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PACITAPAJIJIEJINBAHUE N OIITUMN3AIINA
ITIOCTPOEHUN A BJIOYHBIX PACYHETHBIX CETOK
B ITPEITPOIIECCOPE ITAKETA ITPOI'PAMM "JIOTOC"

B. B. JIazapes
(OTVII "POAL-BHUUDD", r. Capos Huzkeropockoit obmacru)

PaccvarpuBarorcs ciocobbl, ONTHMA3UPYIONIHE TOCTPOEHUE DJIOIHBIX PACIETHBIX CETOK 10
OTOTOBJIEHHON JTEKOMIIO3UIINHE T€OMETPUIECKON Momenu Ha, 60ku. OnucaHbl CTPYKTYPBI
IAHHBIX, MPEICTABJISIONINE JEKOMIO3UINIO U OJI0YHbIE CeTKH. Ha OCHOBe THUX mpencTaB-
JIeHUl OMUCAHBbI pacHapaJuleJIeHHbIE AJrOPUTMBI HOCTpOeHus 6s0unoit cerku. I[IpuBemeHbr
rpacdurn 3aBucumMocTell 3 HEKTUBHOCTH paclapasIeuBaHud U KOdhHUnuenTa yCKOpeHus
OT KOJIMYECTBA IOTOKOB. Pa3paboTaH TakKe aJIrOPUTM, MO3BOJISIONUA IEPECTPANBATE CETKY
[0 M3MEHEHHOH JEeKOMIIO3WINK TOJIPKO HA W3MEHEHHBIX OjioKax. s ceTok, He MOMEIIaio-
[IUXCS B OMEPATUBHYIO MAMSTh, IPEIJIOXKEHBI MO(PArMEHTHBIE IOCTPOSHNE U 3ANKUCh B OT-
nmenbHbIE daiiaer. [TocTpoena ceTka, comepxkamas 1 Mapa aueek. AJropuTMbl peaan30BaHbI
u BHegpensl B upenpoueccop JJOI'OC, naunnas ¢ Bepcun 5.1.

Karouesvie caosa: pacmapasnenusanune, OpenMP, 6mounas pacueTHas CeTKa, JEKOMIIO-
3UIMS TeOMETPHUH Ha OJIOKH, mpermporeccop makera mporpamm JIOT'OC.

BBeneunne

ITocrpoenue Gaounbix cerok [1] B mpempouecco-
pe makera mporpamm JIOI'OC [2] ocHoBeIBaeTcs
HA [OCTIEeJI0BATEIBHOM (DOPMUPOBAHUN CBA3AHHBIX
6JIOKOB BOKPYT reomerpudeckoil mogenu. Hazosem
9TOT MPOIECC JEKOMIIO3WIINEl, KOTOpasd MOmpos-
Ho onmcara B [3]. Ha ocmose cdopmupoBanubIX
OJIOKOB CTPOWTCA pacueTHad ceTKa. Jlekommosm-
IUs TeOMETPUIECKON MOMETN B IMPEMPOIECCOPE BhI-
IMOJIHAETCHA IIOJIB30BATEC/IEM BDYIHYIO B UHTEPDAKTUB-
HOM pexmMme. YUeM CIoKHee MUCXOMHAA TeOMETPH-
gecKas MOJIETh, TeM JIOJIBINE BBIMOJHIETCA TEKOM-
nosunus. CJI02KHOCTh TaKzKe CBA3aHa C OrpaHude-
HEeM Ha (POPMy MOJyIaeMbIX OJIOKOB: OHH JOJIZK-
HbI 6I)ITI) MECTUrPAaHHBIMU UJIN I€THIPDEXYTOJIbHBIMU
AJI BOSMOZKHOCTH IIOCTPOCHUA Ha HUX CTPYKTYpPH-
POBaHHBIX CeTOK. JIjd OIEHKW MpOMEKyTOUHBIX
PE3yJIbTATOB IOJIB30BATENb 3AMyCKAET MPOIETYDPY
IIOCTPOEHUs CEeTKU Ha CHOPMUPOBAHHBIX OJIOKAX.
YacTele uTepanuu 3aJa0T OrpaHAIeHne HA BpeMsd
mepecTpoeHnd OJIOYHOM CeTKHW: [YeM OHO MEHBIIIE,
rem mydmre. Crmocobam pelieHusa STON 3aJa9u II0-
CBSIIEHA, CTAThS.

I/IBBGCTHI)I AHAJIOTUYHBbIC pa,6OTI)I, BBIIIOJIHEHHBIC
B JIPyTUX CHCTEMAaX MOCTPOEHUS PACUETHBIX CETOK.

PacmapamnenuBanme mOCTpOEHHsS CETOK IO He3a-
BUCUMBIM (ppParMeHTaM pPeajin30BaAHO B IIPOrPAMM-
mOoM mpoxykre Ansys Mechanical, Haunnas ¢ Bep-
cuu 15.0 [4]. B ombamorexke Pamgen n3 mpoexra
Trilinos [5] peann30BaHO OCTPOEHNE PACIETHBIX Ce-
TOK HA MPOCTHIX TEOMETPHUAX MOCPEJCTBOM WX Je-
KOMTIO3UINU HA OJIOKU W MOCTPOEHUsS HA dTUX OJIO-
KaX HE3aBUCUMBIX CETOK.

Hazosem MHOXKeCTBO (hOPMUPYEMBIX TEKOMIIO3H-
nueit GJIOKOB, ONMUCHIBAIONIAX UCXOIHYIO M€OMeTpU-
YeCKyI MOIeNib, OJ0YHON reoMerpumeit. bBiodunas
FeOMETPHUS BMECTE C TeOMETPUIECKON MOMETHIO CO-
IepKaT BCIO HEOOXOAUMYIO MH(MOPMAIUIO JJId IO0-
CTpOEHUd CeTKU. KaxKplii 6JI0K COCTOUT U3 IMIEeCTH
rpaHeli, TpaHb COAEPKUT YeThIpe pedbpa, a pedbpo —
IIBe BepIIWHBI. epe3 BBeZeHUE COCMasHbX Pebep
7 rpaHeil peaqn30BaHA BO3MOXKHOCTH CBI3H JBYX
OJIOKOB W rpaHeil MO 9aCTU UX CTOPOH. bBojee mo-
IpOOHO Takad CTPYKTypa omucana B [3].

Brnounag cerka B maMgaru XpaHWTCI 1O (par-
MEHTaM — C KaXKJIbIM 6JIOKOM reoMeTrpuu CBd3aHa
HE3aBUCHMAas CTPYKTYpUpPOBaHHAd ceTKa. V3 sToro
[IpeCTaBJIEHUs OHA MOXKET OBITH Mpeodpa30oBaHa B
AYIEEeTHO-Y3JIOBYIO U A9I€€THO-TPAHEBYIO HECTPYK-
TypupOBaHHYIO ceTKy. CeTK: Ha CMEeXKHBIX OJIOKaX
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COBITQJIAIOT Y3en 68 Y3ed BCIEACTBUE TOTO, 9TO CHA-
JaJia CeTKa CTPOUTCH HA TPAHUIAX OJIOKOB.

B craThe paccmaTpuBaroTca deThIpe cocoba, om-
THUMHU3UPYIONIHE TOCTPOEHNE CETKU MO0 BPEMEHU U
IIaAMATNA:

1) mapasienpbHOE OCTPOEHUE CETOK MO OJIOKAM;

2) mapaJuresibHOE MOCTPOEHWE CETKU BHYTPH OJI0-
Ka;

3) mepecTpoeHHmE CETOK TOJBKO HA M3MEHEHHBIX
6JI0KaX;

4) mocTpoeHme CETOK HA GJIOKAX C UX BBITPY3KOit
B daii.

YKa3aHHBIE CHOCOOBI MOIYT IPUMEHATHCH KakK
COBMECTHO JPYyT € APYIOM, TaK U IO OTEJIbHOCTH.
JleiicTBrE peann30BaHHBIX AJTOPUTMOB IEMOHCTPHU-
pyeTcda Ha OpUMepe IOCTPOEHHUd CeTKH JJId MOJe-
JIM KOPIIyCa yCTPOICTBA JOKAJIM3AIMH paciiasa [6].
Jlexkommosunua momenu cogepxur 1303 6moka. Ko-
JINYECTBO A9YEEK B CETKE 3aBUCUT OT KOJUIECTBA, y3-
0B Ha pebpax Om0koB. Takmm obpasom, pasmep
CETKH MOZKET BapbUPOBATHCA B IIUPOKUX IIpeaeIax.

3amyck mporpaMMbl OCYIIECTBJISICA HA JBYX
pasiam4HbIX nepcoHanbHbIl KoMmmbiorepax (ITK).
[lepsorit umeer 4-anmepubiii mpomeccop Intel Core
i5-2400 ¢ wacroroit 3,1 I'T'm m mocrymHbIil 0OBEM
omeparuHOo#t mamaru 161'6. Bropoit [1K yxom-
IUTEKTOBAH YeThIPbMdA 0-9I€PHBIMHU IIPOIECCOPAMEU
Intel Xeon X7542 ¢ gacroroit 2,67 I'T' u mocTym-
HBIM 00bEMOM omeparuBHOM mamaru 256 ['0.

1. TlapajurebHOE IMOCTPOEHUE CETOK
no O6JIoKaM

Kak ormedeno Beimie, Gji09HAd CETKA B MaMsd-
TH XpaHuTCcd 1no (pparmerram. C KaxKabiM OJIOKOM
CBA3aH HE3ABUCUMBIIl (pparMeHT CETKHU: OH MOXKeT
CTPOUTBHCS HA OCHOBE PaHee MOCTPOEHHBIX CETOK Ha
rpaHunax OJOKOB, cocemHue ke OJIOKH B €ro Imo-
CTPOEHUU HE YIACTBYIOT. DTO MO3BOJILIET PACIapal-
JIEJIUTh IWKJI IOCTPOEHUsST CETKU O OJIOKaM, ecju
ceTKa Ha rpaHumax OJI0KoB ObLIa mocTpoeHa. Tak-
JKe peajim30BaHbl WH(MPOPMUPOBAHUE O XOJ€ BBIMIOJI-
HSIEMOTO TIporecca (€ yKa3aHUeM BBIIOJHEHHON Ja-
CTH B IIPOIEHTaX ) ¥ BO3MOXKHOCTH €0 [IPEPBIBAHUSI.

[TocremoBaTepbHOCTE TOCTPOEHUA OJIOIHOM CeT-
ku caepyromas. CHadaja BBIIMOJHIETCS IOCTPOe-
HU€ OIHOMEPHBIX CETOK Ha pedpax, 3aTeM — IIo-
BEPXHOCTHBIX CETOK Ha I'PAaHAX W TOJIBKO IIOTOM —
00beMHBIX ceTOK Ha Oiokax. OObeMHYIO CEeTKy Ha

6JI0Ke He yIaCTCA MOCTPOUTD, €CJIU He OBLIN IOCTPO-
€Hbl CETKW Ha €ro rpaHsX. AHAJOrMYHO, MOBEPX-
HOCTHasl CETKa HA TPAHW HE MMOCTPOUTCH, €CJIU HE
OBLIN IOCTPOEHBI CETKHU HA ee pedpax.

Hazosem pebpo, rparb u OJIOK TOMOJIOTHIECKIMU
smemenTamu. (CeTka HA TOMOJOTHYIECKOM 3JIEMEH-
Te MOXKeT OBITh IMOCTPOEHA HE3aBHCHMO OT CETOK
Ha APYrux 3JIEMEHTaX TOrO K€ THuIlad. HI/IKJ'[ II0-
CTPOEHHUA CETOK PACIApAJIIENNBAETCI C IOMOIIHIO
cpegcre OpenMP [7] ¢ auamuueckum pacopese-
JIGHWeM WTepanuil IuKJa MeXKIy morokamu. Hc-
JIA A7 TOMOJIOTHYIECKOTO JIEMEHTA HET CEeTKH, TO
CTPOMIM €€ W 3aHOCHM B KOHTEHHEp C IIO0TOKODEe3-
OITACHOU BCTaBKOM.

W3mepum BpeMs moOCTpoeHus OObeMHO# 6J10d-
HOW CeTKW C KOHEYHbIMHU pa3mepamu B 2,25, 4,58
u 8,80 MJTH g9eeK NI MOAEIN KOPIyca yCTPO#CTBA
JMoKajgm3anuyu pacmiaasa (puc. 1, cM. TakKe mBer-
HYIO BKJAJKY). [locTpoeHne mpoBOAMIOCH HA OIH-
cagaoM BbImre [IK ¢ 24 mporeccopHbBIMU dIpaMH.
[Tonyuennsie maHHBIE TPUBENEHBI B TA0. 1.

DddekTuBHOCTL pacuapasieanBanud Ey 1 KO-
s duruenT yckopeausa Spy BBIIHCIAM M0 (HOpMy-
Jam
Ty

T
L -100%; Spy = —

En —
N=TyN Tn'

rae 11, Ty — Bpemd pelleHusd OJHOM M TOil XKe 3a-
magu Ha omHOM M [N IpOIeccopax COOTBETCTBEHHO.
Ha puc. 2, 3 (cMm. TakKe OBETHYIO BKJIAJKY) IPEJ-
CTaBJIEHBI 3aBUCAMOCTH (P PEKTUBHOCTH PACIAPAI-
smenuBaHu U KO3 PUIIEHTa YCKOPEHAST OT KOJITIe-
crBa mOTOKOB N 10 AaHHBIM Tabu. 1.

Puc. 1. ®ororpadus kopmyca yCTpOiiCcTBa IOKAIU3ANAN

pacmiaBa, B3garad u3 [6]
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BpeMﬂ (B C) IIOCTPOEHNdA CETKHN B 3aBHUCHUMOCTHA

Tabaruya 1
OT ee pa3Mepa U KOJUIECTBA MOTOKOB

Paswmep cerkwu,

KosmuecTBo norokos

MJIH d49€€K

1 2 3 4 5 6 7 8 9 10 24
2.25 1542 841 574 403 364 33,6 30,7 27,0 255 255 204
4,58 3180 1713 127,7 82,3 747 706 62,7 583 547 53,1 522
8,80 4996 2663 1930 1202 1126 1033 91,3 884 830 790 69,3
E
120 -~
100
80
60
40
20
0 N
1 2 3 4 5 6 7 8 9 10

Puc. 2. 3aBucumoctu 3pheKTHBHOCTH pACHAPAJIIEUBAHNS OT KOJUIECTBA, IIOTOKOB [IJisi CETOK PA3HOTO pa3Mepa:

—— — 2,25 muH gveek; —l— — 4 58 MuiH gyeek; —A— — 8,80 MuIH g9eek

7 3PN

6

5

4

3

2

1

0 N

1 2 3 4 5 6 7 8 9 10

Puc. 3. 3BaBucumoctu ko3 dunuenTa yCKOpeHHS OT KOJUYECTBA IOTOKOB I CETOK PA3HOrO pa3Mepa:
—0— — 2,25 Muie gueex; —M— — 4,58 MiH gueek; —A— — 8,80 MIIH g9eeK

Ha paccvorperHOM mpumepe JOCTUTHYTO yCKO-
penue B 6 pa3 ¢ momorpio 10 moTokoB ¢ 3¢ derTus-
HOCTBIO 60 %. MOXKHO M Jajbllle yBeJIUIABATH KO-
JIMYECTBO MOTOKOB 10 24, HO 9TO ITaeT MaKCUMAaJIb-
HOe ycKoperue 710 7 pa3 ¢ 3¢ dexkrusaocTbio 30 %.

Ha obbranwix 1K ¢ xkommaecTBom saep ot 2 1o 8 He
MMeeT CMBICTA 331aBaTh IMOTOKOB DOJIBIIE, YEM KO-
JUIEeCTBO (PUBMIECKUX SIEP B IIPOIIECCOPE: B 3TOM

caydae KOIMDDUIUEHT YCKOPEHUT IEPECTAET MTOBbI-
IaThCs.
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Ha puc. 2 (cM. TakzKe IBETHYIO BKJIAJKY) BBLIE-
sngercd nuk 3(POEKTUBHOCTH PACHAPAJICTUBAHII
JIJIS 9eThIPEX MOTOKOB. JIjIst Hero xapakTepeH 00JIb-
mnit K03 PUIUEHT YCKOPEHUA, IeM OKUITAETCI OT
SKCTPANOJIAIME [0 IIPEABIAYIINM JaHHBIM. IJTO
MOXKHO O0BACHUTH ciexyoumMm obpasoMm. OcHOB-
HOe BpeMd IIPHU IIOCTPOEHNN CETKU TPATUTCI HA KOpP-
PEKIUI0 T'DAHUYTIHBIX Y3JI0B (BbI‘-II/ICJIeHI/Ie ux Ipo-
eKIUii Ha TPAHUIy EOMETPUYECKONH MOMIENH), KO-
TOpBIE COCTABJIAIT OK0JIO 15% or obmero Koju-
9ecTBa BCEX y3JI0B (I ceTkm ¢ 2,25 MJIH A9€€K).
PaccvarpuBaemas reomerpudeckas Moziesb pa3bu-
Ta, Ha MHOXKECTBO OJIOKOB, JBa W3 KOTOPBIX BBIIE-
JIAIOTCA CBOUMU OOJIBIIMME O0beMaMu. DTO OJIOKH,
KOTOpBIE OIUCHIBAIOT BEPTUKAJIBHYIO CTEHKY KOPILY-
ca (cm. puc. 1, a TakKe IMBETHYIO BKJIAJAKY). Bme-
CTe OHH COMIEepKAT deThIpe OOJIbINNe IO ILIOIMIAIN
rPaHu, HA KOTOPBIX y3JIbl CETKU JOJKHBI KOPPEK-
THPOBATHCA. UeThIPe MOTOKA CIIPABJILIOTCA C YTUM
6oitee 3(PEKTUBHO, I€M TPH, IBA UJIU OIWH ITOTOK.

Ha ocuoBe amanm3a 9TOro mmka MOXKHO CIEIaTh
BBIBOZ, 9TO OAQ/JIAHCHPOBKA BBIYHUC/IUTE]HHON Ha-
rpy3Ku BcTpoerHbIME cpegcTBaMu OpenMP we Bce-
roa addexkrusra. Kak mpasBuio, ucuosb3yerca Jg0-
MOJTHUTEIbHAS COPTUPOBKA MAHHBIX W WX PABHO-
MepHOe pacIipejieieHne Mo moTokaM. B mammO# pa-
6ore OBLI WCIOIB30BAH APYro#l MOAXOJ, KOTOPBIi
OIWCAH B CIEIYIONIEM pa3zele.

2. ITapannenpbHOE MOCTPOEHUE CETKU
BHYTpUu OJI0Ka

Cerku Ha rpaHu u OJIOKE CTPOATCS OT 3aJaHHOM
rpanunpl. ['paHuIisl 3amar0TCd Ha OCHOBE (pparMeH-
TOB CETOK, IOCTPOEHHBIX paHee Ha pedpax miu Ha
FPaHdAX IJId Ciaydad ¢ OJOKOM. OTOT dTAl HA30-
BeM cOOpKOil rpamumbl. Tak Kak ceTKu Ha 0J0-
KaX CTPYKTYPUPOBAHHBIE, TO JJId WX HPEICTABJIE-
HUd B IAMATH HEOOXOAMMBI IBYMEpPHbIE U TPeXMep-
HbIE MACCHUBHI y3JI0B. BHyTpeHHUE y3JIbl CETKHU BBI-
YHUCIISFOTCH HHTEPIOJIANMOHHBIM MeToa0M [8] Ha oc-
HOBe MH(MOpMANWH O TPAHUYHBIX y3JaX. dTOOBI
pacrnapajlIeJIuTh TPOIECC BBIYUCIEHUsS] BHY TPEHHUX
y3JI0B, BBINOJIHUM JEKOMIIO3UIUI0 BHYTPEHHEH 00-
JIACTH HA OPUMEPHO PAaBHBIE IO KOJUYIECTBY y3-
noB gactu (pparmentsr). Onumem 3TOT agarOpUT™M
Ha IpUMepe IEeKOMIO3UINN JBYMEPHOTO MAaCCHUBA.
O0600611eHe Ha TPEXMEPHBIH CIIydaii He BEI30BET 3a-
TPYZLHEHNH.

BxomubiMEu maHHBIMEU 719 AJTOPUTMA ABJILIOT-
Cs pa3Mephbl MCXOIHOTO MACCHBA MO JBYM HAIPaB-
geausMm I m J, MakcuMaabHOE KOJIUYIECTBO (par-
MeHTOB Npax U MHUHAMAJIHHOE KOJUIECTBO Y3JIOB

Vmin B dparvente Ha Bbixome. Ha mepBom 3ta-
e aJITOPUTMQA BBITHUCIAEM KOJIUIECTBO d)pa,I‘MeHTOB

N = min (max <\‘V{—JJ ,1> ,Nmax>a rae x| —

9T0 HaAubOJbINee IejIoe, MEHbIee WA PABHOE .
3mecs 1 < N < Npax. Ha BTOpoMm 3Tame B 1muk-
sne dopmupyorca dparmenTsr MaccuBa. Popmu-
poBanme i-ro ¢pparmenrta (i = 0, N — 1) ocymiecTs-
JIdeTrcd 0T6pa,CI)IBa,HI/IeM qaCTUu OT OCTaBLIIEroCd Ha
JAHHBIA MOMEHT MaccuBa (OCTaTKa) C pasMepamm
no mampasiermam I', J'. Jlna mynesoro dpparmen-
Ta OCTATKOM SBJISETCd MCXOJHBIA MaCCHUB C pa3Me-
pavmu I, J. "Ilnomazms" i-ro ¢pparmenTa mpumep-
HO paBHA "cpe;[IHe,f/'I wromaau" ¢pparMeHTa OCTaT-
Ka: Vp = {iJ [Ipu srom dparment "or-
N —1

pesaerca" Tonabko mo "zjmHHON cTOpone" ocTar-
K4 U €ro pas3Mep IO 3TOMY HAIPABJIEHUIO pPAaBEH
Vi, /min(I', J'). Yacrs maccua, orGpachiBaeMast
upu GOpMHUPOBAHUE (-T'O (PPArMeHTa, CTAHOBUTCI
OCTATKOM Jiid Iporeaypsl ¢opmupoBanus (i + 1)-
ro ¢pparmenTa.

Ha puc. 4 npencraBiieHbl Tpu IpUEMeEpPa, JEKOMIIO-
3UIUU AByMepHbIX MaccuBoB. PparmenTsr popMu-
POBAJINCH CJIEBA, HANIPABO U CHU3Y BBEPX.

MunuMaIbHOE KOJIMYECTBO Y3JIOB B (pparMenTe
3aJIaeTC JIJIg TOrO, YTOOBI OTPAHUYHUTH JEKOMIIO-
SUIIUIO IIDU MaJIbIX MaCCHBaX. B IIPOTUBHOM CJIy-
Jae MHOTO BPEMEHU IIOTePIETCA 38 CIeT HAKIATHBIX
pacxomoB OpenMP. TTapamerp Viyin Bapbupyercs B
3aBUCUMOCTH OT CJIO?KHOCTHU BBIYUCJIEHUS BHYTPEH-
Hero y3na. Jlng Texyineit peaqu3aiuu BIYUCTEHTH
OIBITHBIM IIyTEM YCTAHOBJIEHO, 9TO Vipin = 100 000.

[Tocne ompenesenus MECTONOTOKEHNA BHYTPEH-
HOX y3JI0B CETKW HPOUCXOIUT WX IIPOEIUPOBAHIE
Ha TOBEPXHOCTh TEOMETPUYECKOW Momeaun.  Y3-
JIBI M€Ky TIOTOKAMU PACIPENENII0TC CPeJICTBAMI
OpenMP.

s wccimenoBaHusi BpEMEHU OCTPOEHUs CETKU B
3aBUCUMOCTH OT KOJIMIECTBA TOTOKOB BOCIIOIH3yEM-
ca 6sI04HOW reoMerpuell MOeNIn KOPIyca yCTPOi-
cTBa JIOKaJaum3anuu paciiaBa. llocTpomMm mHa Helt
ceTky, comepzxkamryio 8,80 MiIH gdueek, mpu oOIEM
KosmmaecTse noTOKOB N, KpaTHOM gerbipem (4, 8,
12, 16, 20, 24, 28). IIpu 5TOM KOIHIECTBO OLHOBpE-
MeHHO oOpabaThiBaeMbIX OJIOKOB [V} 3aJaJuM paB-
vbIM 1, 2, 4 u 8. COOTBETCTBEHHO BHYTPH KaXKJIOTO
670Ka MOXKeT ObITH uCmoab30BaHO N/Nj MOTOKOB.
[Tonmyuennbie maHHBIE TPUBENEHBI B TAOJ. 2.

SuadeHus B TabjI. 2, 3aKpalll€eHHbIE CEPBIM I[BE-
TOM, YKa3bIBAIOT HA yBEJIWYEHHE BPEMEHU MIOCTPO-
€HUd CeTKU u3-33 J00aBJI€eHNd HOBBIX MOTOKOB. 3
TabJUIBl BUAHO, UTO JIYIMIAN Pe3yJbTaT JOCTHUIa-
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Puc. 4. Ilpumepsl mexkoMmo3uruii MacCHBA:

dparmenTa mpu cOOTHOmEHNN CTOPOH 3X1; 6 — HAa 5 pparMeHTOB npu COOTHOIMIEHHH CTOPOH 1x1

a — Ha 4 ¢dparmMeHTa OpH COOTHOIIEHUU CTOPOH 4Xx3; 6 — Ha 4

Tabruya 2

BpeMH (B C) IIOCTPpOEHUA 06'beMHOI 6JIOYHOI CeTKM B 3aBHCHMOCTH OT KOJIMYECTBA IIOTOKOB

Kou-Bo ogHOBpeMeHHO

O6miee KOIUIECTBO IIOTOKOB

006pabaThIBAEMBIX OJIOKOB 1 4 3 12 16 20 24 28
1 5447 148,9 97,8 84,5 71,5 70,5 75,3 74,6
2 — 142,8 81,0 66,7 55,5 51,7 48,2 478
4 — 123,4 74,8 64,4 50,3 41,2 40,6 38,6
8 — — 89,7 — 53,8 — 41,1 —

erca npu Ny, = 4 gy1g 1ByX u 60Jiee MOTOKOB BHYTPHU
6ioka. JlomomHUTEIBHBIMU MOXOOPAME MTaPAMET-
POB HamMeHbIee BpeMs mocrpoerud (37,8 ¢) 6pLI0
oJIy4eHo Ha KoHdwurypanun 5 OGJIOKOB IO H 1mOTO-
KOB. 10 jajio yckopenue B 14,4 paza ¢ addek-
THBHOCTHIO pacuapasnennpaaug 57 %. Taxum 06-
pPa3oM, ymaJoCch MOBBICUTH MAKCHMAJIBHOE YCKOPE-
HEe, HoIydeHHOe crocobom 1 (cm. pasm. 1), Gosee
JeM B JBa pa3a, HE YMEHLIIUB IpU TOM dpdek-
TUBHOCTHU.

3. IlepecrpoeHune OJIOYHOM cEeTKHU
HA M3MEHEHHBIX 0JIoKax

B xome mexommosuruu, 0COOEHHO Ha 3aBEPIIAO-
meit crajuu, I0/Ib30BATEIbCKIE N3MEHeHNS OJIOKOB
CTAHOBATCA JIOKAJIBHBIMU. B 9TOM CJIy4dae nocrTa-
TOYHO MEPECTPOUTDH TOJIHKO JaCTh CETOYHBIX (ppar-
MEeHTOB OJIOYHOW CETKH, YTO CYIIECTBEHHO yCKOPUT
oty dyeHune obIeil pe3yabTUPYIOEil CeTKMU.

Mexanu3M mocTpoeHHd CeTKH caenyromtmit. Jle-
KOMIIO3UIUA T€OMETPpHUHN NPEACTABJICHA CBA3aHHBI-
mu 6siokaMu. KaxKapiit 670K COIEpKUT TOMOJIOTH-
YECKYI0 U FeOMETPUIECKYIO0 HHMDOPMAIUID. DTa WH-
dopmanug UCHOIb3yeTCd [JIF BBITUCIEHUS CETOY-
HBIX (DPArMeHTOB U O0beJUHEHNS UX B IUHYIO CET-

Ky. B xome mexkommosunum uHGOPMAIUI MEHSIET-
ca. [logBngroTca HOBbIE, YIAIAIOTCH CTapbie OJIOKH,
HEKOTOpbIe U3 HUX W3MeHAIoTcd. V3menenne 6oka
mpeAnoaraeT n3MeHeHne CBA3aHHOTO ¢ HUM (dpar-
MEHTa CETKH, ITO IIPUBOAUT K €r'0 IIOBTOPHOMY IIE-
pectpoennio. Ilpu ymamsennu 610Ka U3 TEKOMIIO3H-
I TAaKZXKE€ HCKJII09aeTCd CBI3aHHBIA C HUM CETOY-
Hblll pparment. /lobapiaeHue 6J10Ka IPUBOIUT K J0-
6aBJIeHUIO HOBOrO ceTodHOro ¢gpparmenTa. llporecc
OPUBEJEHNT K COIVIACOBAHHOMY COCTOAHHUIO OJI0t-
HOIl TeOMeTpUM W CeTKH (CHHXPOHU3AIUS) BBIMOJ-
HETCA MepeJT KaXKIbIM IepPEeCTPOCHNEM CETKH, O3~
BOJIsSl COXPaHUTh 4acTh (pparmenToB. OcHOBHas
3aJ1a9a, KOTOPYIO HEOOXOMMMO PEIIUTh, — IIOWCK
crrocoba, MMO3BOJIAONIEr0 (PUKCHPOBATH, HAKAILIU-
BaTh U CyMMHUDPOBATH AaKThl U3MECHECHUA, YAAJICHUA
u nobapierus 0670koB. PaccMmorpum aToT cmocob
moapobHee.

C xaxapIM d1eMeHTOM 6109HO# reoMerpun (Bep-
UHOM, pebpoM, IpaHbi0 U GJIOKOM) CBI3aHO €ro
COCTOdHHE. COCTOHHHG MOZKET UMEThb OJHO M3 IId-
TH 3HavYeHuii: u3MeHeH (mod), nobasiex (add), or-
MEYeH yIAJeHHBIM (7em), B OYepesiu Ha yIaJeHue
(del) m crabumen (stab). CocrosHus U3MEHAIOTCS
B 3aBHCHMOCTH OT BO37elicTBuii. Bo3meiicTBua mo-
ryT ObITH Caemytomero tuna: udmenenue (modify),
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ynanenue (delete), copoc cocrosiuug (reset). Vzme-
HEHUe COCTOAHUU B 3aBUCUMOCTHU OT BO3AeUCTBUN
IpeCTABIEHO HA PUC. 5 B BHUIIE MOJEIN KOHETHOTO
leTepMUHUPOBAHHOrO apromara. Oirubodnoe co-
cTogHEe O0OBEKTa OTMEYEHO KaK error. B mmeass-
HOM CJIydae Mepexoja K HeMy ObITh He [OJI?KHO.
OHO BO3BHUKAET, €CJIU MBITAIOTCA YAAJIUTh WA U3-
MEHUTbH yJaJIeHHBIN paHee 00bEKT, 9TO MOKET ObITh
CBA3AHO C BHBIMU ONUIUOKAME B IIPOrPaMMe.

Kaxaprit OJI0OK [IEKOMIIO3WIIUKA WMEET CBOIO KO-
U0 PACCMOTPEHHOIO BBINIE aBTOMATAa. IDTO MO3-
BOJIIET IIPOIECCY CHHXPOHU3AIUU UMETh AKTyaslb-
HBIE COCTOSIHUSA JIJIA BCEX CETOYHBIX (PparMeHTOB.
[Tocne o3HakoMyIeHWS C COCTOAHWEM OJIOKA IMTOCHI-
JaeTcd BO3JelicTBUe reSef, YTO BBI3BIBAET IepPEXO[
cocTosiHUS K 3HadeHuio stab (crabuien) unu del (B
o4epesnu Ha yIAJeHue).

OrmernM, 9TO mpeasaraeMsulii CIOCoO MOXKeT
O6bITH 0000IEH ¥ HA Apyrue 00/IACTH MPUMEHEeHUdd,
T7le eCTh TUHAMHUYECKH W3MEHTonuecs O0beKThl U
CTOUT 3aJa49a WX CHHXPOHU3AIUU CO CBA3AHHBIMA
obbekTamu.

Jlamee Oymer npoaHATM3UPOBAHO BPEMS IIOCTPOe-
HUS CEeTKU IS MO KOPIYCa JOKAJIU3AINNA PaC-
mwraBa (cM. puc. 1, a TakxkKe IBETHYIO BKJIAJKY)
IpU Pa3/IMIHBIX HAYAJIBHBIX YCJIOBUAX. 37€Ch MO
IOCTPOEHUEM CETKU TOAPA3yMEBAETCS BBIUYUCIEHUE
CeTOYHBIX (PPArMEHTOB HA COOTBETCTBYIOIINX TOIO-

modify

reset
delete
modify

rem

JIOTHYIECKUX dJIEMEHTaX, cOOpKa (pparMeHTOB B €111~
HYIO HECTPYKTYPUPOBAHHYIO CETKY U €€ BU3yaJu3a-
oud. Bce BBIYUCJIEHUA BBIINOJTHAKTCA C UCIOJIbB30-
BaHUEM OHOTO ITOTOKA.

ITocrpoenne ob6bemHON CceTKu € HAIAIBHOTO CO-
CTOdHUS, TIPU KOTOPOM CETOYHBIe (PpArMeHThI Ha
TOIMOJIOTTIECKAX SIEMEHTAX IMOJHOCTHIO OTCYTCTBY-
fot, 3aauMaer 153,1 c. Ha mocTpoenune moBepxHOCT-
HO#l CeTKW IpHU TAaKOM JKe HAJAJTHbHOM COCTOSHUU
yxomur 143,1c. Hebonburag pa3numa BO BpeMeHH
CBsi3aHA C TE€M, YTO OCHOBHAs €ro 4acTh TPATUT-
cd Ha MPOENUPOBAaHNE PAHUYHBIX y3JI0B CETKU HA
MOBEPXHOCTh MeOMETPUIECKO mozenu. [lpu cyie-
CTBOBAHUU CETOYHBIX (PPATMEHTOB HA IIOBEPXHOCT-
HBIX TPaHAX OJOKOB KapTHHA WHAA: MTOCTPOEHUE
obbemHuOl cerku 3ammmaer Bcero 15,7c. Kak Bum-
HO, JoCTpanBaHue OObEMHON CETKH IO CYIECTBYIO-
el TOBEPXHOCTHON ceTKe BhImosiHAeTca B 10 pa3
GwICTpEE.

Ecnu ke ceTka CTpOUTCH 1O yIKe CYIIeCTBY IOIIIM
ceToYHbIM (pparMeHTaM Ha BCEX MPUCYTCTBYIOIIIX
B Hell JIEMEHTaX, TO BpeMd IIOCTPOECHUA CETKU CTa-
HOBUTCS eIl[eé MEHbIe: Telepb OHO CKJIAJIBIBAETCI
TOJIBKO U3 BpeMeHU COOPKU HECTPYKTYPUPOBAHHOM
CeTKU U3 CeTOYHBIX (DPArMEHTOB W BPEMEHU €€ BU-
gyanu3anuu. llpum Takux ycmoBugax Ijid o0beMHOIT
CeTKM OHO paBHO 4c¢, a mjas moBepxHOCTHOH 0,7 C.

reset

stab

modify
delete
reset
mod

modify

modify

delete

Puc. 5. Mogenb KOHETHOTO IeTePMUHAPOBAHHOTO aBTOMAaTa, OMUCHIBAIONIEr0 H3MEHEHNE COCTOSHUS 00bEKTa
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Jlmsg obbeMHOlM ceTKu 3TO BpeMs OOJbIe, IIOTOMY
910 0OpabaThIBaeTCs OOMBINHI 00bEM JAHHBIX, TEM
B CJIydae IOBEPXHOCTHOMI CeTKH.

Temepp paccmoTpuM 3pHEKTHBHOCTH ONMTHMEI3a-
U1 B IBYX CUTyallndX — IIPpU U3MEHEHUU U yJaJie-
Huu 070KOB. lV3MeHeHWe KOIUYIecTBa y3JI0B CETKH
Ha OMHOM pebpe OJIOKa MPUBOIUT K HEOOXOIUMOCTH
3aJ[aHUs TAKOTO YKe WX KOJUYECTBA, HA BCEX IapaJ-
JIEIbHBIX pebpax CBA3aHHBIX OJIOKOB. B mporus-
HOM CJIy4dae CTPYKTypPUPOBAHHBIE CETKHA HA I'DaHAX
u OJioKax He MOryT ObITh HmOCTpPOeHbl. V3Menenus
ceTKd Ha pebpe HPUBOAAT K U3MEHEHWIO CETOK Ha
CBA3aHHBIX C HUM rpaHgx um Ojokax. B paccmar-
pUBaeMOM MpUMepe MOCJe M3MEHEHHd KOJIUIECTBA
y3JI0B Ha OmHOM pebpe obbemHad ceTka OblLIa IO-
crpoena 3a 8 c. Bropas curyanus — 3T0 ynajeHue
6JI0KOB, OMUCHIBAIOIIAX OMOPBI YCTPOMCTBA JTOKAJIN-
3anuu pacmiaBa. llocie Takux m3meHeHumit 06bHEM-
Has ceTka ObLIa mocTpoeHa 3a 2,1 ¢c. Ygaaenue 6J10-
KOB IIPUBEJIO K UCKJIIOYEHUIO CEeTOYHBIX (pparmeH-
TOB ¥ YMEHBIIIEHUIO ODIIEro pa3Mepa CEeTKU. IJTO, B
CBOIO OYEpEh, YMEHBIIMIO BpeMs COOPKYU CEeTKHU U
ee Budyasm3amuu. llosyuenHoe BpeMs B ABYX pac-
CMOTPEHHBIX CUTYaIUAX ABJIACTCA OTHOCUTEJIBHBIM
7 3aBHCAT OT OObeMa 3aTPOHYTHIX U3MEHEHWH, HO
B JIIOOOM CIydae OHO HE IPEBBINIAET BPEMEHU II0-
CTPOEHUY CETKU IIPU IMOJTHOM OTCYTCTBUUN CETOTHBIX
dparmMeHToB.

[IpepbiBanue MOCTPOEHUSI CETKY B CEPEIUHE MPO-
IIecca, MoJIb30BaTeIEM UJIU U3-3a OUIUOKN HE IIPUBO-
AT K TOTepe MPOMEXKYTOYHBIX pe3ynbTaroB. llo-
CJle TIOBTOPHOTO 3aIlyCKa PaboTa HAYUHAETCS C Ipe-
PBaHHOTO MeCTa.

4. TIlodparmMeHTHOE IMOCTPOEHUE CETKU
C BBIrPY3KOii B daiis

YMeHbIlleHHE BpEMEHHU IOCTPOEHUS CEeTKH He B
OJTHOM Mepe pernaeT npobiieMy TOCTPOeHusS O0JIb-
mux ceTok. Jlyig aToro HeoOXOAMMO ONTUMHU3UPO-
BaTh WCIOJIH30BAHUE OMEPATUBHON mamaru. Bei-
rpyska ¢pparMeHTa MoCTPOEHHOM ceTKu B (hailyl mo3-
Bosder ctpouTh Ha [IK cerkum, He momemnratoruecs
IIEeIMKOM B OIEPATHBHYIO mamaTb. Hampuwmep, Ta-
K€ CeTKU XapPaKTEPHBI IJId MOILeJIeI';I TEILJIOBBIIEC-
naomux cbopok (TBC) aTomubIX peakToOpoB, B KO-
TOPBIX KOJIUIECTBO s9eek moxomuT a0 1 mupx. s
MOMOOHBIX CIy9IaeB Pa3pabOTaH aJTOPUTM 3AIIUCH
cerku B (aiinbl mo pparmentam. B mpemporreccope
makera nporpamm JIOT'OC zamuch mia obObeMHBIX
CETOK Peasim30BaHA B paclpenereHHbril daiin ¢pop-

mara E®P [9, 10].

B obmux geprax ajaropuTMm, ONTUMHU3UPYIONHI
HCIIOJIB30BaHUE OHepaTHBHOﬁ IaMATh, BBITVIAOAUT
caemytomum obpaszom. s Kaxkoro 0I0Ka, TeKOM-
MO3WUIUK CTPOWUTCA TpaHWIHAd ceTka. Ha ocHoBe
rPAHUYHON CEeTKM CTpouTCd cerTka Ha Osoke. Ilo-
CTpOEHHAd CeTKa 3amuchiBaeTcd B daila u ygand-
ercd W3 ONEepATHBHOW mamaTu. |'paHwdHad ceTka
TaKXKe yIaJIsIeTCs, eCJU Ha OCTAJbHBIX CMEXHBIX C
Heli 6I0Kax ceTKa yzKe mocTpoeHa. Takum obpaszom,
moTpebIeHrNe ONEPATUBHON MaMsITH HE MPEBLICUT €€
obbema Ui XpaHeHud caMoro 601b1oro gpparmes-
Ta CEeTKHU C yIeTOM IOCTPOEHHBIX, HO HE yIAJeHHBIX
T'PaHUYIHBIX CETOK.

3amyck mporpaMMBbl, peaan3yolleil TaHHbIH CIo-
cob, BBIMONHsJICA Ha Bbimeonucanaom [IK ¢ 4-
AIePHBIM ITpoIreccopoM. B mpemporeccop Oblim 3a-
IPY?KEeHbI HCXOJHAA TeOMEeTPUIECKAT MOJETh U €€
6JI0YHOE TpeNCTaBIeHNEe MJid KOPIyca YCTPOHCTBA
JOKaJau3auy pacmiasa (cMm. puc. 1, a Takke mper-
HYIO BKJIQJKY). B omepaTwBHO# maMaTu BCe 9TO 3a-
anmasio 350 M6. IlocTrpoeHue ceTku BBITOIHSAIOCH
B JIByX OJIHOIOTOYHBIX pexmmax: 1) ¢ bopmuposa-
HEEM CETKH B OIIEPATHBHON MaMATH; 2) C 3aIUCHIO
B (raiti mo pparmerTaM. AKTHBHOCTH UCIIOJIb30Ba-
HOd PECYpPCOB AHAJIM3UPOBAIACH C HMOMOIIBIO IPO-
rpammel Process Explorer [11].

Ha puc. 6 mpeacraBieHbl WIIOCTPAIUNA AKTHUB-
HOCTH WCIOJIH30BAHUS IPOMECCOPA, OMEPATUBHON U
IUCKOBOM mamaTu. JIjg mepBoro pexkmma Xapak-
TEepPHBI HOJHAA 3arpy3Ka dpa IIPOIeccopa, OTCYT-
CTBHE B3aMMOJIEHICTBUA C JUCKOM U YBeJIUINBAIOIIE-
ecd ToTpedJIeHre OEPATUBHOM TaMATH. Y 9aCTOK C
OBICTPBIM POCTOM MOTPEDJIEHUSA MAMATU CBA3aH C
9TAIOM HOCTPOEHUS OObEMHBIX CETOK ¥ BBIIEJIEHNU-
eM mam4Tu 1moj obbeauHeHHYIO ceTky. Jlambmeii-
N TOPU30HTAJIbHBIN Y9aCTOK CBA3aH C HAIOJIHE-
HEeM OO'beIUHEHHO CeTKH y3JIaMU U A9efiKaMu U C
pusyaJjusanueii. O0beMm norpebisiemoii onepaTus-
HO¥l TAMATHU IO CPABHEHUIO C UCXOTHBIM YBEJIUINII-
ca Ha 650 M6. na pexuma ¢ 3ammchio B daiia
II0 (bpa,I‘MeHTa,M XapaKTEPHBbI HEIOJIHAA U M3MEHA-
IONAdACS BO BpPEMEHH 3arpy3kKa d/pa IMpOoIeccopa,
AQKTHUBHBIN BBIBO/J] JaHHBIX HA AUCK U OTHOCHUTEJIb-
HO IIOCTOSHHBIN 00beM HCIOJIb3yeMO OMePATHBHOM
MaMATH HA BCEM IPOTAKEHUN BPEMEHU TOCTPOEHUS
CETKU.

Paspaboranublii amropurM ObLI TaKZKe IPUMEHEH
auist nocrpoerust cerku Ha Mozenun TBC (puc. 7).

Ha puc. 8 npexncrasiena ucnoub3oBanaags 8 TBC
mexommo3unusa reomerpun TBIJla Ha 6710KHu U cBA-
3aHHas C HEW JEeMOHCTPAIMOHHAsd OJIOYHAs CeTKa
meboIpIIOr0 pa3Mepa. B meficTBuTenbHOCTH CeT-
Ka COCTodyIa W3 1 MJIpZ d9eek W y3J0B U 3,2 MIPH
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CPU Usage CPU Usage
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Puc. 6. Cunmmku sxpana Process Explorer mpu n3mepennn akKTHBHOCTH IIPOIECCA MOCTPOEHUS CETKHU C 3aIUCHIO B

O3Y (a) u B daiin (6)

Puc. 7. Cerka mva TBC u3 1 Mmiupa sueek
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Puc. 8. Jexkomnosuuus reomerpun TBDJIa ua 6oku (a) u 6mounas cerka (6)

rpaneii. Jlannabrie Obimu coxpanensr B 8 500 dpar-
MeHTax OOIIIM pPa3MepoM 3aHHMAEMOI'O JUCKOBOTO
npocrparcrBa 2501'6. IlocTrpoenue cerku 3aHAIO
4 gaca. I[lukoBoe moTpebieHHE MAMATH COCTABUIO

1T6.

3aKJiroueHue

[Ipemo:xeHHbIE YeTHIPE CIOCODA, ONTUMU3UPYIO-
e IMoCTpoe€HuEe CETKU, MOTYT HNPUMEHATHCA KakK
OTIEIbHO, TAK U B COBOKYITHOCTH.

CoBMeCTHOE HCIIOb30BaHNE MOOJOIHOTO U BHYT-
pubIOYHOrO pacnapallIeJIuBaHus C IEPECTPOCHUEM
CEeTOK HA M3MEHEHHBIX OJIOKAX YMEHBIIAET BpPEMs
IIOCTPOEHNE CETKHU 0 HECKOJIbKHUX CEKYHJ BMECTO
HeCcKOJIbKUX MuHYT. Jlj1g ciyvaes, Kkorga HeoOxoau-
MO 9aCcTO IEPECTPAUBATEH CETKY, BPEMS BBIUTDHIIIA
ABJIAETCA CyII€eCTBEHHBIM.

Ucnonb3oBanue modpparMeHTHOrO MOCTPOEHUS
CEeTKH C BBIIPY3KOil B (paili mO3BOJAET CTPOUTH HA
IIK cerku, cocrosiiue u3 1mMapm u Oojiee sdeex.
[Ipu sToM MakcuMaabHAd 3arpy3Ka OMEpPATHBHOI
[IaMgaTH HE IIPEBBIMIAET ee 00beMa i XPAHEHUS
HaubOJIBIIEr0 CETOYHOrO (PPArMeHTa B JEKOMIIO3U-
MM TeOMETPHMN.

[Ipemoxennble ajropuTMbl PeaIn30BAHBI U
BHegpenbl B mpenponeccop JIOT'OC, maumnasg c
Bepcu: 5.1.
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PARALLELIZATION AND OPTIMIZATION OF THE CONSTRUCTION OF BLOCK

COMPUTATIONAL GRIDS

IN PREPROCESSOR OF

"LOGOS" PROGRAM

PACKAGE / V.V. Lazarev (FSUE "RFNC-VNIIEF", Sarov, N. Novgorod region).

The methods optimizing the block computational grid construction using the previously
made decomposition of a geometric model into blocks are considered. Data structures
representing the decomposition and block grids are described. The parallelized algorithms
of constructing a block grid are described on the base of these representations. The plots of
the parallelization efficiency and speedup versus the number of threads are presented. An
algorithm that allows reconstructing a grid on the varied blocks only with respect to the
modified decomposition into blocks has been also developed. For grids of sizes beyond the
memory size, the fragment-by-fragment construction method with recording to separate files
is proposed. A grid of 1 billion cells has been constructed. The developed algorithms have
been implemented in the LOGOS preprocessor beginning from version 5.1.

Keywords: parallelization, OpenMP, a block computational grid, geometry decomposition

into blocks, preprocessor of the LOGOS program package.




