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1 YMHo:xeHue maTpun no Bunorpany

HauBHbIl anroput™ nepeMHOKEHUs MaTpull TpedyeT 0(n3) oTepalui.
2.
Anroputm llltpaccena ymiydmaeTr acUMITOTHKY 0 O(n 807355). Anroputm

Konmepcmuta-BuHorpaga paboTaer 3a 0(n2'375477), HO Ha TpaKTUKE He

UCIIOJIb3YETCSl M3-32 OYEHb OOJIBIION CKPBITOM KOHCTaHThl. Ha mekmusx

pacckasplBaJICsl MPOCTO alroput™M BuHorpama c HeOonbuM Jaiidxakom,

KOTOPBII BCe paBHO paboTaer 3a KyO, HO ¢ MEHBIIIUM KOJMYECTBOM YMHOXKEHUH.
1.1 TeopeTnueckoe 000CHOBaHME

B 00b14HOM anropuTMe nepeMHOKEHUS MaTPHUI] SJIEMEHT CUUTACTCS KaK

b N
_ 2 |
c[.j—( a, a, .. a, ) = Eaikbkj, (1.1)
k=1

b

Nj

To ecTb Bcero Mbl cienaeM N° ymHoxkeHuit 1 N° — N ClIOKeHHid.

OnmHAKO MOXKHO 3aMETHTh, UTO

N/2 N/2 N/2

¢y = Z(ai,Zk—l T b2k,_j )(ai,2k T b2k—1,j ) - Zai,Zk—lai,zk - szk—l,ijk,j . (1.2)
k=1 k=1

k=1
BTOpOG H TPEThC CJIaracMoC MOKHO HPCAIIOCYUTATH U ITOTOM MHOI'O pa3

UCIOJIb30BaTh. TO €CTh BCEr0 YMHOKEHUH U CIIOKEHUH OyAeT

%N3+N2 (1.3)
3 3 2
EN +2N°=-2N (1.4)

COOTBETCTBEHHO. DTO HEMHOTO Beceliee, YeM B OOBIYHOM aJTOPUTME,
MMOTOMY YTO CJIOKEHHUE JEIICBIIE, YeM YMHOKEHHUE.
1.2 Anroputm

// npeanocyeT BTOPOro Cliaraemoro



for 1 = 1:N
row(i) = A(i, 1) * A(i, 2)

for k = 2:N/2
row(i) = row(i) + A(i, 2*k-1) * A(i, 2*k)
end
end

// npeanocyeTt TpeTbero Craraemoro

for j = 1:N
col(j) = B(1, j) * B(2, j)
for k = 2:N/2
col(j) = col(k) + B(2*k-1, j) * B(2*k, j)
end
end

// CaMO nepeMHOXeHue
for i = 1:N

end
// €cnu pa3MepHOCTb MaTpuubl HeYyeTHasd, TO Hago He 3abbiTb
nocnepgHune CTon6eu/CTp0Ky
if N% 2 = then

for 1 N
1:N
) = C(i, j) + A(i, N) * B(N, j)

1.3 BeKTOpHBI AJIrOpUTM

for 1 = 1:N
row(i) = A(i, 1:2:N) * A(I, 2:2:N)’
end
for j = 1:N
col(j) = B(1:2:N, j)" * B(2:2:N, j)
end
for 1
for
C(

1:N
= 1:
j)

[N

1 1:2:N) + B(2:2:N, j)'1 * [A(i, 2:2:N)" +
2:N, j)] — row(i) — col(j)

’

+||2
- >
HA

end
end



2 Ymuoxkenne matpuu o lrpacceny

C=AB, A,B,C R

Ecau pasMEp HC CTCICHb HBOﬁKH, TO MOXHO JOIIOJIHUTH HYJICBBIMHU

CTPOKaMHU/CTOJIOIIAMH.

Pazgenum kaxayro U3 Matpuil Ha 4 OMHAKOBBIX OJI0Ka

A= 4, 4, B= B, B, C= oF
A, A B, B C

21 22 21 22 21
211—] 2)1—]
rne A.,B.,.C.eR* *
J y y

Toraa C BeIpakaeTcs Kak

C =14]lBll+14]2B21
C,=4 B,+A4,B,

117712

C,=4,B,+4,B

227721

C,=4,B,+A4,B,

217712

a

(1.5)

a

22

(1.6)

Kak u B oObiuHOM MeTOnE, TpeOyercs 8 ymMHOXeHHA. OIHAKO MOXKHO

MIEPEBBIPA3UTH BCE MO-APYTOMY, OIPEIECIUB CHAYAJIa HOBBIE DJIEMEHTHI:

11

:( nt )

P=(A4,+4,)(B,+B5,)

A TIOTOM BBIPa3UB YEPE3 HUX

(1.7)



C\=R+F-L+P
C,=0L+F
Cy=B+PF
Cp=R-P+P+F

22

(1.8)

3ameTuM, 4yTO TaKuM 00pa3oM HaMm TpedyeTrcs 7 yMHOKEHHUH, a He 8. 3a 3T0
OJIHO YMHOXeHHe IaTuM 14 cnoxxenuii. bosnee Toro, Takoi moaxo/1 MO3BOJISIET
PEKYPCUBHO CUMTATh MOAMATPHIIBI, YTO XOpolIo mporaercs. OObIUHO Takon
MOJIXO0JI IPOJOJIKAIOT 0 Pa3MepOB MaTpull OKOJIO 512, a MOTOM HCHOJIB3YIOT
HAUBHBIN AJITOPUTM, MOTOMY YTO JaHHBIA METOJ TepseT CBOIO 3PPEKTUBHOCTD

n3-3a 0OJIBIIEro Yncia CJI0KEHUH, YeM OOBIYHBIH.



3 Knaccm])mcauml mapajjcJibHbIX BbIYUCJIUTECIBHBIX CHCTEM II0

(DJII/IHHy, MOJEJIU NMPEACTABJICHUA NMAapaA/JICJIbHBIX AJITOPUTMOB

Brraucnenus CHHXPOHHBIEC, €Clin BBIYMCIIMTEIbHBIN mponecc
OomnpeAcCIsACTCA IIOTOKOM KOMAaHA.
Breraucnenus ACHMHXPOHHBLIC, €CiIn BBIYMCIIMTEIbHBIN mponecc

OonpecACICTCA IIOTOKOM JIaHHBIX.

Onun MTOTOK Muoro ITOTOKOB
JAHHBIX JAHHBIX
Onuu MTOTOK SISD SIMD
KOMaHJ{ Mopnens BektopHbIi
Heiimana MPOLIECCOP
MHOro noTokon MISD MIMD
KOMaHJ| Kongeiepnbii MHoromnpoueccopHas
IpoLeccop OBM

3.1 SISD

Monens pon Heitmana:
e JleiicTBUS MOCIEIOBATEILHBI

e JlanHbie 00pabaTHIBAIOTCS MOCIEAOBATEILHO



3.2 SIMD

Bekropueie OBM
e B N pa3 ObicTpee

e OrpaHuyeHHe: HEOOXOAUMOCTb BEKTOPU3ALMH YHCICHHOTO METO1a
3.3 MISD

Konseniepubsiii npoueccop. KoOHBEHEpPHBIM aNrOpuTM  IPEAIIONAracTt
pa30ueHue 3a1a4M Ha Mo13a/1a4H.
OrpaHuyeHus:
e Bce oJrambl BBIUKMCIECHUS JOJDKHBI  BBINOJHATHCA IPUMEPHO
OIMHAKOBOE KOJIMYECTBO BPEMEHH, NHAYE BO3HUKHET 3a/IEPKKa.
e [lpu HeOOIBIIOM MOTOKE JTAHHBIX 3arpy3Ka U BbIIPY3Ka KOHBelepa

OKa3bIBaroT OIpCACIIAIOIICC BJIMAHUC Ha JJIIMTCIBHOCTD

BBIYMCJIICHHUSA.



3.4 MIMD




3.5 Mogaesin npeacTaBjieHns NapaLiebHbIX AJITOPUTMOB
Aaroputm (mo MapkoBy) — sBHOE MPEANMCAHHUE, 33/AIOIIEE
BBIYMCIUTEIBHBIN TPOLECC, UIYIIMA OT BapbUPYEMbIX HAYalbHBIX JAHHBIX K
UCXOJHOMY PE3YJbTaTy.
3.6 CBoiicTBa aJIrOpUTMOB:
e OJHO3HAYHOCTH
e PesynbraTuBHOCTD
e JluckpeTHOCTH
e MaccoBocTh
3.7 ®@opMbI NpeCTABJICHUSA AJTOPUTMOB:
e (CioBecHas
o I'paduueckas
e AnropurmMuveckas
3.8 Moaesn npeacraBjaeHus
Mogaeab 3a1a4ya/KaHan
3agadya — MOCJIeI0BATENbHBIN aJITOPUTM U JJAHHbBIE, HEOOXOAUMBIE ISl €r0
peanuzaiuu (KpyKouek)
Kanan — yka3piBaeT Ha KOMMYHHUKAIIMM  MEXIy 3aJadyamMu
(olHOHaMpaBJICHHAs! CTPEIOYKA)
KoMMyHuKalusi opranusyercsi 1o NpUHLUIY «IEpPBbIA 3aIies, MepBbIi
BbIIIe». Bo BpeMst BhIUMCIEHUH 3a]]Ja4l MOTYT BO3HUKATh U YIIPA3IHATHCA.
Mopeb napajuieau3mMa JaHHBIX
OpueHTupoBaHa Ha MPOU3BOJCTBO BEKTOPHBIX U MATPUYHBIX BHIYUCIICHUI.
Ee ¢popmanusm coBnagaer ¢ si3p1koM Matlab.
Mogaeab o0uieil naMaTH
[Ipenpiaymmas Mo1ehb JOTIOTHSIETCS ONepaTOPaMU 3aMTMCH U YTeHHST 001IeH
MaMATH, a TaK)Ke MEXaHW3MaMH PENIeHUs] MPOOJIeMbl B3aMMHOTO WCKITFOUCHHUS

(menox?).
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4 Mojeu BLIYUCIUTEIbHBIX MPOLECCOB

BoruncaureabHbIA MPOLECC — COBOKYTHOCTD JEHCTBUM JJ151 BHITTOJHECHUS
MIPOrPaMMBL.

JIBa BBIYHCJIMTEJBbHBIX MpoHecca JKBUBAJEHTHbI, €CId IpHU
OJIMHAKOBBIX HAYAJIbHBIX JIAHHBIX OHU MIPUBOJST K OJTHOMY pe3yJIbTary.

IHapajienbHbIH  BBIYUCIMTENbHBIA  NPOLECC  XAPAKTEPU3YETCS
OJTHOBPEMEHHBIM HCITOJTHEHUEM HECKOJIBKUX JCUCTBUM.

IIpumep:

B~

—
.

c=logc
,:d=logh
=c+d
cf=dxd
g=el f

N

5]
.

L

OKBHMBAJICHTHBIE BBIYUCIMTEIBHBIE MpOLECChl, Hanpumep: L,L,LL.L,

LLLLL, LLLLL.

3774752

4.1 IIpocTpancTBeHHO-BpeMeHHas nuarpamma (IIBJI)

I[IBJl — wucuepnbiBaromias uHdOpManus O TMPoOIEccax, MOKa3bIBAIOIIAs

KOrJa U CKOJIBKO II0 BPpEMCHH BBITIOJIHAIACH KAXKAasA KOMaH/1a.

11



4.2 I'pajduyeckoe npeacTraBjieHue BBIYUCIUTEIBLHBIX MPOLECCOB

[TocTaBuM BO B3aMMHO OJIHO3HAYHOE COOTBETCTBHE JIOOOMY OINEpaTOpy
MPOTPaMMBbl JIEMCTBUE BBIYMCIUTEIBHON CHUCTEMBI MO €ro HCHOJHEHUIO, €CIIH
TaKUX JICUCTBUI HECKOJIBKO, IPUMEM UX 3a OJTHO.

Ha MHO>KECTBE e CTBUN 3aJ1a UM OuHapHOE OTHOIIIEHUE

HCTIOCPCACTBCHHOTO CIICOBAHMA.

HeiictBue d, HemocpeacTBeHHo cuaenyer 3a d, :(d,d,), ecim d,
HAYMHAETCS CPasy I0CIIe OKOHYaHUs d, M HET IEUCTBHSA d,, KOTOPOE HAYMHAETCS

IMOCJIC OKOHYaHUuA dl " 3aBCpHIACTCA IICPCI HAYAIIOM d2 .

BBGI[GM 6I/IHapHOC OTHOIICHHUE CJC€A0OBAHHUA KaK TPAaH3UTHBHOC
3aMbIKaAHUC OTHOMICHUA HCTIOCPCACTBCHHOTO CIICIOBAHMA.

['pad HEMOCPEACTBEHHOTO CIICIOBAHUS:

N A MAAAAK

CpaBHCHI/IIO IMoANICKAT UCKIIFOUUTCIIbHO 3KBUBAJICHTHEIC ITPOLICCCHI.

Hazosem mpomecc C He MeHee mapajLielbHbIM, yeM C’, eciau s

mOOOH Mapkl, CBA3aHHOM OMHAPHBIM OTHOIIEHMEM cnenosanus (d,,d,) B C,

BEPHO, 4TO B C’ OHH TaKKe CBSI3aHBI 6I/IHapHI>IM OTHOIICHUEM CIICAOBAHUA.

W3 pucynka Boiie: C, He MeHee napaiuienes, yem C,C, .

MakcuMaJIbHO TNapa/uleJIbHbIA MPoOLecC — TPOLECC, HE MEHee
napajuieNIbHbIA, YEM BCE YKBUBAJICHTHBIE EMY.

JIBe mporpamMmbl 3KBHMBAJIEHTHBI, €CIIM JKBHBAJICHTHBI JIIOOBIE B
BBIUYHCIIUTEIBHBIX MTPOLIECCAa UMH HOPOKICHHBIE.

JlanHas mporpamMMa He MeHee MapajuiejibHA, 4YEM HEKOTOpasd

SKBUBAJICHTHAs €M, €CIIM MHOXECTBO IMPOIECCOB, MOPOXKIECHHOE JTaHHOM

12



IPOrpaMMOM, COJIEPKUT B KAYECTBE IOJMHOKECTBA MHOKECTBO IPOLIECCOB,
MTOPOKICHHBIX IPYTrOM MPOrpaMMOHu.
MakcuMaJbHO Napajulie/ibHAs NMpOrpaMMa — IporpaMma, HE MEHeEe

napajuiCiibHasA, 4Y€EM BCC OKBUBAJICHTHBIC eil.

13



5 Cern, cetu Ilerpu (onpenenenusi, popmaanim, mpuMepbl)

5.1 Onpenesienue ceTu

Certbto Ha3oBeM Tpu oobekrta: N =(P,T,F), rae
P — HermycToe KOHEUHOE MHOKECTBO MECT,

T — HenmycTo€ KOHEYHOE MHOKECTBO MEPEXOJIOB,
F — dbyHKuMs MHIIMACHTHOCTH:

F:(PXTUTXP)—>N,.

5.2 CBoiicTBa ceTn

e PNT=9

Vv 3 F(p,t)z0Vv F(t,p)#0

peP~telT

‘v’teTElpep F(t,p)#0v F(p,t)#0

ki

vpl,pzePpl =p2/\p1 =p2 :plzpzarﬂe

P — MHOECTBO BXOJHBIX IIEPEXOJ0B p :{t F(t,p)# 0},

kK

p — MHOXECTBO BBIXOJIHBIX NIEPEXOJIOB P : {t :F(p,t)# O},
5.3 Ceru IleTpu

PN =(P,T,F,M), rtne

M — pynxuus pasmetku M : P— N

Pabora ceru Iletpu ompenensiercs cpabaTbIBaHUEM €€ TEPEXOJI0B U

CMEHOU pPa3METKH.

5.4 YcaoBue cpadaTbiBaHUS NEepexoaa

{ MOXeT (HO He JoJIKEeH) cpaboTtath, ecnu V ~M(p)=F(p.t), tne -
DpE

BCE MECTa, U3 KOTOPBIX BEAYT CTPEJIKU B IaHHOM Iepexoe (T.e. CTPEIOK U3 t B p

He 0oJIbIlle, YeM KOJIMYECTBO (PUIIIEK B D).

14



BexropHas pyukuus M > F~

M(p,) F(p,»t)
. > .

M(p,)) (F(p,t
5.5 IIpaBunJio cMeHBI Pa3MeTOK
Ecnu ¢t cpabotan, Toraa ‘v’pep BEPHO:
M'(p)=M(p)-F(p.H)+ F(t,p)

3akoHa coxpaHeHUs (QuIieKk HeT (B pe3ynbTare IMepexoAa MOXKET

HU3MEHUTHCSI CyMMa KOJIMYecTBa (UIIIEK)
M =M-F ()+F(t)
Pabota cetn HeTpI/I B ICJIOM OIpCACIIACTCA MHOXKCCTBOM Cpa6OTaHHBIX

MEPEXOI0B { U MHOKECTBOM JOCTHXKUMBIX pa3MeTOK RH .

BBe,Z[eM OTHOIIICHUC HCHOCpC,Z[CTBCHHOFO CJICOIOBAHUS HA M .
M[t>M,, ecin Elt M z2F AM, =M -F (t)+F ()
Ml[t1 > Mz[zf2 > ...[t_. >M

RH={M M,,..M |}

15



6 ABTOMaTH4YecKkoOe pacnapajJieJIiBaHNe AIUKINYECKUX (PparMeHToB
MocJie0BaTeLHbIX IPOrpaMM, MOCTPOEHHEe CTAHIAPTHOrO rpada

U rpaga 3aBUCUMOCTEH

6.1 IlocTpoenue cranaapTHoro rpaga
OueBuAHO, YTO JIOOYIO MOCIEA0BATENBHYIO MPOrPaMMy MOXKHO 3amucaTh
C MMOMOIUIBIO JINIIIb JBYX TUIIOB ONEPATOPOB: MPUCBAUBAHUE U YCIOBHBIN MEPEXOI.

[To Takoit mporpaMm MOCTPOUM OPUEHTHUPOBAHHBIN Tpad), paznuyas 2 TUna

ero BepumuH: TmpeoOpasoBarenn (J (0AMH WM HECKOJIBKO OINEpPaTOpOB

pUCBAUBAHMA KAaK OJMH IIpeoOpa3oBaTenb) M pacnosHasatenr () (oaun
YCJIOBHBIN NIEPEXO] — OJIMH PACIIO3HABATEIb).

Omnpenensist  QyHKUUIO HMHUMJACHTHOCTH, 3aJaJUM Ha MHOXECTBE
ONEepaToOpOB  IOCIEAOBAaTENbHOM  MporpaMmbl  OMHApHOE  OTHOLUEHHE
HEMOCPEICTBEHHOT'O CJIEOBAHNUS.

Taxum 06pa3zom u3 npeoOpazoBaTessi BBIXOJUT HE O0JIee OTHOM CTPENKH, a
U3 paclo3HaBarensi — He 0ojee JBYX COOTBETCTBYIOIIMX OTHOLIEHMSIM
VMCTUHHOCTH U JIO)KHOCTHU ITpoBepsieMoro yciaoBus (1 u 0 cOOTBETCTBEHHO).

BepumnHy, B KOTOPYIO HE BXOJIUT HU OJIHA CTPEJIKA Ha30BEM BXOJHOW, U3

KOTOPOU HE BBIXOJIUT HU OJHA CTPEJIKA — BBIXOIHOM.

IIpumep:

A: BBOA(X, V)
B:1=x
C:h=y
D:v=c+y

E:z=c+x

p: ecnu X >y, To nepexoaum Ha F, unaue —na G 1

F:h=x,1=y 0

G: meyaTs (min(z, v), max(z, v)) S

H: meuats (1, h)

16



6.2 IlocTpoenue rpaga 3aBucumMocTei

Bepuunsl 3T0oro rpada coBnanamT ¢ BEpIIMHAMU CTaHIapTHOTO rpada. A
BOT (YHKUMUS MHIMACHTHOCTH CTPOUTCS Ha OCHOBE HOBBIX OMHApPHBIX
OTHOUIEHUH M WX TPAH3UTHUBHOTO 3aMblkaHus. PaccMoTpum OuHapHBIE
OTHOUIEHUS! H(OOPMAITMOHHON 3aBUCUMOCTH (Ha MHOXECTBE BEPIIUH).

bynem roBoputs, uto BepmrHa B HHGOpMAaLMOHHO 3aBHCHT OT BEPIIMHEI
A, eciau OHM PAacIOJIOKEHBI HA OJHOM IyTH CTaHIAPTHOTO rpada U3 BXOAHON
BEPILMHBI B BBIXOJIHYIO (pudeM A mpeamiecTByeT B) u xots 61 011H onepaTop
BepUIMHBI B Hcnonbs3yeT, HO HE W3MEHSET 3HAYEHHs MNEPEMEHHOW, KOTopas
dbopmynupyer XoTs Obl oauH omeparop u3 BepmuHbl A. Kpome Toro, Ha
yKazaHHoM iyt Mexay A u B orcyTtcTByet BepinHa C, X0Tst Obl OMH OIIEPATOP
KOTOPOU U3MEHSET 3HAYCHUE YIIOMAHYTON IEPEMEHHOM.

Out() — mogudupoBaHHbIe MepeMeHHbIe, In() — Hcmoabp30BaHHbIE 0€3
moaudukarmm. Out(A) N In(B) # D

Bynem roBoputk, 4To BepiirHa B jiorm4yeckn 3aBucHT oT A, eciu A u B
HAXOZSATCSl Ha OJHOM IyTH CTaHAApTHOro rpada W3 BXOJHON BEpUIMHBI B
BBIXOJIHYIO, NpuyeM A mnpeamectsyeT B M cymiectByer apyroil myTe Ha
CTaHAapTHOM rpade U3 BXOJHOM BEpUIMHBI B BBIXOAHYIO, COBMAJAIOLIUN C
JAHHBIM BIUIOTH JI0 BEPLIMHBI A, a Jajlee OT HEro OTJIWYAKIIMICA U HE

coep Kalui Bepnny B.

bynem rosoputh, 4T0 B KOHKYpPEHIIMOHHO 1A N\
(mapasuiesbHo) 3aBUCUT OT A, ecnu A u B < B \\ .‘ \
HAXOJIATCA HAa OJHOM MYTH CTaHAAPTHOTO rpada u3 i / \\\\ \
BXOJIHOM BEPIIMHBI B BBIXOJHYIO, IpuYeM A l."l " X ‘,." “"\ \' '
npeamecTByeT B u ecTh Xx0Ts OBl 0/1HA TIEpeMEHHAS, '.‘;"J / = 1 l] ."‘ l)

./ /N [/
3HaYeHUE KOTOPOH MEHSIOT OmepaTopsl 00enx ). "' T\ 15 | ,"';
BepmuH. Dep(A, B) — B 3aBucur ot A. \'\ \,@ =Y y

[anee cTpouTcs TpPaH3UTUBHOE 3aMbIKAHUE \\ G / /

BCEX 3aBHCUMOCTEH 6€3 pa3dopa uX THUIIOB. N\ Vo
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7 ABTOMaTH4YeCKOe pacnapajuie/IMBaHie AaMKINYeCKUX ¢pparMeHToB
MOCJIe0BATEIbHbIX nmporpamm, MOCTPOCHME Al U
MapajuieJIbHOr0 AJrOpMTMAa MO CTAaHAAPTHOMY rpady u rpady

3aBpucumMocTeil. @opmausm onpeneeHuss QyHKIUU «C»

7.1 IlocTpoenue SII®D (SApycHo-napasuiebHoi Gopmbl)
1. B 1 apyc nomeniaeM BEpIIMHBI, HU OT KOTO HE 3aBUCALIUE
2. Ilycts chopmupoBano k sipycoB. Ecnu Bce BeplIMHBI HCUEPIIaHBI,
SAIID noctpoena. MHaue nepexoaum K CIEIyOMIEMY LIary.
3. Hoctpoum k+1 spyc AIID. Ilomectum B NaHHBINA SIPyC BEPIIUHBL,
3aBUCALIME HMCKIOYUTENBHO OT BepwnH npeasnymiX spycOB.
Janee nepexoaum Ha miar 2.
[Ipy TakoM IOCTPOCHHMM, BCE BEPUIMHBI OJHOTO spyca HE3aBHCHUMBI.
CrnenoBaTesbHO, UX OIIEPaTOPBI MOT'YT BBIIIOJIHATHCS NapAJIENIBHO.

[Tpumep (Bpoae kak rpada u3 npes Borpoca):

Spycsl Bepumnbl
1 A
2 B,C,D,E, P
3 F,G
4 H

7.2 IlocTpoeHune NapajiieIbHOr0 aJropuTMa

Jns nayana nmoctpoum no rpadam AIID. Ob6o3naunM BepimnHbl Ha k-om

Apyce caeayrmum oopasom: 4, ,...,4, .
k

1. Ilonaraem, 4To pedb UAET O p MPOLECCOPAX U HYKHO YKa3aTh [ -OMY

IPOLIECCOPY BEPIIMUHBI, OMEPALlUU KOTOPHIX OH OyJIEeT HCIIONHSTS.

Toraa Bepunnsl 1 sipyca pacnpenensiTcss Mex 1y MpoleccopaMu Tak,

4yTO [ -OMYy OPOLECCOPY JTOCTAHYTCS AIN,...,AkWp),... 10

ucuepnanus 1 spyca.
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2. Ilyctb BepumHbl k-0ro sipyca pacnpeesieHbl MeKy IPOLecCoOpamH.
Eciu AII® ucuepnana, anroputM okoHueH. MHaue mepexoaum K
CJeJ Lary.

3. Pacnpenenum (k+1) spyc. p-oMy mpoueccopy IOCTaHYTCS

o . . . . . 9999
CJIeAYIONIUE ACHCTBUS: c(AkH’#),AkH’#,c(AkHMp),Ak+1’u+p,... 2777

7.3 ®opmanu3m onpeaeieHus (3HaYeHUs1) QYHKIUM «C»
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8 PacnapajuiesiuBanve NUKJIHYECKHMX (QparMeHTOB MPOrpamMm

(MpPOCTPaHCTBO UTEPALIMH, yCKOPEHUE, METO MUPAMU/T)

8.1 Onpenesienus

1 :n1
=12:n2

for 1 1 =
for i 2

for i k=11:nkKk
T(i1, 12, ..., 1ik)
[ToctaBuM BO B3aMMHO OJHO3HAYHOE COOTBETCTBHE JIHO0OH oOIlepaiuu

KOHCTPYKIIUH, IPUBEICHHON BBIIIIE, BEKTOP:
1={(iiyni) 1S3 < 1< g <k}

BBeneM mnoHATHE MNPOCTPAHCTBA HUTEpalMii — MHOXECTBO BCEX
BO3MOKHBIX BEKTOPOB.

I{enb: OTBICKaHUE TOKPBITUS TPOCTPaHCTBA [ .

n
n
(Ll 1=
9 ) g¢=1 q
gq=1
Takoe IIOKPBLITUC B OOJIBIIINHCTBE Cly4yacB HC CAWMHCTBCHHO. Baxxnas

XapaKTCPUCTUKA — B JI000M IIOAMHOXXCECTBC [q BCC BCKTOPA HC3aBUCHMBIC.

Kaxnoe nokpeitue npoctpancTBa / M COOTBETCTBYIOIIMN MapaslIeIbHbIN

AITOPUTM XapaKTEPU3YIOTCA CIAEAYIONIECH BEIIMYUHOM:
k
I,
J

=1
S=-4 , KOoTOopasi SBIII€TCA YCKOpPEeHHeM, IJI€ N — KOJIUYECTBO
n

NOJAMHOKECTB B OJTHOM MOKPBITHH.

8.2 MeToa nmupamus

Ilar 1: Ha npocTtpaHcTBE UTEpALM BBIIEIUM BEKTOPA, OT KOTOPBIX HE
3aBUCUT HHM OJWH JPYyrod BEKTOpP JAaHHOro npoctpaHcTBa. HazoBem wux
PE3YIBTUPYIOLLIUMH.

Ilar 2: OTHeceM K KaKJI0M 3ajlaue BEKTOpa U3 MPOCTPAHCTBA UTEPALIUA,

OT KOTOPBIX 3aBUCHUT BBIJEIICHHBIN PE3YIbTUPYIOLIUN BEKTOD.
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Ilar 3: YnopsigouuM MHOXKECTBA BbIJICJIEHHBIX BEKTOPOB B COOTBETCTBUU
c OMHApHBIM OTHOILICHHEM CJICIOBaHUS HA MPOCTPAHCTBE UTEPALUH.
XapakTepHble 0COO€HHOCTH MeTO0/1a MUPAMM/I:
I. OrcyTcTBUE METOJa KOMMYHMKAITUN
2. IlnaToil 3a OTCYTCTBHE KOMMYHHUKAIIUN SIBISETCSI MHOTOKpPATHOE

yOJIMPOBAHUE BHIYMCICHUMN

8.3 Ilpumep
fori=1:rl
for j =1 : r2
T(I, j)

JUig naHHOW LUKINYECKOW KOHCTPYKLUUHU PE3YJIbTUPYIOLIMMH BEKTOpaMHU
ABJISIIOTCSL BEKTOpa p = {(rl, J):1<j< rZ}, a BEKTOpa, OT KOTOpBIX Oyner

3aBHCETh BBIOPAHHBIN PE3YNbTUPYIOMMN (ITOMEUEH 3BE3/I0UYKOW Ha PUCYHKE
HUXKE), HAXOAATCS B TPEYTOJIbHUKE MEXKIY NpsMbIMU [ U /. (PucyHOK HUXe B
MIOMOIIIb ).

[TapannenpHplil anroput™M OyAET COCTOATh M3 r2 3ajad, k-as 3ajgada (
k=1:r2) B uukie no i NPOU3BOJAUT CIEAYIOIINE ACHCTBUS:

for j = max{1l, k-(rl-i)tg(a)} : min{r2, k+(rl-i)tg(p)}
T(i, j),

h l
rae tan(o) =%, tan(f)=-2,
hl ll
O — OCTPBIN YTOJI MEKy OCBIO i U ]
npsaMoit [, N4
) 1, 4P
B — ocTpblil yroj Mexy OChio i U 1 ‘.~-.
psMOit /. —at Il S
h;
[{uki o j mpobOeraer Bce BEKTOpa R T |1
o, —
C KOOpDAMHATOM i, JeXKallue BHYTPU h1, | [h) |
TPEeyroJbHUKA, OTPaHUYEHHOTO
npsMbMa [ 1 A, Puc. 1 1
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9 Pacnapa/uleJiuBaHve  IUKJIMYECKHMX (QparMeHTOB TMPOrpamMm

(MpPOCTPaHCTBO UTEPALIMH, yCKOPEHHUE, METO/1 NapaJslieienunenon)

9.1 IlpocTpancTBO MTepamuii M YCKOpeHHMe (TaK:Ke eCThb B Hpe.
BOIpOCe)

B OonbIIMHCTBE aNrOpUTMOB JIJIsl YUCIEHHBIX METO/0B OTHOIICHHE YHCiia
oTepanuii, MPOU3BOAIINXCS B IUKIIAX, K OOIMIEMy YHCITy OIeparui, OJM3K0 K
equnuiie. CnenoBaTenbHO, MOKHO paccMaTpUBaTh 3ajlauy pacrapasuieIMBaHuUs
IUKJINYECKUX YYAaCTKOB MPOTrpaMM KaK BEChbMa Ba)KHYI. PaccMOTpUM ydacToOk
MOCJICTIOBATEIHLHOM MPOTPAMMBI, COCTOSIITNI U3 K BIIOKEHHBIX ITUKIIOB:
for 21 in range(71):

for %2 in range(72):

for “& in range(7):

C T, 2, %),
rope T(%1, %2, .. ,%k) - Teno uukna
Kaxnon wrepanyu 53TOW LMKIMYECKOW KOHCTPYKLUHH IIOCTABUM B
COOTBETCTBHE LIETIOYHCIICHHBIN BEKTOP (41,92, .-, Zk), ig=1,ng9 g=1,k
IIpocTpancTBo uTepanuu

I = {(i1,42,...,5) : 1 < lg <ng, 1< g< k} COCTOUT W3  TaKux

BEKTOpOB. (OYEeBHUIHO, MEXAY IPOCTPAHCTBOM MTEPALMA M MHOXECTBOM
UTEpAlUd  LUKIMYECKOM KOHCTPYKIHMHM MOXHO YCTaHOBUTb  B3aWMHO

OAHO3HAYHOC COOTBCTCTBUC.

Hama 3agava - HaliTU COBOKYITHOCTh MHOKECTB {] q}izﬁ SIBIISIFOLIY FOCST
S
I=J1,
q=1

HE3aBUCHUMBI JIPYT OT JIpyra.

ITOKPBITUEM ITPOCTPAHCTBA UTEPALIUN

1

, TAKHUX, YTO BCKTOpa KaAKI0I'0O

MHOKECTBa
Jlnst onpezeneHnsi OTHOIIEHUS] 3aBUCUMOCTH Ha MPOCTPAHCTBE UTEpaLUid
"pazBepHeM" IIUKIMYECKYIO0 KOHCTPYKIIHIO B AllUKIMYECKUM PparMeHT:
T(1,1, ... 1); T(1,1, ... 2); ... T("a, 12, ... Nk)

Y TIOCTPOUM JIJIs1 HETO rpad 3aBUCUMOCTEH.
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Ecnu xotst Obl 1Be BepIIMHBI TaKoro rpada, coaepxkamiie onepatopsl uz T'
u T", okaxyTcs B OTHOUIEHHWU 3aBUCUMOCTH, TO HA30BEM 3aBHUCHUMBIMH H
cootBercTByomue T' u T" BexTopa u3 I.

Wtepaunu, CBsi3aHHBIE C BEKTOpPAMHU OJIHOTO MHOXKECTBA I 9, MOXHO
BBIMIOJIHATh HE3aBUCUMO JIpyr OT Jpyra (mapamienbHo). Kaxmoe mnokpsiThe
MPOCTPAHCTBA | M COOTBETCTBYIONIM MAPAIIIEIbHBIN aJTOPUTM XapaKTEPU3YETCs

k
IT=i
BEJIMYMHOU S — YCKOpEHHUEeM.
Crnenyet uckaTh MOKpBITHE, OOECIIEUUBAIOIIEE MAKCUMAIILHOE YCKOPEHUE

napaJuiCJIbHOI'oO ajropmurma.
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9.2 MeToa mapaJuiesenureoB

(lanHas cTpaHuLa JJ1s1 O3HAKOMJICHUS )

B wmerone mnapannenenunesoB NpOCTPAHCTBO UTepauuii pasOuBaercs (B
TEOPETUKO-MHOKECTBEHHOM CMBICIIE) Ha Mapajuleienune]sl. 3a CcuYeT 3Toro, B
OTJIMYUU  OT TMpeABIAYIIUX METOAOB, METOJ MapauleNienune1oB IO3BOJISET
napajuieMTh NpocThle UHKILL. Hanpumep, uis nporpaMMsl

for i:=1 to 15 do x(i):=x(i-4);
NPOCTPAHCTBO HUTepauuii Oyaer oaHomepHbIM (puc. 1.13), Kaxablii BEKTOpP 3TOro
npocTpaHcTsa OyJAeT 3aBHUCETh OT BEKTOPOB, HAXOAALIMXCS CjeBa M0 OCH I Ha
paccTosiHUM, KpaTHOM 4.
LUK 110 1

4eThIpe UTepalHu TPH UTEPALUH

2 A M S

Puc. 1.13 Pa30Ouenue Ha

napajuiesienunesl NpoCcTpaHCTBa
UTEepaLuii NpoCTOro LHKIA. Puc.1.14. Mojaens  napajuieibHOroO
airopuT™Ma JUis napajuUlelienuneoB B
ciydae pOCTOro LUKJIA.
Mexay MHOXKECTBOM BEKTOPOB B  MapajUlelienunese, CoJAepiKalieM
HauOoJIbLIEe KOJIMYECTBO BEKTOPOB, M 3aJa4aMH aIrOpPUTMA YCTAHOBHM OHMEKLMIO
Torpa 3anau Oyner 4 (puc. 1.14). 3agaye noa HomepoM k (k=1,4) nopyuum
CJIEIYIOIIHE BBIYHUCIICHUS:
for i:=k to 15 step 4 do x(i):=x(i-4);
Ilepebie Tpu 3ajauu npousBeAyT Mo 4 WTepaUMu LMKIA, 4YerBepras 3.
AJITOPUTM HE HYKJAaeTcs B CHHXPOHU3ALMSAX M mepeaadax cooOLIeHMi, Tak Kak
ornepaTopsl, COAEpXkKalMecs B KakA0i 3ajade, COOTBETCTBYIOT BEKTOpaM,

3aBUCALIUM TOJIBKO oT BEKTOpPOB JIAaHHOM 3a1a4H.
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Aaroputm
Hlar 1: Ha npocTpaHcTBe UTEpalMil BBIACIUM MOKPBITHE, IO KOTOPOMY

XapaKTCPHOC MOAMHOXXCCTBO HMCCT BU/I ITApaJlJICIICIIUIICAA.

Illar 2: Ha pebpax »sToro mnapajienenunesa BbIOEpPEM HOBBIC
KOOpPJIMHATHBIE OCH, TTepe0003HauYNB B HOBOW CHCTEME KOOPJMHAT BCE BEKTOPA

BHYTPH JAHHOTO MapaJijieenuIea.
Ilar 3: [lycTh BEeKTOp g MMEET KOOpPJHUHATHI (91,92, -, 9%) u JUTUHBI

pebep mapasuresienureia ecTh (P1, P2, -, Pk ), TOT/1a NIApaJUIeIbHBIN aJropUT™
g M-Toil 3a1auu UMEET BUJ:
for 11 = g1 - P11

for %22 = g2 : P2 : N2

for %k = Gk Pk : Nk
+KOMMYHMKaLuu
Oco0ennocru:

1. B Tene nukia napaMeTpsl UKIJIA MOTYT BXOJIUTh TOJIBKO B INHEHHBIC
BBIPKCHUS

2. MoxeT CIy4uTbCs, 4YTO TIOKPBITUE OOECIeunBaeT JydIlee
yCKOpeHHe ¢ OoNbIM 00BEMOM KOMMYHHKAIIUWA, Ye€M JPYToe C
MEHBIIIUM yCKOPEHHEM, TOT/Ia WX CPAaBHEHUE IO YCKOPEHUIO HE

OKOHYAaTCJIbHO.
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10 Boipa:keHue npou3BeaeHUsI MATPHUIL Yepe3 ONepanuu saxpy, gaxpy

4 MOHI/I(l)I/IKaIII/IIO BHCIITHUM ITPOU3BECACHUEM

10.1 Onepanuu ¢ BeKTOpaMu
e ClOXeHHE BEKTOPOB: z=Xx+ y; X,y,z€ R™
e YMHOXEHHE BEeKTOpa Ha cKaysip: z =ox; o € R
e CkaspHOe MPOM3BENCHUE: oL =X )
10.2 Onepanuu ¢ MATpULIAMHA
e Saxpy: z=ox+y,xeR
o CronbuoBsit: z,x,y e R™!
o Crpounslii: z,x,y € R™
e Gaxpy:
o CronbuoBbiii: z= Ax+y, AeR™
o Crpounslif: z=x4A+y, AcR™ xeR™
e MoauduKanus MaTPUIbI BHEITHUM IIPOU3BEICHUEM:
A=A+xy", AeR™ xeR™ yeR™

Tak>ke CTOUT YyIIOMSIHYTh PO JIMHEHHYI0 KOMOMHAIUIO CTPOK/CTOJIOIOB.

10.3 IIpousBeneHue MaTpUI

Haszpanue | BekropHas Marpuynas Cnoco6 + —
ornepanus onepanus JocTyna K
namsTu
ijk CxkansgpHoe CtpouHblii CmenaHHbIi

MPOU3BEACHUE | Zaxpy

kij CrtpouHbIit MM  (Bueuinee | CTpo4HbIN
saxpy IIPOU3BEACHUE)

jki CT0on010BBIN CT10n0110BBIN CT0J0110BBIIT
Saxpy gaxpy
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jik CkansipHoe CT10on0110BBIN CMmenianHbIi

MPOU3BEJICHUE | gaxpy

iKj CrpouHbIit Crpounslii Crpounslii
Saxpy gaxpy

kji CT0os010BBII MM  (BuemHee | CTOIOLOBBIM
saxpy POU3BEICHUE)

Ecin XxoTuTe 3aIOMHUATH TaOIUILY:

NHpaekc 1 COOTBETCTBYET CTOJIOLIOBOMY Saxpy, €CJIM CTOUT MOCIEIHUM, U
CTPOYHOMY gaxpy, €CIId CTOUT NEPBbIM. MHIEKC ] COOTBETCTBYET CTPOYHOMY
saxpy, €clii MOCJIeIHUH, nHaYe — cToJa0noBoMy gaxpy.Munekc k — ckansipHomy
npousBeAeHuio 1 MM.

Ecnu He xoTHTE 3aIOMUHATH, TO AITOPUTM U OTEpPALIUU MOKHO HAMUCATh
u 0e3 nee. I[lo wuHmekcam ¢urayumM oObIYHBIE (OPUKH C  OOBIYHBIM
nepeMHoOXKeHreM matpuil. Hampumep, paccmotpum jik:

1 for j =1 :n
2 for i=1:n
3 for k=1 :n
4 C(i, j) = C(i, j) + A(i, k) * B(k, j)

N3 npowusBeaeHuss Ha 4 CTpPOYKE [I€JIa€M BEKTOPHYIO ONEpalUIO

(cBOpaunBaeM mnocieaHuin Gopuk):

1 for j =1 :n
2 fori=1:n
3 C(i, j) =C(i, j) +A(i, 1 : n) *B(1 : n, j)
3ameuyaeM, 4YTO Mbl TNEPEMHOKAEM JBa BEKTOpAa W TMOJIY4YaeM CKaJsp.

CrnenoBaTenbHO, 3TO CKaJlsApHOE MpousBeaeHue. CBepHeM eme OauH (POpHK,
4TOOBI MOHSTH, KaKas 37iech OyJeT MaTpU4Has OTepalus:

1 for j =1 :n
2 C(1l:n, j) = C(1l:n, j) + A(1:n, 1:n) * B(1l:n, j)
3ameuaeM, 4YTO Mbl YMHOXKA€M MaTpUIly Ha BEKTOp. HEMHOTro CHIHKUHT U

BCIIOMHWHAEM, YTO 9TO, KaXETCS gaxpy. A HWMEHHO, CTOJIOIOBBIA (MBI X Ha
CTOJIOCI] €€ YMHOXKAeM, a He Ha CTPOKY). M3u mu3wm.
Buaum, uto 31ech U K CTpokaMm oOpaliaemcs, ¥ K cToibiam, Tak 4To

JOCTYT K TTaMSITH OyJIeT CMEIIIaHHBIN.
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11 BekTOpHbIE aArOPUTMbI aXpy MJIA CHMMETPUYHBIX M JIEHTOYHbIX

MAaTpHIL
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12 MeToa NMKJIANYECKON PeAyKINH

(6;oyHast MUKIMYECKasi peIyKIUs U3 roay0a)

[lycTh ecTh cUCTEMa ¢ MAaTPUIICH CHIEIUATILHOTO BUA, T]I€

D 0 X bl
7 )

™ O™

F : : :
D F o= (2.1)

o --- F D X b
Taxxe DF = FD, n=2"—-1,keN.
B 001iem CJly4yae B Pe3yJbTaTe OJHOM UTEPALUU [IUKINYECKOU PEeayKIUU

(p)’ o) ple)

MBI TiepeiizieM ot 2° —1 ypaBHeHHM# OTHOCHTENBHO MEpeMEHHBIX [ K

b

(p+l),F(p+l),b(p+l) (nanbiue

HOBOI1 cucteme u3 2" —1 YPaBHEHUU OTHOCUTEIBHO D
B KOJZIe Oy/IeT HaIMCcaHO KaKk UMeHHO) byiem Tak fgenarth, oka y Hac He OCTaHeTCs
OJIHO YpaBHEHHUE OTHOCUTEILHO camMoro 0Jioka. Pemmm cTanIapTHBIM METOJIOM U
HAYHEM PacKpy4dHUBaTh BCE HA3A/I.

Boruncinum camy peayKiuro

for p=1:k—1
D@ — Z[F("_ l)]2 - [D(p—l)]Z
Fo) — [F(p—l)]Z
r=2°

for j=1:2""7 -]
P = FP~D (=) + b )% — D~ Dp—D
end
end

A TIOTOM HafJIeM UKChI 0OPATHBIM XOJIOM
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Peruute D* " Vx k-1 = b~V oTHOCHTENBHO X, k-1

for p=k—2:—-1:0

r=2°
for j=1:2k7"1
if j=1

¢ =bE;- 1), — FPxy,
elseif j =2¢"»*!
¢ =bBi-1yr — FPxj-3,

else
C= b}g_))— Hr F(p,(xljr + x(2] - 2)r)
end
Periite D' x(3; 1), = ¢ OTHOCHTENBHO X(2j - 1), -
end

end

(TyT B KOzie Tae elseif momxHO 6bITE 2°777")

MacmrabupyeM, MaKCHUMajbHOE  KOJUYECTBO

[Imrocel:  anroputm

OJIHOBPEMEHHO 33/1€liCTBOBAHHBIX MPOLIECCOPOB — K.
MuHycCBI: YMCI0 KOMMYHUKAUA — 0(10g n)
Hanmnydmum airoputMOM C HE3aBUCHMBIM OT PAa3MEPHOCTH YHCIOM

KOMMYHI/IKaI_[I/Iﬁ 151 MaCIHTa6I/IpyeMOCTBIO ABIACTCA MCTOJ JUaroHaJnu3aluu

oOnacTu.
[Tpumep u3 roayda as n=7
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AAWAAW A CAEANSATERER .

Jins moHEMaHMs oOLIel mpoueaypsl JOCTATOYHO paccMOTPETH cnyvait n = 7:

b, = Dx, + Fx,,
b, = Fx; + Dx, + Fx,,

by = Fx; + Dxy + Fxg,

by = Fxy + Dx4 + Fxs,

by = Fx, + Dxg + Fxg, (4.5.19)
bg = Fxg + Dxg + Fx,,

b7 = Fx6 + Dx‘,-

Jnga i=2, 4 u 6 Mbl YMHOXHM YDaBHEHHs [ — 1, i uw i+ 1 ga Marpuust F, —D
u F COOTBETCTBEHHO, H, CKJalbiBasi pPe3y/bTaT, MOMYYHM
QF* - DY) x, + F?x, = F(b, + b;) — Db,,
szz +(2F2—D2)X4+F2x6 =F(b3+b5)_Db‘,
sz‘ + (ZFZ - Dz)x6 = F(b’ + b1) - Db6-

Taxum ob6pa3oM, Cllefiys 3TOH TaKTHKe, Mbl YAaMHM BCE X C HEYETHHIMH HHICKCAMH
H y HAC OCTAHETCH yMeHbllUeHHas GJ0WHAS TPeXIHAroHA/IbHAS CHCTEMa BH/A
DWx, + FMx, = by,
Fx, + DMx, + FVxq = by,
FV%, + DWxg = b
rae marpumsl DV = 2F? — D? y FV) = F? gBasioTcs NepECTaHOBOMHBIMH. INpumenss
TAKyIO e CTPATETHIO MCKNIOYEHHs, KAK M BBIIE, MBl YMHOXHM JTH TPH YDaBHCHHA

cooteercTBenHo Ha FW, — D g FV, Ecnu 3TH npeobpa3oBaHHble YPaBHEHUSA CIIOXHTH
BMeCTe, MBI TOJY4HM NPOCTOC yPABHCHHE

(2 [F(l)]2 — D(l) 2) Xq = F(l)(b&l) + b&l)) - D(l)b&l)’
KOTOpO€ 3alHIlIEM B BHIC
D@x, = b2,

DTo MoNHaf NEKNHYECKas PeAyKuHs. MBI pemmM 3Ty (MAJeHbKYI0) CHCTEMY ¢ X ¢
OTHOCHTEJILHO X,. BEKTOPH X; H Xg HAXOAATCA MOTOM PELUCHHEM CHCTEM

DVx, = b — Fiix,,  DWxg = b — FiVix,,

B 3axm04eHHe Mbl HCTIONIb3yeM NEPBOE, TPEThE, NATOE W CEAbMOE ypaBHeHus u3 (4.5.14)
JUISL BBIYMCIICHUA X, X3, X5 M X, COOTBETCTBEHHO.
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13 CucromvyecKuidi aJropuTM gaxpy Ha NPOUECCOPHOM KOJbIE C

AEKOMIO3MIMell MATPULBI HA 0JIOYHBbIE CTPOKHU

Gaxpy:
z=Ax + vy,
I'ne z € R™1,x € R,y € R™*1, A € R™",

Marpuna xpaHurtcs 1o 6;104HbIM cTpokam. [IycTh KOJIMUECTBO MPOLIECCOPOB
paBHO p. Toraa gaxpy MO>XHO 3anuCaTh:

Zq A11 A12 '“Alp X1 V1
P2\ | Ap1 Agy Ay |72 ] 472
Zp Apr Apg o Apy / p Yp

IIpoueccop ¢ Homepom p (1 < p < p) Beraucnser 610K z,.

p
Z# = z A#kxk + yﬂ
k=1

U — 10 OJIOUHYIO CTPOKY MaTpHUIbl A MOXKHO XpaHUTh B MaMSTH | — 'O
npoueccopa. Torga aneMeHTsl MaTpullbl A HE epe1atoTCs M0 CeTH. AHAJTOTUYHO
MO>KHO MOCTYIUTH C X — M OJIOKOM Y.

Anropurm.

Ununuanuszanus {4 — HoOMep Mpoleccopa ; p — KOJUYECTBO NPOLeCCOPOB ;T =
S srow = (U —Dr + 1:ur; y0. = y(row) ; Ajpe =
A(row,:);left,right ; x;o. = x(row)}

fort=1:p

send(xoc ,Tight)

recv(Xyoc ,left)

T=pu—t

iftr<0

T=T+p

endif

Yioe = Yioc + Apoc, (T — D1+ 1 : 1r)x35,
endfor
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14 CucroimvyecKuid aJropuTM gaxpy Ha NPOUECCOPHOM KOJbIE C

AEKOMIIO3MIMEel MATPHUIBI HA OJIOYHBIE CTOJIOLBI

Gaxpy:

z=Ax+b

Cucronnueckuit aJITOPUTM XapaKTepU3yeTcs CTpOTroi
MOCIIEIOBATENBbHOCTBI0.  Bce  AelcTBUS  NPOM3BOASATCS B LUKIE IS
CUHXpOHM3aMu 77?7

B nauane IMWKJIa BBIMIOJIHAKOT OTIIPABKH!

fort=1:T
send(...)
recv(...)
end
[Tycts A pacnpezeneHa mo GJIOYHBIM CTOIOLAM:

Z, X Y

z X Y
2 —_ * o0 2 2
s 414, AP : * :

ZP xp y}’

B ocHoBe aJropurma JIMHEHHAs KOM6I/IHaIII/I}I OJOYHBIX CTOH6HOB:

p
z= ZAkxk +y
k=1

IlycTth

o,= Auxu

P P
z, = kz_}a)k(col)+yu = ;wk((u_ 1)r+1:,ur)+yu

Nuaunuaausanus:
n

n,psr =—:;U;
p

col=(u—)r+1:ur;
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left,right;
4, = A(,col), x, . =x(col), y, = y(col).

AJropurm:

w = A loc*x loc
fort=1:p
send(w, right)
recv(w, left)
y loc =y loc + w(col)
end
Hroro: p mepecbulok.

MO>KHO YMEHBIIUTH YHCII0O KOMMYHUKalMii Ha 1, caena ¢popuk ¢ =1:p—1

1 100aBUB €I11I€ OJHY CTPOUYKY MEePE]] HUM:

w = A loc*x loc
y loc =y loc + w(col)
fort=1:p -1
send(w, right)
recv(w, left)
y loc =y loc + w(col)
end
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15 CT10,10110BO-0pHEHTUPOBAHHBIE AJTOPUTMbI YMHOXKEHHUSI MATPHIL

Ha KOJbIIEC

XOTHUM IIOCUHUTATh
D=C+ AB

(2.2)
A,B,C,DeR™

IIapajuiesIbHO, TO €CTh €CTh p IPOLIECCOPOB, a PaHr Tekymero — (. Ha
. n
KaXIbIH Tporieccop 0e3 orpaHudeHus OOLHOCTH BbIIEIUM 7 = — CTOJIOLIOB.

p

[Tpu sTOM Bcem, MaTpu1ia y Hac OyIeT XpaHUTHCS 1O OJIOUHBIM CTOJIOIAM,

..‘Dp ):( C
+(141’142‘...‘Ap )(B1 ...’Bp)

Kaxxaplii nmporieccop OyAeT B UTOTE CYUTATh CBOM OJIOYHBIN CTOJOEI, TO

TO €CTb

(DID

2

...‘CT )+
P

C2

(2.3)
B2

€CThb
p
D,=C,+4B,=C, +k2AkBku (2.4)
=1

BuaHo, 4Tto KaxkaoMmy mpoleccopy MOHATOOUTCS KaKAblid OJIOYHBIMN

cronoen A, . imu onu u OyayT oOMEHHMBAThLCSA STakUM X0poBoaukoM. [Ipusenem

KO aJIrOprUTMa:

// VHUUManu3lauus
// WHOEeKCbl Hawero crtonbua
col=(mu -1) *r+1:mu*r
// 6noyHble cToNbUbl, KOTOPLIMA Mbl BydeM NoNb30BaTbCSH
// pe3ynbTaT nonoxuMm B MaTtpuyy C
A loc = A(:, col)
B loc B(:, col)
C loc = C(:, col)
// WHOEKCb cocepen
left = (mu - 2 +p) Sp+1
right = mu %S p + 1

// BbIYUCIIEHUSA
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fort =1:p
send(A loc, right)
recv(A loc, left)
// vHoekc 6no4Horo cTtonbua, KoTopbin cenvac nexut B A loc
tau = (mu - t -1+p) Sp+1
// cooTBeTCBYywWUe eMy CTPOYHble WUHOEKCHI
row tau = (tau - 1) * r + 1 : tau * r
// n3MeHseM oTBeT
C loc = C loc + A loc * B loc(row tau, :)
end
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16 CTpOYHO-OPHEHTHPOBAHHbIEC AJITOPUTMbI YMHOKEHHUSI MATPHI[ HA

KOJIbIIE

(0yeHb OX0KE HA MPEBITYIIHI BOIIPOC)

XOTHUM ITIOCUHUTATh
D=C+ AB

(2.5)
A,B,C,DeR™

napajiesibHO, TO €CTh €CTh p IPOLECCOPOB, a paHr Tekyuiero — (. Ha
. n
KaXXIbIH Tporieccop 0e3 orpaHuYeHus OOLUTHOCTH BBIIETNM ¥ = — CTPOK.

[Tpu 3TOM BCem, MaTpulia y Hac OyJeT XpaHUTHCS MO OJOYHBIM CTPOKaM,

TO €CThb
D, C 4 | B
. Cjz + 42 1?2 (2.6)
TS

Kaxnapiii mpouieccop OyaeT B UTOTE CYUTATH CBOIO OJIOUHYIO CTPOKY, TO

CCTb

P
D,=C,+4,B=C,+Y 4 B (2.7)

k=1

BunHo, 9TO Ka)X0My MpOIEecCOpy MOHATOOUTCS Kaxaasi 0J09Hast CTPOKa
B, . My onu u OyayT OOMEHMBATLCS 3TaKUM XOpOBOIMKOM. IlpuBenem Ko

AIrOPUTMA:

// VHUUManu3lauus
// WHOEeKCb Hawero cTonbua
row = (mu - 1) *r+ 1 :mu*r
// Ono4Hble CTPOKKM, KOTOPbMM Mbl ByoeM nonb30BaTbCA
// pe3ynbtat nonoxuM B Matpuuy C
A loc A(row, :)
B loc B(row, :)
C loc = C(row, :)
// VHOEKCb cocepneun
left = (mu - 2 +p) Sp+1
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right = mu s p + 1

// BblYUCNEHUS
fort=1:p
send(B loc, right)
recv(B loc, left)
// vHOekc 65104HOM CTPOKM, KOTOpbIM cenvac nexut B A loc
tau = (mu - t - 1+p) Sp+1
// CoOTBeTCBywlMe e CcTonbuoBble MHOEKCHI
col tau = (tau - 1) * r+ 1 : tau * r
// W3MeHsieM OTBEeT
C loc = C loc + A loc(:, col tau) * B loc
end
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17 CucronnvecKkuil aJIropuTM YMHOKEeHHs] MAaTPHUIl HA TOpe

OcHOBaH Ha OJOYHOM CKaJSIPHOM MPOU3BEICHUH.
a=aN+f,rnesceuncna eN , 0<Sf<N.

Onpenenum MoayJib a 1o N :

{ﬁ,/ﬁo

laly=
N, else

N

Nanuuaanzanug:

p,N=4p,nr= %,(,u,/l) — HOMeEp TpoILIeccopa;

C

lo

=C.,= Cl(u=Dr+1:ur,(A-=Dr+1:Ar)

loc A,u,</l+y—l>N

L1 12|13 Ay | Ay | A
Jost mporieccopos: | 2,1 2,2 | 2,3 | xpansitest: | A, | 4, | A,

31132133 A33 A31 A32

Takum oOpa3oM, B [ -0il CTPOKE MPOUCXOAUT IIUKIUYECKUN CIBUT HA U — 1

BJICBO.

loc — B<u+i—1>N,A

To ectb A B caBur mo croiadmaMm Ha A —1 BBepx:

B, | B, | B,
B, | B, | B,
B, | B, | B,
north, south, west, east.

(Munumanu3anusi 3aKOHYHIIACH).
[Tocemaem Omoku wmatpunibl A4 €
BOCTOKA Ha 3amaj, a MaTpuily B ¢ rora Ha

ceBep.
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AJropurm:

for t =1 : \ﬂ;

send(A loc, west)

send(B loc, north)

recv(A loc, east)

recv(B loc, south)

C loc = C loc + A loc * B loc
end

CpaBHUBas TaHHBIA AJTOPUTM C MPEABIIYIIUM (AJITOPUTMOM Ha KOJIBIIE),
MOKHO OTMETUTh 3HAYUTEIHbHO MEHBIIUN 00beM KOMMYHUKaUUW mpu N — oo,
Panee mpuxoauiiock nepenaBath BClo MaTpuily A (wim B), B TO BpeMs Kak B

JAHHOM aJITOPUTME MBI MIEPEChUIaeM TOJIBKO CTPOKY A u cronden B.
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18 BekTopHbIe 1 0,104HBbIE AJTOPUTMBI peieHust TpeyroabHbix CJIAY

Lx=b, L GR”X”, x,be R™!

’

& 21 3{; ‘ h=@&/lb.
2 e : X1z B,-8, X
&‘ QA'\'I L %q

s el /e, «) e (-5 o xe) /i

- Lf—"
O Lt Ny (4D
ol
Fopaan
%f»? R(AY/L (4,4
1 gm,u,m L(2 A:EDR (1:2-aWL(2F)

5(*-\" B(ey-h(e 1 v") &4 1)
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19 BexkTopubie ajaroputmbl LU-pasioxkeHuss HAa OCHOBe OINepanuu

MOHI/I(I)I/IKaIlI/II/I MaTpPHIbl BHCITHUM ITPOU3BEICHUEM

[lepBas marpuua siBisgercsa marpuueid npeoOpazoBanus. Ee 21 snemeHT

ABJIACTCA MHOXKHUTCIIEM Faycca.

1 0 X X
1 0 :
1 0 X, =| x,
(k)
—-T
k+1 Xt 0
) '
T 1 X, 0
0
0 x
T = e ,Tl.(k)=—’,i>k
k+1 k
T(k)
n

M, =1- T )ekr, TI€ e, — HyJIEBOW BEKTOP C eMHHUIIEH Ha K-0i mo3unum.

M A=A-1"e A= A-1V A(k,)

()| 2|
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0 t

A = A(k+1,k)

Ank)
A(l:k,:) }k

M, A= 0 (o6pa3yrotcst vy B k-om cTon011€e)

oA SN
n n

Ha k-oii utepanuu naxoaum k+1 ctpoky U u 3anuceiBaem ee B BEpXHHIA

TPEYTOJIbHUK A.
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Aaroputm LU:
for k =1:n-1

Ak +1 :n, k) =Ak+1:n, k) /7 A(k, k)
Alk+1 :n, k+1:n)=A(k+1:n, k+1:n)-
— Ak +1 :n, KNA(k, K+ 1 : n)

end
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20 Gaxpy Bapuantbl LU-pa3noxenust

A € R™" rnaBHble nogMaTtpuubl A (1:k, 1:k) HEBbIPOXAEHbI ANA k = 1:n-1.A =
LU, rae L — HWKHAS YHUTpeyronbHas MaTpuua, a U — BepXHsast TpeyronbHas. O6e matpuupbl
Oynem xpaHuTb B MaTtpuue A.

Monoxum, 4To 3a j-1 wWar HanaeHsl j-1 cTtonbubl MaTpuy L 1 U. Ha j ware vwem j
cTtonbubl L n U. Belpasum § ctonbel matpuubl A:

A(:, J) = LU(:, 3J)
Bblpa3nm BEPXHIOK U HWXKHIOK YacTb CTONbua oTAENbHO.

1. A(l:9-1, j) = L(l:9-1, :)U(:, 7J)

Takkak L (1:9-1, j:n) = 0

A(l:5-1, j) = L(1:j-1, 1:j-1)uU(1l:35-1, 3J),

rae HeM3BECTHOE BbIAENEHO XMUPHbBIM LUPUPTOM U KpaCHbIM LIBETOM (BCE OoCTanbHoe

Mbl 3HaeMm). 3HauuUT U3n NU3n Haxoaum, pewasi CJITIAY

2. A(j:n, j) = L(j:n, :)U(:, J)
U(j+1l:n, j) =0
A(j:n, j)'=L(j:nI l:j)U(l:jl ]) =

J
= > L(j:n, k)U(k, J) =
k=1
j-1
= Y L(j:n, kK)U(k, J) + L(j:n, JU(G, J) =
k=1
= L(j:n, 1:3-1)U(1:j-1, Jj) + L(3j:n, 3J)U(F, 3J)
Ey.qu BblpaXaTb HEU3BECTHOE 4Yepes HEeKun BEKTOP v (j :n):

v(j:n) = A(j:n, 3) - L(3:n, 1:3-1)U(1:3-1, 3J)
L3, 3)U(G, J) = v(]) =>
U(3, 3) = v(3), L(F+l:n, 3) = v(i+l:in)/v (3, J)

3anuwemM HakoHeU-TO anropuTM.
1. CkansipHbIi BapuaHT
for j =1 :n

for k = : j-1
for i = k+1 : j-1
A(i, j) = A(i, J) - A(i, k)A(k, 3J)
end
end
for k =1 : j-1
for i = j n
A(i, j) = A(i, J) - A(i, k)A(k, 3J)
end
end
for i = j+1 : n
A(i, 3) = A, ) / A, I)
end
end
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2. BekTOpHbIN BapuaHT
for j =1 : n

for k =1 : j-1
A(k+1 : j-1, 3j) = A(k+1 : j-1, j) - A(k+1l : j-1, k)A(k, 3J)
end
for k =1 : j-1
A(J :n, J) =A( :n, J) - A : n, k)A(k, J)
end
A(j+1 : n, J) =A@+l : n, J) / A, I)
end

P.S. Anroputmbl B3siTbl U3 [lonyba 1 yyTka pegaktupoBaHbl. Bce nHAeKCbl COOTBETCTBYHOT
nHaekcam Fony6a.

MarpuyHbI BApUAHT

for j =1 :n
for k =1 : j-1
A(k+1 : j-1, j) = A(k+1 : j-1, j) - A(k+l : j-1, k)A(k, j)
end
A(j:in, 3) = A(j:n
A(j+1 : n, j) =
end

» 3) = A(3:n, 1:3-1) A(1:3-1, 7J)
A(j+1 : n, 3) / A3, J)

3necp 3ammcan jki BapuaHT (AHamormuHo jik, MPOCTO TOMEHSIB

BHyTpeHHue ¢popuku Mectamu). EcTsb eme Tak xe ijk, ikj.

46



21 baounslie aaroputmbl LU-pa3iio:xkenus

baounoe LU-pa3noxenue.

LU-pa3noxxeHne — mnpeacTaBieHue MaTpullbl A B BUJIE€ NPOU3BENEHUS ABYX

matpull, A = LU, rne L — HuwxkHSS YHUTpEyrojpHas matpuua, U — BEpPXHsA
TPEYroJbHasi MaTPULIA.

brnounoe LU-pa3noxkenune maTpuiibl A BBINVISIAUT CIAEAYIOIIMM 00pa3oM:
(A11 Alz) _ (L11 0 )(Ir o> (U11 Uy, )
Ay Ay L,y L_,)J\o A/\0 1I,..)’
Ay, Ly, 1, Uy € R™™, Ay, Ly, € R(n-m)xn.
Ay, Uy, € RO A AL € R-x(-=1),
['ie 7 — GIOYHBI mapamerp.

[Ipou3sBeném onepanuo yMHOKEHUS U TPEX MATpPHULL, KOTOpsIe Bbile. [Tomyunm:

4= (L11U11 L11Us ~) _ (A11 A12)_
LUy LU + A Azr Azp)’

3HAYUT MOKHO 3aMUCaTh CIAEAYIOMUM 00pa30M:

1) Aj; = L11Usq;
2) Ay = L1 Upy;
3) Az1 = Ly Usys 5
4) A,,=L, U, + A.

[IpumMeHsieM peKypCUBHO anrOpUTM:

1) bnoxu Ly, u U,;; Hailnem, NpuMEeHUB CTaHAApTHBIA merox [aycca s
paznoxeHnus 6;0ka A4 ;.

2) 3atrem Haiiaém Onoku U;, U Ly,; pELIUB TPEYroJibHbIE CUCTEMBI C
HECKOJIbKMMU MPaBbIMU YaCTAMH.

3) Tocre 3TOro HaXOMUM PeayIHPOBAHHYI0 MaTpuily A = A,y - Ly, Uss.
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Emé anroputMmel, HO NoApoOHO Kak OHU paboTaroT x3. B3ato u3 ['onyba crpanuis
99- 100:

Aaropat™ 3.2.5 (Baownas sepcus LU-pasioxesisi ¢ BHEIHHM npoussesennem). ITycts
AeR" *" y rnasusle noamatpunsl A (1:k, 1:k) nepsipoxkaenst s k = 1:n — 1. Tlpenaro-
JIOXHM, 4TO r yHaoBieTBopseT ycrnosuto | < r < n. Cneayromuil airopuT™ BuYHCIAACT
pasnoxenue A = LU nocpeICTBOM r-paHroBoi MoaupuKaluy. TIpuuem 3JIEMEHTHI A, ))
3aMEILAIOTCA Ha 3eMeHThI L(i, j) TIpH i > j u aneMenTsI A (i, j) 3amewatorcs Ha U (i, /) npu
jzi
A=1
while A <n )
=min(n, A +r—1 N
ﬁcnonbs(yercn arroput™ 3.2.3 ans samemenns A(A:p, A:p)=L0 na L u U.
Pemaem: LZ = A(A:p, p + 1:n). 3amemaem: A(L:p, p+ Ln)«Z
Pemmaem: WU = A(p + 1:m, A:p). 3amemaem: A(p + L:n, Aip) e« W
Ap+1lin,p+ lim=A@p+ Lin,p+ 1:n)— WZ
A=p+1
end

Asroput™ Tpebyer 2n*/3 ¢onos.

Aaroputm 3.2.6 (biouman gaxpy-sepcus LU-pasznowenms). [lycte matpuna AeR"*”
HMEET HeHyJieBble raBHbie MuHopbl A(1:k, 1:k) ans k = 1:n — 1. U nycTh nenouucnes-
HbIH napaMeTp r ynoBNAeTBOpseT cooTHOIeruto | < r < n. Torna CREAYIOLIMHE ATOPHTM
BLIMHCIAET passiokende A = LU nocpeacTBoM r-panroBoii Momudukanmn. Ha meixone
A(i, j) samemaroTcs Ha L(, /) ans i > j u A(i, j) 3amewatorcs na U (i, j) ans j > i

l:
while A <n
p=min(n, A +r—1)
ri=p—2AiA+1
Beinosusiem r, waros anroput™a 3.2.4 ais A(h:n, A:n)
3amermnaem A(A:p, g+ l:n) B COOTBETCTBHH C pelLeHHEM
ARy, ) Z=A(h:p, p+ 1:n)
Ap+lin,p+lim=Ap+l:n, p+1:n)
~Ap+lin, i) ARy, p+ L:n)
A=p+1
end

Anroput™ Tpebyet 2n*/3 ¢uionos.

Anroputmsl 3.2.3 1 3.2.4 (OHM UCIOJB3YIOTCS B 3TUX AJITOPUTMAX ):

Awopurm 3.2.3 (Mckmovenne [Maycea ¢ BretsuM nponssenensem). [peanonoxum, 4ro
MaTpuua 4 € R"*" obnapaer TakuM cBoiicTBOM, 4TO noaMaTpuubl A (1 :k, 1:k) neBbipoxk-
ncubl Ui k = 1:n — 1. JlaHHBIH anropuT™M BLIMHCASCT paznoxenne M, ..M, A= U,
rae matpuna U sBaseTcst BEpXHEH TPeyrosibHOM, a Kaxaas MaTpuua M, - 9To mMaTpuia
npeobpa3zosanns I'aycca. Matpuna U XpaHHTCS B BEpXHEM TPEYTOJIbHHKE MaTpuIlbl A.
MuoxuTenu, 3ajaroume MaTpuibl M, , 3anoMunaiotes B anementax A(k + 1:n, k), T.e.
Ak +1:n, k)= —M,(k + 1:n, k).
for k=1:n-1
{ = gauss(A (k:n, k))
Atk + 1:n, k) =1
Ak:n, k + 1:n) = gaussapp(A(k:n, k + 1:n, 1))
end

1ot amropurm Tpebyer (2/3)n’ ¢nonos u sBAsCTCH KiIaccuyeckoi (HOPMyTHPOBKOH

MeToa uckmouenus Iaycea. 3aMeTHM, YTO KaX/10€ NPOXOXKICHHE Yepe3 k-LMKI peasin-
3yeT BHELIHEEe NPOU3BEACHHE.
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Asropurm 3.2.4. (Gaxpy-sepcus uckmiovenus Iaycea). ITycts matpuna A€ R"* " u rnas-
Heie noaMaTtpuubl A (1:k, 1:k) neBnipoxaennsl s k = 1:n — 1. Jlanueii anroputm
BBIYUC/ISET pasnoxenne A = LU, rae L-HuKHAR yHUTpeYTonabHas MaTpHua, a U - sepx-
HAS Tpeyrosibhas. Ecnum i > j, 1o anementsl A (i, j) conepxat anements L (i, j). Ecam i <,
TO 3IneMeHTHl A (i, j) conepxat 3nementsl U (i, j).

for j=1:n
{Penmars L(1:j— 1, 1:j— HWU(1:j— 1, p=A(1:j— L, )}
for k=1:j-1

for i=k+1:j—1
AW N)=AG ) — Al K) A (k)

end
{vG:n)=A(:n )—L(:n 1:j—HU(1:j— 1, H}
for k=1:j—1
for i=j:n
Al )= AL ) — A, k) Ak, )
end
end

{L(j+ 1:n, )=0v( + 1:n)/v(j)}
A+ Lin, )=AG + 1:n, /A ))
end

Jrot anroput™ Tpebyer 27°/3 donos.
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22 BekTOpHbIE AJrOPUTMBbI Pa3jiokKeHHs: XOJIEHKOr0 Ha OCHOBe

onepanuu MoaupUKANNM MATPULILI BHEIITHUM NPOU3BeAeHNeM

4.2.5. Metoa XoJiejkoro ¢ BHELIHHM NPOH3BE/IeHHEM

AJIbTepHATHBHAA rpoueaypa XoJenkoro, OCHOBaHHAs Ha MomupHKALHK C BHELLHHM
IIPOM3BEACHHEM, MOXET OBITb MOJIY4ECHA H3 CIE/IYIOIIETO pa3buenus:

a o’ _[B 0 ][1 0 ][B vr/B]. (4‘2_6)
A=[vB “Lep 1,110 B—v/adLO ], -,

3nece B = \/E K Mbl 3HaeM, 4To a > 0, MOTOMY 4TO A TNOJOXHKTENLHO onpen;;x::{;
3ameTHM, 9TO B — vv'/e TOXe MOJIOKHATEIBHO OMNpejesiesa, NOTOMY YTO OHa AB
e
% T
rnaBHOM moaMaTpHuelh Matpuusl X' AX, roe

% [l —vT/u]
a 0 In -1 '
Taxum o6pa3oM, €CIH MBI MMEEM pasjiOkKEHHE Xoneuxoro G,Gi = B — w'/a, TO U3
dopmysl (4.2.6) cneayet, 4To A = GGT, rne

_BO]
G'[wacl'

Hanee Hala e - MHOTOKPATHO BHITIOJIHHTE pa3buenne (4.2.6) 1o npeienbHO MaNeHb-
KHX MOAMATPHIL, MOYTH TaK Xe, Kak B kji-anropurme uckmoucnus [aycca. Ecnu Mb
3aMEIIACM HIDKHIOIO TPEYIOJIbHYIO 4acTh MAaTpulbl A Ha Matpuuy G, To mojy4aercs

Asroput™ 4.2.2 (Metoa Xosieukoro: Bepcusi ¢ BHELIHHM npon3Belennem). Jlana cumMmer-
PHUHAS MOJNIOXKHUTE/IBLHO Onpeie/ieHHas MaTpiua A € R"* "; crneyrommii aiwropuT™ BhIMUC-

JSET HWKHIOIO TPEYro/bHyro Matpuily GeR" ™", Takyio, 4to 4 = GGT. [Ins Beex i > j
G (i, j) 3ameraet A (i, j).

for k=1:n
Ak, k) = JA(k, k)
Ak + 1:n, k)= Ak + 1:n, k)/A(k, k)
for j=k+ 1:n
A(in, )=AG:n j)— A(j:n. k) A(j, k)
end
end

Anroputm Tpebyet n°/3 Gpnonos. 3aMeTHM, UTO j-IMK/ BHIMHCISET HIKHIOK TPeyroJb-
HYIO YacTh MOAKR(UKAINH C BHELUHMM MPOH3BEACHHEM

Ak + lin k+ 1:n)= Ak + L:n, k+ Lin)— Ak + L:n, Ak + 1:m, k)7,

Bo3Bpawasce k Halmum paccyxienusm B § 1.4.8 o cpaBaenuu gaxpy-BepcuH M MoHbuKa-
UHMH C BHCLLIHHM NPOH3BEACHHEM, MOXHO JIEIKO 10Ka3aTh, 4TO anroputm 4.2.1 ocymecrts-
JSET B IBA pa3a MCHbUIHH BEKTOPHBIH 0OMeH, YeM anroputm 4.2.2.
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23 Gaxpy BapuaHTBhI Pa3jioKeHusi X0JIenKOoro

4.2.4. Gaxpy-Bepcust MeToaa X0JIeHKOro

' Cna;ina MBI OJTy4HM peanusaumio Metoaa Xoeukoro, 6oratyio onepauusmu Tuna
gaxpy. Ecau mbl cpaBuum j-€ cronbust B ypapHenHH A = GG, T0 Mbl NONYyYHM

J
AG A=Y G WG, k).

k=1
Orcrona cnenyet, uto

i—1

GU.NGGA=A6N— ¥ GU, WG, k) =v. (4.2.5)
k=1

Crmrs mmwere—e———

Ecnu Mbi 3HaeM (j — 1) nepsbix cTon6nos MaTpHibl G, TO MOXeET ObITH BBIMHCIIEH BEKTOP
v. OTciona 4epe3 CpaBHEHHe KOMIOHEHT B Gopmyiie (4.2.5) cnenyer, uto G(j:n,j)=
=p(j:n)//v(j). IT0 B eCcThb CKalApHAs Onepauus gaxpy, NO3TOMY MBI MOJy4aeM
CeyIOImMiA METONl, OCHOBaHHbIH Ha gaxpy-oOnepaudd s BBLIYHCIIEHHS Pa3JIOXECHUA
Xoneuxoro:
for j=1:n
v(j:n)=A(:n, ))
for k=1:j—-1
v(j:n)=v(j:n)— G HG(:n k)
end
od G(j:n ) =v(j:m)//v()
e

BuIuHCIEHHS MOXHO opramnonarb Tak, 4ToO G 3aMelaeT HHKHHC Tpeyronume MaTpH-
usl A.

Amroputm 4.2.1 (Merox Xoaemxoro: Gaxpy-sepenst). Ilpu nanHo# CMMMETPUYHOH TNO-
JIOXHTEIBHO onpeeneHHoN MaTpuiie AeR" ™" CNIEYIOLLMIA aNTOPUTM BBLIMHCISAET HHX-
HIOIO TpeyrojibHylo MaTpuily GeR"™", Takywo, 4TO A = GGT. IIna seex i =) G(i, J)
samemaet A (i, j).

for j=1:n

if j>1

emlA(j:n. N=AG:n )= AG:n 1ij— DA 15— nr
a AGin, p=AG:n D/JAG]
e

Anroput™ Tpebyet n’/3 ¢nonos.
IMpumep 4.2.1. MaTpuua

ER R EHI IR

ABJISETCH TIONOXKHTEIBHO ONPEAE/IEHHOM.
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24 bio4HbIEe AJITOPUTMBI Pa3Ji0KeHUs1 X0JeKOro

1. Ha ckanspHom npousseaeHun

[lycte AeR"*”"-cHMMETPHYHAS TOJOKHTENLHO onpenesieAHas Marpuua. bynem
paccMaTpuBaTh MaTpully A = (A4;;) u ee MHoXuTenu Xoneukoro G = G;; xak 6no4nbIe
N x N-MaTpHibl C KBAAPATHHIMHA JIHAr OHAJILHBIMH 6I0KaMH. Mpupasuusas (i, j)-¢ 610ku
u3 ypasHeunss A = GG” nipu i > j, MBI nonyyaem, 4To A; =3, Gy Gj. O603naumB

i-1

k=1

MBI BHIMM, 9TO G,Gf;=S, ecnu i=j, u GGG =S8, ecom i>j. Tpu npaswIbHOM
YNOPSIOYHBAHHM 3TH YPaBHEHHS MOTYT OBITh WCIIONB30BAHBI JUIS BBIYMCIICHHS BCEX
Martpull G;;.

Anroputm 4.2.3 (Meton Xosieuxoro: 6104muas Bepcusi co CKa/ISPHLIM NpoH3BeteHHeM). [lana
CHMMETPH'HAS MOJIOXKHUTENLHO ONpe/esieHHas maTpuna A € R” *”; cneqyiowmit anropurM
BBIMHCIIACT HHXHIOK TPEyroyibHyro MaTpuuy GeR”*” takyro, yto A = GGT. Huxumii
TPEYTOJIbHHK MaTpHILI A 3aMEIAeTCH HAa HHXHIOK TPEYroJbHYlO YacTh MaTpripb! G.
Marpuna 4 paccMaTpuBaercs kak G6nounas N x N-MaTpuLa ¢ KBaIPATHBIMHU JIHAT OHAJTb-
HBEIMH OnoxamMm.

for j=1:N
for i=j:N

i=1
§= Aij - Z Gthka
. k=1
if i=j
Buruucsmts pasnoxenne Xonenkoro S = G,G;.

else
Pewuts G;G}; = S otHOCHTENBHO G;.

end
Buionuuth 3ameleHue A;; Ha Gj;.
end
end
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2. [lonoBaLLKUHCKMIA

War 1: vwem pasnoxeHue Xonewkoro 6rnoka A1 u Haxogum Gii: A = GuGT,

LWar 2: pewaem cucremy G1G11 = Az

~ " ~
War 3: A = A2 — GGy npuHumaem A = A v BosBpaliaemMcs K wary 1.

3. Gaxpy

ﬂp};ran 6nounas .npouenypin MOXeT ObITh NOJIy4eHa U3 gaxpy-alropuTma XOJeIKoro.
Yepes r maros ajiroput™a 4.2.1 HaM W3BeCTHbl MaTpuibl G, R ™" 1 G,,eR" N>’

B pa3snOXCHUH
[Au Au]_[Gn 0 ][l 0][6.. 0 ]’
AZI A22 B GZI In—r 0 Z GZI In-r '

Mocne r IHATOB gaxpy-BepcHu XOJelUKOro Mel npeoBpaszyem yxke He MaTpuily A,
a peAyLUWpPOBAHHYIO MATpPHIY A= A,, — G,,G},. KOTOPYKO n0Ayuusu SIBHO C Y4ETOM
cummetpun. [1ponoskas 3TOT NOAXO/, Mbl MONYYHM 6104HBIH anropuT™ Xoneukoro, k-i
IIaT KOTOPOIO COJAEPXKHT r IUAIOB gaxpy-BepCcHM XOJICHKOIO JUI MATPHULBl NOpsaka
n — (k — 1)r, clienoBaTeNbHO, BHIYHCICHHSA 3-I'0 YPOBHS MMEIOT NMOPAIOK 7 — kr. Bxinan
onepatmii 3-ro YpoBHS annpokCHMHpyeTcs cooTHowennem | — 3/(2N), ecium n =~ rN.

Anroputm 4.2.1 (Metoa Xosaeuxoro: Gaxpy-sepensi). Ilpu nanzoi CMMMETPHYHOH NO-
JIOXHTENLHO onpeaeneHHo# maTpuie 4€R" ™" CNeOyIOLUMi aNTOPUTM BBIMHCISAET HHX-
HIOIO TpeyronbHylo MaTpuuy GeR"*", Takyio, 4To A = GGT. ns seex i=2j G(i, J)
samewaer A (i, j)-
for j=1:n
if j>1
AG:n )=AG:n )— AG:n 1:j—DAG 13— T’

end
end A(zn p=AG:n DIVAG)
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25 AaroputMm LU-pa3jio:keHusi HA MPOLECCOPHOM KOJIbIle
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26 Aaroput™m pasjio:keHusi X0JIeIKOr0 Ha MPOIEeCCOPHOM KOJIbIIe

55'4 LSRN Mf;ﬂfum«w /A)M'rc, Jowegpore  pa wasue
Qenebor Raps . Gota. JW’M Bt nepey  Gaxpg
Jyhovenesone | wjons  PEA M & (f‘-‘",/‘)

Z G, 8) € (k)

| e sganpt f n p=n, Ah:A(:’ﬂ’)'%Wf
AWCENEREVZT
: neev (g (ktn), M)
vl (| prp o wnd (g(kn) 2ght) b
A C(pin)= Ao (Hen) = 9(pin) 9CH)
end
A Cpoml= Ag (o) /T ALGT
bt Pt wd (AL Gpim), i)

i
|

H‘ FfP, /4+1P,,.. M.A—SLWL

HEHE

if \ T

¢wo§.n43<lh410) e 5% 1 (3(9)
“’M'““T L5 i b <47-'5‘1) 412193
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UMALAE pnyacpns {h,f’,/”, C”[=/”/°"'1, :
Ls deugh Cesl), Ay (4nf L)z AL, o)
bft, »gt ]

=0 {=1; i
wli U<l Tdb
(;f, _}' e (f) e % Clcja éwyt%:“‘
Ag (Gin, ) = /'c,((wt)/ x’“ G

s 0
"{ 4 Her WJ(A(A'<J“[/MM)M/
{‘ ERARYS
n = el (k)
Apion k) = Acc (2o m k) = A bon, O WI
ond
'3=J4;; L1 .
AN
wev (g(jow), W) Mol Mot oidodial|
gt £ Ae(prhe o 15 "”"’%"
, ’W«’/(ﬁ(w) 7y pees. de:fwl‘mcs«
| ;m k=l
-l (4)
/Lmé/ Aubond) - g(tn)g(s)
t J-S*i
[ ed
b
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27 AaroputM pasjio:KeHus1 X0JIeIKOr0 Ha MPOIEeCCOPHOI peleTKe

3a OCHOBY JJaHHOTO AJIFOPUTMa B3AT aJITOPUTM pa3JIoKEeHUs XOJIELIKOTo Yepes
MoU(UKALUIO MAaTPUIBl BHEITHUM ITpou3BeieHueM. [[ist ynpomeHus He Oyaem

YUYUTBIBATH CUMMETPHUYIHOCTD. Tor,ua AJITOPUTM MOJXHO 3aIIiCaTh:

fork=1:n

A(kk) = sqrt(A(k,k)) // (1)

Atk+1:n, k) =Atk+1:n, k) / Ak k) // (2)

Ak, k+1:n) = Ak, k+1:n) / A(k,k) // (3)

Atk+1:n, k+1:n) = A(k+1:n, k+1:n) —Atk+1:n, k)*Ak , k+1:n) // (4)
endfor
[TonokuM, 94TO KOJIMYECTBO MPOIIECCOPOB PABHO KOJIUYECCTBY JIEMEHTOB MATPHIIBL.

Torma ka)IpIii poIecCop BHIMOJIHSACT IOMHUMO TIepe/Iad U MpueMa JaHHBIX OTHO
U3 CIEAYIOUIUX JEeUCTBUMN:

N3Bneus kopens (Ecnu oOpabaTriBaeTcst 371eMEHT Ha IT1aBHOW JUAroHalH, B
anropuTMe BhIlIe jaeiicteue (1))

[Tpoussectu nenenue(Ecau oOpabaTeiBaeTcsl 2JIeMEHT HE Ha IIaBHOW JUarOHAIH,
B aJITOPUTME BbIIIE 3TO JercTBUs (2), (3))

Momuduxkarus matpuisl ([etictBue (4))

0000..0
0111..1
0122..2 | — xonu4ecTBO MOAM(UKAILIUNA, KOTOPOE CIIeTaeT Mpoleccop nepes
0123..n

BBITIOJTHEHUEM JICJICHUS WU U3BJICUYCHUS KOPHSI.
AroputM™.

WNuunnmanusamus {(i,j) — HOMep mpoieccopa ; p — KOJUYeCTBO MPOLECCOPOB ;
p = n?;north,south ,west ,east — cocegm ; a;,. = A(i,j)}
k=1
while k < min(i,j)
recv(Qnoren , NOTtH) | recv(@, est , West)

ifi<nm

send(Qnortn » SOUth)
endif
ifj<n

send(a,est ,€ast)
endif
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Qloc = Qroc — AnorthQwest
k=k+1
endwhile
ifi==]
Aoc = Sqrt(agoc)
ifi<n
send(a,,. ,south) ; send(a;,. ,east)
endif
elseifi <j
recv(Q,est ,West)
ifj<n
send(Qest ,€aSt)
endif
Aloc = Qoc/ Awest
send(a;,. ,south)
elseif i > j
recv(Qunortn » NOTtH)
ifi<n
send(noren » SOUth)
endif
Qioc = Aroc/ Anorth
send(a,c , east)
endif
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28 Aaropurm LU-pa3/io:keHusi Ha IPOLECCOPHOI pelIeTKe

59




