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Hacrosimme Meroauueckue yka3aHus MpeHAa3HAuY€Hbl [UJISl CTYACHTOB
HanpasieHuss noaroroBku 09.03.02 MudpopMauroHHbIE CUCTEMBbI U TEXHOJOTHUHU.
OHu pa3paboTaHbl B COOTBETCTBUM C (penepanbHbIM TIOCYIapCTBEHHBIM
00pa3oBaTeIbHBIM CTAHIAPTOM BBICILIETO 00pa30BaHUSI.

B Meronuueckux — yKa3aHUSIX ~ pacCMOTPEHbl  NpPaBWIA  CO3JIaHUS
MHOTOIMOTOYHBIX MNPWIOKEHUH, CHHXPOHHU3AIMS JIOCTYNMa MOTOKOB K 00IIeMy
pecypcy, cuHxpoHuzaius mpoieccoB u nportokonoB B WIN 32. [lpuBeneHs
npuMepbl nporpamm Ha s3eikax C++ Builder, VisualC++. Jlanel 3amanus 1is
CaMOCTOSATENILHOM pPabOThl W TMPHUBEJEH CIHCOK PEKOMEHAYEMbIX HCTOYHHUKOB

JUTEPATYPBHIL.
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JlaGopaTopnas padora Nel
[ToToxu B Windows

JInst co3maHus MHOTOMOTOYHBIX MPUJIOKEHUW B Cpelie MPOrpaMMUPOBAHUS
C++Builder wucmonp3yercss abcrpakTHbii  Kimace T Thread, mo3Bosnstomuit
CO3/1aBaTh OT/ICJIbHBIC TTOTOKH Tpoliecca. [ 3Toro HeoOX0AMMO CO3/1aTh MOTOMKA
knacca TThread, Ka>xapIil HOBBIN IIOTOMOK SIBIISICTCS HOBBIM IIOTOKOM.

[Ipu opranuzanyu MHOTOIIOTOYHBIX MPUIIOKEHUHN CIIEAYET MPUICPKUBATHCS
CHEAYIOIINX MMPABWUIL:

- HE CIIeAyeT OPraHW30BHIBATH CIMIIKOM MHOTO IMOTOKOB, PEKOMEHIYEMbIN
npeaen — 16 TOTOKOB Ha OJWH TMPOIECC HAa OJHOMPOIECCOPHOM
KOMITBIOTEPE,

- KOrJa HECKOJbKO IOTOKOB HCIHOJB3YIOT OOMIMA pecypc, OHU JIOJDKHBI
CUHXPOHU3HUPOBATHCSA Il H30€KaHUS KOH(PIUKTOB.
enbto naHHOW J1abopaTOpHOUM pabOTHI SABISETCS H3YYEHHUE CBOMCTB,

METOJIOB M coObITHI Kitacca TThread mns HamucaHUsS TPOCTHIX MHOTOIMOTOYHBIX
PWIOKEHUH. 1Sl MOBBIIICHUST HATISATHOCTH PabOThI, MOTOKU OYyAyT HANpPSAMYIO
oOpamaTbcsi K CBOMCTBAM M MeTojaM KoMIloHeHTOB OubOimmoreku VCL -  MeTkam
(Label), naaukaropam mporiecca BoimoHeHus (ProgressBar) u KHorkam., 9to, BOoOIIIe,
HE JIONMYCTUMO U332 TMOTEHIMAIbHOW BO3MOXKHOCTM BO3HUKHOBEHHs MpobieMam
CUHXpOHM3aIMKU JIocTyna. OMHAKO, yUUTHIBAs yUEOHBIN XapakTep JaHHBIX MPOrpaMM U
MUHUMAJIBHYIO BEPOSITHOCTH OTHOBPEMEHHOTO HCIOJIG30BAHHS PECYPCOB, MBI C/IEIAEM
JIOMYIIIEHUE, YTO OOIIMX COBMECTHO UCIIONh3YEMbIX Pa3HBIMU IIOTOKAMH PECYPCOB Y HAC
HET U pacCMaTPUBATh BOIIPOCHI CHHXPOHU3AIMH B IAaHHOU paboTe He OyieM.

1. KIIACC TTHREAD

CBOMCTBA (PROPERTIES)

FreeOnTerminate

B __property  boolFreeOnTerminate =  {read=FFreeOnTerminate,

uo: write=FFreeOnTerminate, nodefault};




Onuc.: OnpenenHeT, YHUYTOXHUTCA JIM ABTOMATHYCCKHU 06’beKT IIOTOKa IIPpH
3aBeprieHun mnotoka. Ecmm  FreeOnTerminate = wuctuHa, TO OOBEKT
YHUYTOXKACTCA aABTOMATUYCCKHU, B IPOTHUBHOM CJlydac Cro HCO6XOI[I/IMO
yHUUTOXAaTh siBHO (delete).

Iipum.: void  fastcallTtestThread: :Execute () {

int Result
FreeOnTerminate=true;
for (inti=0; 1<10000; i++) Result+=sin(i);
¥
Handle

Buo: __property int Handle = {read=FHandle, nodefault},

Onuc.: BosBpamaer aeckpuntop mnotoka. HeoOxoaum mpu HCHOIB30BAHHUU
WInAPI dysKImid.

Ilpum.: P1->Resume () ;

int HT=Pl->Handle;
Forml->Label2->Caption = IntToStr (HT);
Priority

Buo: enumTThreadPriority {tpldle, tpLowest, tpLower, tpNormal, tpHigher,
tpHighest, tpTimeCritical};

__property  TThreadPriority Priority = {read=GetPriority,
write=SetPriority, nodefault};

Onuc.: Onpenensier OTHOCUTENbHBIN IPUOPUTET MOTOKA.

Ipum.: Pl = new IvanovPl (true);

Pl->Priority = tpNormal;
P1->Resume () ;
Suspended
Buo: __property bool Suspended = {read=FSuspended, write=SetSuspended,

nodefault};




Onuc.: OnpeneneHrue COCTOSHUS, a TaKXe [MPUOCTAHOBKA/TIPOJIOJDKEHUE
BbINOJIHEHUs ToToka. Eciu Suspended = true — moTok mpuocTaHaBIMBAETCA.
Ha false — mpomomkeHre BBITOTHEHUS.
Ipum.: first->Suspended=true; //OcTaHoBKa BEIIOJIHEHM S
IIOTOKa
first->Suspended=false; / /TlponoirxeHme BBINIOJIHEHU A
IIOTOKaA
Terminated
Buo: __property bool Terminated = {read=FTerminated, nodefault};
Onuc.: Omnpenensier, Obu1 1M 3aBepiieH mnoTok. Meroxa Execute nomken
neproauyecku nposepATh Terminated, u Beixonuth, ecnu Terminated = true.
Meton Terminate ycranaBnuBaer Terminated B true.
Ilpum.: void  fastcallTMyThread: :Execute ()
{
while (!Terminated) {
}
}
ThreadlD
Buo: __property intThreadID = {read=FThreadID, nodefault};
Onuc.: [Tonyyenue naeHTHPUKATOPA TOTOKA.
Ipum.: int id=first->ThreadID;
METO/1bl (METHODS)
DoTerminate
Buo: virtual void __fastcallDoTerminate(void);
Onuc.: I'enepupyer cobeiTe OnTerminate, HO He 3aBepIlIaeT MOTOK.
Execute
Buo: virtual void __ fastcall Execute(void) = 0;
Onuc.: Yuctelil BUpTYyanbHbld MeTOHA. COEPKUT UCIIOIHAEMBIN KOJI MOTOKA.




Ipum.: void  fastcall IvanovPl::Execute ()

{

float s = 0;

for (inti=0;i<N;i++) {
s+= sin (i) + cos(1);
Forml->ProgressBarl->Position = 1i;

if (Terminated) return;

Resume
Buo: void __ fastcall Resume(void);
Onuc.: BrinonHenue mwin Bo300OHOBIIEHHUE BBIITOIHEHUS IMIPCPBAHHOI'O IIOTOKA.
Ilpum.: first->Resume () ;
Suspend
Buo: void __ fastcall Suspend(void);
Onuc.: HpI/IOCTaHOBKa BBITIOJTHCHUS ITOTOKA.
Ipum.: first->Suspend() ;

Synchronize

Buo: typedef void __ fastcall (__closure *TThreadMethod)(void);
void __ fastcall Synchronize(T ThreadMethod&Method);

Onuc.: BrimonHseTr BBI30B MeTOJa B mOpenenax ocHoBHoro mnoroka VCL.
[Mapamerp Method umeer tun TThreadMethod (o3nauaromimii nporeypHbIi
METOJ, HE HWCIOJB3YIOUIMH HUKAKUX MNapameTpoB). Meros, nepenaBacMblii B
KayecTBe mapamerpa Method, u sBisieTcss Kak pa3 TeM METOJOM, KOTOPBIH 3aTeM
BBITIOJTHSICTCS. M3 OCHOBHOT'O ITOTOKA MPHIIOKEHHUS. SYNChronize ucnonb3yercs s
YCTPAHEHHUs]I MHOTOMOTOYHBIX KOH(IHMKTOB. Ecim HET yBEpEeHHOCTH, dYTO
KaKOM-TO METOJ| SABJISIETCSl MOTOKO-0€30MAacHbIM, €ro CJeayeT 3amycKaTb B

npenenax rinaBHoro VCL notoka nocpeactsom nepenayu B Synchronize.




Ipum.: void  fastcallTMyThread: :PushTheButton (void)
{
Buttonl->Click() ;

}
volid  fastcallTMyThread: :Execute ()
{
Synchronize (PushTheButton) ;
}

Terminate

Buo: void __ fastcall Terminate(void);

Onuc.: YcraHaBiuBaeT CBOMCTBO Terminated B WCTHHY, CUTHAIH3UPYS, YTO
MOTOK JIOJDKEH 3aBEPIIMTHCS OBICTPO, KaK TOJIBKO 3TO BO3MOXKHO. B oTiuume
or WInAPI ¢yskmun  TerminateThread, koTopas BBIHYKITaeT TIOTOK
3aBepIIUTHCS, Terminate mpocTo CHTHAIM3UPYET O HEOOXOJUMOCTH
3aBEPLICHUS.




Ipum.: void fastcall IvanovPl::Execute ()

{
float s = 0;

for (inti=0; i<N; i++) {
s+= sin (i) + cos (i)
Forml->ProgressBarl->Position = 1i;

if (Terminated)goto al;

al:; Fa = s;

}

[/ =mmmmm e

void _ fastcall TForml::Button5Click (TObject
*Sender)

Pl->Terminate () ;
}

TThread

Buo: __fastcallTThread(boolCreateSuspended);

Onuc.: Konctpyktop.  Co3zmaer  oOpazery  oObekta  moToka.  Ecim
CreateSuspended - false, metonm Execute OynaeT BbI3BaH HEMEIJICHHO, B
IPOTUBHOM CJIy4ae MOTOK OyJeT CO3/laH B MPUOCTAHOBJICHHOM COCTOSIHUU U
JUISL €T0 3aIyCKa HE0OX0AMMO BbI3BaTh MeTo] Resume.

Ipum.: TMyThread *Second = new TMyThread(true); //
co3maTh, HOHE3aNyCKaTb
Second->Priority = tpLower; //
YCTAHOBKAIIPMOPUTETAHMXKXEHOPMAJIBHOT'O

Second->Resume () ; // 3anyckmnoToka
WaitFor
Buo: int __fastcallWaitFor(void);




Onuc.: OxujaHue 3aBeplIeHUs TOTOKA.

Ipum.:
first->Resume () ;

first->WaitFor () ;

second->Resume () ;

B nanmnom mpumepe nBa motoka first m second OyayT BBIOTHATHCS

OoCJICA0BATCIBbHO. IToTok SeCond HAYHCT  BbIIIOJHATHCA TOJIBKO 10
3aBepIIICHUH BBITIOJHEHMS moToka first.
COBBITHSI (EVENTS)
OnTerminate
Buo: __property  TNotifyEventOnTerminate =  {read=FOnTerminate,
write=FOnTerminate};
Onuc.: CoObITHE TIPOMCXOJUT IMOCTE BBIXOAa M3 MeToja Execute HO mpexre,

YCM IIOTOK 6y,Z[CT YHHUYTOIKCH.

Ipum.: P1->OnTerminate = ThreadDone;

2. BAJJAHUE K JIABOPATOPHOM PABOTE Ne 1

1) PazpaboTtarh mporpammy Juisi BBIYMCIEHHS ONPENEIEHHOT0 HHTErpaia oT
3aJJaHHOM (QYHKIMM HAa 3aJlaHHOM OTpPE3KE METOJOM MPSIMOYTOJIbHUKOB.
[Iporpamma noskHa pa3OMBAaTh OTPE30K HAa TPU pPaBHBIE YACTH, 3aIyCKaTh IO
BBIOOPY BbIUMCIEHUS HA KaxoM oTpeske 1o 10000 3naueHuit 1ubo napaiiennbHo,
aubo  mocienoBaTenbHO,  O0ecrneyuBaTh  MPUOCTAHOBKY W IpepbIBaHUE
BBIUMCIICHUW, YCTAHOBKY NPHOPUTETa KaXJIOro IOTOKa, N0 OKOHYAHHH
BBIYMCIICHUN CJIOKUTh WX PE3YJbTaThl U MTOJYYUTh OTBET.

Bapuant OyHKIUA OTtpe3ok
1 sin(x)*cos(x?) [0, 10]

2 In(x)+10*cos(x) [0, 8]

3 x2-10*x+sin(x) [3, 9]

4 2* [ x3 [4, 10]

3) 15*cos(2*x)/In(x) [2, 8]




6 In(x)-2*sin(3*x) [3, 10]
7 2% —1g(x) [1, 3]
8 3*x3/sin(x) [0, 6]
9 xX* — 10*sin(5*x) [1, 4]

2) PazpaboraTh nporpammy ajisi cpaBHEHUS 3P(HEKTUBHOCTH IBYX 3aJIaHHBIX
QITOPUTMOB COPTHUPOBKU IMyTEM HX OJHOBPEMEHHOI'O 3allyCKa Ha ClydailHOM
MaccuBe u3 50000 meneix uwmcen. OOecneduTh BBIBOJ OTCOPTHPOBAHHOM
nocJeaoBaTebHOCTH B (paitn. [IporpamMma moimkHa 0TOOpaKaTh X0 BEIYMCICHUH,
JIOTTyCKaTh MPUOCTAHOBKY U IIPEPHIBAaHUS BHIYHCICHUM.

Bapuant Anroputm 1 Anroputm 2

1 beicTpas O6menamu
(y3BIpeK)

2 IIupamuganbHas BceraBkamu

3 CaustaHrem brictpas

4 Bri6opom [IupamuanbHas

5 bricTpas BcraBkamu

6 CnusiHueM O6menamu
(my3BIpeK)

7 [TupamuanbHas Bri6opom

8 Ob6menamu [MupamunansHas

9 CnusiHuem BceraBkamu




JlaGopaTopHnasi paGora Ne2

CuHXpOHU3alKs 10CTyNa MOTOKOB K rpa)uuecKum
KOMITIOHEHTaM. crionb30BaHKe MOTOKOB B 3a7ja4ax

HMMUTAITUOHHOI'O MOACIINPOBAHUA.

Ilenpt0o maHHOW J5A0OPATOpPHOW paOOTHI SABISETCS HW3YYECHHUE METOOB
CHHXPOHHU3AILUK JOCTYIa MMOTOKOB K 00I1eMy pecypcy (kaHBe o0bekTa PaintBox) ¢

IMOMOILbI0 KOMITOHEHTOB OnOymorexku VCL.

CHHXPOHM3AIIUSA JOCTYIIA
1. Metoa Synchronize knaccaT Thread
[TpsiMoit mocTynm K CBOMCTBAM WM MeToAaM KoMmoHeHToB OuoOnmmotekn VCL

CIIeIyeT BBINOJHATh TOJIBKO M3 OCHOBHOIO IMOTOKa NpuioxkeHus. T.e., jar000M Ko,
MOTYYAOIIMA TPSIMOW  JIOCTYNT WJIM  OOHOBIISIFOIIME  JTAHHBIC TOJIb30BATEIHCKOTO
uHTepderica B MPUIOKEHUH, TOJDKEH BBITIOHATHCS B KOHTEKCTE OCHOBHOT'O TTOTOKA.

B kmacce TThread onpenenen meron Synchronize, KoTopblii MO3BOJISCT BHI3bIBATH
HEKOTOpBIE M3 METOJOB JTOr0 Kiacca MPSMO M3 OCHOBHOTO IOTOKA IPHIIOKEHUSL.
Ornpenenenue metoa Synchronize uveer BUI:

void  fastcallSynchronize (TThreadMethod&Method) ;

[Tapamerp Method umeer tun TThreadMethod, o3navarommii mporeypHBINA
METOJl, HE WCHOJB3YIONINA HUKAKHX MapaMeTpoB. Meroa, mepenaBacMblii B
KayecTBe mapameTpa Method BeImoTHAETCS W3 OCHOBHOTO IMOTOKA MPHIIOKCHHS.

[Ipu mepBoM co31aHMK BTOPUYHOIO TOTOKAa B MpUiIokeHHHW, oubmuorexka VCL

Co31acT U JaJIcC MOAACPKUBACT CKPBITOC OKHO ITOTOKA B KOHTCKCTC CBOCI'O OCHOBHOI'O
IIOTOKa. EI[HHCTBCHH&H ICJIb 3TOIr0 OKHA COCTOHUT B OPraHH3allMH IT0CIICAOBATCIIbHOCTH

BBI30BOB TPOIIE/TY, BHITIOJIHEHHBIX TIOCPEICTBOM MeToa Synchronize().

2. MeTtoapl, BKII0YeHHbIEe B Kiaacchl VCL
Hexotopeie o00bekthl Oubmumoreku VCL (TCanvas, TGraphicsObject,

TCustomWinSocket, TlInterfaceList, TThreadList) ocHamieHsl BCTPOCHHBIM

MEXaHM3MOM 3alllUThl BHYTPEHHHX AaHHBIX — wmerogamu Lock u Unlock,



0a3upyIONMMKCS Ha MPUMEHEHUU Kputuueckux cekunuii Win32 APl. B nanHoi
naboparopHoii pabore OymeM ucmoib3oBath Meroabl LOCK u Unlock kiacca

TCanvas [uist CHHXpOHHU3aIUH TOCTYTIa K X0oJcTy o0bekTa PaintBox.

3AJIAHUE K JABOPATOPHOM PABOTE Ne 2

Pa3paboraTe mporpaMMy € HCIOJIb30BAaHUEM IMOTOKOB JJIsi MOJAEIUPOBAHUSA
JBIKEHUST OKPY>KHOCTE BHYTpHM HpsiMOoyrojibHuKa. Ilpu  cTonKHOBEHUHU
OKPYXHOCTEH CO CTEHKAMH U JIPYT C APYTOM MPOUCXOJUT OTPAKEHUE MO 3aKOHAM
YOPYTOIo COyAapeHHUsl.

[lporpamma  1OMKHA  copeplkaTh  HpsSIMOYroidsHUK  PaintBoxc
OKPYXXHOCTSIMM,  JOJDKHA  [O3BOJIATH  33/laBaThb  HA4yaJbHOE  IOJIOKECHHE
OKPYXHOCTH, HA4aJlbHyl0 CKOPOCTb W HAINpaBJICHUE NBWXKCHHS, 3allyCKaTh U
OCTaHaBJIMBaTh JBWKeHHE. lIporpamma noiKHA MOAAEPKUBATH BBHIOOP M3 TpPEX
METOJOB CHUHXPOHM3ALMM JIOCTyNa K XOJICTYy: OTCYTCTBME€ CHHXPOHHU3aLUH,

CHHXPOHM3AIMM d4epe3 Merox Synchronize, cuHXpoHM3aIMU dYepe3 MeEToj

Lock/Unlock.



JlaGopaTopHasi padora Ne3

CpenactBa cunxponuzanun Windows 32

JIns CMHXpOHM3AIlUM TPOIECCOB W TOTOKOB B Win32 mpeaycMOTpeHO
YeThIpe MEXaHU3Ma:

* KpUTHUYECKUH pa3lied,

* UCKJTIOUaronui ceMadop (00bEKT THIa mutex);

* coOnITHE (eventobject);

* KJIaccuyeckuii cemadop.

PaccmoTpuM OTAENBHO KaX bl U3 3TUX MEXAHU3MOB.

1. KpuTnuecknin pasgen

Kputnueckuit pa3gen - 370 4acTh KOJa, JOCTYIl K KOTOPOMY B JaHHOE BPEMs MMEET
TOJIbKO OJIMH MOTOK. /[pyroil mOTOK MOXET OOpaTUThCS K KPUTUYECKOMY pas3zieny, TOJIbKO

KOTJ1a IIEPBbIA BBIMAET U3 HETO.

[IpeanonoxuM, 4YTO IOTOKM pa3JEstoT HEKOTOPBIE IEPEMEHHBIE WM
CTPYKTYpPY JaHHBbIX. YacTo 3TH CJIOKHBIE NEPEMEHHBIE WM CTPYKTYPhI JTaHHBIX
JOJKHBI OBITH COIVIACOBAHHBIMU MEXIY co00i. OnepalMoHHas CUCTEMa MOKET
pepBaTh NOTOK BO BpEMsi OOHOBJICHHSI ITUX IEPEMEHHBIX. B 3TOM ciydae MoToK,
KOTOPbIM 3aTeM MCHOJB3YeT JTH IMepeMeHHble, OyAeT HMeTb Jel0 C
HECOTJIaCOBAaHHBIMM JaHHBIMU. B pe3ynbrare MOXKeT BO3HUKHYTh CHUTyalus,
npUBOASIIAA K Kpaxy nmporpammbl. CpecTBOM UCKIIIOUEHHS MOJOOHBIX CUTYAaIHi
U SBISIETCS KpUTHUECKUU paszfen. g paboTel ¢ KpPUTHYECKUMH paszjesiaMu
UCIIOJIB3YIOTCS ClIeyoIne QyHKIUU:

VOID InitializeCriticalSection(LPCRITICAL_SECTION IpCriticalSection)
- HHULMAIN3alHs CHHXPOHHU3aTOpa TUIIA KpUMUu4ecKull pazoe.

IpCriticalSection - ykazarens Ha nepemennyto tuna CRITICAL SECTION.
Tun pganneix CRITICAL SECTION  sBiserca  CTpPYKTypol, ee  moJs
UCTIOJIB3YIOTCS TOJIbKO Windows.

VOID EnterCriticalSection(LPCRITICAL_SECTION IpCriticalSection) -
3aMpOCHABXOJIBKPUTHUECKUIPA3IEIL.

VOID LeaveCriticalSection (LPCRITICAL_SECTION IpCiriticalSection) -
BBIXOJIU3KPUTHUECKOTOpa3iena.

VOID DeleteCriticalSection(LPCRITICAL_SECTION IpCiriticalSection) -
yIaJIeHUEKpUTHIECKOropasena (0OBIYHOMPUBBIXOICU3ITPOIPAMMBI).

Urak, TUISL CO3JaHMs KPUTHUECKOIO  paszfesna  HeoOX0IuMO
ununmanuzupoBath  cTpyktypy  CRITICAL SECTION. Co3maB  00BEKT
CRITICAL SECTION, MbI MOxkeM paboTaTh C HUM, T.€. MOXKEM 0003HAUYHUTH KO,
JOCTYIl K KOTOpPOMY JJIsi OJHOBPEMEHHO BBINOJHSIOIIMXCS 3a7a4 Tpedyercs
CUHXpPOHU3UpOBaTh. EciuM OIWH NOTOK BOWIEN B KPUTHYECKHM  pa3ien, To
CIIeyIOmUH TOTOK, BbI3bIBas ¢yHkiuio EnterCriticalSection ¢ Tem ke caMbIM
oobexktom THIa CRITICAL SECTION, Oynmer 3aaepkaH BHYTPH (YyHKLHUH.
Bo3Bpar mnpou3ouAeT TONBKO TMOCIE TOro, Kak IIEPBbIA IIOTOK ITOKHMHET



KpUTUYECKUN paszen, Boi3BaB QyHkiuio LeaveCriticalSection. B 3ToT MOMeHT
BTOpPOM TIOTOK, 3anepkanHbli B  (¢yHkiuu EnterCriticalSection, craner
BJIAJICNIBIIEM KPUTHYECKOTO pasjiefia, ¥ €0 BBIMOJTHEHUE OyeT BO30OHOBIIEHO.

Korna o0bekT kpumuueckuii pazoen OOJNblIE HE HYXXEH MPOTPAMME, €ro
MOXKHO ynanuTh ¢ nomoinbto (yHkiuu DeleteCriticalSection. DTo mpuBeaeTr k
OCBOOOXKJICHHIO BCEX PECYPCOB CHCTEMBI, 3aJICMCTBOBAHHBIX IS ITOIIACPIKKH
00BEKTa Kpumuueckuil pasoei.

3amMeTHM, YTO BO3MOXKHO OIpEJEICHUE HECKOJIbKUX OOBEKTOB THIA
Kpumudeckuii pazoen. Eciii B IporpaMMe UMEETCsl YeThIpe MOTOKA, U JIBa U3 HUX
pa3NensaoT OJIHU JaHHbIE, a JIBa JPYTUX - APYrue, TO MoTpedyeTcs nBa 00bheKTa
TUTIA KPUMUYECKULL pa3oell.

PaccmoTrpum Tako# mpumep. Mbl XOTHM 3alIMCHIBATh U CUYUTHIBATH 3HAUCHUS
U3 HEKoero riao0ampHOro MaccuBa mas. [IpudeM 3amuch W CUUTHIBAHUE JTOJKHBI
MIPOU3BOJAMUTHCS JIBYMsI Pa3HBIMH TOTOKamMH. BTojiHE €CTEeCTBEHHO, UTO JIydIIe,
€CJIM 3TU JIeUCTBUS HE OyIyT BBINMOIHATHCA OAHOBpeMeHHO. [loaToMy BBemem
OTpaHUYCHHE HA JJOCTYIT K MACCHBY.

Jlucmune 1. OrpanmyeHWE O0CTyONa K MACCHBY C HCHOJB30BAHUEM
KPUTHUYECKUX DA3JIEIIOB

// MaccuB 3HAUEHHIA.

intmas[1000];

// Kputnueckasi CeKIusi, peryupyomnas J0CTyln K MacCUBY
CRITICAL_SECTION CritSec;

{

// NHAIMATM3UpyEeM KPUTHICCKUN pa3aen
InitializeCriticalSection(&CritSect);

/] 3anyckaeMIoToku

Threadl -> Resume;

Thread2 ->Resume;

... Il TekcTrporpaMmsi.

//'Y nansem oOBbEKT KPUTUUECKOTO pa3jesa
DeleteCriticalSection(&CritSec);

}

// TIepBBIi OTOK: 3aMMMCh B MACCUB JJAHHBIX
{ // 3anuch 3HaUEHUSI B MacCUB
// 3ampoc Ha BXOJl B KPUTHUYECKHU pa3iesn
EnterCriticalSection(&CritSec);
// BoImoTHEHUE KOJIa B KPUTHUECKOM pa3iene
for(inti = 0;i<1000;i++)
{
mas[i] = i;

}



// BpIX0[1 M3 KPUTHUECKOTO pa3jiena;

// 0cBOOOXKTaeM KPUTHUECKUIN pa3est Juisl 10CTyTa

// Kk HEeMy IpyTHuX 3a1a4
LeaveCriticalSection(&CritSec);

// 3aBeplIaeM MOTOK

}

// BTOpO¥ MOTOK: CUUTHIBAHUE JAHHBIX U3 MAaCCUBA
{ // CunuThIBaHHUE 3HAYEHUN U3 MACCUBA

int j;

// 3ampoc Ha BXOJl B KpUTUUYECKHM pa3nien
EnterCriticalSection(&CritSec);

// BBITIOTHEHUE KOa B KPUTHYECKOM pasierie

for(inti = 0;i<1000;i++)

{

] = masl[i];

¥

// BBIXOZ1 U3 KPUTHYECKOIO pa3jiena:

// 0cBOOOXKIaeM KPUTUUECKUI pa3en sl J0CTyna

// K HEeMy Opyrux 3aaad

LeaveCriticalSection(&CritSec);

¥

W xoTs mpuBeeHHBIN HAMU MIPUMEP MOJT0OHOTO OTpaHUYCHUS (CM. JTUCTHUHT
1) 4upe3BbIUAMHO YMPOIIEH, OH XOPOIIO MJUTFOCTPUPYET pabOTy CHHXPOHHU3ATOpA
TUMA KPUTUYECKUM pasjen: Moka OJHUH IMOTOK '"BiajeeT' MAacCHUBOM, IpYyrou
JOCTyNa K HEMY HE UMEET.

Bxon B KpUTHYECKYIO CEKIMIO YK€ 3aHSBIIUM €ro MOTOKOM BO3MOXEH
T1000€ KOMMYECTBO pa3 (CTONBKO e pPa3 HEOOXOAMMO BBITIOJHUTH OIEPAIHIO
BBIXO/1a).

2. Vickntovatowmii cemadop (mutex)

Enie onvH BUJI CHHXPOHU3ATOPOB - UCKItOUaronuii cemadop. OCHOBHOE €ro
OTIWYHE OT KPUTHUYECKOTO pPa3jesia 3aKIF0YaeTCsl B TOM, YTO TOCICTHUN MOYKHO
UCIIOJB30BaTh TOJIBKO B TMpeJenax OJIHOro mpolecca (OJHOTO 3amylieHHOTO
NPWIOKEHHUS), a HMCKIIYAIONUMUA ceMadopaMl MOTYT TOJb30BaThCsl Pa3HbIE
nporecchl. J[pyruMu cioBamMu, KpUTHYECKHUE Pa3/iebl - 3TO JOKAIbHBIC 00BEKTHI,
KOTOpBIE JOCTYITHBI B paMKaX TOJbKO OJHOW NPOrpPaMMbl, a HMCKIIOYAIONINE
cemaopel  MOTyT  OBITh  TVIOOATBHBIMU  OOBEKTAMHU,  MO3BOJISIOIMIMMU
CUHXPOHU3UPOBATh paboTy mporpamMm (T. €. pa3Hbie 3aIMyIICHHbIC MPUIIOKECHUS
MOTYT pa3IeNATh OAHHU U T€ e JaHHbBIE).

PaccmoTpum ocHOBHBIE (yHKIIMH 7151 pa0OTHI ¢ 00BEKTaMH muteX.

1. Co3nanueodobexkTamutex:

HANDLE CreateMutex(LPSECURITY_ATTRIBUTES IpMutexAttributes,
BOOL blnitialOwner, LPCTSTR IpName );

[Tapamertpsr:



IpMutexAttributes - ykaszarenpHacTpyktypySECURITY_ATTRIBUTES
(BWindows 95 nanHbIiIapaMeTPUTHOPUPYETCS);

bInitialOwner - yka3piBaeT TNepBOHAYAIBFHOE COCTOSHHE CO3JIAaHHOTO
oovekra (TRUE - o00bekT cpa3zy craHoButcs 3aHsaTbiM, FALSE - o0Obekr
CBOOOJICH);

IpName - ykaseiBaeT Ha CTpOKy, colepailyro uMs oObekTa. HWms
HEOOXOJIMMO JIJIsl IOCTyIa K O0BEKTY JAPYrUX MPOIECCOB, B ATOM Clydyae OOBEKT
CTAaHOBHTCS TJI00AJTLHBIM M UM MOTYT OIIEpHUPOBaTh pa3HbIC MPOTpaMMbl. Eciii Bam
HE HYXXEH HMEHOBaHHBIM 00beKkT, To ykaxkure NULL. ®yHKuus BO3Bpamaer
yKazaTellb Ha oOBeKT mutex. B janpHeileM 3TOT ykas3aTesb HCIONb3YETCS s
YIPABJICHUS UCKIIOYAIOUM ceMadopom.

2. 3akpbiTHe (YHUYTOXKEHHE) 00BeKTamutex :

BOOLCloseHandle(HANDLEhODject)

3. YuuBepcanpHas GyHKIHS 3ampoca JOCTyIa:

DWORD WaitForSingleObject(HANDLE hHandle, DWORD
dwMilliseconds) - yHuBepcanbHas (GyHKIHS, TpEAHA3HAYCHHAs IS 3ampoca
JOCTyNa K CHHXPOHU3HUPYIOIIEMY 00BEKTY (B JAaHHOM cllydae K 00beKTy mutex).

[TapameTpsr:

hHandle - ykaszarenp Ha CHHXPOHH3UPYIOHUUH O00BEKT (B JaHHOM ClIydae
nepejaeTcs 3HaueHue, Bo3BpaiieHHoe ¢pynkiuen CreateMutex);

dwMilliseconds - BpemMs (B MHWUIMCEKYHIaX), B TEUYCHHE KOTOPOTO
MPOUCXOIUT OXKHMJIaHUE OCBOOOXKIEHUSI o0ObekTa mutex. Eciu nepenaTh 3HaueHue
INFINITE (6eckonedHOCTb), TO PYHKITUS OYET K1aTh OECKOHEYHO JIOJITO.

JanHast GpyHKIMS MOXKET BO3BpaIaTh CIEAYIONUE 3HAUYCHUS:

WAIT_OBJECT_0 - 06beKT 0cBOOOIUIICS,

WAIT_TIMEOUT - BpeMs oXuaaHusi OCBOOOKIEHUS MPOIILIO, @ OOBEKT HE
0CBOOOTMIICS;

WAIT_ABANDON - mnpowusomen oTka3 oT o0bekTa (T. €. Mporiecc,
BIIAJICIONINI JTaHHBIM OOBEKTOM, 3aBEPIIUIICS, HE OCBOOOAMB 00BEKT). B sToM
ciyuyae cucrtema (a He 'mporlecc-Bhajenen') mepeBoaUT OOBEKT B CBOOOJHOE
cocrosiHue. Takoe 0CBOOOXIeHHME OOBEKTa HE MpeanojaraeT rapaHTHi
3alUIIEHHOCTH JaHHBIX;

WAIT_FAILED - npou3soinuia ommoka.

4. OcBoOOXIeHNE 00BEKTA MUteX:

BOOL ReleaseMutex(HANDLE hMutex) - ocBoboxmaer o0beKT mutex,
MEPEBOJIS €T0 U3 3aHATOTO B CBOOOTHOE COCTOSIHUE.

[TocMOTpUM, KaK BBITIISIUT HAII IPUMEP C KPUTUUECKUMU pa3/einamMu, €CIu
nepenucarh ero, UCIoab3ys UCKIIIOYAIIINe ceMa(ophl.

Jlucmune 2. OrpaHuyeHHE JIOCTyna K MAacCHUBY C HCHOJIb30BAaHHEM
UCKJIIOYAIOINX ceMadopoB

// MaccuB 3HaYEHUH.

intmas[1000];

// OOBEKT, peryIUuPYIONIUI JOCTYII K pa3eiasieMoOMy KOy .
HANDLE CritMutex;



{

// Nanmmanu3upyem cemadop pa3aenseMoro Koja.
CritMutex = CreateMutex(NULL,FALSE,NULL);

... [l TexcT mporpamMmel.

// 3akpbiBaeM 0OBEKT JOCTYIIA K pa3easieMOMy KOJy.
CloseHandle(CritMutex);

}

// TlepBBIii TOTOK: 3aIHCh B MACCUB JTAHHBIX.

{ // 3anuce 3HaYEHU B MaCCHUB.

// 3ampoc Ha BXO/J] B 3allMIICHHBINA pa3ed.

DWORD dw = WaitForSingleObject(CritMutex, INFINITE);
iIf(dw == WAIT_OBJECT_0)

{ // Ecnmu 00BbeKT 0CBOOOKIEH KOPPEKTHO, TO

// BBIMOJIHEHHE KOJA B 3AIUIIIEHHOM pa3Jee.

for(inti = 0;i<1000;i++)

{

mas[i] = i;

}

// BbIXo U3 3aIHIICHHOrO pa3zeia:

// ocBOOOXTaeM 0OBEKT ISl TIOCTYyIIa

/I x 3amuIeHHOMY pa3eily APYTuX 3aaad.
ReleaseMutex(CritMutex);

¥
k

// BTopo¥i MOTOK: CUMTHIBAaHUE JJAHHBIX U3 MacCHBA.
{ // CunThiBaHUE 3HAYEHU U3 MACCUBA.
int j;
// 3ampoc Ha BXOJI B 3allIMIICHHBIN pa3eil.
DWORD dw = WaitForSingleObject(CritMutex, INFINITE);
iIf(dw == WAIT_OBJECT _0)
{ // Ecnu 00BbeKT 0CBOOOXKIEH KOPPEKTHO, TO
// BBITIOJITHEHHE KOJa B 3aIUIIICHHOM pa3Jele.
for(inti = 0;i<1000;i++)
{
J = masli];

}

// BBIXOJ U3 3alUIIIEHHOTO pa3jiena:

// ocBOOOXKAaeM OOBEKT ISl TOCTYTIA

Il x 3amuIeHHOMY pa3/eily IPyruX 3a/aad.
ReleaseMutex(CritMutex);



}
}

Hcknrouarormii CeMa(l)op MOKET OBITh 3aHST HEOTPaHUYCHHOC KOJIMYSCTBO
pa3 OIHUM U TEM K€ MOTOKOM.
3. CobbITuA

PaccmoTpum Tenepb MexaHu3M coObITHH. OOBEKT cobbimue MOXKET ObITh
aubo cBoOoAHBIM (signaled) wnm ycraHoBiIeHHBIM (set), OO 3aHATHIM (non-
signaled) wiu cOporieHHBIM (reset).

Coznatb 00bEKT cobbimue MOXKHO C MTOMOIIbIO (YHKIIUU:
HANDLE CreateEvent (
LPSECURITY ATTRIBUTESIpEventAttributes, // SD

BOOLbManualReset, // reset type
BOOLbInitialState, // initial state
LPCTSTRIpName // object name
) ;

[TepBrb1it rapameTp (yxazarteinb Ha CTPYKTYpPY TUIIA

SECURITY ATTRIBUTES) u mocnemnuii mapametp (uMmsi o0beKTa cobwimue)
UMEIOT CMBICII TOJBKO B TOM ClTydae, KOr/ia O0OBEKT coOvimue pa3aesieTcs] MexIy
nmpoieccaM. B cioydae ¢ OJHUM MPOIECCOM 3TH TapaMeTpbl OOBIYHO HMEIOT
3Hauenne NULL.

3nauenue mnapametpa flnitial ycranaBnuBaercst paBHbiM TRUE, 4To06bI
00BEKT cobObimue OBIT W3HA4YaAJIbHO CBOOOMHBIM, WiaM FALSE, 4ro0BI OH OBLI
3aaaThIM. [TapameTrp fManual Oymet onucan HEMHOTO TIO3KeE.

Jlist Toro, 9TOOBI clenaTh CBOOOTHBIM OOBEKT coObimue, HY’KHO BBI3BATH
byHKIHO:

SetEvent (hEvent);

UtoObI crienaTh 00BEKT coObImuUe 3aHATHIM, HYKHO BBI3BaTh (DYHKITUIO:

ResetEvent (hEvent);

Uto0sl cnenath OOBEKT cobwvimue CBOOOAHBIM, a 3aT€M Cpa3y 3aHATHIM,
BBI3BIBACTCS (DYHKITHS:

PulseEvent (hEvent);

OOBIYHO MPOTpaMMa BBI3BIBACT (DYHKITHIO:

WaitForSingleObject (hEvent, dwTimeOut);

rae Bropoil mapamerp umeer 3HaueHue INFINITE. Bo3Bpar u3 (QyHKUMM OpPOMCXOIUT
HEMEIJIEHHO, €clii OOBEKT cobwvimue cBOOOAEH. B mpoTHBHOM ciy4yae MOTOK Oyner
NPUOCTAHOBJICH, IOKA COObIMUE HE CTAHET CBOOOIHBIM.

Eciu mapamerp fManual npu Bei3oBe (dyHkiuu SetEvent umeer 3HaueHue
FALSE, To 00BEKT cobObimue aBTOMATUYECKH CTAHOBHUTCS 3aHATHIM, KOIja
ocymectBisiercss Bo3BpaT u3 ¢Gynkiuun WaitForSingleObject. OcBoOoxmaeTcs
TOJIBKO OJIMH IOTOK. DTa OCOOCHHOCTHh TO3BOJISICT HM30€XaTh HCIOJIB30BAHUS
dbyukiuu ResetEvent.

4. MexaHu3m cemadopos

B Win32 peanuzoBaH Takke MeXaHHU3M Kiaccuueckux cemadopon. [l
paboThI C KIacCUYECKUMU ceMadopamMu UCIONb3YIOTCS clieytonue GyHKINH.
OyHKIMSA co3/aHus 00BEKTa THUIIAa ceMadop:



HANDLE CreateSemaphore( LPSECURITY_ATTRIBUTES IpSemaphoreAttributes,
LONG lInitialCount, LONG IMaximumCount, LPCTSTR IpName );

[Tapamertpsr:

IpSemaphoreAttributes - yKazareib Ha CTPYKTYpY
SECURITY ATTRIBUTES , xoTOpBI ONpEAENSIET, MOKET JU BO3BPAIacMBbII
JIECKPUIITOP HACJIEAOBAaThCA MOPOXKACHHBIMU Tmpoueccamu. Ecim NULL, To
JECKPUIITOP HE MOXKET HACIEA0BaThCS.

lInitialCount - ompenenser HauyanbHOe 3HadYeHHE ceMadopa, KOTOPOE
JOJDKHO OBITh He MeHbIne HylIst W He Oosbmie IMaximumCount. Cemadop
YCTaHOBJIEH, €CJIM €ro 3HaueHue OoJibllie HYJs, U HE YCTAHOBJIEH, €CIU €ro
3HaueHue paBHO HYJ0. CueTunk cemadopa yBEIMUYUBACTCS MPHU BHI30BE (PYHKIIUU
ReleaseSemaphore.

IMaximumCount - onpenenser MakCUMaabHOE 3HaUCHUE cemadopa;

IpName - yka3piBaeT Ha CTPOKY, ONpEICNSIONyr0 UMs cemadopa, eciu
NULL, To cemadop oTKpbIBaeTcs 6€3 MMEHHU.

@yHKIMS  BO3BpaTa  JECKPUIITOpA  CYIIECTBYIOIIETO MMEHOBAaHHOI'O

cemadopa:
HANDLE OpenSemaphore(
DWORD dwDesiredAccess, // access flag
BOOL blnheritHandle, I/ inherit flag
LPCTSTR IpName // pointer to semaphore-object name
)i

OyHKIMS YBEIMUYECHUSI cCueTYMKa ceMadopa Ha 3aJJaHHOE YUCIIO:
BOOL ReleaseSemaphore( HANDLE hSemaphore, LONG
IReleaseCount,LPLONGIpPreviousCount );

[Tapamertpsr:

hSemaphore - neckpunrTop cemadopa;

IReleaseCount - OIpEeNeINsieT, Ha CKOJBKO YBEIMYHBATH CUYCTUUK
cemadopa;

IpPreviousCount - yka3zarens Ha 32-OMTHYIO MEPEMEHHYIO C TPEABLIYIIAM
3HaueHueM cuetynka (NULL, ecnu npenpiayiiee 3HaYeHUE HE TpeOyeTcs).

Oynkuus WaitForSingleObject onpenensier, cBoboeH iu cemadop, U eciau
OH CBOOOJICH, TO YMEHBINIAET 3HaYCHHE cueTynka cemadopa Ha 1, B TPOTUBHOM
cllydae TIOTOK OyJIeT MPUOCTAHOBIICH, TIOKa ceMadop He 0OCBOOOIUTCSI.

[TocMOTpHM, KaK BBIMJISIAMT TPUMEP C KPUTHUYCCKUMHU pPa3CIIaMH, €CIH
NIepeTrcaTh ero, UCIOJIb3Ys KilacCuieckre ceMadopsl (CM. JIMCTUHT 3).

Jlucmune 3. OrpaHuyeHue JOCTyna K MAaCCHBY C HMCHOJb30BAaHUEM
KJIACCUYECKUX ceMadopoB

// MaccuB 3HAYCHHIA.

intmas[1000];

// Cemadop, peryIupyOMui JOCTY K KPUTUIECKOMY pa3ieny.

HANDLESemaph;

{

Il Coznaemcemadop;




Semaph =CreateSemaphore(NULL, 1, 1, NULL);
I 3amyckaeMIoToKu

II'Y nansemcemadop
CloseHandle(Semaph);

}

// TIepBBIi OTOK: 3aMUCh B MACCUB JIAaHHBIX.
{ // 3anuch 3HaYCHUS B MACCHB.
// 3ampoc Ha BXOJl B KPUTHUUYECKHI pa3jied.
WaitForSingleObject(Semaph, INFINITE);
// BbINOTHEHUE KOa B KPUTHUYECKOM pasjielie.
for(inti = 0;i<1000;i++)
{
mas[i] = i;
¥
// BBIXOZ1 U3 KPUTHUYECKOIO pa3jiena:
// ocBOOOXkMaeM ceMadop JIst AOCTYyIa
// npyrux 3a7ad K KpUTHUYECKOMY pa3eiry
ReleaseSemaphore(Semaph, 1, NULL);
// 3aBepIIaeM MOTOK
¥
// BTOpOM MOTOK: CYUMTHIBAaHUE JAHHBIX U3 MacCHBA.
{ // CuuTpIBaHUE 3HAYCHUN U3 MACCHBA.
int j;
// 3ampoc Ha BXOJl B KPUTHUYECKHM pa3ied.
WaitForSingleObject(Semaph, INFINITE);
// BBITIOTHEHUE KO/Ia B KPUTHYECKOM pasJiedie.
for(inti = 0;i<1000;i++)
{
J = masl[i];
¥
// BBIXOJT U3 KPpUTHUYECKOTO pasjena:
// ocBoOOXaeM ceMadop IS JOCTyIIa
// ApyTUX 3a7a4 K KPUTHUYECKOMY pa3Jieiny
ReleaseSemaphore(Semaph, 1, NULL);
// 3aBepIIaeM MOTOK

}

5. OnagaHme HeCKOIbKMX 0O BEKTOB CUHXPOHM3AL MM

Oyukums  WaitForMultipleObjects BosBparmaer ympabiieHue, Korja
BBITIOJIHSIETCSI OJTHO U3 CICIYIOIIUX yCIOBHUA:
« Bce ykaszaHHbie B Hell 00BEKThI HAXOIATCS B CBOOOHOM COCTOSTHHH.

o MHcrek HHTCPBAJ O KUAAHUA.
DWORD WaitForMultipleObjects (
DWORDnCount, // KolmuecTBO NECKPUITOPOB B MaCCHUBE



CONSTHANDLE* I pHandles, // MaccuB OEeCKPUITOPOB
BOOLbWaitAll, // Onumsa OXMIaHUS
DWORDdwMil1liseconds // VIHTepBaJl OXMUIOaHUS

)

bWaitAll onpenenser tun oxunanus. Eciu on paBen TRUE, To ¢yHkums
BO3BpalllaeT yIpaBlIeHUE, KOT/Ia COCTOSIHUE BCEX 00BEKTOB, YKa3aHHBIX B MAaCCHBE
neckpuntopoB ycraHoBineHo. Ecoun FALSE, To Bo3BpaT MpOUCXOIUT, €CIH XOTS
ObI oH 00BEKT 0cBOOOMIUTCS. Bo3BpamaemMoe 3HaYCHHE MO3BOJISIET ONPEACIUTH,
KaKoii UMEHHO 0OBEKT BbI3BaJI BO3BPAT.

B cmydae ycmexa, ecim bWaitAll=TRUE, ¢yaknms Bo3Bparaer
WAIT_OBJECT 0, eciu bWaitAll=FALSE, byHKIHS BO3BpaIaeT
WAIT_OBJECT 0 + nCount — 1, rme nCount — mopsaKoBBIii HOMEpP OOBEKTA,
BBI3BABIIIETO BO3BPAT.



34/TAHUE K TAEOPATOPHOV PABOTE M 3

1. 3amaua 00 oOenmaromux ¢duiocodax: Ha KPYrJIoM CTOJE HAXOIATCS
kTapenok ¢ enod, MEKIy KOTOPBIMH JIGKHUT CTOJILKO ke BHIOK, k=4,...,6. B
KOMHaTe uMeeTcst Kdumocodpos, depenyromux (UIOCOQCKUE pPa3sMBIIUICHUS C
NPUHATHEM MHINUA. 32 KKIbIM Qriocodom 3akperuieHa CBOS Tapelka; IS €lIbl
¢dbunocody HYKHBI JIB€ BHIKH, PUYEM OH MOXKET HCIIOJIH30BATh TOJIBKO BHIIKH,
MPUMBIKAIONIUME K €ro Tapenke. TpedyeTcs Tak CHHXPOHU3HPOBATh (PMIocodos,
9TOOBI KaXIBI M3 HUX MOT TOJYYHUTh 33 OTPAaHUYCHHOE BpPEMS JOCTYH K CBOCH
tapenke. [Ipeanonaraercs, 4To MIUTENBHOCTH €Abl U pa3MbllUIeHU (unocoda
KOHEYHBI, HO 3apaHee HeOonpeaeseHHbl (MOryT OBITb BBIOpaHbI CIy4YalHbBIM
00pa3oM U3 HEKOTOPOTO Juara3oHa).

PemuTe 3amady ¢ MCIob30BaHUEM

a) MHOTOMOTOYHOTO TPHUJIOKCHHUSI — CHHXPOHH3AIUS METOJOM aKTHBHOTO
OKUJIaHUs Yepe3 paszieliseMble JOTHYeCKrue epeMEHHBIE.

0) MHOTOIOTOYHOTO TPHJIOKEHUS — CHHXPOHH3AIUS METOJAOM aKTUBHOTO
OKUJIaHUSI C UCIIOJIb30BAHUEM aJIrOpUTMa OueTa.

B) MHOromnoTo4YHoOro MPUIIOKEHUSI — CHHXPOHHU3AIMS C TOMOIIBIO
kputndeckux cekuuid TCriticalSection.
r) Heckonbkux mpoieccoB (IPUIOKEHHI) — C  HUCIOJIb30BAHUEM

MMEHOBAHHBIX MBIOTEKCOB.
[TporpaMMBbl AOTKHBI BEIBOJIMTH HA SKPaH COCTOSTHUE PaOOTHI M 3aHUCHIBATH
IPOTOKOJI paboThI B (haill.

2. 3amaua 0 MpoU3BOAUTENSAX W moTpebutensx: Haiitu Bce mpocTeie yucia
Ha uHTepBayie OT 2 10 N, KOTOphIE SBISIOTCS MalWHApOMaMu (UUTAIOTCS CleBa
HampaBO TaK K€ Kak clpaBa HaleBO). B 3Toil 3ajade MOTOKU-NIPOU3BOAUTENN
3aMUCHIBAIOT B KOJBIEBOM Oydep HEKOTOporo pasMepa HaWJIeHHBIE 4YHUCIa-
NAJTUHAPOMBI, @ TMOTOKU-TIOTPEOUTENH MPOBEPSIOT, SABISIOTCA JU 3TH  4YHCTA
MPOCTHIMU U 3aIMMCHIBAIOT UX B (haidl.

Pemute 3amavy ¢ ucnosnb3zoBaHueM ceMa(OpHON CHHXPOHHU3AIUH.



JlabopaTopHnasi padora Ne4
Texuonorus OpenMP.

BAPUAHTbI 3A0AHUN

ANTOPUTMBI  JTIOJDKHBI ~ PEAJIM30BBIBATHCS C  IOMOIIBIO  PacHpeIeICHHBIX
Beruucienud. Cozmaercas COM-cepBep, coaepskaiiuii 0ObEKT IS BBITTOJHEHUS
AJIEMEHTApHBIX JNEUCTBUN anroputma. Jlamee co3maeTcss KIMEHTCKas Mmporpamma,
YIpaBJISONIas pacpeaeICHHBIMU BEIYMCIICHUSMH.

1. Hamummure nporpaMmy JUisi BBIYMCICHHUS WHTErpaja Ha OTpE3Ke s
3alaHHoM yHKIMHU (aHATOTHYHO JabopaTopHoit padote Nel).

Paccmorpure cnepyromuye BapuaHThI:

a) Pa3OneHne BpyuHyr0 OTpe3Kka Ha HECKOJIBKO YacTeH M 3aIyCK BBIYMCICHUH B
MapajyIeIbHbIX PETUOHAX.

0) IlapainenbHOE BHIYMCIEHUE C CHHXPOHHU3ALUEH.
B) [lapanenbHoe BHIYUCIEHHUE C PEAYKIUEH.

2. Hamummure mnporpaMMmy i BBIYHCICHUS TPOW3BEICHUS KBaJAPaTHBIX
Matpuil. [lo aHajgOrMM HANMIIMTE MPOrpamMMy IMOWCKa MUHUMAIBHBIX IMyTEH B
rpade merogom dDioria.

3. TNapannenpHasi COPTUPOBKA

A) CopTupoBKa TpaHCHO3UILIUSIMHU

|5|7|1|2|9|8|7|4|2|1|6|10|8|4|2|1 |

O-s1 mrepanmst

| 112|5|17141718]9|1]2|6/10|1|2]|4|8 |

1-s1 mrepanust

| 112]4|5|7|711]2|8|9]112|6(10]4]|8 |

2-s1 uTepanusi

| 1121415112717 11]12|8|9|4|6|8]10 |

3-s1 uTepanust

| 1]12|112]4|5|1|2|7|7|4|6|8|9|8]|10 |

4-s1 urepanus

|1|1|2|2|1|2|4|5|4|6|7|7|8|8|9|10 |

5-s1 mrepanust

| 1]1|1|2]|2]2]|4]|4|5|6|71718(8|9]10 |

[Ipumep copTUpOBKM TpaHCHO3UUUAMHU |6-dneMeHTHOro wmaccuBa 3a 6
uTepanun



IIpu coptupoBke N-anemMeHTHOro MaccuBa M KIMEHTaMH 1-My W3 HHUX Ha
YETHBIX UTEpAIUAX MepeaaeTcs: OTpe30K MaccuBa u3 N/M 351eMEHTOB ¢ HOMEpamMu
(N/M)(i-1)+1,..., (N/M)i, i=1,M, Ha HeuyeTHBIX — ¢ Homepamu (N/M)(i-
1)+1+N/(2M),..., (N/M)i+ N/(2M), i=1,M-1. Tlocie copTUPOBKH KaKIbIH KIUEHT
BO3BpaIlaeT 0OpaTHO CBOK 4acThb. [Ipu cOpTUpPOBKE CiienyeT YUYUTHIBATh, YTO Ha
BceX wuTepanusax, kpome 0-i (mepBod XpOHOJIOTHYECKH) MOJydaemas KaKIIbIM
KJIMEHTOM 4YacTb COCTOUT M3 JBYX PaBHBIX YaCTE€W — CTApILIEH U MIIaJUIEH — Y¥KE
oTcOpTUpOBaHHBIX. Ha pucyHKe mpuBeAEH NpUMEP COPTUPOBKHU.

b) Coptuposka lenna

Heobxoaumo peannszoBaTh mapasuienbHyto coptupoBky Ilemma. Wpes
QITOPUTMA COCTOUT B OOMEHE 3JIEMEHTOB, PACIIONIOKEHHBIX HE TOJIBKO PSAOM, HO
U JIaJieKo APYT OT JIpyra, 4TO 3HAYUTENIBHO COKpallaeT oOlee Yucio orneparui
nepemMenieHus neMenToB. Kak npumep paccmartpuBaetcs (aiiia u3 2n 3J€MEHTOB.
Ha j-m mmrare daiin neauTcs Ha 2j rpymim 1o 2n-j 3J1€MEHTOB B KaXKJIOH, MPU 3TOM
I-s1 TPyIIIIa COAEPIKUT MeMeHTHI (i, i+1*2n-] , 14+2*2n-j , .., I+(2] -1)*2n-} ), i=1,..,
2] , j=n-1,..,1 (HoMep mrara yobiBaeT oT n-1 g0 1). Ha kaXkiom 1rare BBITIOTHSACTCS
COPTHPOBKA B Kak1ou rpynne. [Ipu copTUpOBKE B KaKI0M IPyNIeE CIECAYET UMETh
BBUJY, UYTO OJJIEMEHTHl C YETHbHIMU (HEUETHBIMH) HOMEpPAMHU OOpa3ylOT YxKe
OTCOPTHUPOBAHHYIO NOCIEI0BATENbHOCTh, TO €CTh ISl COPTUPOBKHU T'PYIIIIBI HAJIO
CJIUTh 3TU JABE OTCOPTUPOBAHHBIE TOJIIIOCIIEI0BATEILHOCTH.

B) CoptupoBka ciusiHrem

ANTOPUTMBI CIUSIHUSA OCHOBBIBAIOTCS Ha TMPOILIEAYpE CIUSHUS [BYX YXKE
OTCOPTHPOBAHHBIX OTPE3KOB MaccuBa B oauH. [Ipu mapamnensHON COPTHPOBKE
BeCh Tpoliecc pa3zbuBaercs Ha wuTepanud. Ha mepBol wuTepanuu MacCuB
pazOuBaeTcst Ha PparMeHThI, 00IIee KOJTUIECTBO KOTOPHIX MPEBBIMIAET KOJUIECTBO
KIIMEHTOB B JIBa pasa. 3aTeM Kaxjas mapa (parMeHTOB CIIMBACTCS OJHUM W3
IPOIECCOB, TMOCJE Yero (parMeHT 3amuChIBACTCS B COPTHUPYEMbIH MaccuB. Bce
CIIEAYIOIIME UWTEpallud HWIACHTHUYHBI TEpPBOM 3a HCKIIOYEHHEM YMEHBIICHHUS
paboTaromMx MpOIECCOB BABOEC Ha KaxkaoW u3 wutepauuid. [locmemusis mapa
(parMeHTOB MOXKET OBITh CIINTA HA CEPBEPE.



JlaGopaTopHnasi padora Ned5

TexnonornssMPI. PacnipeeneHHble BEIYMCICHHUS.

Lenpio HacTosIIEH pabOThI SBISIETCS OCBOeHUE paboThl ¢ bubiuotexkoir MPI B
cpene pazpabotku Visual C++ u wuccinenoBaHue  CHoco0OB  CO3/IaHUS
napajjieibHBIX — MporpamMM, palOoTalomMx Ha HECKOJbKHUX  KOMIIBIOTEpAX,
COCJIMHCHHBIX JIOKAThbHOW CETHI0O M HCIOJNB3YIOIMUX OOMEH COOOIICHUSMHU IS
KOMMYHUKAIIMM MEXIy CBOMMHU YacCTSIMHU, PACTIONOKEHHBIMUA Ha Pa3HBIX pabOdmMx
CTaHITUSX CETH.

Kak mpaBuio, mporpaMMuUpOBaHHE AJIsi CETEBBIX KJIACTEPOB OTIMYAETCS OT
OPUBBIYHON  MOJENTH TPOTPAMMHUPOBAHMSI  JIJII  MHOTO33JIadyHBIX  CHCTEM,
MIOCTPOCHHBIX Ha 0a3e OJHOTO WM MHOXECTBa MporeccopoB. YacTo B Takmx
cucTeMax HeoOXOIuMO OO0eCHeYHUTh TONBKO CHHXPOHM3AIMIO MPOILECCOB, U HET
HYKJIBI 33TyMBIBaThCsl 00 0COOBIX crtocobax oOMeHa nHbOpMaIe MEXTy HUMH,
T.K. JaHHbIE OOBIYHO pacIojiararoTcs B 0Omiell pazmensemoil mamstu. B cetn
peanm3aius TaKOro MEXaHW3Ma 3aTPYIHUTEIHLHO W3-3a BBICOKMX HAKIJIATHBIX
pacxo/ioB, CBSI3aHHBIX C HEOOXOTUMOCTHIO TPEIOCTABISATh KAKIOMY IPOIECCY
KOIHMIO OJHOW W TOW K€ paszzenseMoil mamsatu s paboTsl. [loaTomy, 0OBIYHO,
IpyU MPOrPaMMHUPOBAHUU I CETEBBIX KJIACTepoB ucnob3dyercss SPMD-
texHosorus (SingleProgram — MultipleData, ogHa nporpamMmmMa — MHOXECTBEHHbBIE
nanueie). Uness SPMD B ToM, 4TOOBI moaenuth OONBIION MacCuB WH(pOpMAIUn
MEXIy OJMHAKOBBIMH IIPOIIECCaMU, KOTOPbIE OYIyT BECTH 00pabOTKY CBOEH YacTH

JTaHHBIX (puc. 1).
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Puc. 1. Cxema B3aumopeiictBus yacteit SPMD-nporpammel.

JAJ10 — nanubIe s 06paboTKH

JIIO — mannble mocie 00paboTKH

B cayuae SPMD-noaxona [I0CTaTOYHO pacchlUlaTh BpeMs OT BPEMEHHU
npolieccaM OJIOKH JTaHHBIX, KOTOpbIE TPeOYIOT TPYyAOEMKOM 0O0pabOTKH, a 3aTeM
cobupath pe3ynbTaThl UX padoThl. Eciu BpeMst oOpaboTku OJ0Ka JTaHHBIX OJHOM
MalIMHOW 3HAYUTEIBHO OOJBILE, YEM BPEMsI MEPECHUIKU 3TOr0 OJIOKA MO CETH, TO
ceTeBas KJlacTepHasi CUCTEMa CTAaHOBUTCS 0YeHb 3 (PEeKTUBHOM.

NmenHno Ttakoii moaxon ucnoisb3yercs B MPI. 3nech Bcerna ectb OCHOBHOM
poILIecC, KOTOPBIA MPOU3BOIUT paclpeiesieHUEe JaHHBIX M0 APYTrUM MalldHaM, a
1OCJIE OKOHYAaHUSl BBIYUCIEHUN CcOOMpaeT pe3ynbTaTbl M IOKa3bIBAET UX
noJib3oBaTeno. OOBIMHO IpoLEcc-MacTep MOCHE paclpeiesieHns TaHHbIX TaKke
BBINIOJIHAET OOpabOTKYy WX YacTHU, 4YTOOBI HCIOIB30BATH PECYPChl CHUCTEMBI
HauOosee 3¢ (HEKTUBHO.

Kak yxe Obo ckazano Beime, MPI sBusercs cramgaprom oOmeHa
coobmenusiMu. OH  o0ecreuynBaeT HU3KOYPOBHEBbIE KOMMYHHMKAllUU U
CUHXPOHU3ALIUIO MPOLECCOB B CETEBOM KJIACTEPE.

I[lo cytu pnenma, Kaxmoe cooOIleHWE TPENCTaBIseT COO0OM  MakeT
TUIM3UPOBAHHBIX JAHHBIX, KOTOPBIM OJIMH MPOLIECC MOXKET OTHPABUTH APYroMy

MPOIIeCCy WM TPYIIe mporeccoB. Bee coobmenns 00manatoT uaeHTuGUKATOpOM



(He 00s13aTeNbHO YHUKAIBHBIM ), KOTOPBIHN 33JJa€TCSl TPOTrPAMMHUCTOM U CITY>KHT JIJIS
uJeHTU(PUKAIIMY TUTIA COOOIIEHHS HA TPUHUMAIOIIEH CTOPOHE.

MPI nmnocraBnsercs B Buie OMONMOTEKH, TOIKIIOYaeMOW K Cpene
nporpammupoBanus. CaMbIMU paclpOCTPAHEHHBIMU SIBISIOTCA OMOIUOTEKH IS
a3plkoB Cu m Fortran. Taxxke wacteio MPI sBisieTcss pe3smaeHT, KOTOPBIN
3aIlyCKaeTCs Ha KakJOW MallMHE KJIACTEpa M, OTBEYas HA 3alpoChl IIPOLIECCOB,
MO3BOJIIET UM B3aWMOJICHCTBOBATh B CETU, a TAKKE OCYLIECTBIISIET HAadaJbHbBIN
3allyCK BCEX IMPOLECCOB, YYaCTBYIOIIMX B pacueTe W cocraBiasronmmx SPMD-
IporpamMmy, Ha yKa3aHHBIX B (aiie KoHPUTypaluy 3a1aqi MallnHaxX KiiacTtepa.

Kaxneii  MPI-pouecc B mpenenax SPMD-nporpaMMbl — YHUKaJIbHO
UACHTUPULUPYETCS CBOMM HOMepoM. JlomyckaeTrcsi OObEIMHATH MPOLIECCHl B
IPYIIBI, KOTOpbIE MOTYT OBITh BJIOXEHHBIMH. BHYTpH KakmoW rpymnmbl Bce
IIPOLIECCHI IEPEHYMEPOBAHBL, HaUMHasA ¢ HyJs. C KaXXI0M rpynIion acCOMUPOBaH
CBOM  KOMMyHUKaTop  (yHUKambHbIH  uneHtudukarop). I[lostomy  mpwm
OCYIIECTBJICHUM TMEPEChUIKM JaHHBIX HEOOXOJIMMO YKa3zaTh Hapsay C HOMEpPOM
npoluecca W MASHTU(UKATOP TPyNIbl, BHYTPH KOTOPOM MPOU3BOJIUTCA 3Ta
nepecslyika. Bce  mpomecchl M3HAYallbHO — COJAEpP)KATCA B IpyIIe  C
npenonpeaeneHubiM  uaeHTuukaropom  MPI COMM WORLD, kortopsiit
3aBOAUTCS JUIsl Kaxk10 3amyckaemoit SPMD-niporpammsl (puc. 2). Pazasie SPMD-
porpaMMbl HE 3HAIO0 O CYIIIECTBOBAHMM JIPYT JApyra M OOMEH JaHHBIMH MEXIY

HHUMH HCBO3MOXCH.

IIporpammal

(MPlCOMf WORLT

[Iporpamma 1

(MPCOMf WORL?




Puc 2. Hymepanuus npoueccoB 1 koMMyHUKaTopsl B MPI

PaccmoTpum ocHOBHbIE QyHKUMU OMOIMOTEKH. Bce OHM BO3BpallaioT 1iesioe
3HaueHue, kotopoe mbo paBHo koHcTanTe MPI SUCCESS, nmu6o comepkut Koj
IPOU3O0IIEIIEH OMINOKH.

Ilepen Tem, kak mporpamMma CMOXKET paboTaTth ¢ (QYHKUUAMH OUOIMOTEKHU

HeoOxoauMo nHunmanuzupoBatse MPI ¢ momorisio GyHkImm:

intMPI Init(int *argc, char ***argv)

B kauectBe aprymMeHTOB 3TOi (DYHKIIMHU MepefaroTcs mapaMmeTpbl KOMaHIHON
CTPOKH, MOCTyMaronue B GpyHKIK0 main().

Ecmu mponieccy MPI Heob6xoaumo y3HATh CBOM MOPSIAKOBBIM HOMED B TPYIIIIE,

TO UCTOJIb3YyeTCsl (QYHKIIHS:

intMPI Comm rank (MPI_Comm, int *rank)

Ee BTopo#i mapameTp OyAeT BBIXOJHBIM, COJIEpXallUM HOMEpP Ipoilecca B
YKa3aHHOM B IEPBOM MapaMeTpe rpyIire.

UtoObI y3HATh pa3Mmep rpymnmbl (KOJTUYECTBO MPOIECCOB B HEW) HEOOXOIUMO

IPUMEHUTH QYHKLHUIO:
intMPI Comm size (MPI_Comm, int *ranksize)

Jst okonuanust pabotel ¢ MPI HeoO6xoammo Ucnonb30BaTh QYyHKIIHUIO:
intMPI Finalize()

ITepen Tem, Kkak HayaThb paccMOTpeHHMe (YHKIMH Tepemayn/mpuema

COOOIIEHNM, OTMETHM, KaKu€ OCHOBHBIC THUIIBI JaHHBIX TojaaepxkuBaeT MPI

(Tabmuma 1).

Tabmuua 1. CoorBerctBue TunoB B MPI u sa3eike Cu

Tun MPI Tun Cun
MPI_CHAR char
MPI_BYTE unsigned char
MPI_SHORT short
MPI_INT int




MPI_LONG long

MPI_FLOAT float

MPI_DOUBLE double

MPI_UNSIGNED_C unsigned char
HAR

MPI_UNSIGNED_SH unsigned short
ORT

MPI_UNSIGNED unsigned int

MPI_UNSIGNED_LO unsigned long
NG

MPI_LONG DOUBL long double
E

Jlns mepemaun coobmennit B MPI umcnonb3yercs psag QyHKIHE, KOTOpBIE
paboTaroT CHHXPOHHO U aCUHXPOHHO. B mepBom ciiydae ¢pyHKIMS HE BO3BpaIlaeT
YOpPaBJICHHsI, TIOKA HE 3aBEPIIAT CBOIO pabOTy, BO BTOPOM — Cpa3y BO3BpaIlacT
yIpaBJE€HUE, WHULHHMPOBAB COOTBETCTBYIOLIYIO ONEPALMIO, 3aTEM C IMOMOIIbIO
CIICIIMATBHBIX BBI30BOB €CTh BO3MOXHOCTh MPOKOHTPOJIMPOBATH XOJ BHITTOJHECHUS
ACMHXPOHHOW MOCBHUIKU WJIM IPUEMA TAHHBIX.

PaccMmoTpumaTHdYyHKIIMUTIOAPOOHEE.

intMPI Send(void* buf, intcount,
MPI Datatypedatatype, intdest,
intmsgtag, MPI_Commcomm)

@yHKIUS BBITOIHIET CHHXPOHHYIO (C OJIOKMPOBKOI) MOCBUIKY COOOIIEHUS C
uaeHTUGUKATOpOoM msgtag (uaeHTu(UKATOp BBIOMPACTCS  CaMOCTOSITEIIEHO
nporpaMmucToM!), cocrosimiero u3 count sneMeHToB Tuma datatype, mporueccy c
HoMepoM dest u KOMMyHHUKaTOpoM comm. Bce »ayemeHThl cooOmeHus
pacniosioxkeHsl moapsAn B Oydepe buf. Tunm mepemaBaembix anemeHtoB datatype
JOJDKEH YKa3bIBaThCS C TIOMOIIBIO TPENONpPENeNCHHbIX KOHCTaHT THUIa

(Tabnuia 1). Pa3pemiaercs nepegaBath cCoOoOIIEHUE caMOMy ceOe.



biiokupoBKa rapaHTUPYET KOPPEKTHOCTb MOBTOPHOI'O MCIIOJB30BAaHUS BCEX
IIapaMeTPOB II0CIIE BO3BpATa U3 NnoAnporpaMMsl. Cieayer crnenuanbHO OTMETUTD,
970 BO3Bpart u3 noanporpamMmmel MPI Send He o3HauaeT HU TOTO, 4TO COOOIIEHNE
yKe MepeaHo npoueccy dest, Hu TOro, 4To cOOOIIEHHE MOKUHYJIO MTPOLECCOPHBIN
AJIIEMEHT, Ha KOTOPOM BBINOIHsETCS npoliecc, BbinoanuBmuid MPI_Send. B MPI
UMEeTCsl P CIeUUalbHBIX (PYHKIMHA TOCBUIKM COOOIICHMS, YCTPaHSIIOUINX

HO,ZIO6HYIO HCOIIPCACICHHOCTDb, KOTOPLIC HO,ZIpO6HO OIIMCAHBI B JIMTCPATYPC.

intMPI_ Recv(void* buf, intcount,
MPI Datatypedatatype, intsource,
intmsgtag, MPI_Commcomm,

MPI_ Status *status)

[Ipuem coobmieHuss ¢ wuaeHTU(PUKATOPOM Mmsgtag OT mpolrecca source ¢
OJIOKUPOBKOM. UYHCIIO 3JE€MEHTOB B MPUHUMAEMOM COOOILIEHUH HE JOJIKHO
MPEBOCXOIUTh 3HaueHWs count. EciyM YMCIO NPHUHATHIX SJIEMEHTOB MEHBIIE
3HaueHus count, TO rapaHTHUpyercs, 4To B Oydepe buf wuMeHsATCS TONBKO
3JIEMEHTBI, COOTBETCTBYIOIINE 3JIEMEHTaM MPUHSATOTO COOOIICHHUS.

biiokupoBKa TapaHTHpyeT, 4YTO IMIOCJIE€ BO3BpaTa M3 MOAIPOrpaMMbl BCE
AJIIEMEHTBI COOOUIEHUS! IPUHSTHI U PACcOJIOKEHbI B Oydepe buf.

B Ka4yecTBe HOMEpA polecca-OTIPABUTEIS MOYXHO yKa3aThb
npenonpeneneHuyto koHcranty MPI ANY SOURCE - mnpusHak TOro, 4ro
NOJXOJUT COOOIIeHHe OT Jboro mpouecca. B kauectBe uaeHTu(uUKaTopa
MPUHUMAEMOTO COOOIIEHUS MOXHO Yyka3aTh koHctanty MPI ANY TAG -
MPU3HAK TOTO, YTO MOAXOAUT COOOIIEHHUE C JIFOOBIM UIAECHTU(HUKATOPOM.

Ecnu mpouecc mockuiaeT aBa cooOLIeHHS APYyromMy mpoueccy, U oba 3Tu
COOOIIIEHHS] COOTBETCTBYIOT OJIHOMY M ToMy ke Bbi30oBY MPI Recv, To mepBriM
OyJleT MPUHATO TO COOOIIEHHE, KOTOPOE OBLIIO OTIPABIICHO PaHbIIIE.

[TapameTrp status comepXkuT CiaykKeOHyI0 HHPOpPMAIMIO O XOJe MpHUeMa,
KOTOpasi MOKET OBITh UCIOJIB30BaHA B IIpOrpaMme. status sIBISIETCS CTPYKTYPOU U
conepxkut mnonsa: MPI SOURCE, MPI TAG u MPI ERROR (ucrounux
COOOIIeHHS, uaeHTHU(PUKATOp  COOOINEHWS W BO3HHUKINAs  OIIMOKa,

COOTBETCTBEHHO).



intMPI Isend(void *buf, intcount,
MPI Datatypedatatype, intdest,
intmsgtag, MPI_Commcomm,

MPI Request *request)

[lepenaua cooOmenusi, ananoruuHas MPI Send, opgnako, Bo3Bpar wu3
HNOANPOTrPaMMBbI MPOUCXOAUT Cpaszy MOcCiIe MHULHUAIM3ALUU Ipouecca Neperadyu
0e3 oxuaaHus oOpabOTKK Bcero coodiieHus, Haxoasamerocs B Oydepe buf. 3to
O3HAYAEeT, YTO HEJIb3s MOBTOPHO HCIIOIb30BATh AaHHBIA Oydep Uil Apyrux uenei
0e3 MoJly4eHUs! JOTOJHUTENbHOW HHPOPMAIIUKA O 3aBEPIICHUHN JAHHOW MOCHUIKH.
OkoHuaHue Tmpolecca rmnepenadyd (T.e. TOT MOMEHT, KOrjJa MOXHO BHOBBb
ucroyib3oBaTh Oydep buf 0e3 omaceHuss UCIOPTUTH TepeaaBaeMoe COOOIIECHUE)
MOXXHO ONpENeNuTh C TMOMOIIbI0 TmapameTpa request (WaeHTU(DUKATOP
acUHXpOHHOM omepanuu onpenenenHoro B MPI tuna MPI Request) u npouenyp
MPI_ Wait u MPI_Test, koTopbie OyayT pacCCMOTPEHBI HUXKE.

Coo0Ouienue, ornpaieHHoe noooi u3 npoueayp MPI Send u MPI Isend,

MOXKeT ObITh MpUHATO Kak ¢pyHkimerdr MPI Recv, Tak u MPI_Irecv.

intMPI Irecv(void *buf, intcount,
MPI Datatypedatatype, intsource,
intmsgtag, MPI_Commcomm,

MPI Request *request)

[Ipuem coobuienusa, ananormuyneii MPI Recv, opHako Bo3Bpar wu3
MOANPOTPaMMBI TIPOUCXOJIUT Cpa3y MOCIe WHUIMAIM3AINK Tpoliecca mpruema 0e3
OXKHMJIaHUS TIoJlydeHus cooOmienus B Oydepe buf. OxoHuanue mpoiiecca npuema
MOXXHO OTPEIEINTh ¢ MOMOIIBI0 mapamerpa request u mporeayp MPI Wait u

MPI_Test.

intMPI Wait (MPI_Request *request, MPI_ Status *status)

C nomompio 3TOW (QYHKIMM TPOU3BOJUTCS OXHUAAHUE 3aBEPUICHUS
acuHxpoHHbIX mnponeayp MPI Isend wmm MPI Irecv, accouumpoBaHHBIX C
UACHTU(PUKATOPOM request. Bcenyuaenpuema,

napaMeTphICOOOIIEHUSIOKA3bIBAIOTCSB Status.

intMPI Test (MPI_Request *request, int *flag,
MPI Status *status)



[IpoBepka 3aBepiieHHOCTH acWHXpOHHBIX mporeayp MPI Isend wnm
MPI Irecv, accounuupoBaHHbIX C¢ ujaeHtudukatopoMm request. B mapamerpe flag
BO3BpAallacT 3HAYCHHE 1, €CIM COOTBETCTBYIOIAs OIEpalysl 3aBEpIICHA, U
3HaueHue (0 B mpoTuBHOM ciydae. Ecnm 3aBepmieHa mnpoueaypa IpueMma,
napaMeTpel cooOlieHus okas3bpiBaloTcsi B status. MPI Test He Omokupyer
porpamMmy /10 OKOHYAHHS COOTBETCTBYIOIIMX ONEpAIfil mpreMa/nepenadu, 4emM u
otnuyaercs or MPI Wait.

MPI no3Bosiser paboTaTh € HEKOTOPBIMU ONEpalUsIMU  KOJUJIEKTUBHOTO
B3aUMOJCUCTBUA. B omnepanusax KOJUIEKTUBHOIO B3aUMOJCUCTBHS IPOLECCOB
Y4acCTBYIOT BCE€ Ipolecchl KoMMyHUKatopa. COOTBETCTBYIOIIAs IpOLEAYypa
JIOJDKHA OBITh BBI3BAHA KaXIbIM IMPOIECCOM, OBITh MOXET, CO CBOMM HabOpoM
napaMeTpoB. Bo3BpaT u3 mnpoueaypbl KOJIEKTUBHOTO B3aMMOJECUCTBUS MOXKET
MPOU30MTH B TOT MOMEHT, KOrJla y4acTHE MPOIECCa B JIAHHOW ONEpalHM YiKe
3akoHueHo. Kak u mis OIOKHMpYIONIUX MPOIEeayp, BO3BpAaT O3HAYAET TO, UTO
pasperieH cBOOOHBIN TOCTYM K Oydepy nmprueMa Uiu MOChUIKU, HO HE O3HAYaeT HU
TOr0, YTO ONEpalHrs 3aBepllIeHa APYTHMMHU MPOILECCAMHU, HA JaXE TOro, 4TO OHa

MMH Ha4data (€ciii 3TO BO3MOKHO 10 CMBICITY OINEpallH).

intMPI Bcast(void *buf, int count,
MPI Datatypedatatype, int source,
MPI Commcomm)

Paccbuika cooOmieHust OT TMpollecca SOurce BCeM TMpolieccaM, BKITHOYast
pacceutatonuid pouiecc. [Ipu Bo3Bpate U3 npoueaypsl cojaepxumoe 0ydepa buf
mpoiiecca source OyJeT CKOMMPOBAHO B JIOKAJIbHBIM Oydep mpoiecca. 3HaUeHUS
napameTpoB count, datatype u source JOJKHBI OBITh OJWHAKOBBIMU Y BCEX

IPOIIECCOB.

intMPI Gather (void *sbuf, intscount,
MPI Datatypestype, void *rbuf,
intrcount, MPI Datatypertype,
intdest, MPI_Commcomm)

CoOopka maHHBIX cO Bcex mporieccoB B Oydepe rbuf npouecca dest. Kaxawbiii

nporiecc, Bkaouas dest, mMoceUIaeT coaepkumoe cBoero Oydepa sbuf mporeccy



dest. Cobuparommii mporiecc coxpansieT nanueie B 0ydepe rbuf, pacronaras ux B
NOpsAJIKE BO3pacTaHusi HOMepoB IpoueccoB. Ilapamerp rbuf nmeer 3HaueHue
TOJILKO Ha COOUpAIOIIEM MPOIECCEe U Ha OCTaJIbHBIX UTHOPUPYETCS, 3HAUCHUS
napameTpoB count, datatype u dest MOMKHBI OBITh OJMHAKOBBIMM Y BCEX

IIPOIIECCOB.

intMPI_Scatter (void *sbuf, intscount,
MPI Datatypestype, void *rbuf,
intrcount, MPI Datatypertype,
intsource, MPI_Commcomm)

O6patnas k MPI Gather ¢ynkuus. Ilpomecc source pacchbutaeT MOPLUH
JaHHBIX W3 MaccuBa sbuf Bcem mpoleccam Tpymmbl, Ha KOTOPYH YKa3bIBaeT
KOMMYHHKATOp comm. MOXHO cuuTarh, 4To MaccuB sbuf nenurcs Ha n paBHBIX
4yacTeil, COCTOSIIMX M3 scount 3JIEMEHTOB TUMa stype, Moclie 4ero i-si 4acTh
nocbutaeTcss i-My mnpoueccy. Ha mpouecce source CyIIECTBEHHBIM SIBISIFOTCS
3HAYEHUN BCEX IApaMETpPOB, a4 HA OCTAIBHBIX IPOLECCAX — TOJIBKO 3HAYECHUS
napameTpoB rbuf, rcount, rtype, source u comm. 3Ha4eHHs MMapaMETPOB source u
comm JOJIKHBI ObITh OJJUHAKOBBIMU Y BCEX MPOLIECCOB.

Cunxponusanuss MPI-niporieccoB MOKeT ObITh BBIIIOJIHEHA C UCHOJIb30BAHUEM
OJOKUPYIOUINX MPOLEAYp NPHUEMa/TIOCBIIKA COOOIIEHUH WM TOCPEICTBOM

byHKIMY, peaiu3yolie 0apbepHyI0 CHHXPOHHU3AIHUIO:

intMPI Barrier (MPI_Commcomm)

MPI_Barrier 6mokupyeT paboTy HpOIECCOB, BBI3BABIINX JAHHYIO MPOIEIYPY,
JI0 TeX MOp, MOKa BCE OCTABIIMECS MPOLIECCHl TPYIIBl COMM TAKKE HE BBITOIHST
ATy TPOUEAYPY.

MPI nponmomxaer akTHBHO pPa3BUBATHCS M COBEPIICHCTBOBATH MEXAHU3MBI
paboThl B ceTeBoM kiactepe. Tak, HaumHas ¢ Bepcuu 2.0 [3], B MPI nosiBriach
BO3MO>KHOCTh 3aIlyCKaTb HOBBIE MPOLECCHl M3 yxke€ HUcnoJHswmuxcs MPI-
nporpaMM. OTO HEOOXOJUMO I pealu3aluu Mojenn o0paboTku uHbOpMauu

MPMD (MultipleProgram — MultipleData ). J{is13Toroucnoiis3yeTcsmporeaypa:

intMPI Comm_ spawn (char *command, char *argv([],
intmaxprocs, MPI Infoinfo,



introot, MPI_Commcomm,
MPI Comm *intercomm,
intarray of errcodes|[])

Ota moamporpamMma 3amyCKaeT maxprocs TPOIECCOB, O00O3HAYCHHBIX
KOMaHJI0i command ¢ aprymeHTamu, HaXOISIIMMHCS B MacCHMBE CTpok argv. B
3aBUCUMOCTH OT peaiM3allii CTaHJapTa CHCTEMa MOXKET 3allyCTUTh MEHBIICE
KOJIMYECTBO TIPOIECCOB WJIM BBIJIATh ONIMOKKA MPU HEBO3MOKHOCTHU 3aITyCTHUTh
maxprocs IpoIeccoB.

Hamu paccmotrpensl camble ocHOBHBIE (yHKIMH MPI, coctaBnstomue meHee
MOJIOBUHBI BCceX wuMewmmxca. Jms Ooiee mOApOOHOTO M3YYECHHS JTaHHOUN
OMOIMOTEKN MOYKHO HMCITOJIB30BaTh JOKYMEHTAIUIO 110 JaHHOMY cTanaapty [1-3].

Jlns mporpammupoBaHusi ¢ ucnosibzoBanuem MPI B cpepe Visual C++ B
Windows MbI OyJeM HCIOJIB30BaTh CBOOOJHO PACIpPOCTpPaHSACMYH OHOIUOTEKY
WinMPI Bepcun 1.3, koTopasi B mosiHOM Mepe peanusyet cranaapt MPI 1.1. [{ns
JAHHOM BEpPCHHM CIOPAaBEAJIMBO BCE CKa3aHHOE BBINIE 3a HMCKIIOYECHUEM
BO3MO>XHOCTH JUHAMHYECKOTO 3amycka nporeccoB MPI.

[TepebiM nenom HeoOxoaumo yctanoBuTh WINMPI B mo0yro qupekTtopuio (1o
ymomuanuio 310 C\WMPI1.3) [lns moakiarodeHusi KOMITBIOTEpa K KIIACTEepy
TpeOyeTcs 3amyCTHTh CUCTeMHYIO 4acTh MPI oHMM M3 1BYX BapHaHTOB: B BHJIC
CITyKOBI UJITM KOHCOJTBHOTO TIPHIIOKCHHUS.

Ilepeoiii Bapuant mnpurogen mis OC tuma WindowsNT, Windows 2000,
WindowsXP wu mo3BOJNISIET YCTaHOBUTH CHCTEMHYIO CIyxOy. Jlus a3toro
HeoOxonumo Boiith B manky SYSTEM\serviceNT, maxomsmiytocs B Karaiore
ycranoBku MPI, u 3amyctuth komanmHblid aitr install_service.bat, uToOsI
3aperucTpupoBaTh Ccioyk0y B cucteme. Jlms 3amycka CIyKObI MOXKHO
UCIOJIb30BaTh WJIM COOTBETCTBYIOIIMM AamIuIeT OINEpPalMOHHOW CHCTEMbl WIU
KoMaHAHBIH (aiin  start_service.bat. OcrtaHoBKa cepBUCa OCYIICCTBIISICTCS
KOMaHJHBIM (aittom Stop_service.bat, a ero ygamenue w3 cucTeMbl —
remove_service.bat. YcranoBka cepBHca BBINOJIHAETCS OJMH pa3, a 3alycK I10

Mepe HeOOXOIUMOCTH.



Bropoii BapraHT MOKHO HCITI0JIb30BaTh Ha 1060 OC cemetrictea Windows u
OH MpEANoJaraeT 3amyck KOHCOJIbHOro npuioxenus nogaepxku MPI. g storo
HeoOxomumo B manke SYSTEM\daemon 3amycTuth KOMaHAHBIN  (aiin
verbose daemon.bat.

JUist  KOppeKTHOM paboThl KOMIWJISILMKA —MporpamM, paboTalomMX ¢
oubnuotexoii, B cpene Visual C++ TpelyeTcs Haau4re B KaTajaore MpoeKTa Ui B
Katajiore, ykazaHHoM B TiepeMeHHo PATH, crnenyromux daiinos: Mpi.h,
Mpi_errno.h, Mpi++.h, Mpi++P.h, cdvlibf.lib, cvwmpi.lib, binding.h. Kpome Toro,
HEOOXOMMO TOAKIIOYNATh JTUPEKTHBOW KoMmmwisitopa #include 3aromoBouHbBIH
¢daiin mpi.h u ykazate B HacTpoMKax JUHKOBIIMKa OuOIMoTeky cvwmpi.lib (puc.

3).

Integral Property Pages

Corfiguration: |Active{Debug) w| Platform: |Active(wingz) |
=5 Configuration Properties Additional Dependencies cywmpi.lib
General Ignore Al Default Libraries Mo
Debuagaing Ignore Specific Library
[0 Cic++ Madule Definition File
{3 Linker add Module to Assemnbly
General Embed Managed Resource File
W Faorce Symbol References
Debugging Delay Loaded DLLs
Swskemn
Optirization
Ernbedded IDL

Puc. 3. OkHo HacTpoek JTuHKOBINKKA poekTa VisualC++ .NET

[Tepen 3amyckom MPI-niporpamMmbl HEOOXOIUMO CO3/1aTh KOH(MUTYpaAIMOHHBIN
daiin ¢ wWMEHEeM, COOTBETCTBYIOIIMM HWMEHHU CO3JIaHHOTO KOMIIIISTOPOM
ucrnoJyiHgeMoro (aiisia, 1 paclupeHueM .pg, MOMECTUB €r0 B TOH K€ JUPEKTOPUH,
YyTO W HCHoJHsIeMbI (aitn. B koHdurypauuonHoMm daiine npeamnoaaracTcs
WCTIOJIB30BAHUE JIBYX OCHOBHBIX IUPEKTUB.

local<kosmuecTBO>

B nanHo# nupekTuBe ykasblBaeTcsi KoinuecTBO mporeccoB MPI-mporpammel,
3allyCKaeMbIX Ha MalllMHe, OTKyJa IPOU3BOJUTCSI €€ TMOpOoXIAeHUEe (3amycK
npoiiecca-mMacrepa). PeanbHo KOJIMYECTBO 3amyCKaeMbIX MpoIeccoB Ha 1 Qoublire,

T.K. IIpOHECCC-MACTCP 3aITyCKACTCA BCCTAa.



<IP-ampec>| <DNS-umMsa><kKoJ-BO><IIYyTh K exe-Qainmy>

OTa JMpeKTHBa YKa3bIBAaeT, Ha Kakoil paboyeil CTaHIUU CETH, B KAKOM
KOJIMYECTBE M Kakou ¢aiii, orHocsmuiics k MPI-iporpamMme, 3anmyckats.

[Ipumep:

local 1

192.168.27.5 1 c:\integral.exe

IlepBasi cTpouka yKa3bIBa€T, 4YTO Ha OCHOBHOW MaIllMHE HEOOXOIUMO
3amyctuTh 2 (1+ponurensckuii mporecc ¢ HoMepom () sK3eMIuIsipa mpoiecca 1 Ha
MamuHe ¢ agpecoMm  192.168.27.5 3amyctuth 1 sk3eMmiuisip  mpolecca,
nopoxaeHHoro u3 (aiina integral.exe, xpansmerocs Ha ee nucke C B KOPHEBOM
Karasore.

Nunnunpyercs 3anyck MPI-nporieccoB 3amyckoM oaHOro exe-¢aina Ha
OCHOBHOU MalllMHE, BCE JIEUCTBUS MO MOPOXKICHUIO OCTaldbHBIX mpoueccoB MPI

BBIITOJIHACT CaMOCTOATCIIBHO.

IpumMep BHINOJIHEHHS JIadopaTopHOii padoTsl B VisualC++

MPI-nporpamma Bbl4YMCieHMA onpeaeneHHOro MHTerpana

[IpuBenennass HWXKE TMporpaMMa TPEACTaBIseT COOOH  KOHCOJBHOE

100
npuiokenue WiNdows, BEIYHCIISIONIES OMPEACICHHBIH HHTETpal J'x2dx METOJI0M
0

laycca (IpsAMOyronsHUKOB) ¢ marom 107,
#include "mpi.h"
#include "stdio.h"
const double a=0.0;//HuxHumnpenes
const double b=100.0;//BepxHumnpemnes

const double h=0.0000001;//llarMHTeTrPUPOBAHNS

double fnc (double x)//MHTerpupyeMasdyHKIMS



{

return xX*x;

}

int tmain(intargc, TCHAR* argvl[])
{
intmyrank, ranksize,i;
MPI Status status;
MPI Init (&argc, &argv);//UanumanusaumsaMPI
//OnpenejsiseM CBOM HOMEp B TIpyIIe:
MPI Comm rank (MPI COMM WORLD, &myrank);
//OnpenengeMpasMepI Py I :
MPI Comm size (MPI COMM WORLD, é&ranksize);
double cur a,cur b,d ba,cur h;
if (!'myrank)
{//3To mpouecc-mMacTep
//OnpenesigeM  pasMep  Ouanas3oHa  mJIg  KaxIoTro
rnpolecca:
d ba=(b-a)/ranksize;
//OcTaBjigeM MEepPBHM IMAla30H IJiId MacTepa:
cur a=atd ba;
cur h=h;
//PaccreuiaeM MCXOIHBEIE IaHHBEIE MNONUMHEHHBEIM IIPOLIeCCaM:
for (i=1;i<ranksize;i++)
{
cur b=cur a+d ba-h;
MPI Send(&cur a, 1, MPI DOUBLE, i, 98,
MPI COMM WORLD) ;
MPI Send (&cur b, 1, MPI DOUBLE, i, 99,
MPI COMM WORLD) ;



MPI Send(&cur h, 1, MPI DOUBLE, i,
MPI COMM WORLD) ;
cur a+=d ba;
}
cur a=a;cur b=a+d ba-h;
}
else
{//3TO0 omMH M3 MNOOUMHEHHEIX IIPOLIECCOB
/ /TloJlyyaeMmMCXOMHEIE [a HHEIE ¢
MPI Recv (&cur_ a, 1, MPI DOUBLE, 0,
MPI COMM WORLD, &status) ;
MPI Recv (&cur b, 1, MPI DOUBLE, 0,
MPI COMM WORLD, &status) ;
MPI Recv (&cur h, 1, MPI DOUBLE, 0,
MPI COMM WORLD, &status) ;
}

100,

98,

99,

100,

//PacueT wuHTerpajla B CBOEM OMalla30HE, BHIIOJHST

BCe
//TpPOolLIeCCHL :
doubles=0,s1;
printf ("Process %d. A=%.4fB=%.4fh=%

myrank,cur a,cur b,cur h);
for (cur a+=cur h;cur a<=cur b;cur at+=cur h)
st+=cur h*fnc(cur a);
if (!myrank)
{//9To mpouLecc-MacTep
//CobupaeM pes3yJIbTATH PACUeTOB:
for (i=1;i<ranksize;i++)

{

.10f\n",



MPI Recv (&sl, 1, MPI DOUBLE, i, 101,
MPI COMM WORLD, &status) ;
s+=s1;

}

//TleyaTbpe3yabTaTa:
printf ("Integral value: %.4f\n",s);
}
else
//3TO TNOOUMHEHHEIM [POILIECC, OTIPAaBJIgeM pPes3yJibTaTkH

//MacTepy:
MPI Send (&s, 1, MPI DOUBLE, 0, 101,
MPI COMM WORLD) ;
MPI Finalize();//3aBepuenne paboru c MPI

return 0;

}
Jlanee mNPUBOAMTCS JUCTUHT MOJUGPUIMPOBAHHOW MPOTpaMMBbl pacydeTa
WHTETpaja, KCIOIb3YIONIEH ONIEpaIMK TPYIIIIOBOTO B3aUMOICHCTBHUS IIPOIIECCOB.
#include "mpi.h"

#include "stdio.h"

const double a=0.0;//HuxHumnpenes
const double b=100.0;//Bepxuunnpenes

const double h=0.0000001;//llarMHTeTrpPUPOBAHNS

double fnc (double x)//MHTerpupyeMasdyHKIVS
{

return x*x;

}

int tmain(intargc, TCHAR* argvl([])



{
intmyrank, ranksize,i;
MPI Init (&argc, &argv);//UHuumanmuszauus MPI
//OnpenesigeM CBOM HOMEp B TIpyIIe:
MPI Comm rank (MPI COMM WORLD, &myrank);
//OnpenengeMpasMepI Py I :
MPI Comm size (MPI COMM WORLD, é&ranksize);
double cur a,cur b,d ba,cur h;
double *sbuf=NULL;
if (!myrank)
{//3T0 mpouecc-mMacTep
//OnpenenseM  pasMep  IOxanas0HAa  IJIS  KaxXOoTo
npolecca:
d ba=(b-a)/ranksize;
sbuf=new double[ranksize*3];
cur a=a;
cur h=h;
for (i=0;i<ranksize;i++)
{
cur b=cur a+d ba-h;
sbuf [1*3]=cur a;
sbuf [1*3+1]=cur b;
sbuf [1*3+2]=h;

cur a+=d ba;

}
doublerbuf[3];
//Paccrljika BCeM IIpolieccaM, BKJIOUas MIPOLecCC-MacTep

//HauvaJIbHEIX IAHHBIX OJIS pacueTa:



MPI Scatter (sbuf, 3,MPI DOUBLE, rbuf, 3,MPI DOUBLE, O,
MPI COMM WORLD) ;
if (sbuf) delete []sbuf;
cur a=rbuf[0];cur b=rbuf[l];cur h=rbuf[2];
//PacueT mMHTerpajla B CBOEeM Oralas30He, BHIIOJHAIT BCE
//TIPOLIeCCHI :
double s=0;
printf ("Process %d. A=%.4f B=%.4f h=%.10f\n",
myrank,cur a,cur b,cur h);
for (cur at+=cur h;cur a<=cur b;cur at+=cur h)
st+=cur h*fnc(cur a);
rbuf[0]=s;
if (!myrank) sbuf=new double[ranksize];
//CobupaeM 3HAUEHUS MHTETPAJIOB OT IPOLIeCCOB:
MPI Gather (rbuf,1,MPI DOUBLE, sbuf,1,MPI DOUBLE, O,
MPI COMM WORLD) ;
if (!myrank)
{//9To mpouLecc-MacTep
//CyMMMPOBaHVE MHTETPAJIOB, IIOJIYUYEHHBIX  KaXIbM
/ /TIpOLeCccoM:
for(i=0,s=0;i<ranksize;i++) s+=sbuf[i];
//TleyaTbpe3ybTaTa:
printf ("Integral value: %.4f\n",s);
delete []sbuf;
}
MPI Finalize();//3aBepuenne paboru c MPI

return 0;

}



Takum oOpa3oMm, mnporpamMmbl, HCHOJb3YIOUIME TPYINIOBbIE ONEPALUU
noJiy4aroTcsi 0ojee KOPOTKMMH U Oojee 3PQPEKTHUBHBIMU C TOYKH 3PEHUS

nepeaadn JaHHbIX 110 CCTU.

3aganus K JJadopaTopHoi padorte

[Ipu BbIMOMHEHUU PabOTHI MO OJHOMY M3 BBIOPAHHBIX 3a/laHUM, BapUaHTHI
KOTOPBIX JIaHbI B CIEIYIOUIEM paszelie, He0OX0AUMO pa3paboTaTh MapauieIbHyI0
IPOrpaMMy, IPOBECTU CPABHEHHE BPEMEHU BBIYMCICHUM IIPU Pa3HOM KOJIMYECTBE
nporneccoB. OT4er 0 paboTe, KOTOPHIH T0JKEH COACPKaTh:

® II0CTaHOBKY 3aJ1a4y;

® OIIMCAaHME MAPAJLIECITBHOIO AITOPUTMA;

® JIMCTUHT IIPOTPAMMBI;

® pe3ylnbTarbl  pabOThl, CpPaBHUTENIbHbIE  XapaKTEPUCTHUKUA  PabOThI
IIPOTrPaMMBbI JJIs1 HECKOJIBKMX IIPOLIECCOB.

1. INapamnenbHasi COPTUPOBKA

A) CopTupoBKa TpaHCHO3UILIUSIMHU

|5|7|1|2|9|8|7|4|2|1|6|10|8|4|2|1 |

O-s1 uTepauus

| 112|5|7]|4]171819|11216110|1]|2]4]|8 |

1-s1 mrepanust

| 112|4|5|7|7]11]2|8|9|11216(10|4]8 |

2-s1 nTepaus

| 1121415112717 11]12|8|9|4|6|8]10 |

3-s1 uTepanust

| 1]12|112]4|5|1|2|7|7|4|6|8|9|8]|10 |

4-s1 urepanus

|1|1|2|2|1|2|4|5|4|6|7|7|8|8|9|10 |

5-s1 mrepanust

| 1]1|1|2|2]2]|4|4|5|6|71718(8|9]10 |

[Ipumep copTUpPOBKM TpaHCHO3UUUAMHU |6-dn1eMeHTHOro wmaccuBa 3a 6
uTepanun

[Tpu coptupoBke N-3j1eMEHTHOro MaccMBa M KJIMEHTaMH i-My W3 HUX Ha
YETHBIX UTEpAlUsIX MePeIacTcs OTPe30K MaccuBa U3 N/M 3JIeMEHTOB ¢ HOMEpaMu
(N/M)(i-1)+1,..., (N/M)i, i=1,M, Ha HeuyeTHBIX — ¢ Homepamu (N/M)(i-
)+1+N/(2M),..., (N/M)i+ N/(2M), i=1,M-1. Tlocie copTUPOBKH KaKIbIH KIUEHT



BO3BpalllaeT oOpaTHO CBOIO 4acTh. [Ipu cOpTUpOBKE Cl€IyeT YYUTHIBATh, YTO Ha
Bcex utTepauusax, kpome 0-il (mepBoi XpOHOJOTMYECKH) IMOJydaemasi KaKIIbIM
KJIINEHTOM 4YaCThb COCTOMT M3 ABYX PABHBIX YAaCTEM — CTApLIEH W MIIAJIIECH — YyXKe
OTCOPTHPOBaHHbIX. Ha puCyHKe npHuBeeH MpuMep COPTUPOBKHU.

b) Coptuposka llemna

Heobxoaumo peannzoBaTh mnapajuienbHyto coptupoBky Ilemma. Wpes
QJITOPUTMA COCTOUT B OOMEHE 3JIEMEHTOB, PACIIOJIOKEHHBIX HE TOJBKO PSIAOM, HO
U JaJieKo APYr OT JIpyra, 4To 3HAYUTENIbHO COKpalaer oOlnee Yucio ornepanui
nepemenieHus aemenToB. Kak npumep paccmarpuBaetcs (ailin u3 2n 3J1€MEHTOB.
Ha j-M miare ¢aiin aenutcs Ha 2j TPYII 10 2n-j 2JIEMEHTOB B KaXKJIOH, IIPH STOM
|- TPYIIa COACPIKUT dIeMeHTHI (1, i+1*2n-] , i1+2*2n-] , .., I+(2] -1)*2n-} ), i=1,..,
2] , j=n-1,..,1 (Homep 1rara yosiBaeT oT n-1 g0 1). Ha kaxkoMm 1m1are BBIIOJIHAETCS
COPTUPOBKA B KaXJ0M rpymre. [Ipu copTupoBKke B Ka)A0M rpynIie CieayeT UMETh
BBHJIy, 4YTO OJJIEMEHTHl C YETHBIMH (HEUETHBIMH) HOMEpaMu OOpa3zyloT yxe
OTCOPTUPOBAHHYIO MOCIEA0BATEIbHOCTh, TO €CTh JUIsl COPTUPOBKU T'PYMIbI HAJO
CJIUTh 3THU JABE OTCOPTUPOBAHHBIE TOIIOCIIEI0BATEIbHOCTH.

B) CoptupoBka ciausiHrem

AJITOPUTMBI CIIMSIHUASI OCHOBBIBAIOTCA Ha MPOUEAYpPE CIUSHUA JABYX YXKE
OTCOPTUPOBAHHBIX OTPE3KOB MaccuBa B OJUH. [Ipu mapamienbHONW COPTHUPOBKE
BECh TMpoliecc pazduBaercss Ha wurTepanuu. Ha mnepBodt wuTepanuu MaccHuB
pazouBaercs Ha pparMeHThI, 00Iee KOJIUYECTBO KOTOPBIX MPEBHINIAET KOJIMUYECTBO
KJIIMCHTOB B JIBa pa3a. 3aTeM Kaxkjaas rmapa (pparMeHTOB CIMBACTCS OIHUM W3
MPOIIECCOB, TMOCIE Yero (pparMeHT 3amuChIBaeTCs B COPTHUPYEMBbI MaccuB. Bce
CICIYIOIIUE WTEpAllMAd HWJICHTHUYHBI TIEPBOM 32 HCKJIOYEHUEM YMEHBIICHUS
paboTaromux TMPOIECCOB BJIBO€ Ha Kaxaou w3 wurepanui. [locnmemuss mapa
(dbparMeHTOB MOXET OBIThH CJIMTa Ha CEpPBEpE.

2. ITapannensHoe mudpoBaHue
A) Hudpoanne MeTogoM 3aMeHbI (MOHOAI(aBUTHAS TIOJICTAHOBKA)

B »Ttom Meronme cumBOIBI MHPPYEMOTro TEKCTAa 3aMEHSIIOTCS CHUMBOJIAMH,
B3SITBIMU M3 OJHOro (oaHoandaBUTHAs WIM MOHOal(aBUTHAsI TOJICTAHOBKA)
angaButa. Camoil mpOCTOM Pa3HOBUIHOCTHIO SIBISIETCA MpsiMas 3aMeHa, Korja
OyKBBI MH(PPYEMOTO COOOIICHUS 3aMEHSIOTCS APYTUMU OyKBaMHU TOTO K€ CaMOro
WM HEKOTOporo Jipyroro andasuta. Tabnaua 3aMeHbl MOKET UMETh CJIEIYOIIUN
BU/I:

CamBoLI ABCDEFGHIJKLMNOPQRSTUVW
mudpyemMor XY 7
O TCKCTa

3aMEeHSIOITH SPXLRZIMAYEDWTBGVNJOCFH
€ CUMBOJIbI QUK

b) llludpoBanune meroaom 3amensl (ronuandaBUTHAs MOJCTAHOBKA)



[Tpu nonuandaBUTHOMN MOJCTAHOBKE JJIsl 3aMEHBI CUMBOJIOB HCXOJHOTO TEKCTa
UCIIOJIb3YIOTCSI HECKOJIBKO al(paBUTOB, 3aJIaHHBIX JaHHBIM KJIIOUOM, IPUYEM CMEHa
an(aBUTOB OCYIIECTBISETCS TMOCIEIOBATENFHO W IMKJIMYECKH, T.€. TEPBBIi
CUMBOJI 3aMEHSIETCS COOTBETCTBYIOIIMM CHUMBOJIOM NEPBOro ajdaBuTa, BTOPOU -
CHUMBOJIOM BTOPOro andasuTa U T.A. 1O TEX MOP, IOKa HE OYIyT UCIIOJIb30BAHBI BCE
BbIOpaHHbIe andaBuThl. [Tocie 3Toro ucnonb3zoBaHue anpaBUTOB MOBTOPSETCS.

B) llIudpoBanrie MeTo0M raMMHUPOBAHUS.

CyTb 3TOro MeToJa COCTOMT B TOM, YTO CHMBOJIBI MIH(pyeMoro TeKcTa
MOCJIEIOBATEIbHO  CKJIAJBIBAIOTCA C CHMBOJIAMU HEKOTOPOH  ClelHaIbHON
MOCJIeIOBATEILHOCTH, HAa3bIBAEMOW ramMmmoil. MIHorga Takoil MeTol MpeaCTaBIIsIIOT
KaK HaJOK€HHWE TaMMbl Ha HCXOJHBIH TEKCT, MOSTOMY OH IOJY4YWI Ha3BaHHE
"ramMmmupoBaHue".

[Ipouenypy HamoXeHUsST TaMMbl Ha HCXOIHBIH TEKCT MOXHO OCYIIECTBUTH
nByms criocodamu. Ilpu mepBoM crnoco0e CUMBOJIBI MCXOJHOTO TEKCTa M raMMBbl
3aMEHAI0TCA LU(POBBIMU SKBUBAJIEHTAMHU, KOTOPbIE 3aTe€M CKJIAAbIBAIOTCA II0
Moay:to k, rae k — ynciao cuMBosioB B andasure, T.€.

tw =(to + t)mod Kk,

rae tu — CUMBOJIBI 3aIIM(POBAHHOTO TEKCTA;
to — CHMBOJIBI HICXOJHOI'O TEKCTA;

{r — CHUMBOJIBI TaMMBI.

[Ipu BTOpOM METOJI€ CUMBOJIBI UCXOJHOI'O TEKCTAa U TaMMBbI MPEICTABIIAIOTCS B
BUJIC JIBOMYHOTO KOJIa, 3aTEM COOTBETCTBYIOIIHME pPa3psibl CKJIAJBIBAIOTCA IO
MOJTYJIIO JBa.
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