2. [Mpobnembl pa3paboTKM NapannenbHbIX
NPUNOXKEHWNN

OCHOBHbIMW ~ 3Tanamu  pPaspaboTKM  NapanienbHblX  MNPUNONKEHUA  SABNAKOTCA:
NEKOMMNO3NLUMA, BbiiBNEHME MHPOPMALMOHHbLIX 3aBUCMMOCTEM Mmexay noasagadvamu,
MacliTabupoBaHue nogzasay u 6anaHCMpPOBKa HArpy3KM ANA KaxK40ro npoueccopa.

Jekomno3numa

Moa Aekomnosunumen NnoHMmaeTca pasbueHne 3a4adnm Ha OTHOCMTEIbHO He3aBUCHUMble
yacTu (nog3agaun). Jekomnosnuma 3a4aum MOXKeT bbiTb NpoBeAeHa HECKONbKMMUK crocobamu:
no 3aaHuAM, Mo AaHHbIM, N0 NUHPOPMALMOHHbBIM NOTOKaM.

Jekomnosnuma no 3agaHmam  (QyHKLMOHaNbHaa AeKomno3nuua) npegnonaraet
NPUCBOEHME pPa3HbIM MOTOKAaM pPasHbIX GYHKUMWA. Hanpumep, nNpunoxeHwe BbiNoOJHALOWEE
NpaBKy AOKYMeHTa BKAtOYaeT cnegytowme GyHKUMKU: npoBepKa opdorpadumn CheckSpelling,
npoBepKa MNyHKTyauum CheckPuncto, <¢opmaTupoBaHMe TeKCTa B COOTBETCTBUE C
BbIOpPaHHbIMK cTUAAMKM Format, noacyeT CTaTUCTUKM NO AOKYyMeHTy CalcStat, coxpaHeHue
nameHeHun B panne SaveChanges n oTnpaBKa AOKYMEHTA MO 3N1EeKTPOHHOM noyte SendDoc.

NMposepka lMpoBepkKa dopmaTtupo-
opdorpadpumn NYHKTYauum BaHUWe
Y
Cbop | CoxpaHeHune .| Ortnpaska
CTaTUCTUKM | pokymenTa "| pokymeHTa

®PyHKUMOHaNbHAA AeKOMMNOo3MLMA pa3buBaeT paboTy NPUNOKEHNA HA NOA33AAUN TAKUM
06pa3om, 4Tobbl KaXkaan noa3agaya bbina cBA3aHa c oTAeNbHON dyHKUMel. Ho He Bce onepauum
MOTYT BbINOIHATLCA NapannenbHo. Hanpumep, coxpaHeHMe AOKYMEHTa U OTNPaBKa AOKYMEHTa
BbIMO/IHAIOTCA TO/IbKO MOCNE 3aBEPLUEHUA BCEX NpeapblayLmx 3Tanos. PopmaTtmpoBaHue u cbop
CTAaTUCTUKM MOTFYT BbINOAHATLCA MapanfesibHO, HO TO/NIbKO NOC/AEe 3aBEPLIEHUA MNPOBEPKM
opdorpadmm n NyHKTyaLuu.



Mposepka dopmaTtnpo CoxpaHeHue
opdorpacum BaHue [OKYMEHTa
| |
MpoBepkKa | Cb6op | OTtnpaBsKa
NYHKTyauum l CTaTUCTUKMU l OOKYMEHTa
| |
| |
| |
[ [

[ekomno3numsa no MHGopMaLMOHHbIM MOTOKaM BblaenseT noasanauu, paboratoume ¢
OAHUM TUMOM [AaHHbIX. B paccmaTpuBaemom npumepe MoryT 6biTb BblAe/eHbl cieaytolme
noAsagaun:

1) Paborta c 4epHOBbIM AOKYMeEHTOM (opdorpadusa U NyHKTyauus):
2) Paborta c McnpaBaeHHbIM A0OKYMeHTOM (popmaTupoBaHue n cbop CTaTUCTUKK);
3) PaboTa c roToBbIM JOKYMEHTOM (COXpaHeHMe 1 OTNpaBKa);

Mpy AeKomMNo3MLMK MO AaHHbIM Kaxaan nogsajada pabotaeTt co cBoMm dpparmeHTOm
[aHHbIX, BbINO/IHAS BECTb NepeyeHb AeNCTBUIA. B paccmaTpMBaeMom npumepe AEKOMNO3NLMSA
Mo AaHHbIM MOKET NPUMEHATLCA K 3aZa4am, A0NYCKaloWMM paboTy ¢ dparmeHTOM AOKYMEHTA.
Taknm obpasom, pyHkumm CheckSpelling, CheckPuncto, CalcStat, Format o6beauHsaoTca B ogHy
noAsagavy, HO CO3aeTCs HECKOJIbKO 3K3eMMAAPOB 3TOWM NoA3a[ayun, KoTopble mapannesibHo
paboTatoT ¢ pasHbiMK dparmeHTamm AokymeHTa. PyHkumm SaveChanges n SendDoc cocTtaBasioT
OTAeNbHble NOA33Aauu, TaK KaK He MOryT paboTaTb C YacTbio AOKYMEHTA.

Jlekomnosnuma No AaHHLIM

an AEeKOMNO3nLUKMKN NO AaHHbIM Ka*X4aA nog3afaya BbIMONHAET O4HU U TE Ke ,Cl,eﬁCTBMﬂ,
HO C pPa3HbIMKU AOaHHbIMMW. Bo mHormx 3apauvax, napannenbHblX No AaHHbIM, CYLWECTBYET
HecKo/bKo cnocobos pasgeneHnAa OaHHbIX. HarlpMN\ep, 3a4a4a MaTPUYHOro YMHOXKeHWUA
AONYyCKaeT pa3geneHne no CTpodykam — Ka)-K,CI,bIVI NOTOK 06pa6aTb|BaeT oAHY WM HECKOJIbKO
CTPpOYEK MaTpulbl, MNo CTOJ'I6LI|aM - Ka)K,CI,bIﬁ NOTOK 06pa6aTbIBaET oANH WUAN HECKOJZIbKO
CTOI'I6LI|OB, a TaK»Ke no 6710Kkam 3a4aHHOIo pasmepa.

[1Ba OCHOBHbIX NPUHLUMNA Pa3aeneHusa AaHHbIX Mexay nogsafadyamu — CTaTUYEeCcKUi U
ANHaMUYecKkuit. MNMpu ctaTMYeckon AeKomMnosnummn GpparmeHTbl A4aHHbIX Ha3HaAYalTCA NOTOKaM
[0 Hayana 06paboTKKM 1, KaK NPaBUIO, COAEPKAT OAMHAKOBOE YNC/IO 3/IEMEHTOB ANA KaXKA0ro
noToka. Hanpumep, pasgeneHve MaccMBa 3/1€MEHTOB MOXET OCYLLECTBAATLCA MO PaBHbIM
AnanasoHam MHAEKCa MeXay NoToKaMu (range partition).
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OCHOBHbIM AOCTOMHCTBOM CTAaTMYECKOrO pasgeneHuna aBnaeTca He3aBUCUMOCTb pa6OTbI

NOTOKOB (HeT Npobsiembl TOHKM AaHHbIX) M, KaK CneacTsme, HET HeObX0AMMOCTU B CpeacTBax
CUHXPOHMU3AUMKN ANA AocTyna K anemeHTam. IPPeKTUBHOCTb CTAaTUUYECKOM AEeKOMMO3ULUK
CHMXKXAETCS MNpU  Pa3HOM BbIYUCAUTENIBHOW C/IOKHOCTU 0OpPabOoOTKM 3/IEMEHTOB [AaHHbIX.

Hanpumep, BbluMCAUTENbHAA Harpyska 06paboTKM i-3/ieMeHTa MOMKeT 3aBWUCETb OT

MHAOEKCA 2/1EMEHTA.
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PasgeneHve no pguanasoHy NpUMBOAMT K HecbanaHCMPOBAHHOCTM HarpyskM pasHbiX
noTokoB. HecbanaHCMPOBAHHOCTb Harpyskn cHukaet adpdeKTUBHOCTb pacnapansienvMsaHus. B
HEKOTOPbIX CAy4YasX AEKOMMO3UUMA MOXKET ObiTb y/ydlleHa U Npu CTaTUYeCKOM pasbueHuu,
Korga 3apaHee W3BECTHO Kakue 3/71emMeHTbl 00nagatoT  6onblel  BblYUCAUTENbHOM
TPYAOEMKOCTbIO, @ KaKuMe MeHblueil. Hanpumep, B c/iyyae 3aBUCMMOCTWU BblYMCAUTENbHOM
TPYAOEMKOCTU OT MHAEKCA 3N1eMeHTa, NPUMEHEHWE KPYroBon AEKOMMO3ULMK BblpaBHMBAET
3arpy*KeHHoOCTb NOTOKOB. MepBblit NOTOK 0bpabaTbiBaeT BCe YETHbIE 3N1€MEHTbI, BTOPOM MOTOK
obpabaTbiBaeT BCE HEYETHbIE.

B 06uiem cnyyae, Koraa BblYUCUTENIbHASA CNOKHOCTb 06PaboTKM 31eMEHTOB 3apaHee He
n3BecTHa, cbanaHCMPOBAHHOCTb  3arpy3kM MNOTOKOB  obecneunmBaeT  AMHaMUYECKas
AEKOMMNO3NLUA.
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MpyM AMHAMUYECKON AEKOMMO3MLUMM KaxkAbld MOTOK, yyacTeylowMin B 06paboTKe,
obpaulaetca 3a 6s0kom AaHHbIX (nopuwmeit). Mocne 06paboTkM 6/10Ka AaHHbIX MOTOK
obpaulaeTcs 3a cneaytoueit nopuyei. IMHammyeckasa AeKoMnosnumsa TpebyeT CUHXPOHM3aLNK
[0CTyNna NOTOKOB K CTPYKType AaHHbIX. Paamep 6/10Ka onpeaensieT 4acToTy obpalleHunii NoToKoB
K CTpyKType. HeKoTopble anroputMbl AUMHAMUYECKOW AEKOMMNO3ULMM YBENMYMBAIOT pPasmep
6/10Kka B npouecce 06paboTkn. Ecnm noTok 6bicTpo obpabaTtbiBaeT aneMeHTbl, TO pa3mep 610Ka
ANA HEero yBennynBaeTcs.

MacwrabuposaHme noa3anav

CsolictBO MaCLLITa6MpyeMOCTM 3aKNK04YaeTCA B 3¢¢GKTMBHOM Mcnonb3oBaHn BCeEX
UMEIOLLIMXCA BbIUMCAUTENIbHBIX pecypcoB. apannenbHoe NpunoxeHue JONXKHO 6bITb rOTOBO K
TOMY, 4YTO 3aBTpa OHO 6yp,eT 3anyCKatbCA Ha cucrteme cC 60NbWMMKN  BbIYUCANTENBHBIMU
BO3MOXKHOCTAMMK. CBOMCTBO MaCLLITa6VIpyeMOCTM npuUNoxXeHnAa TeCHO CBA3aHO C Bbl6paHHbIM
A/ITOPUTMOM peELLEHNA 3aa4MN. O,CI,MH AJITOPUTM OYEHb XOPOLUO pacnapannennmBaeTca, HO TO/1IbKO
Ha ABe noA3adayu, ,CprI'Oﬁ aAJITOPUTM NO3BONIAET BblAE/TUTb MPON3BOZIbHOE YNC/IO NOA43aaau.

06s3aTeNbHbIM YC/IOBUEM MACLUTABMPYEMOCTU MPUNONKEHUA ABAAETCA BO3MOMKHOCTb
napameTpusaumm afiropnUTMa B 3aBUCMMOCTM OT YMC/1a NPOLLECCOPOB B CUCTEME U B 3aBUCMMOCTHU
OT TeKyLlel 3arpyeHHOCTU BblYUCAUTENBHOM CUCTeMbl. Takaa napameTpusauusa no3sonset
M3MEHATb YNCNO BblaeNAemMblX NoA334a4 NPU KOHKPETHbLIX YCNOBUAX BbINONHEHWUA afITOPUTMA.
CoBpemeHHble NAaTGopMbl NAPaNNeNbHOro NPOrPaMmMMpPOBaHMA NPELOCTaBAAIOT CpeACcTBa A8
aBTOMATUYECKOM HanaHCUMPOBKKM HArpy3KK (Nya NOTOKOB).

Mpobnema roHku AaHHbIX

MOTOKM OA4HOro Mpouecca pasfenaT eanHoe afpecHoe NPOCTPAHCTBO, YTO ynpolaeT
B3aMmogeicTeme noasasay (MoTokos), HO TpebyeT obecneyeHns COrnacoBaHHOCTM AOCTyna K
06LWMM CTPYKTYPaM AaHHbIX.

I'Ipo6nema FTOHKU OaHHbIX BOSHUKAET Npu caegyrwmnx ycnosmax:

1) Heckonbko NOTOKOB paboTaloT C pa3genaembiM PeCypcom.



2) KoHeYHbIi  pe3ynbTaT  3aBUCUT  OT  OYEPEesHOCTM  BbIMNONHEHUA  KOMaHAHbIX
nocnenoBaTeIbHOCTEN PAa3HbIX MOTOKOB.

Ona nnnoctpaumm npobnembl rOHKU AaHHbIX PaccMoTpum chneayiowmin parmeHT. [Ba
NOTOKA BbIBOAAT Ha 3KPaAH 3HavyeHue obuien nepemeHHon Msg.

// Kom mnmoroka N1
(1) Msg = “I'm thread one”;
(2) Console.WriteLine (“Thread #1: “ + Msg);

// Kom mnoroka N2
(3) Msg = “I'm thread two”;
(4) Console.WriteLine (“Thread #2: “ + Msg);

MNepemeHHasa Msg asnaetca obuen — u3ameHeHne nepemeHHon B O4HOM MoToKe ByayT
BMAHbI B Apyrom noToke. [pu napannenbHolt paboTe NOTOKOB BbIBOA oOnpeaenaeTca
KOHKPETHOM Noc/ie0BaTeIbHOCTbIO BbIMO/NHEHUA ONEPaToOpPOB..

Ecnmn onepatopbl NepBOro NOTOKa BbINOHAOTCA 4,0 ONepaTopoB BTOPOro NOTOKa, T.6. Npu
nocneposatenbHocTu (1) — (2) — (3) — (4), TO Mmbl NoNy4aem:

Thread #1: I'm thread one
Thread #2: I’'m thread two

Ecnn ke B BbINOJHEHWE OMepaTOpPOB OAHOrO MOTOKA BMELIAOTCA OonepaTopbl Apyroro
NnoToKa, Hanpumep, npu nocnegosatenbHoctu (1) —(3) — (2) — (4), To nonyumum cneayoulee:

Thread #1: I'm thread two
Thread #2: I’'m thread two

Mpobnema rOHKM [aHHbIX BO3HMKAET He TO/NIbKO MNPWU  BbIMOAHEHUN HECKONbKUX
onepaTopoB, HO M NPW BbINOJIHEHMM OAHOTrO onepaTtopa. PaccmoTpum cneayowmii cnyyan. Oba
MOTOKA BbINONHAIOT OA4MH onepaTop Hag, obLiel nepemeHHOM X TMNa int:

[aHHbIl onepaTop npeano/siaraeT BbINOJIHEHME CAeayoWmnX AeACTBUIA:

3aTpPy3UTL 3HAUeHMe OIEPaHIOB B PEeTMCTPH IpOolieccopa
OCYWECTBUTL CYMMMPOBAaHUE
3alMcaTh pel3yJbTaT [0 ampecy IepeMeHHOM X

Mpy BbINOSIHEHMM KOMAHAHbLIX MNOC/AeA0BaTe/IbHOCTEM OAHOrO MOTOKAa HA OAHOM
NCNONHUTENbHOM YCTPOMCTBE B PaboTy MOXKET BMeLIaTbCA APYroi NOTOK. KOHeYHbI pe3ynbTaT
3aBUCUT OT OYEpPeaHOCTU BbIMOJHEHUA KOMaHAHbIX MOCAefoBaTeNbHOCTEW. ECAM MOTOKM
OCYLLLECTBNIAIOT CYMMMUPOBaHME NOCNEA0BATENbHO, TO NOly4aeM KOHeYHbIM pe3yabtat: 10. Ecau
MOTOKWM OCYLLECTBAAOT CYMMMUPOBAHNE OA4HOBPEMEHHO, TO paHHEe U3MeHeHWe byaeT 3aTepTo
NO34HUM:




Jencreua Motok Nel MoTok Ne2
3arpysKa

py 0 0
onepaHAaosB
Bbluncnenune 5 5
3anucb 5
pe3ynbTaToB 5
3HayeHue

. 5 5

nepemeHHOwM

Eule oaHOM «NOBYLWIKOM» B MHOFOMOTOYHOM 06paboTke nABnsercs pabota ¢
ANHAMUYECKMMW CTPYKTYPaMU AaHHbIX (CNUCKK, cnoBapwu). lobaBneHne 1 yaaneHue sN1eMeHToB
B AMHAMMYECKME CTPYKTYPbI AaHHbIX OCYLLECTBAAETCA C NOMOLLbIO O4HOrO MeToaa:

list.Add (“New element”);
dic.RemoveKey (Y“keyOne”) ;

Peannsauus mMeTofOB BK/AKOYAET HECKONbKO AelCTBUiM. Hanpumep, npu aobaBneHuu
3/1eMEeHTa B CMMUCOK HeobXxoAMMO 3anMcaTb 3/1EMEHT MO TEKyLWeMy MHAEKcy (yKasaTenio) u
COBWHYTb MHAEKC Ha cneaylowyo Nosvumio. Ona KOPPEKTHOro ocylecTBaeHus aobaBneHus
aN1eMeHTa OAHMM MOTOKOM HeobxoAMMO, 4YTObbl ApyrMe MOTOKUM [AOMKAANUCL 3aBepLUEHUs
MaHUMNYAALNI CO CMUCKOM.

// IDoBaBJjieHMe BJIeMeHTa B MAaCCHB I[I0 TeKyIeMy MHIEKCY
data[current index] = new value;
current index++;

Ona  peweHna npobnembl TOHKM fJaHHbIX Heobxoammo obecrneynTb B3aMMHO
WUCKNIOUYUTENbHBIA  AOCTYN K TeM KOMaHAHbIM  NOCNenoBaTe/NibHOCTAM, B KOTOPbIX
ocyuwiectBnAeTcs paboTa c pasgeniembiM pecypcom. BaMmHaa MCKAOYMTENbHOCTb O3HAYaEeT,
YTO B Ka*KAbll MOMEHT BPEMEHM C pecypcom paboTaeT TONbKO OAWH MOTOK, Apyrue MOTOKU
H610KMpPYIOTCA B OXUAAHUN 3aBepLleHns paboTbl NnepBoro notoka. ®parmeHT Koaa, K KOTopomy
AOMKeH OblTb obecneyeH B3aMMHO MCKIOUMUTENbHbLIM A0CTYN, Ha3blBAETCH KPUTUYECKOM
ceKkumei.

Mpobnema roHKM AaHHbIX HE BCerga BO3HMKAET Npu paboTe ¢ oblwen nepemMeHHOMN.
Hanpumep, B cneayrowem dparmeHTe ABa NOTOKA nepes 3aBeplIeHMEM OCYLLECTBAAIOT
N3MEeHeHWNe pa3aensieMon NepeMeHHON, @ TPETUI NOTOK YUTAET 3TO 3HAYEHME

// OBlmas nepeMeHHas
bool b = false;
//TloTox Nl

void £1 ()




DoSomeWorkl () ;
b = true;

//TloTox N2

volid £2 ()

{
DoSomeWork?2 () ;
b = true;

//ToTox N3

void £3 ()

{
while (!b) ;
DoSomeWork3 () ;

B 3TOM npumepe TPeTMii NOTOK B LIMK/E KOXKMUAAET» 3aBepLIeHns XoTa 6bl 04HOro NOTOKa.
Mpobnembl TOHKM OaHHbIX HE BO3HWKAET, HeCMOTpA Ha paboTy Tpex MOTOKOB C obLuel
nepemeHHol. MopsaaoK BbINOJIHEHMA NOTOKOB HE BIMAET Ha KOHEYHbIN pe3ybTaT. M3meHeHus,
BHOCMMbI€ NOTOKAaMM, He NPOTUBOpPEYAT APYr APYry.

MNpobnembl CUHXPOHMU3ALUK

PeweHne npobnembl rOHKM [AaHHbIX TpebyeT NpUMEeHeHUA CPeacTB CUMHXPOHWU3ALUM,
No3BONAOLWMX 06ecneynTb B3aUMHO-UCKNOUUTENBbHBIN  AOCTYN K  KPUTUYECKOM CeKUUM.
MpUMeHeHNe CUHXPOHU3ALMM FAPAHTUPYET NONYYEHME KOPPEKTHbIX PE3y/IbTaTOB, HO CHUMKAeT
bbicTpoAENCTBME NPUNOKEHMA. YeM BOo/blLe pasMep KPUTUYECKUX CEKLUIA B MPUIOKEHUN, TEM
bonbwe  [oNAa  NOCNEAOBATENbHOrO  BbLIMOAHEHWA U HUXKe  3OPEKTUBHOCTb  OT
pacnapannenusaHus. s NosblleHUs 6bICTPOAENCTBUA PasMep KPUTUUECKOWN CeKLUMN A0/KEH
6bITb NPeaenbHO MUHMMA/IbHBIM — TOILKO Te OnepaTopbl, NOC/NeA0BaATENbHOCTb KOTOPbIX He
[LONKHA NpepbIBaTbCA APYrMM NOTOKOM.

B cneaylowem dparmeHTe Kaxabli MOTOK COXpaHsAeT B pasgensemom maccuse data
[aHHble U3 daiina. [na obecneyeHusa COrNacoBaHHOrO AOCTyna K pasgensiemomy pecypcy
MCNONB3YIOTCA CPEACTBA CUHXPOHMU3ALUN.

// ToTok Nl
<Bx0OI B KPUTUUECKYID CEKLMUI>

StreamReader sr = File.OpenText (“file” + ThreadNum) ;
newValue = GetValue(sr);
data[cur index] = newValue;

cur_index++;
sr.Close () ;
<BBIXOZ M3 KPUTUUECKOM CeKLUMU>




Pasmep KpUTUYECKOM CeKuum B 3TOM pparmeHTe He onpasaaHo H6onblion. [eincTema no
NOArOTOBKE AAaHHbIX A/1A COXpaHeHMA (OTKpbITUe ¢daina, YHUKANbHOIO ANA KaXK4oro noToKa;
MOUCK U YTeHMe HeobxoaMMOoI MHPOPMaLMM) MOTYT ObITb BbIHECEHbI 38 KPUTUYECKYIO CEKLMIO:

// TloTox Nl
StreamReader sr = File.OpenText (“file” + ThreadNum) ;
newValue = GetValue (sr);
<BxoI B KPUTUUECKYI CEKLMI>
data[cur index] = newValue;
cur_ index++;
<BBIXOII M3 KPUTUUECKOMW CEeKIUU>
sr.Close();

CoBpemeHHble naaTPopmbl AN NApannesbHOro NPorpaMMMPOBAHMA, B TOM YUCaE U
cpepa Framework .NET, npeasiaratoT WUMPOKUIA BbIOOP CPeaCcTB CUHXPOHM3aALUMK. B KaxKaol
3a4a4€e NPUMEHEHME TOro UM MHOTO MHCTPYMEHTA CUHXPOHM3aLuK byaeTt 6onee 3pHEKTUBHbIM.
Hanpumep, A8 MHOroNnoTOYHOIO YBE/IMYEHUS Pa3aeNfaeMoro cCHeT4MKa MOryT NUCMOb30BaTbCsA
CpeacTBa opraHM3auMmM B3aMMHO-UCKAKUYNTENbHOTO ocTyna (06bekTbl Monitor, Mutex),
CUrHanbHble coobuleHnsa (AutoResetEvent, ManualResetEventSlim), ABOWYHbIE
cemadopbl (Semaphore). Ho makcumanbHo 3¢deKTMBHbIM  byaeT ucnonb3oBaHWe
Heb/ToKMpYoLMX aToMapHbIX onepatopos (Interlocked. Increment).

Ona paboTbl C AMHAMWYECKMMM CIMCKAMKU MOXKHO MCMO/b30BaTb Kak 0b6blYHble
KONNEKLMN C TEMWU MW UHBIMU CPeACTBAMU CUHXPOHM3AUMM, TaK U KOHKYPEHTHbIE KONNEKLMHK C
BCTPOEHHOW HEBNOKUPYIOLLEN CUHXPOHU3ALMEN.

Mpobnembl KaLMpyeMON NaMATH

Hanunumne Kawmpyemoit NnamaTu yBennumsaeT bbicTpoaeicTene 06paboTKM AaHHbIX, HO
YCNOXKHAET paboTy cucTeMbl NPU MHOrOMOTOYHOW 06paboTke. HeonTumanbHas paboTa ¢
K3WMpPyeMon NaMATbI0 MOXKET CUbHO CHU3UTb 3G EKTUBHOCTb NapanienbHon 06paboTKu.

Kaw-namATb Kakaoro npoueccopa (Agpa npoueccopa) HaMOAHAETCA AaHHbIMW,
HeobxoAMMbIMKU ANA PaboTbl MNOTOKA, BbIMOAHAIOLWErocA Ha 3TOM npoueccope. Ecam notoku
paboTaloT Cc O6WMMKM JaHHbIMM, TO Ha annapatHOM YpPOBHE [AOJ/IKHa obecneymBaTbCA
COrlacoBaHHOCTb COAEPMKUMOr0 K3W-Namatu. M3ameHeHne obuwei nepemeHHoOW B OAHOM
NOTOKe, CUTHANN3UPYET O HeAEeNCTBUTENbHOCTM 3HAYEHUA NEPEMEHHOM, 3arpyeHHON B Kall-
namaTb gpyroro npoueccopa. MNpu 3Tom HEOBXOAMMO COXPaHWUTb 3HAYeHUe NepemeHHOWN B
onepaTMBHON NamMATU U 0BHOBUTL K3LWI-NaMATb APYrMX NpoLeccopoB. boabluaa MHTEHCMBHOCTb
M3MEHEHWNI 0BLWNX NepeMeHHbIX, KOTOPbIE MUCMO/b3YIOTCA B HECKOIbKUX NMOTOKaX, NPUBOAUT K
60NbLIOMY YMCAY OWMBOK KIW-NAaMATU (KILW-NPOMaxn) M YBENIUYEHWNIO HAKNaAHbIX Pacxonos,
CBA3aHHbIX C 06HOB/NIEHMEM K3LWW-NamATH.

PacnpocTpaHeHHON npobneMon K3aWw-NamsaTU ABAAETCA TaK HaA3blBAEMOE JOXKHOe
pasgeneHue aaHHbIx (false sharing). Mpobnema cBa3aHa c TeM, YTO NOTOKMU PabOTalOT C PasHbIMU
nepemMeHHbIMM, KOTOpble B ONEPATUBHON NAaMATU PacnosioxkeHbl ¢pusmyeckn 6amnsKko. [eno B




TOM, YTO B K3LW-NAaMSATb 3arpy*KaeTca He KOHKPeTHas nepemMeHHas, a 610Kk NnamaT (CTPOKa Kawwa),
coAepKallas HeobxoAMMyHo NepeMeHHYI0. Pasmep CTPOKM KaLla MOXKeT cocTaBaAaATb 64, 128, 512
6anT. Echv B 0OHOM CTPOKEe K3lWa PacnofioXKeHbl HECKO/IbKO MepeMeHHbIX, UCMNOJIb3yeMbIX B
Pa3HbIX MOTOKAX, TO B K3LW-MaMATb KaXK40ro npoueccopa byaeT 3arpy’KeHa ogHa 1 Ta e CTPOKa.
Mpn M3MeHeHMM B OAHOM MOTOKE CBOEW MNEePEeMEHHOW, COAEepPXMMOE K3IW-NaMATU APYrux
NPOL,ECCOPOB CYMTAETCA HEAENCTBUTENbHBIM N TPebyeT 06HOBNEHUA.

B KauecTBe MAAOCTPaLUKM NPoBAeMbl OXKHOTO pas3feNeHns PacCMOTPUM CleanyoLLmii
¢dparmeHT. B nporpamme o0b6bABAEHA CTPYKTYPa, COAEPKALLAA HECKONbKO NONEN.

struct data
{
int x;
int y;

MepBbili NOTOK paboTaeT TONbKO C MOJIEM X, BTOPOM NOTOK paboTaeT TO/IbKO C NONEM Y.
Taknm 06pasom, pasaeneHma AaHHbIX U NPo6ieMbl TOHKM AaHHbIX MeXKAy NoToKamu HeT. Ho
nocnenoBaTeNibHOE PACMo/ioXKEeHUEe B MaMATU CTPYKTypbl data, NpMBOAMUT K TOMY, YTO B K3LU-
NamaTb OAHOrO U APYroro NPOLLeccopa 3arpy»KaeTcsa CTpoKa pasmepom 64 6anT, coaeprkalas
3HayeHua u nona x (4 6anta), n nona y (4 6anta). NMpn U3MeHeHUU Nosa B OAHOM MOTOKeE
NponcxoauT 0B6HOBNAEHME CTPOKM KILLA B APYrOM MOTOKE.

// ToTox Nl
for (int i=0; i<N; i++)
datal.x++;

// Torox N2
for (int 1=0; i<N; i++)
datal.y++;

Y106bI M36EXkKaTb nocnenoBateqIbHOro pacnosioxeHmA nonen x u Y B NaMATU, MOXKHO
MCNoNb30BaTb AONO/IHUTE/IbHbIE MPOMEKYTOUHbIE NONA.

[pyroii noaxop 3akntoyaeTcA B ABHOM BbIPaBHMBAHWM NOnen B NAaMATU C MOMOLLbIO
aTpubyTa FieldOffsetAttribute, KOTOpbIN onpeaeneH B NnpocTpaHcTBe

System.Runtime.InteropServices:

// $IBHOe BHIPABHMBAHME B IaMATU
[StructLayout (LayoutKind.Explicit) ]
struct data
{
[FieldOffset (0)] public int x;
[FieldOffset (64)] public int y;




Mpu poctaToyHO 6onblwiom 3HaYeHMM N, pasHUUa B ObICTPOAENCTBUMM Koga C
pasgeneHuem Kawa u bes pasgeneHns moxet gocturatb 1.5 — 2 pas.

Bce xe cambim 3PPEeKTUBHbIM peLleHMemM MpuM HesaBMCMMOM 06paboTke none
CTPYKTYpbI ByAeT NpUMeHeHUe NOKa/lbHbIX NepeMeHHbIX BHYTPU KaKAoro noTtoka. PasHuua B
ObICTPOAENCTBUM MOXKET AOCTUTATb HECKO/IbKUX A,eCATKOB.

Moaenu napannenbHbix NPUNOKEHWN

CylecTByIOT c/iegytoLimMe pacnpoCcTpaHeHHble MOAENW NapaneNbHbIX MPUNONKEHWNN:

® MOAeNb AenernpoBaHua («ynpasnaoWmn-pabouminy);
® CeTb C paBHOMPABHbIMMK y3/1aMu;
® KoHBeliep;

® MOAeNb «nponssoauTen b-l'lOTpEGMTEI'I b»

Kaxpgaa mopenb xapaktepusyetca cobCTBEHHOW pgekomnosuumert paboT, KoTopas
onpeaenseT, KTO OTBEYAET 33 NOPOXKAEeHME NoA33a[ay U NPU KaKUX YCIOBUAX OHU CO3aatoTcs,
KaKne MHGOPMaLMOHHbIE 3aBUCMMOCTU MEKAY NOA33a43a4aMU CYLLECTBYIOT.

Modensb OnucaHue
Modesnb LleHTpanbHbIA NOTOK («ynpaBasowWmiA») co3gaeT «paboyne» NOTOKU U
Oese2upos8aHuA Ha3HA4yaeT KaxKAOMY M3 HUX 3a4avy. YNpasBnAloWMA NOTOK OXMAAeT

3aBeplleHmMA paboTbl NOTOKOB, COBUpPAET pe3ybTaThl.

Modensb ¢ Bce NOTOKM MMetoT 0ANHaKOBbIV paboumnii cTaTyc.

pasHoONpasHeIMU

y3namu

KoHseliep KoHBelepHbIit Noaxos npumMeHseTcs Ans No3TanHon obpaboTKkmM NoToKa

BXOAHbIX AaHHbIX.

Modesno YacTHbI cnyyalh KoHBelepa C OAHUM MNPOU3BOAUTENEM W OLHUM
«npouzsodumens- | noTpebutenem.
nompebumens»




