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BBenenue

Bpewms perienust 3a/1a4u Ha, COBPEMEHHOM KOMIIBIOTEPE BO MHOI'OM OIIPEJIEJISIETCS JIOKAhb-
HOCTBIO PEATN3yEeMOT0 AJTOPUTMA — CTEMEHBI0 UCTOIb30BAHUS TAMITH C OBICTPBIM JTOCTY-
oM. B sroit pabore B KadecTBe KOMITBIOTEPA, HA KOTOPOM TpeOyeTcsl peasin30BaTh Hapali-
JIEJIbHYIO BEPCHIO ajropurma, OyjeM paccmarpuBarh rpadudeckue mporeccopsl (GPU) —
MOIIHBIE MHOTOsIJIEPHBIE BBITUCUTEbHBIE ycTpoiicTBa. [Ipu Beraucierusx #a GPU 6bicTpbim
SIBJITETCS TIPOTIECC OOPAIEHNs K Pa3IeasieMoil MaMaTH MYyJIbTHIIPOIIECCOPA M K KIIIaM, HO He
obparienue K riaobanabHoi mamsaru GPU.

I'padudeckuit Tporeccop BBIMTOTHSIET MHOYKECTBO MapaJIIETLHBIX MMOTOKOB BBIYUCJICHMUIA.
TloToku obbemuHSIIOTCS B OJIOKH, & OJIOKU OOBEIMHAIOTCS B CeTKYy. CHHXPOHU3AIUS MEXKTY
TTOTOKAMU PA3HBIX OJIOKOB HE TpeaycMOTpeHa. KaxKapiit 6JI0K MOTOKOB BBITIOHIETCS aTOMAP-
HO HA OJIHOM U3 MYJIBTUIIPOIIECCOPOB TpadudecKoro mporeccopa. Jlo/KHbl ObITH yKa3aHbI
OJIOKM, KOTOPbIE MOTYT BBIMOJHATHCS MYJbTUIIPOIECCOPAMHI OJIHOBPEMEHHO U HE3aBUCHUMO
Apyr OT ApyTa.

enpto 3T0i1 paboOTH! ABJsieTCA PaspabOTKa MeTOJa, MO3BOJISIONIEr0 MOJydaTh OJIOKA BbI-
YUCEHUI ¢ MEHBINM YHCJIOM OOpaIeHuit K TI00AIbHOM TaMaTr. Vcmombp3yercs: aHaJIn3 WH-

GOpPMAIMOHHBIX 3aBUCUMOCTEMN, MTOPOKIAIOIINX KOMMYHUKAIMOHHBIE oreparuu. Cdopmysmpo-

*
CraTbst pEKOMEH/IOBaHA K MyOJUKAIMU MPOrPAMMHBIM KOMHUTETOM MeKIyHAPOIHOW HAYYIHON KOH-

depennmu «Ilapasienpubie BeraucanTebabe Texaogorun — 2016».
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BaHbI W JOKA3aHbI YTBEPIKIEHUsS, MO3BOJISIONINE PAHKUPOBATDH TapaMeTphl padMepa OJOKOB
Ha OCHOBE ACHMIITOTHYECKHUX OIEHOK OObeMa KOMMYHHKAIMOHHBIX orepanuii. B pabore [1]
HOI00HbIE OLEHKY MOJIYYEeHbI ¢ UCHOJIb30BaHUEM 0oJjiee CJIOXKHOrO (HO u GoJiee IPUCTIOCODIIeH-
HOI'O JIJIsi aBTOMATH3AllMi) MaTeMaTHIecKoro ammapara. V3secren crocob mosydenusi 6osiee
TOYHOW OIEHKM KOJUIECTBA JEMEHTOB, K KOTOPBIM OCYIIECTBIISIETCS JOCTYI TPU BBIMTOJTHE-
HAW OTepaluii OJ0Ka BBIYUCJIEHUN, HO MPAKTUIECKOE HCIIOJb30BAHUE W3BECTHOTO Pe3yJibTara
JIOBOJTBHO TPYJO0EMKOE W TpebyeT TPHUBICUEHUS CHEIUATN3NPOBAHHBIX CPEICTB ABTOMATH3A-
mun 2, 3.

B pabore Takke yKazaHbI yCJIOBUsT HAJWYNST BPEMEHHOW JIOKAJTBHOCTU W YCJIOBUS HAJIHU-
9UsT TTPOCTPAHCTBEHHOM JIOKAJBHOCTH JaHHBIX. CyImecTBOBaHME JIOKAJIBHOCTH TTO3BOJISIET -
GEeKTUBHO HCIIOJb30BATH MAPAJIJIEIbHBIMI TOTOKAMUA BBITUCJEHUN KU U PA3IEIIEMYI0 I1a-
MaATh. VcciieoBanue mpoBOAUTCS aHAJUTAYECKUMEU MeTomamu. JIpyroit criocob mcciieioBaHms
JIOKAJIbHOCTH JAHHBIX — MOCTPOeHHE TPOdMiIs paboThl MIPUIIOKEHHsT ¢ TaMATbIO [4].

Crarbs OpraHm30BaHa CJeLyIOIuM obpa3oM. B paszzene 1 nmpuBegeHbl HEOOXOAUMBIE IJIsI
JIAJIBHEHIIIEro M3JI0XKEHUsI CBeeHUs] O PACCMATPUBAEMOM KJIacCe aJI'OPUTMOB, WH(OOPMAITHOH-
HBIX 3aBUCHUMOCTSX MEXKJIy OIEpAIMsSMU, HOJIydeHuu OJIOKOB Makpooreparuil. B pazmene 2
OIIEHUBAETCs 00beM KOMMYHUKAIIMOHHBIX OIepalldii 9TeHUsl U OIEePAIWil 3aIluCh, TOPOXKIae-
MbBIX pa30MeHreM MTePAIUil aJrOpUTMa Ha OJIOKU BBIYUCJEHUN, IPUBOJIUTCH TIPUMEDP YCTAHOB-
JIEHUSI COOTHOIIIEHUsI PAa3MepPOB OJIOKOB JIjIs MUHUMU3AIUU 00beMa KOMMYHUKAIIMOHHBIX OITe-
pamuii. B pazziene 3 maiorcs peKOMEHJAIMYU 110 BHIOOPY Pa3MEpPOB MOTOKOB BBIYUCJIEHUN s
JIOCTYXKEHUsT HAUMEHBIINIETO YUCJIa KIII-TIPOMAXOB M OPraHU3aIlUd COBMECTHOI'O HUCIOJIH30Ba-
HUS TIOTOKAMU JaHHBIX. B pasiesie 4 o6CyKIai0Tcsa pe3yabTaThl BbIYUCIUTEIbHBIX SKCIEPHU-
MeHTOB. B 3ak/IloYeHun CyMMHPYIOTCSI OCHOBHBIE DE3yJIbTATHI, HAMEYAIOTCS HAIIPABJIEHUS

JIAJIbHEUIIINX WUCCJIEIOBAHWIA.

1. IIpenBapurenbHble CBEIECHUS

Bynem cumrarh, 9To asropuT™M 3aJaH MOCAEI0BATEIHLHON TPOrPAMMO JIMHEHHOTO kiacca'
[5]. OcHOBHYIO BBIMUCIUTENHHYIO YACTh TAKON HPOrPAMMBI COCTABJISIIOT UKIMYECKHE KOH-
CTPYKIMHU; TPAHUIBI U3MEHEHUs [MapaMeTPOB IUKJIOB 3aJIaf0TCsl HEOTHOPOJIHBIMUA (DOPMAMM,
JIMHERHBIMI 110 COBOKYIIHOCTH IAapPaMETPOB IMKJIOB W BHENIHUX IepeMeHHbIX. lIpemmosaraer-

Csd, 9TO B THE3JE IUKJIOB uMeeTcs K BBINOJHSEMBIX OIEPATOPOB Sﬁ u ucnoJibdyercd L maccu-
BOB a; pazMeprocTeil v, O6/acTh W3MEHEHMs TapaMeTpoB MUKIOB (06acTh mrepanuii) s
omeparTopa Sﬁ ¥ Pa3MEpPHOCTH ITOH 0bsracTi 0003HAYUM COOTBETCTBEHHO Vps u 7.

Bxoxnennem (1,3,q) OyzieM HA3BIBATH ¢-€ BXOXKJICHHE MAaCCHBA a; B OIIEPaTop Sg' WMunekcot

9JIEMEHTOB Fro MmaccuBa, CBs3aHHBIX ¢ BxOxKJeHueM ([,3,q), Bbipaxkatorcs dyukimeir Fipg

BUJIA
Fipq(J)= FyJ+G N+ [
J(jl,---,jnB) € %, NeZ’, E,B,q ez, Gl,ﬁ,q VAL fl,ﬁ,q D
rae N € Z' — BeKTOp BHEITHUX MEPEMEHHBIX aJrOPUTMA, § — YUCJIO BHENIHUX NEPEMEHHBIX.

1
B nuTepaType MCIOMB3yIOTCS TaKKe TEPMUHBI «adPUHHBIE THE3/Ia IIUKJIOBY, KAJTOPUTMBI ¢ aduH-

HBIMHU 3aBUCHUMOCTAMM .
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Brimosnnenue omeparopa Sp IpU KOHKDPETHBIX 3HAYECHHUAX 3 U BEKTOpA HAPAMETPOB IHK-
JioB J 6yjieM Ha3bIBaTh onepalmeil u 0603HAYATD Sﬁ(J). [Tapa Bxoxnennit (l,a,1) u (13,q) mo-

POK/IAeT MCTUHHYIO 3aBUCHMOCTH Sa(l)—>5ﬁ(J), ecr: S () BBITOTHACTCA PAHbIITE Sﬁ(J); S,(D)

nepeonpesiesisIeT (M3MeHseT) SJTeMEeHT MacCuBa, a4, a Sﬁ(J) ucHosb3yer Ha BxoxaeHuu (1,3,q) B
KauecTBe apryMeHTa TOT YK€ 9JIEMEHT MacCHuBa; Mexkuy omeparnusvu S (1) n Sﬁ(J) 9TOT 3JIe-

MEHT He IIePEOIPE/IEIISAETCH.

BasucumvocTu (MHGOPMAIMOHHbBIE CBSI3M ) Sa(D—>Sﬁ(J) MezKy omepanusmu Oy1eM Xapakx-

TepU30BaTh BeKTOpaMu d f—J-I Ecm pasMepHocTu BeKTOpOoB J m [ He coBmajaioT, To J-I
onpejiesisgeTcss KaK pa3HOCTh BEKTOPOB MeHbINei u3 pasmepHocTeit. BekTopnl d” # qacro nasbi-

BAIOT BeKTOpaMy sapucumocteii: d*¥ mossonser s omeparym Sﬁ(J) Hajitn onepanuio S (1),
OT KOTOPOii SSU) 3aBHCHT.

IIycts B ruHe3ne nmukjaoB mmeercd O HADOPOB BBINOJHAEMbBIX orneparopoB. Iloj Habopom
onepaTopoB OyeM IMOHUMATH OJIMH WM HECKOJIbKO OIepaTopOB, OKPYKEHHBIX OJHUM U TeM
JKe MHOXKeCTBOM IHKJIOB. Oneparopbl u HaOOPHI ONEPATOPOB JIMHEWHO YIOPSI0YEHBI PaCIIo-
JIOJKEeHNeM X B 3amucy ajaropurMa. O6osaaunm: V¥, 1<9<@, — obiacTu u3MeHeHus mapa-
METPOB IMKJIOB, OKPYZKAIOIIX HAGOPHI OepaTopoB, n° — pasMepHOCTH obmacta V', wmcero

IUKJIOB, OKpy:Kaomux J-ii Habop omepaTropoB. Byznem cumrarsh, 9TO ecim omeparop SB pu-
HaJyIesKuT HAabopy onepaTopos ¢ HomepoM 9° | To n’ =Ng.

BbI,ILeJII/IM OJIOKM BBLIYKUCJICHUM IIyTeM pa36I/IeHI/IH OUKJIOB, OKPY2KaIoIUX OIIepaTOpbl.

IIyctn mé‘ = min_ j, M é‘ =  max_ j. 1<C< n®, — npeesbHBIE 3HAYEHUS U3MEHEHUS
(dissnesdss e H(dsadi Jer®

IIapaMeTpoB IIUKJIOB. Saﬂa,ZLI/IM pa3Mepbl OJIOKOB BBLIYMCJICHUM HaTypaJIbHbIMU YUCJIaMN

9 9 9 . .
By [Tapamerp 7, 0003HAaYAET YHMCJI0 3HAYEHUI ImapamMerpa Jy» IPUXOJSAIIAXCS HA OJIUH

610k J-ro mabopa omeparopos. Umcio uacreit QC9 , Ha KOTOpbIe TIpu (popMUpOBaHUU OJIOKOB
pa3buBaercs oDJACTb 3HAYEHUN ITapamMeTpa Jp THKJIA, OKPYZKAIOIIETo 9-it mabop omeparopos,
HaXOJAUTCS COLJIACHO Qg ={(M f —mg +1)/rﬂ (I_—‘ obo3HavaeT OJsmrKaiilee «CBEpXy» IeJsioe

ancyo). HymepoBars 6/0KH BbIMEC/IEHHIE Oy1eM 0 KazKI0il KoopJuHaTe B mpejesnax or 0 110
9 9
O -1, 1<C<n”.

PopMaIM30BaHHBIM CIIOCOOOM pPa30UTh MHOXKECTBO OIEPalldii aaropuTMa Ha OJIOKH U I10-

TOKU BBIMHUCJICHUN MOKHO IIyTE€M IMPUMEHEHUs TANJIUHTa — IPEoOPA30BAHUS AJTOPUTMA JIJIs

HOJIyYeHusi Makpoornepanuii |6, 7).

IIpumep 1. Paccmorpum asiroputM Pioitia—Yopiiresia IOUCKa KPATIaliuX IyTell MexK Iy

BceMu napamu Bepinus rpada (puc. 1).

do k =1, n
do i =1, n
do 7 =1, n
a(i,j) =min(a(i,j), a(i, k) + a(k,j))
enddo
enddo
enddo

Puc. 1. OcuoBras yacrtb ajaropurma ®ioiiga—Yopiesia,
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B ruesse mUKJIOB MMeETCA OJMH BBINOIHAEMbINH omeparop S, (oauH HAGOD ONEpaTopoB) u
UCHOJIB3YeTCA OJIMH MAacCuB a pasmeproctr 2. O61acTh M3MEHeHHWs MapaMeTpoB IUKJIOB (00-
" 53 . .
nacts wrepaunit) V,=V'={(k,i,j)e 2’| 1<k<n, 1<i<n, 1<j<n} nnst omepartopa S, mMeer pas-
mepHocTb 3. g marpur F 1p,q HA BXOMJICHUSX (1,3,q) nmeem:

F -p (0010 g (010 g _[(100O0
R PO T L = A PR L B ) PR

o o,
B paccmarpuBaeMoM mpuMepe BEKTOPBI 3aBUCHUMOCTEN d P Oyem JJis HATJISTHOCTH II0-
MeJaTh HEe HOMEpPAMH OIIEPATOPOB, a dJEMEHTAMHU MACCHBOB, (PUTYPUPYIOMIMMHU Ha, TOPOXK I~

d!l(i,j),tl(i,k)

IOIMUX 3aBUCUMOCTH BXOXKICHUAX. Haan/IMep, BEKTOD IIOPOKTa€TCAd 3aBUCUMOCTDBIO

Mezk Ty JanEbiMu a(1,f) Ha Bxoxaennn (la,1)=(1,1,1) B nepoit wacTn omeparopa S|, ¥ JAHHBI-
mu a(i,k) na Bxoxzaennu (,3,9)=(1,1,3) B mpasoit yacTu omeparopa. YKarxKeM HTEDAIWH, I10-
POXKIAIOIIE 3aBUCUMOCTH, U BEKTOPBI 3aBUCUMOCTEI]:
o S/ (k-1,i,5)—8,(k,i,j): mannoe a(i,j), Berauciaennoe na urepamyn (k-1,i,), asngerca
aprymentoM a(i,j) ays Beraucaennit na urepamun (k,i,j); d**4) =(1,0,0);
o S/(k-1,i,k)—S,(k,i,j): a(i,k), Boraucnennoe na urepamun (k-1,4,k), ABigerca apry-
MEHTOM JjIs Beraucaennii ua urepamun (k,i,j); d 00 =(1,0,5-k);
o S(k-1,kj)—S (kiyj): a(k,j), soraucnennoe na nreparmn (k-1,k,j), aBisercs apry-
MEHTOM Jijis Bhraucienuii wa ureparyn (k,i,j); d*““**) =(1,i-k,0).
OrmernM, 9TO I PUKCUPOBAHHOIO k BCE OLEpaIdy He 3aBUCAT JAPYr OT Apyra. Kpome Toro,
HEIOCPEeJICTBEHHO U3 3allUCH AJTOPUTMA CJIEJyeT, 4TO JIaHHble a(i,j) He OOHOBJIAIOTCS, eCjn
1=k wim j=k.
Boigesum 610ku Bbhraumcsenunii. HamomunM, OJI0KM BBIYUCIEHUN TOJIKHBI BBITOJTHITHCS
aToMapHO, He3aBucuMo APyr or apyra. C ydeTroM 3aBUCUMOCTEH aJropuTMa, Takue OJIOKU

IPOIIE BCErO 3a/aTh, €C/IU TOJNOXKUTH T3 =1, 7, u 7y — mapamerpbl. Beero Oyzmer ()X (X ()

aByMepHbIx (2D) 6mokos, Tae Q) =, QQ{E—‘, Q3’V£—|. Biounerit anropur™m mMmeer ciemy-

h i3

IOIIUIA BUJI;

do k =1, n
do i®=0, 0, -1
do =0, 05 -1
do i =1 + ipl*r2, min ( (1% + 1)*r,, n)

do j =1 + j%*ry, min((F* + 1)*r,, n)

a(i,j) =min(a(i,j), a(i, k) + a(k,j))
enddo
enddo
enddo
enddo

enddo

Puc. 2. OcuoBrast yacth ajsropurma DJioiiga— Yopimesa ¢ BblaeeHHbIME 2D 61oKamu

2. Omnenka o6beMa KOMMYHUKAIIMOHHBIX OIEepaIiuii
2.1. BpipakeHud 1Jis OIleHKU oO0'beMa omeparii YTeHus W 3alucu

g m9)+1 — HaubOJIbIlIee YUCJI0 UTEPAIU IUKJ/IOB, YIACTBY-

O60o3raunm M *® = max (M c ¢
¢

IOMKUX B TOJIydeHuu 6/10koB. Jljist mpocToTh! 3amucu OyieM UCIoJib30BaTh oboznadenune M 6e3

2016, T. 5, Ne 3 99



OueHKa JIOKAQJBbHOCTHU IMapaJijieJIbHbIX aJITOpUTMOB, peaJin3yeMbIX Ha I‘pad)nquKnx...

uHIeKca 9 U moapasyMeBaTh HaGop omeparopos 3° mpm ymommmammm ormeparopa Sﬁ' Orme-
9.9 9
TaM, uTO BesmamHa ()7, uMeer mopsnok M, nostomy 7., Qg MOT'YT ObITh BEJIUIUHAMU TIO-

panka M.
OmpenemnM TepMuH «PUKCHUPOBAHHOE TaHHOE MACCHUBAa» KaK KOHKPETHOE, HEM3MEHEHHOE

o o d
COMEPKUMOE COOTBETCTBYIOIIECU AYCUKU ITaMATH. BBe,ILeM B paCCMOTpPEHHE BEJINYMHDbI pqu,

d,
puf 4 » KOTODbIE OIPEeJesnM CJIeLyIOMIM 00pa30M: MyCTh YUCJ0 (PUKCUPOBAHHBIX JIAHHBIX, WC-

d

. P
nosb3yembix Ha Bxoxzaenun (1,3,q), onennsaercs eswamuoit O(M™) | a uumcno dbukcupo-
BAHHBIX JIAHHBIX, UCIOJIb3YyEeMbIX Ha BXOxkAeHuU (L3,q) npu HpUKCHPOBAHHOM 3HAYEHUH IUKJIA

d.C
. - prr,—l
¢ mapamerpom j. omenusaercs sesmamnoin O(M ™ 7). Hammaue unsexca d B o6o3nauenusx
HO/IYEPKUBAET, ITO ecau BXxoxKaenue (1,3,q) mopoxKaaeT NCTHHHYIO 3aBUCHMOCTD Sa(])—>SB(J),
TO d u 45 3aBHCAT OT BEKTOpa d o Haitru d u e HE IIpeacTaBiideT T a, ecjn
Pipg M Pipy p : Pipg M Pipy pel pyna,
JIeTaJbLHO IIOHUMATh peaju3yeMblii ajropurM. POpMaIM30BaHHbINA CIIOCOO IOy YeHUsT BEJIMIUH
d g T

Pipy> Pip, W370KeH B pabore [1]. Dror cnocob ucnonssyer Gynximmu Fipg, a Takxe pynk-

MU, ONUCHIBAIONIME MH(MOPMAIMOHHYIO CTPYKTYDPY AJrOPUTMa — IOKPBIBAKONMEe (hyHKIUHI
rpaca aaropurMma |5 (HaspiBaemble emre h-npeobpazoBanusimvu [8]).
OrmeruM, uTo 4ncyio (BUKCUPOBAHHBIX JIAHHBIX, UCHOJIb3YEMBIX (B IPOCTPAHCTBE pa3Mep-

HOCTH nﬁ—l) Ha BXOXK/IEHHM 1PU (PUKCHPOBAHHOM 3HAYEHUH LMK/ C IAPAMETPOM Jj,, 1O 1O-
d, d d, d
pAIKy OO PaBHO (p”fq ~1=pjp, ), mbo Ha 1 menbime (plﬁcq ~1=p;p, 1) umcna duxcupo-
BaHHBIX JIAHHBIX, WCIIOJB3YEMbIX (B IPOCTPAHCTBE PA3MEPHOCTH nﬁ) OpU BCEX 3HAYCHUSIX
LIUKJIa C IIapaMeTpOM jl'
o3, max
O6osnaunm wepes d; MaKCHUMaJIbHBIE TI0 MOJIyJII0 3HAYEHUsI KOMIIOHEHT BEKTODOB

dO(B CnenaeM €CTECTBEHHOE [IJid IPAKTUKMU IIPEAIIOJIO2KEHHNE: KOMIIOHEHTHBI BEKTOPOB dot@ 110
MO/IYJIIO UJI HE IIPEBOCXOAAT HECKOJIbKUX €NHUIL, NI HEOI'PDAHNYIECHHO BO3pacCTarOT C POCTOM

pasmepa 3aja4u. B 1mepBom ciydae dg"ﬁ’max TakyKe He MPEBOCXOJAT HECKOJbKUX €JIUHUI], BO

9
BTOPOM CJIy4dae ABJIAIOTCA 6OJ'H)HH/IMI/I7 SHAYIUTEJIBHO IIPEBOCXOIAIITNMNI VC .

Teopema 1. Ilycrs Bxoxaenue (1,3,q) mOpOK/IaeT HCTHHHYIO 3aBUCUMOCTD: OIPEJICJICHIE He-

KOTOPOI'O JIAHHOT'O IIPOUCXOJMUT Ha BXOXKieHuu (lo,1) B jieBoil wacrtu omeparopa Sy, a uc-
nosib3oBanne — Ha BxoxkzAeHuu ([,3,q) B mpaBoil wacTu omeparopa S,, HPUYEM B OKPYKEHUU
OnepaTopoB S, u Sp UMeeTCd TUKJI ¢ TTapaMeTPOM jl' Torma, npu moydeHun OJIOKOB BBIYUKC-

JIEHU# JIJIsT peaJin3aliiy ajJropuTMa Ha rpadudecKoM IpoIeccope, pasdueHne uTepanuil 1uKIia

jC [IOPO2K/IA€T KOMMYHUKAIIMOHHBIE OIEPAIMA YTEHUS U 3alUCh, 00beM KOTOPBIX UMEET CJie-

JyIoIue OIEHKU:

g -1
o O(QCS MP97) oneparumit urenus u onepanuii 3amucu, ecau 0 < d c Bmax 7'(;9;
d d
o O(Q(;9 M"#) onepammit wrerna nu O(M™#*) onepaumii sammen, ecom d : Bmax >
d. d |
PipaFPipys

d
p " . B, 9 d
e O(M™*) onepanuii arenus u oneparuit sarmcu, ecm d; P> p [’éq =Pl
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e e TpeGyercs Hu ONepAluii YTeHNsl, Hi onepaiuii samucu, eciu d; Bamax .

B cayuae, xorma Bxoxienue (13,¢) He HOPOKIAET MCTHHHON 3aBUCHMOCTH (IIPOMCXOJUT

obpalieHre K BXOJHBIM JIAHHBIM) WJI [UKJ C TapaMeTPOM j: uMeeTcd B OKPY2KEHUHU TOJIBKO

orrepaTopa S,, OIEHKH CJIeIYIOIINe:
9 Pf{ﬁ,q o d.g d .
e O(Q;M™") onepanuit arenus, ecau P, #Pp., ;

d
Prp.g o .5 d
e O(M™*) onepaumit urenus, eciu P, =Pg., -

Zloxasamenvcmeo. YTBEPXKIEHUS TEOPEMbl OIEHUBAIOT O0bEM KOMMYHHUKAIIMOHHBIX OIlepa-
LM, OPOXK/JAeMBIX pasbueHueM uTepalyil IUK/Ia j,, B 3aBUCUMOCTH OT 3HaveHuil {-it koop-
aunathl Bektopa d u Besmaun pil’fq, pZB, , - HaIlOMHUM, MHOXKECTBO MTepalmii IUKIa ¢ ma-
paMeTpoM j, pasOuBaeTcs Ha QCS JacTeil, KaxKjasd YacTb HWMeeT HEKOTOPBIA HOMEp jfl,
0< jfl < QCS —1, u copepkuT I’CS ureparyii (KpoMe, BO3MOXKHO, YaCTH C HOMEPOM Qg -1).
Hycrs 0<d/ Pmax VCS,
S (i, -1, ), a ncnombzoanue — 1pu BoinosHennn oneparun Sg(J (e ‘j"B ).

olpezejienrne JaHHOI'O IIPOMCXOJMWT IIPU BBIIIOJIHEHHNHN OIllepallun

Hucno GUKCHPOBAHHBIX JAHHBIX, UCIOIb3YEMbIX Ha Bxoxaenun ([,f3,q) mpu dbuxcuposam-

HOM 3HaY€HHHU IMUKJIa C IIapaMeTpPpOM jc (T.e. B IIPOCTPaHCTBE Pa3MEPHOCTU nﬁ—l) oneHnuBaeTCA

o,
i (M
pesmmaunoit O( ). Torma Uuciao pUKCHPOBAHHBIX JAHHBIX, UCIIOJIB3yEeMBIX Ha BXOXKIE-
uun (L,q) mpm Bcex 3HAYCHUAX IUKJIA C IIAPAMETPOM Jy (B IIpOCTpaHCTBE PA3MEPHOCTH ”B)

M . . 5.
OLEHMBAETCA BEJIMUHHON — O(M ¥y = O(M"#) (HamomuuM, Bemauna d g p.max

HE Tpe-
dot,[i,max
¢
BBINIAET HeCKOJMbKMX emuuui). C apyroiff CTOPOHBI, ONEHKa [UCIa TAKAX JAHHBIX €CTh
d
p d, d
O(M™") . Takum 06pa3oM, B pACCMATPUBAEMOM CJIydae BEPHO P, Bc s =Pl
. 9 . . -
B xazxnoit w3 () wacTeit mTeparyit MUKIA j, THCI0 (DUKCHPOBAHHBIX JAHHBIX, KOTOPbIE

gl
OIIPEJIe/IAIOTCA IIPU OJHOM 3HaYEeHUU jf , HO MCHOJB3YIOTCA IPU APYI'OM, OIlEHUBAETCA BeJIH-

o,,max
dC

d.g
.. ,B,m Pifg ] 9
annoit df PRXO(MP ™) | mpudem He3aBECEMO OT 3HAYCHMSI Y, BeJIMvuHA , KaK OBLIO

YCJIOBJIEHO, HE€ NIPEBBINIAECT HECKOJIbKUX €JIAHUAIL. CyMMaprIfI 06BeM KOMMYHUKAIITMOHHBIX

. " 9 "
omepauuif 4reHumst M ouepanuii samucu 10 BeeM (J;  UACTAM  ONPEJENIAETCs  OLEHKOM
.0 d
9 Prpg Y 94 P!
QC oM ) =0 M ).

o, max 9 dg d dg 1 _ 4
IlycTs df; 21 . Ecm pp #p;5, (T.e. Pipy lfpl,ﬁ’q), TO YUCJIO UCHOJIb3yEMBIX Ha
Bxoxennu (1,3,q) GUKCHPOBAHHBIX JAHHBIX B KayKJIOH 9acTH M BO BCEX QC‘9 JacTsAX OIEHUBA-

d

. " PiB.q o -
erca opuHakoBoil Besmuunoit O(M™*). Jroii BemuuHOll CeTyeT ONEHUTH OOBEM KOMMY-
HUKAIMOHHBIX omeparuii 3anucu. OieHka o0beMa KOMMYHUKAI[MOHHBIX OIEpAaluil YTEHus 10

d d
9 9 Pipay S PIpg ac _ d

BeeM O wactam ectb O O(M™) =0(Q; M™"). Ecmu p;y, =p;p,  TO TUCIO UCHOIB3Ye-

. 9 o o
MBIX (bI/IKCI/IpOBaHHI)IX JaHHBbIX B KazKJI0M U3 QC HJacTern OneHHBacTCAd BEJINYNHOU

d.,C
94 P " . .
O(rC M) . CymMapHbiii 00beM KOMMYHUKAIIMOHHBIX ONepaluii YTeHus U Olepaluii 3amu-
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9
cu 10 BCEM O,

4acTAM onpenessaeTca OIIEHKOM

QQSO(rCSMP;/_i ) O(QS SMP/Bq )ZO(MP;{B"?) )

Ecm d*Pm™
¢

=0, To Jyiroboe (PUKCHPOBAHHOE TAHHOE OIPEesIseTCsl U UCIOJb3yeTCs TPU
gl .
OTHOM M TOM 2Ke 3HAUYeHUU IapaMeTpa ITUKJIa jf . Kommynukanuonnsix oneparuii e Tpedy-

eTCHl.
ITycrs Bxoxaenue (1,3,q) He MOPOKIAET UCTHHHOM 3aBUCHMOCTH (IPOMCXOIUT OOpaIeHne

K BXOJHBIM JAHHBIM) WU HOPOXKIAET MCTUHHYIO 3aBUCUMOCTH, HO HUKJ C IAPAMETPOM Jy
d, d d, d
MeeTCsl B OKPYZKEHUU TOJIBKO OIlepaTopa S@' Ecm p, quqﬁ Pipy (r.e. p; ch 1= plﬁq)7 TO 00Db-

o 9
€M KOMMYHHKAIIMOHHBIX OII€pallun (TOJII)KO ‘{TeHI/Ie) II0 BCEM QC JaCTdAM OICHUBACTCA BEJIN-

P S} i
YUHOMN QC OoM™)=0(0;M "“’) Ecmn p,'3 . p,'3 ;» TO 00bEM KOMMYHUKAIMOHHBIX Ollepa-
it (TosibkO  uTeHue) mo  BCEM Qg 9aCTAM  OIPENEeJIAeTCs  OINEHKOM
d.C d
9 9Py P,
Q0@ M™ ) =0(M™).
i

JlokazaTesbCcTBO TEOPEMBI JJIsi CJIydasi, KOrja WH(MOPMAIMOHHAS CTPYKTypa AJTOPUTMA

peJcTaB/IeHa TOKPbIBaloIuME (byHKIMAMEU Ipada ajiropurMa, IpuBeieHo B pabore [1].

IIpumep 1 (mpomosmkenue). HamoMmmanm BEKTOPBI 3aBHCHMOCTE, MOPOZKIaeMble BXOZK ICHIHsI-
MH MAaCCHBA @ B IIPABYIO YacTb OLEPATOPA, U YKayKeM OLEHKH 4YnC/Ia (DUKCHPOBAHHBIX JIAH-
HbBIX, UCIIOJIb3YEMBIX Ha BXOJKJICHUAX.

st Broporo Bxoxzaenust a(i,j) (ACIOIb30BaHUE MIPEKHErO 3HAYEHUS OOHOBJIAEMOrO dJIe-

menra) d“C70D —=(1,0,0); pil’z =3 — Ynca0 (PUKCUPOBAHHBLIX JAHHBIX, HWCIIOJIb3YEMbIX Ha
. 3. dl d2 _ d3
BXOXKJICHHH, OleHuBaeTca Beamaunoin O(n°); Py, =Py, =Pii, =3 — 9HCIO0 (DUKCHPOBAHHBIX
JIAHHBIX, UCIIOJb3yeMbIX HA BXOXKJEHUU TPU (PUKCUPOBAHHOM 3HAYEHUU OJHOTO U3 IUKJIOB C
:
napamerpamu j, =i, j,=j, j,=k, onenmpaercs semmannamvu O(M P2y —0(n?).
Hnst tperbero Bxoxuenus a(i,k) (ucmonbp3oBaxue HpI/I (bHKCI/IpOBaHHOM k wa I/ITean;Hs{x
(4,7,k) snementos ommoro crombua) d*0H =(1,0,5-k), p113 =2, p113 =2, p113 =2, p113 =
st werBeproro Bxoxiaenus a(k,j) (ucnosbp3oBanue HpI/I (bHKCHpOBaHHOM k ma I/ITean;I/I—
x (i,j,k) snemenron ommoii crpokn) d D —(1,i-k,0), p114 =2, p114 =2, p114 =3, p1,1,4

OueHuM, HCIOJIB3Yyst TeopeMmy 1, 00beM KOMMYHHKAIMOHHBIX OINEPAIdil, ITOPOXKIAEMbBIX
) ) )
pazdbueHreM UTEPALyil IUKJIOB.

HOycrs {=1. Torma must Beex Bxomjenuit d A max =d! P —1. Umeer wmecro ciyuait

0<dPm <,

ro Bxoxjerust O( an ) omepanuii, Jyisi TPETHEro ¥ 4eTBepToro BxoxaeHuii — O an) orepa-

99 70! . .
tpebyerca O(Q; M Hha ) oreparii YTeHus U oleparuii 3ammcu: JIjisi BTOpo-

.

o,f3,max
dC

[Mycte {=2. /19 BTOPOTO M TPETHETO BXOYKICHUIA =d g * -0, [I09TOMY HE TpedyeT-

csi HU omepanuii 4TeHusi, Hu omepauumii 3amucu. Jis gerBepToro BxOXKIeHUs (cirydait

det™ 2 pli, #pl,. (1.0 =(1.14)) tpebyerca O(QPM™*) =0(Qyn’) omepamuii rre-

aust u O(M p”3“’) —O(n?) oneparuii 3amicy.
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Hycrs {=3. i BTOPOTO U HeTBEPTOro BXOueHuit d Bmax g : P —0, ne Tpebyercs mm

,B,max > rS

omepalii dreHusi, HU omnepaiwii 3amucu. s Tperbero BxoxKeHust (cirydait dg x

ng’:q#pzﬁ’ .0 (L3,9)=(1,1,3)) Tpebyerca O(QSnQ) olepanyii YTeHud U O(n2) olepanyii 3aIucu.

2.2. PamxupoBaHue pa3mMepoB OJIOKOB BbIYHCJIEHUN

yTBep}K,ZLeHI/Iﬂ TEeOPpEMbI 1 mosBosgroT HaliTH ACUMIITOTUKY CYyMMapHOI'O obbema, KOMMY-

o o : i)
HUKaAIIMOHHBIX OIlepalii, ITOPO2KITaeMbIX pa36I/IeHI/IeM MHO2KEeCTBa HUTepalunun ‘]Q Ha QC qa-

CTeil, U, CJIe0BATEbHO, al0T BO3MOYXKHOCTb PAaHKUPOBATH MTapaMeTpbl pa3Mepa OJIOKOB BbI-
YUCJIEHUH JIJId MUHMMHU3AIUU O0beMa KOMMYHUKAIMOHHBIX oreparuil. [Ipu panxkupoBanum
(yCTaHOBJIEHUM COOTHOIIEHWH DPa3MEpPOB OTHOCHTEIHHO JPYr Jpyra) [apaMeTpoB pa3mepa
OJIOKOB BBIYUCJIEHUN [TAPAJIIELHOIO AJITOPUTMA, PEAIn3yeMoro Ha rpadudecKoM MPOIECCOPE,
cJIeJlyeT B OIEHKAaX 00beMa KOMMYHUKAIIMOHHBIX OIEpAIluil TPUHUMATH BO BHUMAHUE TOJIBKO

9 9 9
OIIEHKM, COAepzKalllre MHO2KUTEJIb QC ; caenyeT TakKxKe YIUTbIBaTb, YTO BEJIMYIHUHDBI I”C n QC

CBsA3aHBI 0OPATHO IPOIOPIIMOHAIBHON 3aBUCUMOCTHIO.

IMpumep 1 (nponomkenue). JIas paHKMpOBAHUA MapaMeTpOB 7y, T, U Ty

BBIYUCJIEHUI, BBIMOJIHAEMBIX Ha TIpadUIECKOM MIPOIECCOpe, YKaXKeM, CJIeAysd pPe3yIbTaTaMm

pa3mepa OGJIOKOB

MIPEIbIAYINEro MOAPa3aesa, OIMEHKM O0beMa KOMMYHHKAITMOHHBIX OIepalil, CoaeprKaline

9 .
MHOKUTED QC — YWCJIO YacTel, HA KOTOpbIe 1npu (hopMUpPOBaHUU OJIOKOB pa3buBaercs 00-
JIACTh 3HAYCHUI IMapaMeTpa jC'
2 .. .

Ecmn (=1, To Tpebyerca O(Qn°) onepamuii 4TeHus U ONepanuil 3alUCh [JIA BTOPOIO

Bxoxkzenna u O((Qn) omepamuil YTeHMs M ONEDAIMi 3AIMCH JIJIS TPEThEro U HYeTBEPTOro
. 2 .
Bxozxkennii. Ecm {2, To Tpebyerca O(Q,n") onepanuii 9TeHus g 9eTBEPTOrO BXOMKICHUS.
2 .

Ecmr {=3, T0 Tpebyerca O((Qyn”) omepanuii ITeHns T TPEThero BXOXKICHHS.

Taxum o6pa30M, CpaBHHBagd OIEHKW KOMMYHUKAITUOHHBIX H3JCP2KEK U 110 YTCHUIO, U II0

3aIlUCH, NPUXOJUM K BBIBOJLY, YTO TapaMeTp pa3Mepa OJOKa BbIYMC/ICHUE 7 yBEJUYUBATH
GoJiee BBITOJIHO, Ye€M NApaMeTphl T, U T, B T0 ke Bpems, Hanbosee mpocToil 6J04HbBLA anro-
purm Dioiina—Yopmesuia (puc. 2) comepxur 2D 6sioku, st KOTOPBIX r,=1. buounsrii a-

roput™ ¢ 3D Gioxkamu (puc. 3), I KOTOPBIX 1) =T,=T,=r>1 momyden B pabore [9]. IIpes-

CTaBJIsIeT TaKxKe WHTepec pa3paboTKa O04HOro aJjiropurma ¢ 3D Oaokamu, IjIsi KOTOPBIX
7”1>7”2, 7”1>7”3.
do kK =1

KPlxpr, min ((kK®* + 1)*r, n)
+ 1P*r, min((i®2 + 1)*r, n)
do 7 =1 + 7**r, min((7* + 1)*r, n)
) =min(a(i,j), a(i, k) + a(k,j))

Puc. 3. 3D 6sioku 6sounoro asropurma Prioiiga—yopiiesnia
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3. YcioBusi HaJIN4YNUs JIOKAJIbHOCTU AdaHHDbIX

[Toroku ojHOrO OJIOKA BBITOJHSAIOTCS HA MYJIbTHUIIPOIIECCOPE YACTAMU-TIYJIAMU, HA3bIBAE-
MBIMH Bapil. Bapr comepzkur 10 32 morokos (Ba mosysapia mo 16 morokos). Ecim neckomb-
KO TIOTOKOB OJIHOT'O IOJIyBapiia OOpaIaioTcsd K OJIHOMY U TOMY Ke OaHKY pa3JieiseMOil maMsi-
TH, KOHCTAHTHOMN MaMATH WX K314 TEKCTYPHON MaMATH JJIA JOCTYNa K PA3IUYHbIM JaHHBIM,
1O TrpoucxouT KOHMJIUKT. Ho KOH(MIIMKTA HE MPOUCXOIUT, €CJI HECKOJIHKO MOTOKOB OIHOTO
HoJIyBapIia o6palalTcs K OJHOMY U ToMy e jnaHHoMy (broadcast). B srom ciyuae 3ampa-
[IABAaE€MOE JIAHHOE TIePeIaeTcs TOJbKO OJUH pa3, modTomy Tpaduk cokpamnaercs B 16 pas
(s apxurekTypsl Fermi B 32 pasa, Tak Kak 00beIMHEHHE 3alIPOCOB B HAMSTH IIPOUCXOINAT
JUIst 32 IOTOKOB).

TekcrypHas maMaTb MOYXKET OBITH MCIIOJIb30BaHA Y(POEKTUBHO, €CJIM KaXKIbIil MOTOK I10-
JIyBaplia, 3amnpaninBaeT OJU3KO PACIIOJIOKEHHBIE B MAMSITH JIAHHBIE, TO €CTb €CJU JIOCTYIl K
IIaMsITH XapaKTepu3yeTcsd ITPOCTPAHCTBEHHON JIOKaJIbHOCThIO. Hasmmume mpocTpaHCTBEHHOM
JIOKAJIbHOCTU T103BOJIsieT 3(MDPEKTUBHO HUCIOJIH30BATH KIIII TEKCTYPHOU HAMATH U Pa3jielisie-
MYIO IaM4ATh MapaJIeJIbHbIMIA TOTOKaMMU.

SamaauM B OJI0KaX BBIYHUCIECHUI MOTOKW BBIYUCIEHWH TOCPEICTBOM BBIIEIEHUS OJOKOB

BTOpOro ypoBHsdA. Pa3mepnsl OJIOKOB BTOPOTO YPOBHA 3a/aJMM HATYPAJbHBIMU YUCJIAMU Ty 9

Toor s Ty ITapamerp Tz o 00o3HaYaeT YUCIO 3HAYCHHIl MapaMeTpa j;, IPUXOAIIUXCS Ha
ojH NOTOK (Ha ojuH 60K Broporo yposHs). O6o3naduM depes QE , IHUCJIO YacTeil, Ha KOTO-
pble pu (POPMUPOBAHUM TOTOKOB Pa3dbMBaeTcs 00JIACTh 3HAYEHWH IUKJIA C TapaMeTpOM Jes

MIPUXOJISIIUXCS HA, OJINH OJIOK; QE 2:{”% / rizw‘ Buibop pasmepon Tt 5, ONTHMAJIBHBIX 0 “HCILY

29
K3II-TIPOMAXO0B, OIPEJEJSAETCs B 3HAYUTE/ILHON CTEeHN HAJUYINEM BPEMEHHOMN JIOKAJIHHOCTH U
IPOCTPAHCTBEHHOM JIOKAJTBHOCTH JTAHHBIX.
Bsenem obo3naueHns:
F 18,48 CTOJIOET] ¢ HOMEPOM & MATPHITHI Flﬁ pr
A 3195

18,

¥ — HOMEp HEHYJIEBOI'O CTOJI MaTPUITHI IpaBee KOTOPOTr'0 HAXOJSATCH TOJIbK

P oMep HEHYJIEBOI'O CTOJIONa Ma Flﬁq’ aBee KOTOPOI'0 HaXOMATCA TOJBKO
bt

HyJIEBbIE CTOJIOIIBI MATPHUIIBI; €CJIM CAMBIH NIpaBbIil cToJider F' 18.q,n; 1€ HYJIEBO#, TO IIO oIlpejie-
tinih ¥

LBa__
=n,:
B?

— MHOXKECTBO HOMEPOB JIMHEIHO HE3aBUCUMBIX CTOJIOIOB MaTpUILI F 16,4 (ecom Ta-
bl

JICHUIO &

':'l!g‘,q

KMX MHOXKeCTB 60J1ee 0JIHOTO, TO 3aUKCHPOBATD JIH060E);
F}:B , — MaTpula, COCTaBJIeHHAs U3 CTOIONOB MaTpuIpl F) 5,q C HOMEPAMHI U3 MHOKECTBA
bl ) bl

17&(1’7 '—‘175-,11‘ I

=13,
Zhha rjie v; — Pa3MEpHOCTb MaccuBa @, |=

; MaTpUIA F;:Bq MMeeT pasMephl v X |2

—lB3,
YHCJIO JIEMEHTOB MHOXKECTBa = ’B'q;

Ll — YHCJIO 3JIEMEHTOB MaCCHUBa al, IIOMEITAIOIMNXCA B CTPOKY K3IIa; IIpearrojaracrTcd,

9TO CTPOKa MacCCHUBa IIOMENlaeTCdA B KIIII.

Jlemma 1. Iycrs g Bxoxkaenus (1,3,q) MaccuBa @; B IPaByio 4acTh OIEPATOPA S@ JUIST BCEX
=18, 1B,
Fe =P r< prmonmenst yeaopus Te 5=1 (ycsioBHe HAKJIJIbIBAETCS TIPU HAJUYUU YKA3aH-
=B, ’ .
HpIX &) U V2|2 4. Torma B KasKIOM MOTOKE BHIMHCICHHH Ha PA3HBIX HTEPALMAX IUKIOB C

, 1B,
napamMeTpamMu Jr, 1<€<g ’ﬁq, MCTIOJIB3YIOTCA PA3HbIe 3JIEMEHTBI MACCUBA 4.
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Zlokazamenvcmeo. 1lpennosoKuM MPOTUBHOE YTBEPKIACHUIO JIEMMbI: Ha JABYX HTEPAIUAX I10-

o . LB,
TOKa BLIMMC/ICHUH C PA3/IMYHLIMU NapaMeTPaMu HUKJIOB J:, &<t g "l mcnosb3yercs oJuH U TOT

2Ke 3JIEMEHT JIaHHBIX. DTO o3Ha4aeT F 18 qJ =F 18 qJ Ha ureparnugax J n J mOTOKa BBIYUCJICHUM C
blngt) bl

':‘LB‘,q-

y — ’:‘lrﬁvq lrﬁ‘rq
Pa3JIMHBIMU [APAMETPAMU LIUKJIOB s, &€ ; YUTEHO, 9T0 77 5, =1 sy g 57, E<E

= =10, .
Tak kax MaTpuiia F} B.g nmMmeer ‘.:. ﬁlJ‘ JIMHENHO HE3aBUCHUMBIX CTOJI6LLOB, TO MO2KHO BBIJIE-

JUTH CTOJBKO K€ JMHEHNHO HEe3aBUCUMBIX CTPOK. ManI/IHy, COCTaBJICHHYIO M3 BBIACJICHHDbIX

lrﬁ#‘]‘
?

cTpok, obosuayum F_. O6o3uauum depes J- u J_ BEKTOPbI PA3MEPHOCTH |= IIOCTPOEHHBIE

. =l
1o BekTopaM J u J BHIOOPOM KOMIIOHEHT C HOMEPAMU U3 MHOYKECTBA = P Torma BekTOpBI J-

J-F,, J=F3 J-Fj

Iy Iy J-=0. Tak Kak cTpoku MaTpuilbl F_ cocraBie-

u J- pasimuanbt u F 16.q

ﬁaq
HBI U3 CTPOK MaTpHIpl [,

Bag ?

puribl F_ ciaemyer, 9TO OHA sIBJISIETCSI HEBBIPOXKIEHHON. Y MHOXKAsl TIOC/IE/IHEe PABEHCTBO CJIEBA

TO BBITIOJIHsIETCsT paBencTBo F_J_=F_.J_. I3 nocrpoenust mar-

71 A
Ha (F.) , nonyunm J-=J_ (nporuBopeumne). O
O F 70 l!B‘,q N
T™eTHM, uTO ecyn F o o - =0, <& n nTepanyu IUKJIA C IapaMeTPOM Jg BBIIOJIHSIIOTCS
tinl 5
Mapa/uieIbHBIME IIOTOKAMEI, TO UMEET MeCTO OpOIKACT.
Teopema 2. IlycTh BBINOJHAIOTCA TPEIAIONOKEHNs JIEeMMbl U He 6ojiee 4eM OJIMH CTOJIOer
T .
F uMeeT BU ...,0.0 b T L, BEcim r, ,=1, MKJI ¢ mmapamMerpoM j, Bbl-
1B.q. 20,00k g 0) s O<lbyg g |77 o <Ly Ecoma 1 ,=1, i PaMeTpoM J,
. —1,
TOJIHSETCS NAPAJUIEIbHO, IMKIIbL ¢ HAPAMETPAMA J;, g gl " FlB qz#)v BBIIOJIHAIOTCA TIOCJIC-
vintbh ¥l
JIOBATEJIHHO (C CHHXPOHU3AIMEN MOTOKOB BBIUUCJIEHUN MEXKJy UTEPAIMAME B CJIydae Ti>1)’
18,
TO HE3aBUCUMO OT BbIOOpA T o) E>Z’B " COBOKYIIHOE HHCJIO K3II-IPOMAXOB II0 BCEM ITOTOKAM
BBIUMCJIEHUN siBJigeTcst HauMeHbIuM. COpMyJIMpOBAHHBIE YCJIOBUSA HAKJIAJIBIBAIOTCS IIPU
HAJIMYINNA YKA3AHHBIX CTOJIOIOB.
Loxasameavcmeo. CreaeM eCTeCTBEHHOE IIPEIIIOJIOKEHNE, IYTO CTPOKA MAaCCHBa a; BbIPOBHE-

Ha B IIAMATHU 0 pa3Mepy CTPOKH K3IIa; B 3TOM CJydae oOpalleHHs K OJHOI CTpOKe MacCuBa
HE YMEHBIIAT YUCJIO K3MI-IIPOMAXOB IPH OOPAINCHNN K JAHHBIM, PACIOJOXKEHHBIM B HAaYAJe
CJeayIOeil CTPOKHU.

VcioBue JgeMMbI 1z o=1 Juist Beex Eg =P 4 E<t? 1 B ciryuae 7:>1, LMKJI ¢ IIApaMeTpoM Ji,

1B, .
ZSE'B ! gBnserca ToCIeOBATENILHBIM H cTOsIOer, F 1p,qz 'THHCHIO 3aBUCHM CO CTOIOIAMM
bl il S
=L,
FlFa 0.8 Ee:p ! MOYKHO 3aMEHHTDH YCJIOBHEM CHHXPOHU3AIMH HOTOKOB MKy HTEPAITAMU
i uth 5
[UKJIA C IIapaMeTPOM jE' Tax Kak BLITOJIHSAIOTCS IMIPEAIOJJIOKEHUA JIeMMbBI, TO B KAXKIOM IIO-

TOKE BBIYHCJIEHUN Pa3HbIC 3JIEMEHTBI JaHHbIX HCIIOJb3YIOTCA Ha PASHBIX UTEPAIUAX IMUKJIOB C

. 18, .
napameTpamu Jy, ¢<¢ 74 B KasK0M HOTOKE BbIMMC/JIEHH{ HA HTEPALUSIX LUKJIOB C IIapaMeT-
; LB.q LB.q
pamu js, E>E (ecom & 7ﬁ"§>7 HCIIOJIb3YETCA OJUH U TOT K€ DJIEMEHT JIAHHBIX, TaK KaK
18,
CTOJIOTTBI Flps 0.E £-2" gpisnorcs HyJleBbIME; HTepalUi YKA3AHHBIX [MKJIOB B LIOTOKE Bbl-
il S

YUCJIEHUN BBITIOJTHSIIOTCA OJIHA 3a npyroil. CremoBaTesibHO, B KaXKJOM IIOTOKE Ha BCEX, KPOMe
IIEPBOi, UTepaludax, Ha KOTOPBIX HCIOJIb3YETCH JJIEMEHT JAaHHBIX, OH HAXOJUTCdA B K3IIe, TO

18,
€CTh K3II-TIPOMAaXH, CBA3AHHBIE C €r0 UCIOJIb30BaHuEM, orcyTcTByior. Ecim F 18 qE:O’ E<E’B’q,
tinth 54
¥ UTEPAIMH [UKJIA C MAPaMETPOM Jj; BBIIOJIHAIOTCS HE OJHUM, a HapaslIe/bHBIMI ITOTOKAMI,

TO OCYIIECTBJIsIeTCS OPOIKACT U, CJIEIOBATEIBHO, COBOKYITHOE IO TMOTOKAM BBIYUCJEHUN UHUCJIO

K3II-ITPOMaXOB OCTaeTCd HEU3MEHHBLIM B IIOJIyBapIIc. COBOKYHHOG IO IIOTOKaM YHCJIO KO3III-
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=13,
IIPOMAaXOB TaK>Ke He M3MEHSETCs IPU MPOU3BOJIHLHOM BBIOODE Te Ze:p'q, &#(, Tak Kak pas-
Hble UTEPAIUU NapaJljIeJIbHO BBITIOJHIEMBIX ITUKJIOB j& UMEIOT JIOCTYIl K Pa3HbIM CTPOKaM

) =13,
maccuBa. Kpome TOro, nmukJjbl Imo Jes e B,q’ F, E#O, BBIIOJIHAIOTCS [TOCJIEIOBATENILHO (TI0
)

B:¢;

YCJIOBUIO TEOPEMBI ).

Paccmorpum mukir ¢ mapamMeTpom Jy (ecsim mMeeTcst cTOJIGEI] YKA3AHHOTO B (DOPMYJIMPOB-

Ke TeOpeMbI BI/I,ILa). Wcnonn3oBanue siementa JAaHHBIX XapPaKTEepU3yeTcd HpOCTpaHCTBeHHOﬁ

JIOKAJIbHOCTBIO OTHOCUTEJIbHO IMUKJIa C IIapaMeTpOM jl’ TaK KaK HCIIOJIb3yE€Mbl€ JTaHHbIE PacC-

II0JIararxOTCsa B OILHOI71 CTPOKE MacCCHBa Ha PAaCCTOAHUN ’b 3j1eMeHTOB. Huciio UCIIOJIb3Yy€e-

l;ﬁvq;d

‘bl,ﬁ,q,é‘ 1200,
L

MBIX CTPOK K3IIa IIOTOKaMH PaBHO . TOF,ZL& B IIOTOKaX BBIYMCJIEHUN HMeeTCs

1

0Q,.- ‘bl,ﬁ,q,c ‘ 129,
I

MCIIOJIb30BaHUI CTPOK KdIIa 6e3 K3II-IIpOMaxOB IIpU YTE€HUU ISJIEMCECHTOB

CTPOKH MAaCCHBa (C y4eToM TOro, YTO CTPOKA MAcCHBA @ TOMEIIACTCS B KOII U BHIIOJHEHO
ycnosue |b, 6 ql‘rl2<Ll>' Ux uncio nauGosbliee npu HaubosbleM @y ,, TO €CTh HPH Ty ,=1.
Sl il % k) b k)

TOI‘,[L& COBOKYIIHO€ IIO BCEM IIOTOKaM BBIYUCJIEHAN YHCJIO K9II-IIPOMaXxO0B, CBA3aHHBIX C HC-

[IOJIb30BAHUEM 3JIEMEHTOB CTPOKN MAaCCUBA (), HANMEHDIIIEe (morpebyercst 0fuH 00sA3aTEILHBII

K3III-IIPOMaX JIJIsl CTPOK KIIIIA). O
Teopema JjtaeT ycjaoBus, IIpU KOTOPBIX B MIOTOKAX BBIYUCJIEHUN MTOBTOPHOE MCIIOJIH30BAHUE
9JIEMEHTA JIAHHBIX BO3HUKAET TOJIBKO HA IIOCJIEJ0BATEJILHBIX MTEPAIUsIX aJropurma (cJemyer

us ,ILOKa3aTeJ'[bCTBa>. YkasbIBaeTCs BbI60p 7”6 Ipru KOTOPOM YHCJIO K3MI-ITPOMaXOB HaNMEHb-

27
—=LB,q 1B,q 6

1ee, a PasMephl 7 o, s KOTOPBIX EeE mwim £>EY MoryT OBITH 3aJIaHBI IPOU3BOJILHO,

TaK KaK 9HUCJI0 KIII-TIPOMAXOB HA ITOM BXOXKJEHUW OyIeT OJMHAKOBO IO BCEM IOTOKAM BbI-

qucjaeHuit. BrImosiHenne ycjoBuil TEOPEMbI CBUIETEILCTBYET O HAJIMYUU ITPOCTPAHCTBEHHOM

JIOKAJIbHOCTHU Ha UTEpaludX IMUKJIa C IIapaMeTPpOM jl (B PA3INYIHBIX ITIOTOKaX BI)I‘—II/ICJIeHI/IfI) u o

HaJIMT9Inn BpeMeHHOﬁ JIOKAJIbHOCTHU IJId OCYIIECCTBJICHUA 6pO,H‘KaCTa JaHHOI'O II0 IIapaJijieJIbHO

BBIIIOJIHAEMBIM IIUKJIaM C IapaMeTpaMu jE’ JIJIS KOTOPBIX F 16,4 E:O'
tinth ¥

IIpumep 1 (npomoskenue). Paccmorpum 6y10ku Bbraucsennit (puc. 3). M3sectHo, [uro

CaMBIil BHENTHIH UK/ (UK C TIADAMETPOM j;, j, =k) ABJISETCSA MOC/IeI0BATEIbHBIM, & BHYT-

PEHHHUE IUKJIBL 110 j,=% U 10 jJ;=j MOI'YT BBIIOJHATHCH NapasuleabHo. Nmeem: F, | 2{0 10
U001
F 4= 0 10 ]7'114:1 0 0] ght2_g gll3_9 gl4_3 Ha sxoxmenun (1,1,2) cronbers
T 000 0001
F SIBJISIETCsI HYJIEBBIM, TI09TOMY, CJIJIysl TeopeMe (IIPeJIIIOIOKEHUsT JIEMMbI CIIPABEJIUBbI

1,1,2,1
W JIA TEOPeMbI) NpUMeHuTeTbHO K BXoxaenuwo (1,3,q)=(1,1,2), momoxmm 7y ,=1 (uwm moso-

KM 7”1 9 MaKCUMaJIbHO BO3MO2KHbBIM — DPa3MEPy OJ10Ka, 7”1 — W YyCTaHOBUM CHUHXPOHU3AIIUIO

HOTOKOB MeXJy wurepaiuamu mukiaa 1o k). lamee wa Bxoxmenuu (1,1,2) wumeem:

_ T ¢ =bLpq
FLL?,Q*(l 0)", £=2, £e =" nosromy Ty  MOZKHO BBIOPATE NPOU3BOILHO (HO HE GoJibIlIe MaK-

T
CHMaJIbHO BO3MOYKHOTO pasmepa 610ka); F) | ,,=(0 1)", mosromy BeiGepem 7, ,=1. Ha Bxox-
b it} b

T .
nennn (1,1,3) mveem F) | ,,=(0 1)", MUK 10 j; BHIOTHACTCA TOC/IEIOBATEHHO, TIOITOMY Bbl-
it et

. T
60p T}  HE ONPEJIC/IACTCA TEOPEMOii; F (10)", mosTomy Ty 5 MOZKHO BBIOPATH TPOU3BOJIb-

1,1,32
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1,1,3
HO; TakK Kak F17173’3:0, E=3>Z""", 10 T35 MOXKHO BBIOpaTh TPOU3BOILHO. Ha BxOXKjIeHUHU

(1,1,4) wmeem F =(1 O)T, IO9TOMY T}, MOXKHO BbIOpaTh INPOU3BOJILHO; F! 0,

1,141 1,142

114 . _
E=2<&"", mosTOMY BBIOEpEM 7«2’271’ F17174’3f

Takum obpa3oM, CyMMHUpysl CBEIEHHSA O KaXKIOMY BXOXKJIEHUIO, BLIOEPEM Pa3Mephl I0-

(0 1)", nosromy BBIGepeM r3o=1.

TOKOB BBIYMCJICHUN CJIEIyIONNM O0pPa30M: T'LQ:l, r272:1, 1"372:1. Bribop pasmepa mOTOKOB
yKa3aHHLIM 00pa3oM OIpeJe/iser HAUMEHBIIee B COBOKYIHOCTH IO IOTOKAM BBIYUCJICHHIA
YHUCI0 KIII-IIPOMAaxXoB Jyisi Kaxkjaoro u3 pxoxuenuit (1,1,2), (1,1,3), (1,1,4) B ormesbHOCTH.

BposkacT mamHbIX ocymecTssercs Ha BXoxaennn (1,1,3) na mapasiesbHoTo MEKa TIo - j,
(Tak kak F),.,=0) m na Bxoxzaemnmn (1,1,4) mia mapa/sielbHOTO THMKTA TO j, (Tak Kak
bbbl

F o, 2:0). Ucnonb3oBanne JaHHBIX HA UTEPAIUAX IHUKJIA 1O Jy (B pasJIMYHBIX NAPAJIIEIbHBIX
1y

y T

NOTOKaX BbIYUCAenmit) na sxoxaenusax (1,1,2), (1,1,4) (F,,,,=F, ; ,5=(0 1)") xapakrepusy-
binb At binb Rt )

ercs IPOCTPAHCTBEHHON JIOKAIbHOCTBIO. Kak y’ke OTMedasoch, MOXKHO IHOJIOXKHUTH T ,=T

YCTAHOBUTH CHHXPOHU3AIMIO [IOTOKOB TIOCTe KazKk 10l urepanun k. Ecim norokn ogaoro 6j0kKa

n

HE UMeroT O6IJ_LI/IX JaHHbIX, TO CUHXPDOHU3allud HE Tpe6yeTc5i.

4. BoruucanrejbHBbIE AKCIIEPMMEHTbI

IIpumep 1 (npogosmkenue). B pabore [10]| peamusosan anropurm Puioiiga—Yopuiesnna ¢ 3D
omokamu. Kak mokasano B mogpazzeiie 2.2, 6jiouHbIil ajgropurm ¢ 3D Ookamu obaagaer
yJIydIleHHo#, mo cpasuenuto ¢ 2D-6j109HO Bepcueil, JOKAJIbHOCTHIO; 9TO MMO3BOJIUJIO YMEHb-
mIuTh BpeMsi peanm3anuu B 5-6 pas. B pabore [11] anropurm ®oiina—Yopuiesia ¢ 3D 6510-
KaMu MOJU(UIMPOBAH, B TOM YHCJIE U C IEJIbI0 MCIIOJIB30BaHUsT TPOCTPAHCTBEHHON JIOKAJIb-

HOCTH JAHHBIX; BpeMs pean3allii YMEHBITNIIOCH eIle B H pas.

IIpumep 2. Paccmorpum ajropuTM npsaMoro xosqa Merosa ['aycca perenusi cucrem JinHEH-

HBIX aJarebpandecKux ypaBHEHUil ¢ MCIOJIb30BAHMEM PACIIMPEHHON MaTpuilbl (puc. 4).

ok =1, n -1
do i =k + 1, n
do j =k +1, n+ 1
a(i,j) = a(i,j) - (a(i,k) / a(k,k)) * a(k,7)
enddo
enddo
enddo

Puc. 4. OcuoBras yactb ajropurma ['aycca (6e3 BbIOOpa BeIyIero sJjeMeHTa )

WccnemoBanne JTOKAJIBHOCTH 3TOTO aJTOPUTMa MIPAKTUIECKH COBIAIAET C IIPUBEICHHBIM B
pazzmesie 2 mccieloBaHueM JIOKaJbHOCTH ajroputMa Pmoitna—Yopmenna. Hekoropoe necy-
IIIECTBEHHOE [OMOJIHEHNE K IIPUBEICHHBIM BBIKJIAJIKAM CBA3aHO C HAJUYNEM BEIYIIEro 3Jie-
menTa a(k,k).

B skcmepumenTax mcnosb3oBasiack Bumeokapta GeForce GT 860M co ciemyromummMu xa-
PaKTEpUCTUKAMH: 00beM ryobanabHoi mamaru — 4295 MbB; MakcuMaJibHBIN pasMep pasieis-
eMoit mamaATu B omgHOoM Ojioke — 49 KB; kosindecTBo 32-pa3psi/IHbIX PErHCTPOB B OTHOM OJIO-
Ke — 65 536; KoIm4ecTBO MOTOKOB B Baplie — J32; MYJbTHUIIPOIECCOPOB — O; BCETO SAJEP —

640.
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Ha puc. 5 mpojgemoncTprpoBata 3aBUCMMOCTb BPEMEHM DEaM3alii ajropuT™Ma OT T —

mapamMeTpa pasMepa OJI0Ka, XapaKTePHU3YIOIIEro UMC/I0 3aIUceil B TI00aJbHYI0 MTaMAThb. 1uc-

. n—1
JIO 3ammceil PesyIbTaToB BBIMUCTCHHS OJHOTO GJI0Ka MPOMOPIMOHATBHO Q) =

, II03TOMY

K

gyeM OoJIbIIIME T

1 TeéM MEHbIIe 3aTpaTbl BPpEMEHHN Ha 3allUCbhb B FJIO6aJIbHyIO maMsaTh. bJoku

UMEIOT pasMep 7y XT, X7, =1, x64 x64. B pazzessieMyto aMsaTh 3aHOCUIUCH TOJIBKO T€ 3JIeMeH-

Thl MaCCHBa, KOTOPbI€ HCIIOJbB30BAJIUCh W IJId YTE€HUA, WU [OJId 3allCH. QHGMGHTBI, KOTOPLBIE
HNCIIOJIb30BAJIUCh TOJIBKO IOJIfd YTE€HUdA, YUTAJIUCH U3 r00aJIbHOM TTaMSITH. HpOCTpaHCTBeHHaH

JIOKAJIBHOCTDB JIAHHBIX HE MCIIOJIb30BaJIaCh.

25
20
15
10

time

{
e

0 500 1000 1500 2000 2500

rl

Puc. 5. 3apucumocTth Bpemenn peasusaruu 6j0unoro anropurma aycca or 7

Broraucimrennabre QKCIIEPUMEHTDBI ITOKa3aJIkd, 9TO BpEMs DpeaJin3alluu aJICOPUTMa YMEHb-

maercs (/0 HEKOTOPOro IIpejiesia) ¢ POCTOM Ty, T.€. YMEHBINAETCS [IPU YMEHBIIEHUN YHUCIIA

omeparuii 3amucu B TJ00aMbHY0 TaMaTh. CTabuims3anus BpeMeHH CBA3aHa C T€M, 9TO Tpedy-

€TCd OIIPEJICJIEHHOE BPpEMA Ha 3allyCKHU fAJIpa U Ha IIJIaHUPOBAHUE ITOTOKOB.

3akJiroueHue

Takum obpazom, B pabore choOpMyIUPOBAHBI U JOKA3AHBI YTBEPXKIEHUSI, TO3BOJISIOIINE
OIEHUTH 00bEM KOMMYHHMKAIIMOHHBIX OIEpAInil, OPOXKIAeMbIX Pa3breHrneM MHOXKECTBa UTe-
parmit. ACUMIITOTHYECKIE OIEHKH CYMMAapHOTO 00beMa KOMMYHUKAITMOHHBIX OTEPAITHil JTAat0T
BO3MOYKHOCTb PAHKUPOBATH MapaMeTpbl pazMepa OJIOKOB JIjIs MUHUMUBAIUN 00beMa KOMMY-
HUKAIMOHHBIX omeparuii. B pabore TakKe MOJIyYeHBbI YCJIOBUs, NPU BBIIOJHEHUH KOTOPBIX
JOCTUTAETCS HaWMEHbBIIIEe YHCJ0 KIII-ITPOMAXOB B MOTOKAX BBIYUCJIEHUN TPU HAJIUYAU JIO-
KaJIbHOCTH JIAHHBIX.

Hanpabiierust gaJibHEAIITNX WCCJIeIOBaHU: pa3paboTKa W IMPOrpaMMHAsT PEATABAIAS AJl-
TOPUTMOB, TTO3BOJIAIONINX BBIOUPATH COOTHOIIEHUS] PA3MEPOB OJIOKOB BBIYUCJIEHUN; IOy YEHUE
YCJIOBUU M COOTHOINEHHUI, TOYHO XapaKTEPUIYIOMUX 00beM KOMMYHUKAIMOHHBIX OIEPAITUi;
0000ITIEHNs IOCTATOYHBIX YCJIOBUI HAJMYUS JIOKAJHHOCTU JIAHHBIX, ITPUTOJIHBIE JIJIs TTPUMEHe-
HUs B OOJIBIIEM YUHC/IE CJIYYaeB; HUCCJIEIOBAHUS, HAIIPABJIEHHBbIE Ha MUHUMU3AIHUIO 00beMa
KOMMYHUKAIMOHHBIX OIepalfii MeXK/Iy IlapalIeJIbHbIMU BBIYUCIATEIbHBIMU IIPOLIECCAMU, PeasIv-
3yeMBIMI Ha CYIIEPKOMIIBIOTEPAX C PACIIPEIEIEHHON MaMsThIO; pa3paboTKa U IMPOrpaMMHasi pe-
aJu3alud NapaJuleJIbHbIX aJIrOPUTMOB JJId pelleHUusd NPUKJIQJHBIX 3aJad C HUCIOJIb30BaAaHUEM

IIpeasjaraeMoro 1moaxoaa.

108 Becrauk FOYpI'Y. Cepus «BpruuciurenbHasi MareMarnka u nHPOPMATUKA»



H.A. JInxomen, M.A. ITojgelnyk

Paboma ewvinoarena 6 pamrar 20cydapcmeeHHots NPOozpaMMmb, HAYWHOIX UCCAeI08aHUT

Pecnybaruxu Beaapyco «Konsepzenuyua-20205, nodnpozpamma «Memodvr mamemamuueckozo

Modeﬂupoeanu.ﬂ CAOIHCHDLL CUCMEM.

JIutepaTtypa

1.

10.

11.

Jlmxomem H.A. Tlomemyxk M.A. Meron pamKupoBanus mapaMeTpoB pasdMepa OJIOKOB BbI-
gucaennii napasenbaoro anropurma // Hokmagsr HAH Bemapycu. 2015. T. 59, Ne 4.
C. 25-33.

Kandemir M., Ramanujam J., Irwin M., Narayanan V., Kadayif I., Parikh A. A compiler
based approach for dynamically managing scratch-pad memories in embedded systems //
IEEE Transactions on Computer-Aided Design. 2004. Vol. 23, No. 2. P. 243-260.
Baskaran M., Bondhugula U., Krishnamoorthy S., Ramanujam J., Rountev A., Sa-
dayappan P. Automatic data movement and computation mapping for multi-level paral-
lel architectures with explicitly managed memories // Proceedings of the 13th ACM
SIGPLAN Symposium on Principles and practice of parallel programming. Salt Lake
City, USA, February 20-23, 2008.

Boesogun Bii.B., Boesogun Bas.B. Cnacuresbhast JOKAIbLHOCTH CyIIEPKOMIIBIOTEPOB [/
OrkpoiTeie cucrembl. 2013. Ne 9. C. 12-15.

Boesomuua B.B., Boesomguu B.Bs. [Tapamnenbusie Boraucienusi. Camkr-Ilerepbypr: BXB-
[Terepbypr, 2002. 608 c.

Xue J., Cai W. Time-minimal tiling when rise is larger than zero // Parallel Computing.
2002. Vol. 28, No. 5. P. 915-939.

Baskaran M., Ramanujam J., Sadayappan P. Automatic C-to-CUDA code generation for
affine programs // Proceedings of the Compiler Construction, 19th International Confer-
ence. Part of the Joint European Conferences on Theory and Practice of Software. Pa-
phos, Cyprus, March 20-28, 2010.

Bondhugula U., Baskaran M., Krishnamoorthy S., Ramanujam J., Rountev A., Sa-
dayappan P. Automatic transformations for communication-minimized parallelization
and locality optimization in the polyhedral model // Lecture notes in computer science.
2008. No. 4959. P. 132-146.

Venkataraman G., Sahni S., Mukhopadhyaya S. A blocked all-pairs shortest-paths algo-
rithm // J. Exp. Algorithmics. 2003. Vol. 8. P. 2.2.

Katz G.J., Kider J. All-pairs shortest-paths for large graphs on the GPU // Proceedings
of the 23rd ACM SIGGRAPH/EUROGRAPHICS symposium on Graphics hardware.
Sarajevo, Bosnia and Herzegovina: Eurographics Association. 2008. P. 47-55.

Lund B.D., Smith JJW. A multi-stage cuda kernel for floyd-warshall // CoRR
abs/1001.4108. 2010.

2016, T. 5, Ne 3 109



OueHKa JIOKAQJBbHOCTHU IMapaJijieJIbHbIX aJITOpUTMOB, peaJin3yeMbIX Ha rpad)nquKnx...

DOI: 10.14529 /cmse160307

ESTIMATE OF LOCALITY OF PARALLEL ALGORITHMS
IMPLEMENTED ON GPUS

(© 2016 N.A. Likhoded, M.A. Paliashchuk
Belarusian State University (Nezavisimosti avenue 4, Minsk, 220030 Republic of Belarus)
E-mail: likhoded@bsu.by, poleschuma@bsu.by
Received: 02.03.2016

The problem of obtaining blocks of operations and threads of parallel algorithm resulting in a smaller num-
ber of accesses to global memory and resulting in the efficient use of caches and shared memory graphics processor
is investigated. We formulated and proved statements to assess the volume of communication transactions gener-
ated by alternative sizing of blocks, as well as to minimize the number of cache misses due to the use of temporal
and spatial locality of data. The research is constructive and allows software implementation for practical use.

Keywords: parallel computing, GPU, minimization of communications, temporal locality, spatial locality.

FOR CITATION

Likhoded N.A., Paliashchuk M.A. Estimate of Locality of Parallel Algorithms Imple-
mented on GPUs. Bulletin of the South Ural State University. Series: Computational
Mathematics and Software Engineering. 2016. vol. 5, no. 3. pp. 96-111. (in Russian)
DOI: 10.14529/cmsel60307.

References

1. Likhoded N.A., Poleshchuk M.A. Method of Ranking Tiles Size Parameters of Parallel
Algorithm. Doklady NAN Belarusi [Proceedings of the National Academy of Sciences of
Belarus|. 2015. vol. 59, no. 4. pp. 25-33. (in Russian)

2.  Kandemir M., Ramanujam J., Irwin M., Narayanan V., Kadayif I., Parikh A. A Compil-
er Based Approach for Dynamically Managing Scratch-Pad Memories in Embedded Sys-
tems. IEEE Transactions on Computer-Aided Design. 2004. vol. 23, no. 2. pp. 243-260.
DOI: 10.1109/tcad.2003.822123.

3. Baskaran M., Bondhugula U., Krishnamoorthy S., Ramanujam J., Rountev A., Sa-
dayappan P. Automatic Data Movement and Computation Mapping for Multi-Level
Parallel Architectures with Explicitly Managed Memories. Proceedings of the 13th ACM
SIGPLAN Symposium on Principles and Practice of Parallel Programming. Salt Lake
City, USA, February 20-23, 2008. DOI: 10.1145/1345206.1345210.

4. Voevodin V1.V., Voevodin Vad.V. The Fortunate Locality of Supercomputers. Otkrytye
sistemy |[Open Systems|. 2013. no. 9. pp. 12-15. (in Russian)

5. Voevodin V.V., Voevodin VI.V. Parallel'nye vychisleniya |Parallel Computing|. Sankt-
Peterburg: BKhV-Peterburg, 2002. 608 p.

6. Xue J., Cai W. Time-Minimal Tiling when Rise is Larger than Zero. Parallel Computing.
2002. vol. 28, no. 5. pp. 915-939. DOI: 10.1016/s0167-8191(02)00098-4.

7. Baskaran M., Ramanujam J., Sadayappan P. Automatic C-to-CUDA Code Generation
for Affine Programs. Proceedings of the Compiler Construction, 19th International Con-
ference. Part of the Joint Furopean Conferences on Theory and Practice of Software.
Paphos, Cyprus, March 20-28, 2010. DOI: 10.1007/978-3-642-11970-5 _14.

8. Bondhugula U., Baskaran M., Krishnamoorthy S., Ramanujam J., Rountev A., Sa-
dayappan P. Automatic Transformations for Communication-Minimized Parallelization

110 Becrauk FOYpI'Y. Cepus «BpruuciurenbHasi MareMarnka u nHPOPMATUKA»



H.A. JInxomen, M.A. ITojgelnyk

and Locality Optimization in the Polyhedral Model. Lecture Notes in Computer Science.
2008. no. 4959. pp. 132-146. DOI: 10.1007/978-3-540-78791-4 9.

9. Venkataraman G., Sahni S., Mukhopadhyaya S. A Blocked All-Pairs Shortest-Paths Al-
gorithm. J. Exp. Algorithmics. 2003. vol. 8. pp. 2.2. DOI: 10.1145/996546.996553.

10. Katz G.J., Kider J. All-Pairs Shortest-Paths for Large Graphs on the GPU. Proceedings
of the 23rd ACM SIGGRAPH/EUROGRAPHICS Symposium on Graphics Hardware.
Sarajevo, Bosnia and Herzegovina: Eurographics Association. 2008. pp. 47-55.

11. Lund B.D., Smith JW. A Multi-Stage CUDA Kernel for Floyd-Warshall. CoRR
abs/1001.4108. 2010.

2016, T. 5, Ne 3 111



