JlabopatopHasa pabora No4.
CUMHXPOHM3ALMA NPUOPUTETHOrO A0CTYNA K
MHOrosnemeHTHomy bydepy

3agava

HecKkonbKo MOTOKOB paboTatoT ¢ 06WMM MHOrosnemeHTHbiM Bydepom. MOTOKM aenAaTca Ha
«yuMTaTeNem» M «nNucaTenem», Kaxaplh NOTOK ob6nagaet npuoputetom. [ucatenm
OCYLLEeCTBNAIOT 3anucb B Oydep, ecnm ecTb cBoOOAHble AYEMKW. YuTaTenu wu3BNeKaloT
cogepxmmoe bydepa, ecnm ecTb 3anoNHEHHble A4enKkn. PaboTa npunoxeHMA 3akaH4YMBaeTcA
nocne Toro, Kak Bce coobuleHus nucateneit byayt obpaboTaHbl ynTaTenamu yepes obLIuniA
6ydep. B kKauecTBe 6ydepa ncnonblyeTca KKONbLEBON MACCUBY.
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1. PeanusyitTe CMHXPOHU3MPOBAHHOE B3aMMOLENCTBME YNTATENEN N NUCATENEN C YYETOM

Priority: 1

3aaaHunAa

npuopuTeTa. AprymeHTUpyiTe BbIGOP CPEACTB CUHXPOHM3ALUN.

2. BblBOA4, NpOrpaMmbl BKAOYAET: BpeEMA PaboTbl KaxAoro nucaTens M ymTaTens; Ymcno
coobueHnit, 06paboTaHHbIX KaXKabiM NMcaTeNiem U YnTaTenem.

3. BbINOAHMTE NPOrOH NPOrpPaMMbl MPU PA3HbIX MAapPaMeTpax: Pa3HOM Yucine nucaTenen u
yntaTenen, pasHoMm obbeme cOObLEHUI, pa3HbIX NPUOPUTETAX NOTOKOB. PesynbTaThbl
NpPoroHoB npeactaBbTe B TabanyHoi dopme.



MeToanyeckune ykasaHua

B KauyecTBe MHoOrosnemeHTHoro 6Oydepa wucnonblyetcs KosbueBo maccuB. OH
npeactasnaeT cobon 0bbl4YHbIN MaccmB pasmepa n. bydep Ha3bIBaeTCA KONbLEBbBIM, TaK KaK Npu
CMELLEHMN TEKYLLero MHAEKCa Nnoc/ie KpahHero anemeHTa cnepyet nepsbid. Ons goctyna K
6ydepy ncnonb3yoTca ABa UHAEKCA: OAUH ANA YTEHUS U OO4MH ANA 3anuUcK. Takan opraHusaumsa
obecneymBaeT HE3aBUCMMOCTb ONepaLuii YTEHUSA U 3aMMCKU — eCIM B MaccuBe ecTb cBoboAHbIe
3/1EMEHTbI U €CTb 3aNOJ/IHEHHbIE 3/1IEMEHTbI, TO ONepaLMmM YTEHWUA M 3aMUCU MOTYT MPOU3BOAUTLCA
OlHOBpPEMEHHO be3 KaKknx-nnmbo cpesicTB CUHXPOHMU3ALMUN.

B Havyane pabotbl b6ydep sBaAeTca nyctbim — oba MHAEKCA YKa3blBalOT Ha MepPBbIN
anemeHT. Mpu ocCyllecTBAEHUM Onepauuii YTeHMA WAM 3anucu COOTBETCTBYIOLLME WHAOEKCHI
CMeLLatoTcA.
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Onepauna 4yteHua 6Ga0KupyeTcs, ecnm Bydep NycT, 3anMcb NpyM 3TOM paspelueHa.
Onepauna 3anucu 6nokupyeTca, ecnm bGydep MNONHOCTbIO 3aMONAHEH, UYTEHWE NpU 3TOM
paspelleHo. PaBeHCTBO MHAEKCOB YTEHUA M 3aNnCK ABAAETCA NPU3HAKOM M NONHOTLI bydepa, u
nycToTbl. YTOObI pasnmMyaTb 3TU CUTyauUUM HEoBXOAMMO KOHTPO/NMPOBATb, KaKas onepauus
npvBena K paBeHCTBY MHAEKCOB. Ecaun onepauua 3anucu, To bydep 3anonHeH.
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Onepaumn YTeHMA 1 3aNmUcK MoryT BbITb peasnin3oBaHbl caeayowmm obpasom:

bool Write (string Msgqg)
{
if (bFull)
return false;
buffer[iW] = Msg;
iW = (1iW + 1) % n;

// Ecny MHIOEKCE COBIAJM IIOCJe Balucwu,
// Bybep 3zamosiHeH
if (iW == 1iR)
bFull = true;
return true;

bool Read(ref string Msg)

// EcCau MHIEKCH COBIAMAlnT, HO HE II0CJie Oollepaluu 3alucu
// Bybep mycrT
if (iW == iR && !bFull)

return false;

Msg = buffer[iR];
iR = (iR + 1) % n;

// Eciu B6ydep ObBLI 3aloJiHEH, TO CHMMAEeM OTMETKY
if (bFull)

bFull = false;
return true;

[NaBHbIA MOTOK KOHTPO/MPYET CTAaTyC 3aBepLlleHna onepaumii yTeHus u 3anucu. Ecam
onepauma YTeHUs He BbINOJIHEHA, TO NOTOK YMTaTena 6aokupyeTcs.

CUTyauma YCNOXKHAETCA, eCNU AO0CTYN K bydepy OCyLecTBAAOT HECKONbKO YnTaTenen u
HecKonbko nucatenei. OANH U3 BapuaHTOB pelleHus npobnembl — A06aBUTb KOHCTPYKLUU
KPUTUYECKOM CeKLMMN B QYHKLMM YTEHUS U 3anUCH.

[pyroi nogxopn 3aKA4vaeTcaA B peanu3auum CXembl «ynpasastowmin-pabouver», rae
yNpaBAAOWMA KOHTPONMPYET BCE onepauunun, Tpebyrlme CUHXPOHM3auuK. Paboume NOTOKM
(untatenn wn nucatenu) obpawaoTca K ynpasastowemy (OCHOBHOM MOTOK) C CUTHaAZOM O
FOTOBHOCTM OCYLLECTBAATb OMepauuto YTEHUA WUAWU 3anucu. Ynpasaatowmii NoTok Gpukcupyer
obpalleHna ynTaTenem u nucatenen, BblYUCASET TEKYLME WHAEKCbl ANA YTEHUA U 3anucw,
KOHTPO/IMPYEeT cocToAaHMe bydepa (MONHOCTbIO 3aMONHEH WM MOAHOCTbIO MyCT), BblbUpaeT

yuTaTeNs u NUcaTens, KOTopbIM paspeluaeT gocTyn. Onepaymm YTEHUA 1 3aNMUCU MO KOPPEKTHLIM



MHOEKCaM, nNoJay4vyeHHbIM OT YynpaBaAwWEro nNOTOKa, OCYyWeCcTBAAKTCA YuTaTenamm u
nncaTenamm yxe 6es3 KOHTpOAA.

Bsaumopenctene paboumx U ynpasaswolero yaobHo opraHn3oBaTb C MOMOLLbHO
CUIHaNbHbIX coobuweHnit Tuna ManualResetEventSlim.

CurHanbl o rotoBHOCTU evReadyToRead, evReadyToWrite reHepupyroT umMTaTenu
M nucaTenu, rotoBble OCYLLECTBAATb onepauun c bydbepom. Ynpasnawowmin KOHTpoaupyeT
COCTOAAHME CUTHANOB Yy Kaxaoro pabouero.

CUrHanbl O BO3MOMKHOCTM OMepaumMin 4YTeHMs UM 3anucnm evStartReading,
evStartWriting reHepupyrTCcA YNpaBAAOWMM MOTOKOM KOHKPETHbIM YuTaTensm W
nucaTtenam. MNepen reHepauyert CUrHaN0B YNPaBAAIOLWMNN BbIMUCASET UHAEKC YTEHWUS UK 3aNUCK
N COXPaHSAET ero B MHANBUAYANIbHOMN SSUENKE KOHKPETHOro paboyero.

Takaa opraHusauma B3aMMO,CI,e[;ICTBVIH NMNO3BOJIAET AOCTATOYHO /1IETKO USMEHATb NMpaBwu/ia
40CTyna: BBOAUTb NPUOPUTETDLI ynTatenen wm nmcaTeneﬁ, Yy4nTbiBaTb BpPEMA O6paLLl,eHI/1F| K
ynpasaawowemy noTtory 1 obecneunBaTb «CcnpasegnmnBoOCTb» A0CTYyMNa B NnJjiaHe o4epeaHOCTH.

void ReaderThread(int iReader,
ManualResetEventSlim evReadyToRead,
ManualResetEventSlim evStartReading)

// VHuLUMaImMs3aumsa BHYTpeHHeTo Oybepa
var Messages = new List<string>{();

// Paboumy LUUKJI UTEHUSI

while (true)

{
// CuUTHaIM3upyeT O T'OTOBHOCTU
evReadyToRead.Set () ;
// Xmem cuTHAajNa OT MeHeIxepa
evStartReading.Wait () ;
// PaspemeHo uTeHMe [0 TeKylleMy MWHIEKCY
int k = ReadIndexCopy[iReader];
Messages.Add (buffer[k]);
// COpacelBaeM CUTHAJI O UTEHUU
evStartReading.Reset () ;
// TlpoBepseM CcTaTyC 3aBepleHud padoT
if (finish) break;

// Kon mucaTess NPakKTUUECKM UISHTUUEH KONy UMTaTess
void WriterThread(int iWriter,
ManualResetEventSlim evReadyToWrite,
ManualResetEventSlim evStartWriting)



// VHMLUManmMs3aumusa MacCrBa COOBIEHUNM NOucaTesis
Messages =

// Pabouuit LMKJ BallCH

while (true)

{

// CuUTHaIM3MpyeM O TOTOBHOCTU MeHeIxepy
evReadyToWrite.Set () ;

// Xmem cuTHAaJa OT MeHeIxepa
evStartWriting.Wait () ;

// PaspeleHa 3anuch 10 TEeKYyIeMy MHIOEKCY
k = WriteIndexCopy[iWriter];

buffer[k] = Messages|[]j++];

// TlpoBepsgeM CTaTyC 3aBepleHus paboTh

if (finish || j >= Messages.Length)
break;

// Kom MeHemxepa
void Manager (int nReaders, int nWriters)

{

// Banyck umraTresel
for (int i=0; i<nReaders; i++)
{ int 1 _copy = 1i;
evReadyToRead[i] =
new ManualResetEventSlim(false);
evStartReading[i] =
new ManualResetEventSlim(false);
tReaders[i] = new Task( () =>
ReaderThread (i copy, evReadyToRead[i copy],
evStartReading[i copy])); tReaders[i].Start();
}
// Bamyck nmcarejeit
for(int i=0; 1 < nWriters,; i++)
{ int 1 copy = 1i;
var evReadyToWritel[i] =
new ManualResetEventSlim(false);
var evStartWritingl[i] =
new ManualResetEventSlim(false);
tWriters[i] = new Task( () =>
WriterThread (i copy, evReadyToWrite[i copy],
evStartWriting[i copyl)); tWriters[i].Start();



// Paboumii LMKJI
while (true)

{

// Ecin B Gybepe ecTb CBOOOIHBEIE SUEHKU
// meITaeMcs obpaboTaTh TOTOBHBIX MNMCATEJEN
if (!'bFull)

{

}

// TlonyuyaeM TeKylMril MHIOEKC Salucu
iW = GetBufferWritelIndex():;
if(iw !'= -1)
{
// YcTaHaBiIMBaeM NOucaTesd,
// koTopoMy paspemaeMm paboTaTb
iWriter = GetWriter();
if (iWriter != -1)
{
// C6pachBaeM CUTHAJI I'OTOBHOCTU
// BHOPAHHOTO MNMCATEeJI
evReadyToWrite[iWriter] .Reset () ;
// CoxpaHseM KONUKD MHIEKCa IOJIS Salucu
WriteIndexCopy[iWriter] = 1iW;
// PaspemaeM NMUCATEJIO HadyaThb paboTy
evStartWriting[iWriter].Set ()

}

else
bFull = true;

// Eciu Bybep He mycT, MNHTAaeMCH
// oBpaboTaTh TI'OTOBHIX UMTaTEJIEN
if (!bEmpty)

{

// TlomydyaeM TeKylMi MHIOEKC IOJIS YTeHUSI
iR = GetBufferReadIndex() ;
if (iR != -1)
{
//YcTaHaBaIMBaAaeM T'OTOBOI'O UMTATEJIA
iReader = GetReader();
if (iReader != -1)
{
evReadyToRead[iReader] .Reset () ;
ReadIndexCopy[iReader] = iR;
evStartReading[iReader].Set ()



}
else
bEmpty = true;

// Konm QYyHKUMU [OJIyUEeHMS HOMEepa TOTOBOTO MNMCATENI
// C yueToM IPUOPUTETOB
int GetWriter ()
{
// YcTaHaBIMBaeM TOTOBHIX MNMUCATEJIEN
var ready = new List<int>();
for(int i=0; i<nWriter; i++)
if (evReadyToWrite[i] .IsSet())
ready.Add (i) ;

if (ready.Count == 0)
return -1;

return ready.OrderBy (i => WriterPriorityl[i]) .First():





