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o6pa3o

I-{enuo

1. rIEJrr4 O Ct] OEHI,Ifl, Ihc\r4rrJrrrHhr
crlr4rrJrr{Hbr Pacnpe4eneHHafl o6pa6orra zn0opuaquu flErflarcfi u3yr{eHue

flTurit v npr4Hrlr{noB paclpeAeJresnoft o6pa6orr<ra AaHHbrx
blx BblrracJlennfi,

(Doprvrz ue [paKTI,IqecKr4x HaBbrKoB, ueo6xoAuubrx AJr,f, pa3pa6orK]r napanneJrbHbrx
[pofpaMM c ktcrr b3 OBaHr,reM c"r a[Aaprn3r,rpoB aHHoro uHrepQ efi ca nepe4aqu. co o 6ueuuft MP I
(Message Passin Interface) Ans clrcreM c pacnpeAelennofi rraMflTbro.

2. MECTO AIrCqruJrI4Hbr B CTpyKTypE OrroII uo

OCHOBHbIX

BbrcoKonpo

[ucqvun
qacrr4 ocnosuolft

no nu6opy"

TeopeTur{ecKux

KOMnbroTepoB,

Cucreuuoe u
opr4eHTr4poBaH

3Harb ycrpofi

o cnoco6H

uuSopuaruru,
uareuarurclfi tt

0I4CTeMHOTO U

HMI,ITAUT4 OHHbIX

cneAyroune pe3y

1. 3narr:l

po Q eccr.roualruoft o 6pason arelruoft flporpaMMbr r4 orHocrrrct

!ucqun HA noruqecKr.r u coAepxaTeJrbHo-MeToArzqecKu cBf,3arra c prnoM

a <PacnpeAeJreHHafl o6pa6orra rzu(fopnra{rru) HaxoAurcfl. tt napuarznHoft

K /{UCrIr4nJrr4He

rrJrr.rH r{ npaKTr4K rrpeArrrecrByrouero flepl,IoAa o6yveuzr (Apxurexrypa
fopI,ITMbM AIJ.?uWI3 C.rrOlI(HOcrI4, flsttxtt I,I MeroAbI rrpofpaMMIrpoBaH4fl,,

KJIaAHoe npofpaMMHoe o6ecne.reHlle, OnepaquonHble cucrevmr, O6texrno-
nporpaMMzponauue). l[nx ycneurHoro ocBoeHr4fl Kypca cr.yAeHrbr AoJrxHbr:
r{ npr4Hrlrrlu syuxquoHr{poBaHr.ts 3BM, r4Merb [peAcraBJrer{[e o 6asontx

ucloJrb30BaTb oa30rlbre 3HAHLIfl eCTeCTBeHI{bX HayK, MaTeMaTLIKI4 lI
npuHrlr{nbr reoprzfi, cB.f,3aHHbrx c upraxna4Hofi

braTbr oopa3oBaHr{f,:

nnacczQurarlruo pacry)eAeneHHbrx

anfopr.rTMil( rz

ypoBHs.
AaHHbX, yMeTb rrprrMeHrTb _rr3brKr.r nporpaMMr4poBaHr,r[ BbrcoKofo

Incqunn Ha (foprvrupyer 3nal:lrs. 14 HaBbrKLr, neo6xoAzuue B npaKTr4qecxofi
.4e.qTerbHocTl4 K $zquponauHoro cnerln aJrtrcra, r43yr{aercr B KoHrIe reoperv r{ecr(oro Kypca.

npoqecca oHL.r Mofy:t 6rrrr zcnoJrb3oBaHbr npv norfoToBKe aunycrHofi
pa6oru.

B paurax

rnarz$uraquou

K O MIIETEHIII,IU O E yTIAIO III E I O CtI, O O PMI,IPyE MI>IE
B PE 3yJrb TA'r E o c B oE H kIfl I.I/C[\ rrlr JrprH br (M oAyJr.fl )

B pe3yJlb OCBOEHLIfl AI.ICIII4IIJII,IHbI O6YVArOqUfiCr AONXEH ,UCMOHCTPHPOBATb
cneAyrorIIue) ETEHIII,IH:

oBlrbre $armr, KoHrle[qrrr4,

Q oprrrarur<oft (OIIK- 1 ) ;

x paspa6orKe anfopr4TMr4rrecKr4x 14 npofpaMMHbrx peureuuft s o6racrH
aKJTaAHOfO npofpaMMI4pOBaHUfl, MareMarvr{ecKr{x, zHooplnraur4oHHbrx LI

ruo4eneft, co3raHrrro nH(foprr,raqrroHHbrx pecypcoB uo6a.urHtrx cerefi,
KOHTEHTA, IIPI{KJIAAHbIX 6A: AAHHbIX, TECTOB I,I CPCACTB TECTIIPOBAHI,IS

CI,ICTEM II Ha co orBercrBr.re craHAapraM r,r ncx oAHblru rp e6onaHr.r_sM (OIIK_ 3 ) ;
o cnoco6u b K pffipaoorKe rz npl4MeHeHr.rrc anfopr4TMrrrrecKr.rx r4 npofpaMM{Hbrx peureuufi

B OOJIACTI{ CIZ oro r4 rrpr4 KnaAHoro rrp ofpaMMHoro o 6ecne.reHua (lIK- 7).
B pe3y Te ocBoeHHfl .4r4crln|rJrr4Hbr o6yraroquficr AoJDr(eH AeMOHcrpr{poBarb

IIOBbIIIIEHI4.f, II 3BOAT,ITeJIbHOCTI,I BbIqv:cJII4TeJIbHbrx

BbIIII4CJIVTeJIbHbIX CI{C'IeM, MeTOAbI

cr,IcTeM, IIOIXO.4bI K TIOCTpOeHI{ro
napaJrneJlbHbrx pr4'rMoB;



2. Ynaerr':

pa3rI,IrIHbrx

pacnpeAeJreHH

3. B.r
BbII{HCJII,ITEJIbH

O6qar tpy

1. BseaeHue

BbrcoKonpor{3Bc)

IICNOJIb3OBAH}Ifl

bH o I,I3BJIeKarb rlo JIe3HyIo H ayr{Ho -TexHl{qecKyro IzH $ opu aIIuIo I43

HLIKOB, IIpIIMeHflTb I,I3yqeHHbre MeTOAbr npz npOeKTlrpOBaHULl

aJlfopr4TMoB;

: HaBbrKaMr4 I,ICIOJIb3OBaHT{' COBpeMeHHbrX CpeIC'rB

gaAarr Ars cr4creM c pacrpeAereuuofi rraMflTbro.

YKTYPA I4t COAEPXAHI,IE NUCUUIIJIIIHbI (M(0AvJrfl)
qacoB.Ar,rcrlrlnJrr,IHbl cocrallJl.rrer 5 saqernrx eguuuq, 1 8 0

,IIEKIIIII4

Pacn HbIE CKICTEMbI I'I PACilPEAEJIEHHbIE BbIIII4CJICHIZ'. flpe4no cu Irntr pa3Burufl

nocrr4xeHHfl, O6lacrra

perrreHr4fl

p eAeJIeHHbrx sH.rprcrenr.rfi .

.,
pacIIpeAeJreHHbrx BbIr{[IcJrrrTeJlbHbrx ctrcTeM

Mero4u eAr4Hr,rllbr orleHrs{ npor,r3r}oAr4TenbHocTll Bbrqr4cJrr,rTeJlbHbx c[cTeM.

HarrpaBneHr.rfl pa3B}-{Tyrs. BbrcoKorrpor,r3BolprTenbHbrK KoMrrbroTepoB.

pa6orxa. Kouneftepuar oSpa6orxa.

OcHosH

llapaurelsnar
Knaccradr s Orrrrua. IiISD-, SIMD-, MISD-., M.[MD-cucreMbr,

Mynrrnnpo r.r MyJrbrr4KoMrrbrorepbr. cucrervlu c o6ueft r4 pacllpeAe,nesuoil fraMflTbro.

NUMA- apx pu. MPP-crrcleMbr. Klacrepuue crrcreMbr. Mera-xourrbrol-rzHr.
3. OcHoeurre HqTUfl rrapaJIJIeJrbHbrx aJrf opIrTMoB

Pacn vBalJlre anroprzrMoB Ha ocHoBe AaHHbrx. Pactapallen[BaHr4e anropr.rrMoB
Ha ocHoBe 3aAarr.

Creuesr,

aTr4rrecKo e pacnap anJreJrr.rBaHrze 14 fpaHr4rlbr rrpr4MeHr{M o c,rr4.

Vcropeuue u
3aroH

bHbrx euqucreHurf u coBpeMeHHbre

I43Ma rrr4cJreHHolo aJrropr{TMa. Alropnrnr c EBar4BaHlar. 3epuucrocrr.
BHOCTb [apanJlenbHoro €ulf opr4TMa.

Bu4u yue6noft pa6orlr,
BKJIIOqA'I

caMocrorrenruyrc pa6ory
cryAeHroB

I,r rpyAoeMKocrb (B qacax

O6teu
yve6unfi
pa6orrt, c

np14MeHeHr.{eM

nHTepaKT14 BHbrX

uero4on (n

tacax /Yo)

cDopruu reKyrrlero
KOHrpOJrt

ycileBaeMocTr4 (no
He0e,xflM

ceuecmpa)
Oopn,ta

upotr,IeNyrovuofi
arrecratluu (no

ceuecmpau)

Pefiruur-
roHrpom }l"r1

Peftrunr-
rcoHrporm Nb2

Cran4apr Pefirznr-

u ero [paK:uaqecrr4fi cMbIcJr.



HE3ABHCI,IMOCTE.

K

Jla6oparopuan
3HaKonrcrso c
onpeAeneHLrt

rpoqecca (MPI._

Jla6oparopHarr
Hanucarr u

MPI_Recv),

rpoqeccopa

Moau0uqra

Jla6oparopuan
Irlcnoltsyr 0
lapanneJrbHyro n

BeKropoB.

JIa6oparopHaq
1) Pealusonarr,

3aBr4CI4MOCTb

2) Peanusoearl

BeKTOp,

uarpuqrr or 1

3) Buuuclzrl
IIOCNEAOBATEJIb}1

Jla6oparopnax
1) Pearasonarr

3aBr,rclzMocTb Bpe

2) Peanusonarr

Marpr,rqa cTpoqH

peilr43Arfuv an

I 000x1 000.

3) Brnzcrnart
I]OCJIE.IIOBATEJIbH

O JIEKIIIIOHH

ra6oparopHbre 3a

4. Crau4apr
HasHa ve u ucTopufl pasnr{Trzr craHAapra. Mylrrunrtar$opueHuocrr

fl3bIKa.

Knaccu Karryrfl. $yurqufi MPI. Basosbre rr4rrbr IaHHbrx.
I4sw\uatr r4lr u 3aKpbrrue MPl-rrpoqeccoB.
Kouuyu qI,IOHHbIe O[epauI{I4 Tr,rna (TorIKa-TOtrKa).

BHbre onepaupru [epeAarru AaHHbx B rpynle npoqeccoB.
Pa6ora c pyflnaMr{ rrpoqeccoB r{ KoMMyHHKaTOpaMr,r.

llporas ue (uolrsoBareJrbcKr.re) runu .qaHHbrx. Vnaxoerca rr pacrraKoBma.

Ooprvrrz r4e TonoJlorI,IIlI npoqeccoB,

Jla6oparopHbre pa6oru
.l\tb1

PI. Hacrpofira cpe,4br rrporpaMMupoBaHr4r.
r{rzcra npoqeccopoB (MPI_Comm_Size),

_Rank), BbrBoAa rdMeH y3non xnacrepa (MPI
Nb2

My, r4c[onrsya 6lorupyroqne

Hanvcarr nporpaMMy Anfl
IdHI.I/BLTI.y AnbHoro HoMepa

._G et_Pro c es sor_Name),

(pyHrcqrarz (MPI_Send,

KOJ]bUAM: HCqETIJbIC

eto
m

KUI,II4

KOMMyHT{Karlu oHHbre

AaHHbrx rro AByMaJrropHTM rrepeAaqrz

yror' I KoJrrrlo, qerHbre - BTopoe.

nporpaMMy, r4crroJrb3yro Qyurqaro MPT_5sn6r..t.
a6ora J\b3

MP I_B cast/MtPI_Gather/MPI_
peaJrr{3yroqyro napanJrenruufi

Allgather/MPl_Scatter Harrr4carb

aJrroprr:TM cKaJr.,[pHOrO ),MHOXeHr4f,MY,

ora J\b4

OCNEAOBATEITUSIft ANIOPI,ITM YMHO}KEHIZ' MATPHIIbI HA BEKTOP, NOJIr{I,ITb
eHV peanr.r3aur,ru anropr4'rMa oT piBMepa MaTpr4ubr.

snuft crpor{Ho-opv eHT[pOBaHHUfi aJrfoprrrM yMHo)KeHlrr Marpr4rlbr Ha

BpeMf, peaJrr43arluu anroprrrMa Ha 2, 4, I npoqeccopax AIlfl pa3Mepa
100 ao 1000x1000.

peHr4e z so$ercruBHocrb rrapanJrenbHoro aJlrropr{TMa rro cpaBHeHr.rrc c
B 3aBlrcr.rMocTr4 oT pa3Mepa MaTpr{rlbr.

6ola J\b5

ocneAoBarenrurrft anfopr{TM yMHOXeHT{fl Marpl4rlbr Ha Marp?ruy, [onyrrr4Tb
p eaJrr.r3 arlur4 anropr{TMa oT pa3M ep a MaTpr4 rlbr,

brr,I anfopr{TM yMHO}KeHLrfl MATpVrIbr Ha MaTpr{qy B cJryqae, xorAa I
Ircro, a 2 - \etmKoM pacnpeAeJreHbr rro [poqeccopaM, Bbrgr{cJnilTb BpeMt

vnva ua 2, 4, 8 upoqeccopax AJrr pa3Mepa Marpnrlbr or' 100x100 ao

peHue ra sQQexrnBHocrb napannenbHoro aJrfopr4rMa rro opaBHeHr,rrc c
B 3aBr.rcrrMocTa oT pa3N4epa MarprflIbr.

5. OBPA3 OBAT'EJIbHbIE TEXHOJIOTUPI
HHapcKafl cr.rcreMa ooyveuux (rpa4uqraoHHbre Jrer(rlr4oHHbre

n);



1.

2.

3.

4.

. o6y.IeH B MaJrbrx rpylnax (nrnolueuue la6oparopHbrx pa6or B fpynnax r,r3 AByx unu
rpex ueloner);

o rrlaOT9p- cu (4euoucrparlr{fl ua ra6oparopHbrx saHflrnflx rrpr{Hrrr4rroB pacqera u
rrpoeKTr4poBaH onruqecKl4x Aetanefi lr orrrr,rqecKux cucreu) ;

he MyJrbrHMeIua rexnolorzfi (npone4enuea

KOMrrbroTepHbrx

3BM);

ME

.I,tn(boprraa r,roHHo-KoMMyHHKarInOHHbre TexHoJrofI4Ir (npul,reueuze nnftoprvraqproHHbIX
TexHoJroft4it nm o Hr4TOptlHf a reryqefi ycrreB aeM o crrz cryAeHTo B il KO HTp O Jrrr S]aauuir) .

6.O HOqHbIE CPEACTBA IJf,fl TEKyTUE| O KOH'rpOJI.fl
v BAEMO CT',UI, IIpOMEXyTOrrHofr ATTE C]]AII'[I IIO

rorAM ocBoEHldfl IUCIIr4trJII4Hbr 14 yrrE$H0-
AI4TIE CKOE OBE CIEIIEHI4E CAMO C T O'I'Ttr] JTbH OIZ

pe3eHTaur4[ ll 4evoucrpaqr{oHHbrx ponHKoB c

sasstufi;" c [pI4MeHeHr4eM

rroMorqbro npoeKTopa rlJrr4

flpvBeAr4te r{3BecrHbre

oTAenbHErMr4 npoqeccaMli.

Paccruxa rleJroro coo6lqenrzfl rrpoqeccaM.

a) Bonpo,c
PAEOTbI CTYAEHTOB

rc pefirznr-KoHTpoJrro:

Peilmuuz-rcoumponu Nel
Karve c yIoT eAr{Hlrrlr,r r,r3MepeHnfl npor{3BoIr{relss o cru ?
Bau oqesru
flpuee4rare

opraHr43arlr414

CI-,ICTEM.

flepevzclule

lafire cpaBr{

3aAarl.

poII3BOArrTeJIbHocTI,I BbIqI4CII,ITeJIbHbIX CHC.lteM.

Qwxaqr.uo BbIcoKonpoI,r3BoALITenbHbx BbIrIr4cJII{TeJrbHbIX crrcreM rro
naMrrl4, Y.raNure Aocror,rHcrBa I,I He,qocrarKr.at Kilxaoro KJIacca

r,rreKTypbr Bbrrrr.rcJrHTeJrbHbrx cucreM cofJracHo xlaccz$uxaquz @lunua.
bHyro xapaKTepr,rcrt4 Ky MoAenf, M ilAp Ailrcnv3Ma AaHHbrx r{ fiapanJreJrv 3Ma

ollpe,AeneHl'Ie crerleHl{ [apanneJII'I3Ma anfopl,ITl\4a, ycKopeHl4t kr
5. C$opuynrzpy

n apanJreJrbHoro anf op?rTMa.

Onpe4elnre
yMHO}KeHHt

'-- "r-'-^'^*.
CPEAHIOIO CTEIICHb TIAPANJICJII43MA AJIIOPI4TMA CABA]1IBAHLIfl,, CKAJIflPHOIO
KTOpOB, yMHOlKeHr.rs MaTpr4rlbr Ha BeKTOp.

llpueegure u Mepbr anropr.rrMon, o6la4arou[x rrAeaJrruofi creneHbro napanneJrv3Ma.
BrreelIare yny 3aKoHa AuAans r{ rroflcHr.ITe ee [paKTn.recxuft cMbrcJr.

Peilmuuz-rcoumponu J@2

flpune4ure I{MEPbI JIOKAJIbHbIX N UO6ATTIHbIX KOMMYHI{KAUI4OHHbIX SYHXIIUfi MPI.
Oun.rne 610 r4pyroquxcs n ne6lorrrpyroqr.rxcr Bbr3oBoB
(Dyuxqnz z qllanr,r3aur.rr r,r 3aBeprrreHr.rr MPI nporpanrna. onpeAeJreFrlre Konr4r{ecrBa r4

paHfa npo e. llpunaep.

Oynxquu upu ua/nepe4a.ru coo6qennii rraeN4y

fpynnonue ( er<rn nusre) ns azl,roAeft crBr,rfl .

C6opra 4anrr oT upoqeccoB.
fpynuor,tre (

C6oprca qacre

Oyurqnu n

BO3BpaToM

nuue) ssaraa,roAeftcrBr4.f,: Paccrurra .racrefi coo6qenrzi rrpoqeccaM.
coooqeHr.rfl c rrpoqeccoB.--r ---
ep)KKr.r paclpeAeJreHHbrx onepaqufi: BbrrroJrHeHue rlo6a_ulurx onepaqufr
ynbraroB n r,nanurrft upoqecc, BbrrroJrHeHHe UO6amnsx ouepaquft
JrbraroB B o B ce npoqeccbr. CuuxpoHz 3arJrrs. lpoqeccoB.BO3BpaToM



5.

6.

L

2.
aJ,

4. Korrarvrynz

KOMMyHT4

L

t4HI4IIUAilLl

BCEM

expau n (p

4.

al Hannlrure
rrepeAa

Hanzuure
peanr{3

coo0rIeHI,tt

s) IIp
l. t{ucrennoe

TerrnoIIpo

TCIIJIOII

4,

5.

6.

7.

t{uclenHoe

Tzlrr Aan

2.

2.

a
J.

TEIIJIO

9nclenuoe
uero4orrl3e

9r,rcleHuoe

6ro-rnrrx pl

MoAelu
fa3a

8. HaclenHoe Ize cpeAcrBauz MPI AByMepHoro ypaBHeHHs nepeHoca

Peilmuuz-rcoumponu No3

s MPI: 6asonrre il npou3BoAHbre. Cnoco6u KoHcrpyupoBa[rr'tJ{ rrpor43BoAHbrx

runon. flpz
Vnaxoexa I4r

fpynnu r
llpurraepu.

BKA,IIAHHbIX

Cos,4anrae

s MPI. llpurr,rep.

HoBbrx rpynn. flolyueuue zn$opnraqu4 o rpynnax.

yAaneHr4e KoMM'FHI4KaTOpOB,

r4HTepKoMMyHr4Karopon. llpnuepu.
n, [exaproBa rorroJrornx. (DyuKrlr{r cABrzra.

e. Tonouorux rpaSa. (Dyuxquu Ans paooTbr c
@ynxqzx ou vrs, TI4na To lroJlorul,I.

pbr. flousrpre r4HTpaKoMMyHr4Karopa

bII{ CnrrcoK gK3aMeHarlrroHHbrx 3aAarr:

14 r4HTepKoMMyHr4Karopa. CosAanr,re

olepaIII4r4 HaI KOMMD/HI4KaTOpaMr4.

paz6ueuux.

Oyurquu 4,n

Tononoruu
llpznreprr.
Tonororzpr

6) Ilpuue
Hannruure
(MPI_Send,

rpoqeccopbr

rporleccop;

Hanuurzre
(MPI_Send,

o.repegnoft

cneAyroflIeMy rpoqeccy.

9ucnennoe

TennolpoBo

VucleHnoe

@yuKurt-s

porpaMMy, 14crronb3yr 6norupyroque KoMMyHr{KarIr4oHnbre Qyur<qzz
I__Recv), peanr43yroqyro cJreAyrorquft anropr{TM: Ha HyneBOM rpoueccope

ercs rrepeMeHHar (float a); uynenoft npoqeccop paccbrnaer rlepeMeHHyro a

p&M, BKrIoqaiI caMoro ce6x; rocJre rIoJIyr{eHI,It netrleivtouHofi a Bce

pu6asnxror x uefi cnofi uH4uBr,rryanbHbrfi uorr,rep 14 nepeAaroir na Hyrenofi
ylenofi npoqeccop [onyqaer or Bcex lpoqeccopoB raHHbre r4 BbrBort4r Ha

HoMep npoqeccopa, lepecJraHnoe uM 3HaqeHHe nepeueHuofi a.

ronortorueft rpa(fa.

QyHrcquu
KOnbrly:

TIOCbIJIAET

nporpaMMy, r,rcrroJrb3yr OnoKrdpyrouue KoMMyHrrKarIuoHHbre

MPI_Recv), peaJrr,r3yrotuyrc aJrropr{TM repeAarru AaHHbrx rro
qeccop AoxrrAaerctr cooorleHr.rr oT npe.qbrAyrrlero 11 rroToM

My, ucnoJrb3yfl KoM:MyHr.rKarlrroHHlre @ynxquu (MPI__Isend, MPl_lrecv),
AByM epHbrfi rraaccran Mex.4y AByMf np oqeccop aMu.

porpaMMy, r4cnonb3yr KoMMyHr{KarIroHHyro cpynr<quro (MPI_Sendrecv),
anfopr{TM nepelarrH AarrHbrx rro Konbrly: oqepeAHofi upoqeccop Aoxr,rAaerct
rrpeAbrAyrrlero r{ noToM lro cbrJraeT cJre.4yroueMy np oqeccy.

TeMbr KypcoBbrx pa6or:
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