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MOBBIINEHUE 2®PEKTHUBHOCTHU OBOBIIEHHOTI'O 3D
ITPEOBPA3OBAHUS XADA

B nanHoi1 paboTe MpoJOIDKEHBI HCCIIE0OBAHNS, CBSI3aHHBIC C MOBBIICHIEM d()(HEKTHBHOCTH
0006mEnHOro mpeobpazoBanus Xada AT MOMCKa HECKOIBKUX C(epHIecKHX MOBEPXHOCTEH 1o
3aaHHOMY TPEXMEPHOMY MAacCHBY TOYEeK B  IpocTpaHcTBe. llpemnoxeH  crocob
pacmapa/uleIMBaHHsS Pa0OTHl AITOpPUTMA JUIL YCKOPEHUs €ro paboThl Ha MHOTOSAEPHBIX
HEepCOHATBHBIX KoMnbloTepax. Hanbonpuryio 3¢ GpeKTHBHOCTS TaHHBIH MOXOA MOKa3bIBacT BMECTE
¢ KacKaaHbIM mpeoOpasoBanuem. Mi.: 1. Ta6n.: 1. bubauorp.: 10 Ha3B.

KiawueBble ciaoBa: 3D  npeoOpasoBanue Xada, KackagHoe IpeoOpa3oBaHUE,
pacrapasuieIuBaHie paboThl AITOPUTMA.

IHoctanoBka  mpoOJembl. 3amaya  JETEKTUPOBAaHMS  IPOCTHIX
reoMeTpuueckux Guryp Ha H300paKeHHM SIBISETCS OJIHOM W3 IIHPOKO
W3BECTHBIX 3aJla4 aBTOMATH3UPOBAHHOW 00paboTku m300paxkenuit. C 3Toi
3aJadeidl  JI0CTAaTOYHO YCIENIHO CHpaBisieTrcss TpeobOpazoBaHue Xada.
Knaccuuecknit anroput™ Xada ObuT IpeHA3HAUCH AT HAXOXKICHUS TPSIMOM
Ha M300pakeHUH, HO MO3KEe OH OBbUT 00O0OIIEH M HA APYTHe T€OMETPUIECKHUE
¢urypsr. Temepb ero MOXKHO HPHMEHSTH AT OOHApYXCHUSI TPOU3BOJIBHBIX
Kak TapaMeTPU3HPYEMbIX OOBEKTOB (HampuUMeEp, 3IUIMIICOB, OKPY)KHOCTEH,
mapaboi), Tak M HE NapaMEeTPH3HPYEMBIX OOBEKTOB (C TPOWU3BOJIEHOU
¢dopmoii). ITo cyru anropurm Xada siBIsETCS aXrOpUTMOM IOKCKa U moadopa
1apaMeTpoB, 3HAYCHHUSI KOTOPBIX B JIUCKPETHOM IPOCTPAHCTBE MOUCKA OyIyT
COOTBETCTBOBATh IapamMeTrpaM HUCXOAHOW Monend. OJHako upe3MepHas
JIICKPETHU3alIMs IPOCTPAHCTBA MJIM YBEJIMYCHUE KOJINYECTBa 0OBEKTOB MMOKCKA
CYIIECTBEHHO YBEJIMUMBAIOT BpeMsi pabOThl aIropuT™Ma, Jenas ero
He3(GeKTUBHBIM. DTa MpobieMa SBISIETCST OJJHOM U3 aKTyaJlbHBIX IPOOJIEM U
B HacTosIee BpeMs. i1 ee peleHuns MpeUIoKEeHbl Pa3InIHbIe MOANDHUKALIIH
M0 YMEHBIICHHUIO W COKPAIICHWIO IMPOCTPAHCTBA IIOWCKA, OCHOBAaHHBIE HA
BEPOSITHOCTHBIX XapaKTEePUCTUKaX IPOCTPAHCTBA TIOMCKA.

B mocnemHee BpeMs Bce walle MOSBISIOTCS Pa3IM4HBIE 0000IIEHMS
npeoOpa3oBanust Xada Ha TpexMepHbIH cimydair. OJHAKO TIpH TOWCKE
TPEXMEpPHBIX OOBEKTOB YBEJIMYMBAETCS Pa3MEPHOCTh aKKyMYJSITOPHOTO
MacCUBa, YTO CHOBA IPHBOJAUT K YBEIMYCHUIO BPEMEHU PabOThl alrOpUTMa.
[oBrimenuto >PpPeKTUBHOCTH PabOTHI TpeXMepHOro mpeodpasoBanus Xada
3a CUeT UCIOJIb30BaHHsI MHOTOIIOTOYHOTO MO/IX0/1a TIOCBSIIeHA 9Ta padoTa.

© K.A. Pyukun, E.A. IlleBuenxo, 2014
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Anamu3 Jutepatypbl. HcciemoBanumem —mpeoOpasoBanus — Xada
3aHUMAJIMCh MHOTHE yueHble. OTMeTHM paboTsi [1 — 6].

[IpeobpazoBanne Xada B KIACCHISCKOM BUAE, IPOOIIEMBI peann3aiii B
MYJNBTHIIPOIIECCOPHBIX CHCTEMAaX, a TaKKe OCOOEHHOCTH pealn3alud Ha
rpapuaeckux npoueccopax (GPU) omucansr B [2]. [IpuBeneHs! HILTIOCTPAITIH
paboTel MeToma, a TaKXKe ommcaH Oonee OOOOMIEHHBIM — aNTrOPUTM
pacrno3HaBaHuUs IPOU3BOJILHOTO 00pa3a.

B paborte [3] o6cyxaaeTcs HOBBIN METO/] pacIiO3HABAHHUSI OKPYKHOCTEH C
MIOMOIIBI0 M3MEHEHHOTo IpeoOpazoBanus Xada. B ocHoBe Meroma JIeKHT
uziesi  COKpalleHWsl TPEXMEPHOTO  HAKONUTEIBHOTO  MaccuBa (s
pacro3HaBaHUsl OKPY>KHOCTH HYKHBI 3 mapamerpa) 10 ABYX IBYMEPHBIX, YTO
MO3BOJISIET HECKOJBKO COKpPAaTUTh OOBEM BBIYMCICHHH W 3HAYUTEIHHO
9KOHOMUTD OIEPATUBHYIO MaMsTh. Takke 00CYXIaeTcs MPOILECC peann3ayun
pacrnapauleIMBaHus JaHHOTO JITOpUTMa c romonipio Mamuasl MIMD (cetsh
PEeKOH(UTYpUPYEMBIX TPAaHCIBIOTEPOB) M CPAaBHEHHE 3TOH pealu3aluyl II0
CKOPOCTH BBITIOJIHEHHUS CO CTAHAAPTHBIM ITOXO0M.

B pabore [4] oOcyxnmaercs mnpouecc HAaXOXKICHUS INPOH3BOJIBHOTO
00BEKTa Ha HM300paX€HHMH C TOMOMIBI0  OBICTpOro  000OIIEHHOTO
npeobpaszoBanus Xada, UCTIONB3Ysl pacnapajie]uBaHie C TOMOIIBIO PECYPCOB
GPU (mpumensis texHonoruto CUDA). PaccMOTpeHBI OCHOBHBIE NPOOJIEMBI
pacnapajuleliBaHusl,  UCIBITAHBI ~ HECKOJBbKO  BapHaHTOB  pealu3aluu
(MakcuManpHOE pacnapajuleIMBaHAe WJIM MaKCHMHU3UPOBaHHE BpPEMEHH
BlIageHuss oOmmmu pecypcamu). [lpuBenena Tabimuua W CpaBHUTENBHBIC
rpadukd OIS KaKAOTO METOAA, TPEUIOKECHBI METOABl  YIUIOTHEHHS,
COPTUPOBKH, PEIJIMKAIMHM TaMATH, KOTOpPbHIE IIOMOTAIOT ONTHMH3UPOBATH
pa3paboTaHHBIN aJTOPHUTM.

B cratee [5] ommcano mpuMeHeHHe npeoOpa3oBaHus Xada AT MOUCKa
OKpYXHOCTeH Ha W300pakeHHH. ABTOPOM B 0a30BBIM aIrOpuTM OBLIH
BHECEHBI HEKOTOPBIE U3MEHEHHMSI, KOTOPHIE TTO3BOJIMIN 3HAUYUTEIBHO YCKOPUTD
00paboTKy M300pakeHUs U 3aIOJHEHHE aKKyMYJIATOPHOTO MacCHBa, 4YTO, B
CBOIO oOuepelb, B HECKOJBKO pa3 yCKOPWJIO aIrOpuUTM. [ J1aBHBIMH
HalpaBJICHUAMU ONTHUMHU3AIUHN CTAJIN pacrapaluiCJIMBaHUE HEKOTOPLIX 3TAaIllOB
BBIYHCIICHUH ¥ YMEHBIICHUE B HECKOJIBKO pa3 HCXOTHOTO N300paKeHHsI.

B [6] wu3nokeHBI CBeACHHS O MAPAJUICIBHOM MPOTPAMMHPOBAHHH C
HUCIIOJIB30BAHUECM TCXHOJIOTUN OpenMP 1A COBPEMECHHBIX TIapalyICIIbHBIX
BBICOKOTIPOU3BOIUTEIILHBIX BBIYUCIUTEIBHBIX CHCTEM C O0IIEH NaMsAThIO.

Hear cratbm — mnOBbIIEHHE O3(P(EKTHBHOCTH  HCIIOIL30BAHHSA
0006meHHoro peobpazoBanus Xada 3a cueT pacnapauleIMBaHus AITOPUTMa
Y MCTIOJIb30BAHUSI MYJIbTHIIOTOYHOTO MTOIX0/1A.
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Knaccuueckoe mpeoOpazoBanne Xada HCIONB3YeT MpeoOpa3oBaHue
KOOPJIMHAT TOYEK HCKOMOTO 00BEKTa B TOYKH HAKOIUTEIILHOTO IIPOCTPAHCTBA.
IIpeobpazoBanne Xada mig MOWCKa JHOOOro OOBEKTa KaK Ha IDIOCKOCTH
(u300pakeHWH), TaKk ¥ B TPOCTPAHCTBE MOKHO KOPOTKO OIHCATh
CIICIYIOIIIIMH IIaraMH.

1. Bo160p pa3MepHOCTH HAKOIUTEIEHOTO IPOCTPAHCTBA M €TO CO3/IaHHeE.

2. BpIOOp KosMuecTBa MPOMEKYTOUHBIX 3HAYEHHH NMPU MEPEBOJIE TOUCK
U3 JIeKapTOBOM IJIOCKOCTH B HAKOITUTEIBEHOE MIPOCTPAHCTBO.

3. IlepeBon KaxI0i IpaHUYHON TOUKM M300pakeHHs (IIPOCTPaHCTBA) U3
JIEKapTOBOI CUCTEMBI B HAKOIIMTEILHOE POCTPAHCTBO.

4. ITouck MakcUMyMa B HAKOIIMTEIILHOM MPOCTPAHCTBE.

5. BoccraHoBieHHE KOOpAMHAT W pPa3MEpOB HCKOMOTO OOBEKTa II0
HallICHHOMY MaKCUMYMY.

Haunbonee pecypcoeMKknM IaroM spisiercs TpeTuil. Ecnu mocunTath
CIIO)KHOCTH 3TOTO Imara JUisi MOKMCKa NPsIMOW Ha HM300pa)KCHHH, TO BBIWACT
ClleyIoIIas 3aBUCHMOCTb!

S=K-N-R, 1)

rae S — paccuuThIBaeMasi CIIOKHOCTh; K — KOMuecTBO rpaHu4HbIX Touek; N —
KOJIMYECTBO IMPOMEXKYTOUHBIX yriioB mpsmMoid kK ocu OX (mar yrma B
anropuTMe); R — KOIM4eCTBO MPOMEKYTOUHBIX PACCTOSIHUMN MEPICHINKYJIsIpa
JI0 [ICHTpa KOOpAUHAT (IlIar PacCTOSIHUS B aJITOPUTME).

B Oomee mpocTOM BHIEC 3Ty 3aBHCHMOCTh MOXKHO BBIPAa3HTh Kak
S=K:N?2 eciu N=R. Jlna Gonee CIOKHBIX (UIYp 3Ta 3aBUCUMOCTb OyIeT
emé Oosee pecypcoemkoi. Hampumep, mpu MOUCKE OKPYKHOCTH €€ MOMKHO
3ammucath B Bune S = K-AB, rme 4, B — pa3mMepsl OKpecTHOCTH 110 ocsiM X 1 Y,
B TIpejielie KOTOPOW MIIETCs Pauyc.

To ecTh yBeIWYCHHE KOJUYECTBA TPAHUYHBIX TOYEK MPHBOAUT K
MOJMHOMHAIBHOMY  YBEJIIMYCHUIO  CJIOXHOCTH  pabOThl  ajropurMa u
YBEIMYCHUIO BPEMEHH ero paboThI.

Metoasl ONTHMH3ANMHA AJTOPUTMA. YCKOpeHHE PabOTH (YMEHBIICHHE
BpEeMEHH  pabOTHI) KIACCHYECKOTO  alrOpUTMa  MOXKHO  BBIOJIHHUTH
HECKOJIBKUMHM criocobamu [7 — 9].

1. YMeHbIIIeHIE KOJIMYECTBA TOYEK UCXOTHON BEIOOPKH.

2. YMCHBIIICHHE KOJUYECTBA MPOMEKYTOUHBIX BBEIUUCICHUH (HAampuMmep,
YBEJIMYEHHE II1ara yria 1 Iara pacCTOSHUS MPH MTOUCKE JINHIH).

3. PacnapasuienuBanne HEKOTOPBIX BETOK AJITOPUTMA.

IlepBerii BapmaHT OBUI YCHEHNIHO WCCICIOBAaH W ONHCaH Kak
BEPOSITHOCTHOE TpeoOpazoBanne Xada. CyTb MeTOZa COCTOUT B TOM, YTOOBI
CIIydaifHBIM 00pa3oM BEIOpATh OINpEeNIEHHBIN MPOIEHT TPAaHUYHBIX TOYEK U3
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HCXOJIHOM BBIOOPKH M YK€ [0 9TUM TOYKaM IPOBECTH HccienoBanue. To ecth
NPONOPLMOHANIBHO YMCHBIICHUIO KOJIMYECTBa TOYCK OyAeT pacTH CKOPOCTh
anroputMa. DxcnepuMenTanbHeM yTeM N. Kiryati u mp. [7] Obu10 BBIsICHEHO,
YTO A7 TOCTATOYHO OONBINUX BEIOOPOK 3(h(hEeKTHBHOCTH 3TOTO MeTOAa ObLIa
yke mpu 2% 0ToOpaHHBIX To4YeK U3 obmero nx uncna. C npyroif cTOpOHEI, B
METOZIE €CTh HEKOTOPBIH HEOCTATOK, H COCTOMT OH B IpOOJIeMe BEIYHCICHUS
3TOro HeoOXomuMoro MuHMMaibHOro mpouenra [8]. To ectb, 4YTOOBI
nofo0paTh TMPOLEHT MNPAaBWIBHO, MBI JIOJDKHBI 3HATH XapakTep JaHHBIX
BBIOOPKH (3alIyMIICHHOCTh, KOJIMYECTBO TOYEK U T.I.). Ecin sxe monp3oBathbes
YHUBEpPCAJIbHBIM MPAaBUJIOM BBIOOpa MPOLEHTHOTO COOTHOILICHUS, TO 3TO HE
JIacT JOCTaTOYHOTO IPUPOCTA OBICTPOICHCTBHS.

Bropoii BapraHT Tak e MOXKET yCIIeITHO NPUMEHSThCs. Ho, BO-TiepBEIX,
NP 3HAYUTEILHOM YBEJIIMYCHHUH IlIara MBI YK€ HE CMOXEM JOCTaTOYHO TOYHO
OOHApYKUTH KOOPANHATEI HCKOMOTO 00BEKTa, B HEKOTOPBIX KPAHUX CIydasx
9TO CTAHOBHTCS NPAKTHYSCKH HEBO3SMOXKHO M IAr NMPUXOIHUTCS YMEHBLIATH.
Bo-BTOpBIX, HEe pa3pabOTaHO YHUBEPCAIBHOTO AITOPHTMA, IHO3BOJIAIOIIETO
OIIPENIeNTUTh ONTHMAJBHBII MIar ¢ TOYKU 3peHUs 3P(HEKTUBHOTO HAXOKICHUS
00BEKTa U CKOPOCTH €T0 BBITOJTHEHHSI.

Tperuit BapuaHT SBISETCS OJHMM U3 HauboJiee WMHTEPECHBIX U
nepcriekTBHBIX. OH He 00JajgaeT HeJoCTaTKaMH JBYX TNPENbIAYIIUX (He
TCPACTCA TOYHOCTH BBIYHCIICHUH C YMEHBIICHUEM BI)I60pKI/I U HE HYXHO
noabupare 3¢ GeKTHBHBII 1ar) U ero 3¢GQGEeKTUBHOCTh 3aBUCHT TOJBKO OT
annapaTHOW yacTd 00OpyIOBaHMsI, HA KOTOPOM OH OyneT BeIMONHATHCA. Ho y
9TOr0 METOJIa €CTh CBOM CIIOXKHOCTH Ha dTare peanu3anuu [9].

PacnapasnenuBanue 00001éHHOr0 npeodpazoBanus Xaga. Onuiiem
peanu3aluio pacrapauieuBaHus METO/Ia ISl TIOMCKa cepbl B TPEXMEPHOM
npoctpaHcTBe. J[iisi MOMCKa MPOU3BOJIBHBIX OOBEKTOB 3Ty METOJUKY MOXKHO
TaK K€ yCIHEIIHO MPUMEHSITh.

B cnyuae mowucka cdepsl ¢ IOMOIIBIO nmpeobdpa3zoBanus Xada, alropurm
MO>KHO TIPEICTaBUTh B CieAyIoieM Buie (paauyc chepbl TOCTOSHHBIN):

1. 3adamv mounocms GvluUCIEHUL (KOIUYECMBO NPOMENCYMOUHBIX
yenog) npu noucke mouek cgepor Ul, U2,

2. 3adamv paouyc uckomoii cghepul RS.

3. 3aoame koauuecmeo mouexk M obnaka OanHbIX, 8 KOMOPOM UUEMCSL
obvexm.

4. Cozoams maccue obraxa mouex dannwvix Data[M][3].

5. 3anoanume maccus Data[M][3].

6. 3a0ams pasmeprocms akkymynamoprozo maccusa — AX, Ay, Az.

7. Cos0amb  aKKYMYIAMOPHLIL — MACCU8  YeHmpos  cep — —

Acum[AX][Ay][AzZ].
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8. O6nynumo axxymynamopnwiii maccue ACUM[AX][Ay][Az].
9. Huxn no ecem moukam oonaxa oannvix d om 1 0o M C wazom 1:
Luxn no écem yenam AngleAlpha om 0 oo Pl ¢ wazom P1/ U1:
Luxn no ecem yenam AngleBeta om 0 0o 2*PI ¢ wazom 2*P1/U2:
LXc = Data[d][1] + Rs *sin(AngleAlpha)*cos (AngleBeta);
LYc = Data[d][2] + Rs*sin(AngleAlpha)*sin(AngleBeta);
LZc = Data[d][3] + Rs*cos(AngleAlpha);
Acum[LXc][LYc][LZc] = Acum[LXc][LYc][LZc] +1;
Komney yuxna no yeny AngleBeta;
Koney yuxna no yeny AngleAlpha;
Koney yuxna no écem mouxam obnaxa OaHubIx.
15. B axxymynsmopnom maccuse ACUM[AX][AY][AZ] naimu sueiiky c
HAUOOILULUM 3HAYEHUEM.
16. I1o unoexcam i, j, K natioennou sueiuxu Acum[i][jl[k/ soccmarosums
KOOpOUHamul yeumpa cgepbi:
Xs=1i;Ys=j; Zs=k.
18. Omobpasume Haiidennyto cgepy 6 npocmparcmae.

Kak BuaHO, Hanbosee HHTEPECHBIM ¢ TOYKH 3PEHHS pacliapalleInBaHus
SBISICTCSA JeBATHIM mar. Hawbosnee clIoXHBIMH MpoOJieMamMH B Ipolecce
pacnapajuieIMBaHus aJrOpUTMa SBIISIOTCS TaKHe.

1. ITouck omneparuii, KOTOpble MOKHO pacHapaeIuTh.

2. Br1bop pecypcoB, KOTOpPBIE JOJKHBI HCIIOIB30BATHCS MO OTAEIBHOCTH
KaX{bIM HE3aBUCUMBIM ITOTOKOM.

3. [Ipobnema ucmobp30BaHMs OOIIHX PECYPCOB.

Tak kak mpouecc CcO3MaHMS NapauleNIbHBIX ITOTOKOB JOCTATOYHO
pecypcoeMKuii, TO ero ObIIO PENIeHO MCIOIb30BaTh MUHUMYM pa3. B cBsi3u ¢
3THM pacrnapajuieMBaHue MPUMEHUMO K CaMOMY BEPXHEMY IHKITy JEBSITOTO
mara, TO €cTh IPAaHUYHBIE TOYKH pa3/ielieHbl MIOPOBHY MEXAy MOTOKamH. B
CBSI3U C 3TUM Bce JiokanbHbie pecypesl (yriael — AngleAlpha, AngleBeta, mar
yrioB, nepemennsie LXC, LYC, LZC) Obutd BBIZCIACHBI OTACIBHO KAXKIOMY
MOTOKY. AJTOPUTM MOXeT OBITh pacmapajulesieH Ha J1000€ KOJHMYECTBO
MOTOKOB, HO He Ooubliee 4yeM KonndecTBO Todek. C NMpakTHYECKOH TOUYKH
3peHust, Hanbombmas 3h(HEeKTHBHOCTE alNropuT™Ma OyAeT B TOM cilydae, Korjaa
KOJINYECTBO IIOTOKOB MpPOTpaMMBl OyAe€T COOTBETCTBOBAaTh KOJHYECTBY
MPOIIECCOPHBIX SAEP BBIYUCIUTEIBHON MaIIUHBI.

HanGomnee BakHBIM BONPOCOM OKa3aJOCh MCIOJIB30BAHUE OOLIMX
pecypcoB. B naHHOM citydae 3T0 ObUT HAKONIUTEIBHBIH TPEeXMEpHBIH MaccuB. B
CBSI3M C OTUM OBUIM MCCJICIOBAHBI JBA BO3MOXHBIX BapuaHTa €ro
UCIIOJIb30BaHMSI.
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1. Cozmanne amst KakAOro MOTOKA CBOETO HAKOMHMTEILHOTO MAacCHBA C
LETBI0 MIPEAOTBPAIICHUS MPOOIEM 0OXHOBPEMEHHOTO 10CTyMa K siueiike. [Tocie
BBITIOJTHEHHS BCEX MOTOKOB COOTBETCTBYIOIIHUE SUCHKH Ka)KIOTO U3 MAacCHBOB
CKJIQIBIBAIOTCSI M 3aHOCSATCS B TJIABHBII HAKOMHUTEJIBHBII MacCHUB.

2. Y Bcex MOTOKOB HAaKOIHUTEIBHBIN MacCHB — 00muii pecypc. Mcmonb3ys
OTPaHWIEHUS HA OJHOBPEMEHHBIN NOCTYI MOXHO HCIIOJIB30BAaTh 3TOT OOIINI
pecypc. Ho B naHHOM cityyae eciy OJHOBPEMEHHO JBYM IIOTOKaM HYXHO
Oyner 3amucaTh 3HauYCHHWE B OJHY SYECHKY MaccuBa, TO OJWH W3 HUX OynmeT
0KHJATh, 10K BTOPOI BBIIIOJIHUT OIEPAIIHIO.

Y KaxAOro M3 METONOB OBUIM BBISBIECHBI CBOM JIOCTOMHCTBA W
HEJIOCTATKHU. Y MEPBOr0 METOJa MOXKHO BBIACIHUTH CIEAYIOIINE OCOOCHHOCTH.

1)  HesddekruBHoe  UCrONb30BAaHHE  ONEPATUBHOM  MaMSTH.
[IponopioHanbHO YBEINYEHHUIO TIOTOKOB YBEINYMUBACTCS €€ HCIIOJIb30BAHUE.
OTO Tak e OrpaHWYMBAcT HCIIONB30BaHME maHHoro amroputMma Ha [IK c
MaJbIM 00BEMOM ONIEPAaTHBHOM MaMSTH.

2) TpeOyercs HEKOTOpOe BpeMsl Ha BBIJCICHHE MaMiATH U €€
0CBOOOXKIIEHHE.

3) Tpebyercs BpeMs Ha 00BEIUHEHUE PE3YITBTATOB.

4) Het npo6ieM 0THOBPEMEHHOTO JOCTYIa K OJHON sS4eiike.

Y BTOpOTo MeTO/1a BBISBIICHBI CIIEAYIOLIHE OCOOCHHOCTH.

1) KonmuecTBo 3aHMMaeMOl ONEpaTUBHONW MaMATH MPAaKTUYECKH PaBHO
OOBIYHOMY JIMHEHHOMY alNropuTMy (3a HCKIIOUEHHEM JOMOJHHUTEIHLHOTO
BBIJICJICHUS [l HEKOTOPBIX HE3aBUCHMBIX PECYPCOB).

2) Ilocne 3aBepuieHHs PabOTHI MOTOKOB HAKONUTENBHBIH MacCHB He
TpeOyeT mocToOpabOTKH.

3) Bpewms Ha BbIeNieHHE U OCBOOOXK/ICHNE TTAMSATH HE YBEIMYHUBACTCS IO
CPaBHEHUIO C JIMHEHHBIM aJITOPUTMOM.

4) Bo3MOXHBI 3aJepKKH BHYTPH IIOTOKOB H3-3a OJHOBPEMEHHOTO
JIOCTYTa K OTHOH siueiiKe HAKOIMTEIHLHOTO MPOCTPAHCTBA.

PesynbraTthl uccienoBaHMS OTOOpaXXeHBI B CPaBHUTENBHOW Tabm. 1.
TecTupoBaHue MPOBOJMIOCH HA KOMITBIOTEPE C TAKUMHU XapaKTEPUCTHKAMU:
omeparonHass cucrema — Windows 7 SP1 64bit, mpomeccop — AMD
Phenom Il 4 sgpa mo 3.4 GHz, 4GB RAM. Kak BHAHO, HCHOJIb30BaHHE
CBOEro HAaKOMUTEJIbHOTO MaccMBa JJisi KaKAOTO TIOTOKAa BBIIBUIOCH
HeornpapIaHHbIM. Jlaxke ¢ pocToM oObeMa BBIOOPKM ATOT METOJA TaK U He
CMOT JIOTHaTh METO]] C HCIIOJIb30BAaHMEM OOIIEr0 HaKOMHUTEIFHOIO MacCHBA.
Takum 00pa3oM, COTJacCHO  HCCIEJOBAHHMIO MOXKHO CJHIENIaTh BBIBOJ, 4YTO
3aJep)KKM BPEMEHH Ha BBIJEJICHUE JIOTIOJHUTEIBHBIX pecypcoB (TIaMsTH)
Bcerya OoJble, YeM 3aJep>KKH, CBSI3aHHBIE C OJHOBPEMEHHBIM JOCTYIIOM K
obmemy pecypcy. Takke HeraTMBHBIM (DaKTOPOM SIBIISIETCSI MCIOJIB30BaHHUE
MEepPBBIM METOJIOM OTPOMHOTO KOJMYECTBA ONEPAaTHBHOW mamsaTH. Tak eciu
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BTOpPOMY aJITOpPUTMy TIpH ero pabore Beimemsiercs He Oomee 500 Mb
orepaTtuBHOW mamMsATH (HakomutenbHbI MaccuB 500-500-500, Tvn naHHBIT —
long integer), To s mepBOTO CiTydast HEOOXOAUMO B 4 pasa GOJbINe MaMATH
(TIpu BCTIONB30BaHUY 4 TTapaIeTHHBIX IOTOKOB).

Tab6immna 1

CpaBHUTEIBHBIN aHaTH3 3PPEKTUBHOCTH PAOOTHI aITOPUTMOB MPH MOKUCKE Chephl B
o0J1aKe ToYeK

Bpewms BeinmonHeHHs (CeK.)
Kon-go snemenTos 4 motoka 4 motoka
(Touex 1 motok (OTaEBbHEIE (oBumit
TPOCTPAHCTB) HAKOIHTENEHBIE HAKOIHTENbHBI

MaCCHBBI) MACCHB)

500 4,74 5,57 1,59

1000 9,3 6,73 2,76

10000 94,4 29,7 26,28

15000 128,33 39,22 36,63

20000 171 51,6 46,67

Ha puc. oroGpaxkens! nanubie u3 tabna. 1. CorimacHo UM MOXHO CJeNaTh
BBIBO/I, UYTO Ha6mo,uaeTca HEJIMHEWHAs 3aBUCUMOCTh BPEMCHH BBIITOJIHEHUA OT
pasMepa Bxozsmel BeIoopku. Tak jke HaOMo1aeTcsl HEJIMHEWHAs 3aBUCIMOCTh
MMPOU3BOAUTCILHOCTH OT KOJIMYECTBA IMOTOKOB BBLINIOJTHEHUA, HO C OHHOﬁ
OroBOpKOH. Eciii KOMTMYECTBO MOTOKOB MPOTPaMMEI OOJIBIIE YeM, KOJHIECTBO
BO3MOXHBIX  TIapauIeIbHBIX MTOTOKOB mporieccopa, TO pocra
MPOU3BOIUTEIHPHOCTH HE HAONIOJaeTCs, a MOXKeT HaOmMomaTecs Taxe
HEKOTOPOE 3aMeJICHHE (10 HECKOJIBKUX JECATKOB MUJUTUCCKYH).

BoiBoabl. [lpakThueckue HCCIeIOBaHHS B OOJAaCTH MPUMEHEHHS
MHOTOMOTOYHBIX BBIYHCICHUH B HpeoOpa3oBanud Xada MoKazalid XOpOIIUe
pe3yabTaThl, 3HAYUTCIILHO YBCJIMYMB CKOPOCTH BBLIINIOJIHCHUA aJroOpruT™Ma.
OcobeHHO 3TO akTyanbHO B cBa3M c pocrom B [IK konmmyectBa
BBIYUCIUTENbHBIX sifep. s onTuMmsanuu 0a3o0BOTO alropuTMa B pabote
paccMOTpeHBl  pa3nuuHble  MoAuduKanuu  TpeoOpazoBaHust  Xada.
PaCCMOTpeHa NPUMEHUMOCTDL JUUIA TIOMCKa Pas3sjMgYHOTO THUIIA 06’I)CKTOB.
Pa3paboTan MeTon pacmapaJUIeNMBaHHUS HEKOTOPHIX BETBEH alropuTMa,
MO3BOJISIFOIIETO YCKOPHUTH AITOPUTM Ha MHOTOSJICPHBEIX Iporeccopax. Taxke
VIy4IIEH METOJ] TOWCKAa HECKOJIBKHX cdep B OJHOM HAKOMUTEIHFHOM
MPOCTPAHCTBE.
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Puc. 3aBucHMOCTb BpeMeHH BBHINTOIHEHHUS IPOTPaMMBI OT pazMepa
BBIOOPKH U KOJIMYECTBA IOTOKOB

Paspaborano IIO, xoTopoe IO3BOJIIET HAXOIUTh B OOJAKe TOYCK
TPEXMEPHOT0 IPOCTPaHCTBA OJHY WJIM HECKONBKO cdep 3a cuer
MHOT'OIIOTOYHOTO pexxnma. Cpenu HenocTaTkoB TaHHOTO [10 MOKHO OTMETHTb
HE0OX0IMMOCTb PYYHOTO BBOJA pajuyca UCKOMOH cdepbl. Cpeu JOCTOMHCTB
MOXXHO OTMETHUTHh BO3MOXKHOCTH 3arpy3KH IPOW3BOJBHOTO (haitia NaHHBIX U
yIOOHBIH, HHTYUTHBHO MOHSATHBIH HHTEpQEiC.

Takke  IOJOKUTEIBHONM  CTOPOHOM  MCCIEAYEMOrO  alropuTMa
pacnapajuleliiBaHusl SBJISAETCS €ro NPUMEHHMOCTh K pPa3HbIM BapHaHTaM
00001éHHOr0 mpeoOpazoBanust Xada. DOTOT aIrOpuTM MOXKET OBITh
ONTUMH3UPOBAH M JUIA MOWCKA JIMHUH, OKPY)KHOCTECH, U JUIsl IPOU3BOJILHBIX
00BeKTOB. [IpuMeHeHHe MyJIbTHIIOTOYHBIX BBIYMCICHUH IJIsI BEPOSATHOCTHOTO
npeoOpa3oBanust Xada emé OonbIle YCKOPUT paboTy anropurmMa IO
CPaBHEHUIO C KJIACCHYECKUM IpeoOpazoBanueM Xada.
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