTCS.

Construction of the Nautilus
d
Plan of the ship 2 Based on "20 000 Leagues
Bpemsi O r 9 Mec Construction E] Under the Sea" by Jules
§ Nemo t of the hull Veme
+100% Bpems 21 mec 8 g g
o 1 Z4
20.04.60, 13:57 180162, 1:57 i °s,,
P———l) 5 » N 5
Installation of
3 machinery
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I» +7Mec 8 1:57
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N o
N Installation of 7mec22p
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. N . ;
Manufacturing (¥) Py Erf(%\y 18:57
of devices 3mecbp °
Hart Bros. factory, NY 100%
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L:- e S ——— Vehicle testing Bpemsa 1
Bpemsa15 012 4
% Crew
+100%
An example of a project.ish Construction of the Nautilus 1116 g 22 4 3.#.# 06.09.16, 0:52 &
Drevnir 6 centsitps 2016 B 01:30
Ecnu, Bapyr, komy Hago, mory aatb pabounit npoekt WinForms
DistortNeo 6 cenTsi6ps 2016 B 09:05 +3

Cpasy BWAOHO, 4YTO CTaTbio NMUcan MaTeMaTukK — paccMaTpuBalOTCA TOJIbKO HEMPepPbIBHbIE Crlyvaun.

Ho He MeHee BaxHO YyNoMSsIHYTb 1 AUCKPETHBIN Cryyval, KOraa BEPLUMHLI MOFYT HAaX0AMTLCS TOMBbKO B y3rnaxX HENPEPLIBHOW CETKU, HAaNnpUMep — NUKCenu
n3obpaxeHuin. B atom cnyvae onepauusi HasbiBaetcsi «Euclidean Distance Transform» (EDT).

Mpwy 3TOM eCTb BO3MOXHOCTb NOCTPOUTbL anropuT™ ¢ MeHbluen cnoxHocteto — O(N) Bmecto O(N * log N) ansi obwero cnyyas. Komy nHtepecHo — BoT
. AnropuTmbl Tam COBCEM HeCnoXHble — o anroputMa Mejster 5 gogymancs cam. Takke CyLecTByloT MeToAbl NPUBIMKEHHOTO BblMMCIEHNS
EDT, opueHTMpoBaHHble Ha GPU.

Mpumepbl npumeHeHnii EDT — BbIiCTpoe BbluMCrieHne onepaumini MaTeMaTnyeckon Mopdonorum ¢ KpyroBbiM CPYKTYPHBIM 3rEMEHTOM MPOU3BONBbHOIO
paawuyca, ckenetusauums.

dubroffsky 6 ceHTs6ps 2016 B 11:48

FYI, ans o3HakomneHwus http://www.cgal.org/, KOHKpeTHO no anarpammam BopoHoro
http://doc.cgal.org/latest/Manual/packages.html#PartVoronoiDiagrams

E’ wataru 6 ceHTsa6ps 2016 B 13:41

EcTb (cnopHo) 6onee npoctoi metoa nocTpoeHust agnarpammbl 3a O(N”2 log N). Bce, noutn kak y Bac, TonbKo MOnynmiockocT! nepecekatoTcst no-
apyromy. He Hago nepecekaTth BbiMyKIlbie MHOMOYrOMbHUKU, MOXHO Tak M paboTaTk C MOyniioCKOCTAMM.

CHauana ux Hao 0TCOPTUPOBATL MO YTy HAKMOHa (NMPYU YeM OPUEHTUPOBATbL MOMYMIIOCKOCTH Tak, YToObl LLEHTP JIOKyca Obin crieBa oT NpsiMoiA). B atom
criyyae CopTvpyeM MpoTUB YacoBo cTpenku. MoTom fobaBnsemM NnockoCTU Mo OAHOM, OTCeKasi OT TeKyLLen rpaHnLbl HeHYXXHble 0Tpeskn. OYeHb yao6HO
TeKyLLyio rpaHuLy NpeacTaBuTb B BUAE CTeka OTPEe3KOB — MepBblii He 3aMKHYT CINeBa, OCTanbHble 3aMKHYTbIE, HO MOCNEAHUI He 3aMKHYT crpaBsa. Korga
no6aBnsiemM HOBYIO NMPsiMYt0, NEpeceKaeM ee C OTPE3KOM BEPLUMHON cTeka. Ecnu nepecevyeHne nesee NeBov rpaHuLbl 0Tpeska, NpocTo BeiGpackiBaeM
€ro 1 NoBTOpsieM onepaumio. B KoHLe Mbl MoMy4uM aTakyto neTnio o6pa3oBaHHyio nNpsmeiMu. Hago Byaet ee obpesaThb ¢ ABYX KOHLOB — 3TO TOXe
npocrto. MNepecekaem 2 npsimble, NEPBYIO U NMOCNEAHIOIO B CTeke. Ecnn Touka nepeceyeHns neeee neBoro KoHUa Ha NocreaHen, To BblkMAbIBAEM ee 13
cTeka. MiHadye ecnu Touka nepeceyeHuns npasee NpPaBoro KoHLA Ha NepBoi NPsSIMOW, BbiKUAbIBAeM ee. B NpoTMBHOM criyyae 3amblkaeM TOYHOM
nepeceyeHNs NEPBYIO 1 MOCMEAHIO NpsiMble. BOT Mbl 1 MOMy4YMnu BeCb NOKYC.

HyxHo Tonbko ymeTb nepecekaTtb NpsiMble napaMeTpuyecku, U COpTUPOBaTh UX No yrmy. OTpesku xpaHaTcs B BuAe NPsMOW 1M AOMYCTUMOrO OTpeska
napamMeTpoB Ha Hell. B camom koHUe Hafo BbiGpackiBaTh 3rieMeHTbI C Hayara cTeka, YTo no naee TpebyeT Aeka, HO ecnv peanuaoBaTtb CTEK MacCUBOM,
TO MOXHO NPOCTO ABMraThb ykasaTerlb Ha Hayaso 1 NOTOM B KOHLE Y)Xe CABUHYTb BCE 3MeMeHThI B Havaro.

https://habrahabr.ru/post/309252/
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zemen96 6 ceHTsi6ps 2016 B 16:51 +1

EcTb eLle Gonee npocToi MeToa nepeceyb nonynnockoct. Ecnu caenats nonsipHoe npeobpa3oBaHne NpsiMbiX, 06pasyoLLMX NOMYNIoCKOCTH,
OTHOCUTENBHO TOUKM BHYTPU NepeceyeHust, nonyuntest N Touek. [lanee MoXHO MOCTPOUTL UX BbINYKITyto 06OMI0UKY U caenatb nonsipHoe
npeo6pasoBaHue oTpeskoB 06onoukn. OHo v ByaeT BepLUMHAaMM UCKOMOTO NepeceyeHust.

r’ wataru 6 ceHTabps 2016 B 17:15

>KecTb kakas 310 Balle nonapHoe npeo6pasoBaHMe! Ectb nn Y BacC xopoLuune CCbIJiKK, rae npo ato I'IpOHVITaTb?

O6bluHasa MHBEPCUS, 3TO ellle NOHATHO, HO TyT TOUKE COMOCTaBNsAeTca npsiMasi U Hao6opoT. M rmaBHOe, COBCEM-COBCEM HEMOHATHO, NoYeMy
npsimas Yepes o6pasbl AByX MPsIMbIX COOTBETCTBYET 06pa3y ToukM nepeceyeHus. M nouemy Bbinyknasi o6onoyka OyaeT BHyTPEHHEN rpaHULE BCeX
nepeceyeHUit ToXe HEMOHSTHO B TAKOM Npeobpa3oBaHuu.

v wataru 6 ceHTs6ps 2016 B 17:33
BnuH, Bbl aGcontoTHo npaebl! MonsipHoe npeobpasoBaHne — NPOCTo reHnanbHas Bellb! Y Bac HET N NPMMEPOB XOPOLUKMX 3adayek, rae aTo
npeobpa3oBaHue eLe MOXHO NPUMEHUTL?

garan 6 ceHTs6ps 2016 B 16:52 +2

Jlokyc, cait... [OTOMY YTO NYAWNHN — O4YeHb BKYCHbLIN BMIOANHT. ..

YuTaliTe NepBOMCTONHUKM U yYnTE TEPMUHBI HA PycckoM s3bike. Cama pabota BopoHoro 2008r. He o4eHb MOMOXET, OHa Ha hpaHLy3CKOM), HO eCTb
0630p pabot BopoHoro, koTopblii caenan Bopuc Hukonaesny AenoHe B kHure «MeTepbyprckas wkona teopuu uncen», 1947r. Ewe ectb pabota [JenoHe,
CaHnpakoBon No Teopun CTepeoaapoB. Tam ncnonb3yetcs NpaBunbHas TepMuHonorusi. Takke odeHb COBETYIO pas3obpaTtbCs ¢ CTopuen Bonpoca
«nogbema Touek Ha napabonouna» (lifting). A Taike uctopuio Bonpoca «meTtoda obopaunBaHus nogapka» (gift wrapping). Kto n ckonbko pas ato
nepeoTkpbiBan. A npugyman BopoHoii B 1908r.

A B LiefnIoM cTaTbsi XOpoLUasi.

Saso 6 ceHTs6ps 2016 B 16:52

MeHs yausuno, yto B 6ubnmoteke SplashGeom 2D-nuHusa 3agaeTcs Bcero Ipems yicnamu. 5 Bcerga cumTan, 4To Heobxoammo yeTbipe. MoxeT KTo-
HUBYAb NMOSICHUTB, 3@ CYET YEero JOCTUHYTA Takasi «9KOHOMUSI».

DistortNeo 6 ceHTs6ps 2016 B 16:59 +3
YeTblpe uncna HyxHO Ansa 3anucu oTpeska B 2D. A BOT npsiMas napameTpusyeTcs Bcero AByMs uncnamu (a, d):
xcosa+ysina=d
Ho Tak kak paboTtaTb C CMHYCaMu U KOCMHYcaMmn Heyao6HO, TO NpeACTaBnsAoT B BUAE:
Ax+By=C
1 nHoraa HopmanuaytoT (A2 + BA2 = 1).

Saso 7 ceHTsbps 2016 B 11:36

Cnacubo. VcuepnbiBatoLnii OTBET.

v wataru 6 ceHTs6ps 2016 B 17:02
MpocTo ypaBHeHue npsimoit A*x+B*y+C=0. Ho TyT ecTb ofgHa cTeneHb cBo60oabl, HA cCaMOM Aere AoCTaTouHO 2X uncen (y=kx+b, nnm
cos(a)*x+sin(a)*y+c=0). 4 yncna HyxHo, ecnu 3agaBaTb NPSIMYI0 2-Msi TO4KaMW, HO NPK 3TOM TYT 2 cTeneHn cBoboabl.
DistortNeo 6 ceHTs6ps 2016 B 17:12 +3
BapuaHT y = kx + b 06bI4HO He NCMOMb3YIOT U3-3a HEBO3MOXHOCTU NPEACTaBNEeHNS BEPTUKANbHbIX MPAMbIX.
Cwmbicn B fo6aBneHun cteneHmn cBoboabl — n3baBnTbCst OT AOPOroCTosALLMX onepaumii (sin, cos, sqrt).
LynXzp 6 centsibps 2016 B 22:36 (KOMMEHTapUI1 Bbin M3MEHEH)

W TyT 51 3aMep... BCMOMMHAsH BO CKOJIbKUX MPOrpaMmax y MeHsi UICMonb3yeTcs Takoe ypaBHEHWE NPsiMON.

DaylightIsBurning 7 ceHTs6ps 2016 B 16:20 -1

MOXHO Mcnonb3osaThb y=tg(a)*x+b

mayorovp 7 ceHTsibps 2016 B 17:03 (koMMeHTapuii Bbin M3MEHEH)

9‘ Westimo 7 cents6ps 2016 B 18:13 +2

B cBoe Bpems (roga 2-3 Ha3ag) Toxe 3aHMMarcs NoCTPOEHMEM 3TOW AnarpaMMel, a NOTOM U TPUAHTyNsaumMen no 3Ton guarpamme.
C paboToit aTux anroputmoB B 2D Bce NOHATHO M AOCTaTOMHO MPOCTO NpeAcTaBuTb. Ho koraa neiTaewwbes nepeity B 3D HauMHaeTcst B3pbIB MO3ra.
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Mpruem B GoNbLUMHCTBE MaTepUanoB NepBbLIMU MOYT CTPOKM, Bpoae: «Oyaem paccMaTpuBaTb 2-MepHOe NPOCTPaHCTBO, AN 3-MepHOro Bce
aHanorn4yHo».
Bbino 6bl o4eHb MHTEPECHO NPOYEeCTb NPO nocTpoeHue avarpammbl B 3D, ND ¢ Bu3yanusaumei

QuantZero 7 cenTs6ps 2016 B 19:33

CornaceH, B 3D Bcé ByaeT yxe He Tak UHTYUTUBHO NOHSTHO U NpocTo. B ByayLem, BO3MOXHO, 1 HanuLly cTaTbio 1 Ha 3Ty TeMy (OAHaKo cHavana
peanusauus anroputMa ®opuyHa).

DistortNeo 7 ceHtsi6ps 2016 B 19:46
Mpun nepexoge B 3D ncnonbayetca ceBeaeHne 3agadm k 2D ¢ nomoubio Teopemsbl Mudaropa.
ANropuT™ Takomn:
1. MpumeHsiem 06bIuHbIA 2D anropuTv K kaxxgow 13 nnockocten XY.
2. lanee ansa kaxpon ua Todek XY paccmatpvBaeM nNpsiMmyto, nepneHankynspHyto XY.
3. BpaweHue brivkanlumx Touek, HageHHbIX Ha 1 ware, He BNUSIET Ha pesyrnbTaT => BpallaeM Tak, YToObl OHM BCe OKasarivchb B OQHOMN MIIOCKOCTU.

4. MpumeHsiem 2D anroputm.
W Tak ons kaxgow nocnegyoLlen pasmepHoCTU.

A
w iroln 7 centsabps 2016 B 18: 14 (koMMEHTapWit Bbi U3MEHEH) +1

Wcnonb3oBan guarpammy BopoHoro v Teopuio rpacoB Anst BelumcneHnst Medial axis (LeHTpanbHoi nuHumn) 2D-06bekToB (ans 3D 06bekToB, 3a4aHHbIX
CeTKON, TOXXe MOXHO). Mo cyTn — 3To NnocTpoeHue ckeneTta. Kpatyaiwmin nyTb Yepes anarpammy BopoHoro ans 2D-cnyyas kak pas 4aét LeHTpanbHyo
nvHuto. Mpaega NpUWNoOck HEMHOMO NOMYAPUTL B CriydYae camornepeceyeHunin oobekTa.

KapTuHkn

TO/bKO 3aperncTpMpoBaHHbIE MOMb30BaTeNN MOMYT OCTaBASATb KOMMEHTapMU. BolianTe, noxanyncra.

WHTepecHble ny6nukauum

HoBble-cTtapble opmaTbl: HD-BMHMA 1 DIY-nnactuHku 1
[enaem ctapTan NpocTo KU TexHonornyHo. Masukmn Eddystone 0
Mpon3BOANTENBHOCTb MEXMpPOoLLeCCHOro o6MeHa coobuieHmnsamm B node.js W0
CMAPT TB - 6byayuiee TeneBnaeHuns 5

Bbinyck Rust 1.13 ®W 4
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