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3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

Boluucnenne pacnpegenenHoro anroputma 3aBepLiaeTcsi, Korga
3TOT a/irOPUTM JOCTUraeT HEKOTOPOU 3aKIHOUYUTENbHOM
KOHUTypaLUm, N3 KOTOPOii HENb3s CAeNaTh HM OGHOMO Luara.



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

Boluucnenne pacnpegenenHoro anroputma 3aBepLiaeTcsi, Korga
3TOT a/irOPUTM JOCTUraeT HEKOTOPOU 3aKIHOUYUTENbHOM
KOHUTypaLUm, N3 KOTOPOii HENb3s CAeNaTh HM OGHOMO Luara.

BoluncneHne 3aBepluaetcs SBHO , eCn BCE NpoLecchl npebbiBatoT B
3aKJIFOUNTENILHOM COCTOSIHUY . Torfa roBopsiT, YTO NPOU30LLIO
3aBeplueHne paboTbl anroputma .



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

Boluucnenne pacnpegenenHoro anroputma 3aBepLiaeTcsi, Korga
3TOT a/irOPUTM JOCTUraeT HEKOTOPOU 3aKIHOUYUTENbHOM
KOHUTypaLUm, N3 KOTOPOii HENb3s CAeNaTh HM OGHOMO Luara.

BoluncneHne 3aBepluaetcs SBHO , eCn BCE NpoLecchl npebbiBatoT B
3aKJIFOUNTENILHOM COCTOSIHUY . Torfa roBopsiT, YTO NPOU30LLIO
3aBeplueHne paboTbl anroputma .

Bblumncnenne 3aBepliaeTcs HESBHO , €C/IM BCE KaHaJsbl MyCTbl, HO
Npn 3TOM He BCE NPOLECCHl NPeBLIBAOT B 3aKAOYUTENBHOM
COCTOSIHUMN, T.€. HEKOTOPbIE NPOLECCH OXKUAAIOT MOCTYNNEHUS
coobuiennii. Torga rogopsiT, 4TO NPON30OLINO 3aBepLUEHEe 0bMeHa
coobuieHuaMnI .



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

Boluucnenne pacnpegenenHoro anroputma 3aBepLiaeTcsi, Korga
3TOT a/irOPUTM JOCTUraeT HEKOTOPOU 3aKIHOUYUTENbHOM
KOHUTypaLUm, N3 KOTOPOii HENb3s CAeNaTh HM OGHOMO Luara.

BoluncneHne 3aBepluaetcs SBHO , eCn BCE NpoLecchl npebbiBatoT B
3aKJIFOUNTENILHOM COCTOSIHUY . Torfa roBopsiT, YTO NPOU30LLIO
3aBeplueHne paboTbl anroputma .

Bblumncnenne 3aBepliaeTcs HESBHO , €C/IM BCE KaHaJsbl MyCTbl, HO
Npn 3TOM He BCE NPOLECCHl NPeBLIBAOT B 3aKAOYUTENBHOM
COCTOSIHUMN, T.€. HEKOTOPbIE NPOLECCH OXKUAAIOT MOCTYNNEHUS
coobuiennii. Torga rogopsiT, 4TO NPON30OLINO 3aBepLUEHEe 0bMeHa
coobuieHuaMnI .

Hy>xHo ymeTb npeobpa3oBbiBaTh anropuTMbl, B KOTOPbIX
BbIYUC/IEHUS OKAHYMBAIOTCS MO 3aBepLueHnmn obmeHa
COOBLLEHNSAMN, B aNTOPUTMBI, B KOTOPLIX BbIYACIEHUS
OKaH4YMBaKOTCA 3aBeplueHneM paboTbl NpoLeccos.



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

[ns storo noTpebytoTcs ABa JONONHUTENBHBIX aNrOPUTMA,
KOTOpble B3aNMOAECTBYIOT APYr C APYFrOM, @ TakXXe C 3afaHHbIM
anropuTMOM, UMEIOLLNM HESIBHOE 3aBepLUeHNe BblHNCAEHWIA.

OauH U3 3TUX aNTOPUTMOB aHANN3UPYET TEKYLLEE BbIYUCIEHMNE
NCXOLHOMO anropuTMa u 0bHapY>KNBAET, 4TO 3TO BbIYNCIEHNE
DOCTUNIO 3aKMOUMTENLHOI KoHdurypauuu. MNocne aToro
BbI3bIBAETCS BTOPOMA aNropuTm, KOTOPbIA pacceiiaeT cooblieHne o
3aBEpPLUEHUN BbIHUCAEHUS BCEM MpPOLLECCaM, NMPU3bIBas NX NepeiTy
B 3aKJ/IFO4UTE/bHOE COCTOSIHUE.

CaMbIM CNOXHbLIM OKa3blBAE€TCS anropuTm, obHapyxusaroLuii
3aBepluerune BolducneHus. Npoueaypa paccbiiku BecbMa npocra.

Mokaxem, 4TO OBHapy>XeHWe 3aBEpLUEHNS BOBMOXHO A/s BCEX
KJ1aCCOB CeTeil, ANsl KOTOPbIX MOXHO pa3paboTaTb BOSMHOBON
anropuTmM..



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

MuoxxecTBO BCex cocTosiHuii Z, npouecca p pasbusaetca Ha ABa
NOAMHOXECTBA aKTUBHbLIX W MaCCUBHBIX COCTOSIHUIA.

CocTosiHme ¢, npoluecca p CHNTAETCH aKTUBHbLIM, €CIN NMPOLECC P B
COCTOAAHWUN Cp MOXKET BbINOJAHNTL BHYTPEHHEE AENCTBME MK
OTNpaBnTbL COODLLEHNE; B MPOTUBHOM Clly4ae 3TO COCTOsIHME
CYWNTAETCH NACCUBHbLIM.

B naccmBHOM cOCTOSHUN C,, BOSMOXEH TONBKO NpUeM COODLLEeHNiA,
nnm B Hem BoobLUe He ByaeT NponcxoanTb HUKAKUX COBLITWMIA, 1 B
3TOM CllyHae ¢, DyAeT OTHOCUTLCS K 3aK/HOHUTENbHbBIM
COCTOSHUAM NPOLIECCa p .

loBOpAT, 4TO Mpouecc p aKTMBEH, eCciu OH NpebbIBaeT B O4HOM 13
AKTUBHbIX COCTOSHWIA; B NPOTUBHOM Cjlydae NpoLecC p Ha3biBatoT
MacCUBHbIM.

OTnpaBnaTh COOBLLEHNS MOXET TOALKO aKTUBHbIN npouece, a
MaCCMBHbBIA NPOLLECC MOXET CTaTb aKTUBHbIM TOJIbKO Nocne
noflydeHus cooblueHnsa. AKTUBHBIA NMPOLECC MOXKET CTaTb
MacCMBHbIM, €C/IN OH NepeliaeT B NaCCUBHOE COCTOSIHME.



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

Caenaem psg ynpoLLeHui.
1. AKTUBHbIA NPOLLECC CTAHOBUTCSA MACCUBHLIM TOJILKO
nocsie OCyuecTB/IeHNS BHYTPEHHEro cobbiTus.



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

Caenaem psg ynpoLLeHui.
1. AKTUBHbIA NPOLLECC CTAHOBUTCSA MACCUBHLIM TOJILKO
nocsie OCyuecTB/IeHNS BHYTPEHHEro cobbiTus.

2. Mpouecc Bcerga CTaHOBUTCS aKTUBHLIM MOC/E
nony4eHnsa coobuieHuns.



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

Caenaem psg ynpoLLeHui.
1. AKTUBHbIA NPOLLECC CTAHOBUTCSA MACCUBHLIM TOJILKO
nocsie OCyuecTB/IeHNS BHYTPEHHEro cobbiTus.

2. Mpouecc Bcerga CTaHOBUTCS aKTUBHLIM MOC/E
nony4eHnsa coobuieHuns.

3. BHyTpeHHMe coObITUSA, NpUBOASLLME K TOMY, HTO
Npouecc p CTaHOBUTCSA NAaCCUBHbIM, — 3TO €4WHCTBEHHO
BO3MOXXHble BHYTpeHHue cobbiTua B npouecce p .
BHyTpeHHue cobbiTus, nepeeofsaLLmMe NpoLEecc p U3 0QHOrO
aKTUBHOTO COCTOSIHUS B L pyroe akTUBHOE COCTOSIHNE,
WFHOPUPYIOTCS: airOpuTM OBHAPYXXEHUSI 3aBEPLUEHUS HE
ZOJI>KEH 3aHUMATbCSA BbiBeAbIBAHVENM W UCMONb30BATb
MHPOPMALMIO O TOM, KaK OpPraHW30BaHbl JIOKabHbIE
BbIYNCEHWUS NPOLLECCOB.



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

BazosBbiii anropuTm.
var state, : (active, passive) ;

Sp: { state, = active }
begin send (mes) end

Rp: { Coobuienne (mes) goctasneHo npoueccy p }
begin receive (mes) ; state, := active end

Ip: { state, = active }
begin state, := passive end



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

Byaem nonaratb, 4to npegmkat term(y ) obpaiiaeTtcs B ucTuHy Ha
BCSIKOM KoHdbUrypaumm <y , Ha KOTOPOU HE MOXET MPOU30ATH HU
0AHOro cobbiTna B 6a30BOM BbIYMCAEHUN.

Teopema 1.

term(y) <~ (Vp € P : state, = passive)
N (Vpg € E : Mpyg ne copepxunt coobuienusi (mes)).



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA
Byaem nonaratb, 4to npegmkat term(y ) obpaiiaeTtcs B ucTuHy Ha
BCSIKOM KoHdbUrypaumm <y , Ha KOTOPOU HE MOXET MPOU30ATH HU
OAHOrO CObLITMS B HA30BOM BbINMCAEHUN.

Teopema 1.
term(y) <~ (Vp € P : state, = passive)

N (Vpg € E : Mpyg ne copepxunt coobuienusi (mes)).
IlokazaTenbCcTBO.

Ecnn Bce npouecChbl NAaCCUBHbI, TO HN BHYTPEHHEE CO6bITVIe, HIN
cobbiTne OTNpaBAEHNA COO6IJJ,EHVIF| HEBO3MOXHO. A ecnm KaHanbl
nycThl, TO cobbiTus npunemMa COO6LLI,€HVI$I TaKXXe€ HEBO3MOXHBbI.

Ecnu kakoii-Hubyab npouecc akTUBEH, TO B HEM MOXET NMPOU30ATH
BHYTpeHHee cobbiTne nnu cobbiTne oTnpasaeHns coobuienuns, a
ecau B OQHOM W3 KaHaNOB €CTb COODLLEHNE, TO MOXKET
OCVLLECTBUTLCS MDVEM 3TOro coobLlueHns .



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

3ajadva COCTOUT B TOM, YTODbI NPUCOEANHUTL K CUCTEME
KOHTPOJIBHBIN aJIrOPUTM , KOTOPbIA NMPUBEAET BCE MPOLLECCHI B
3dKNKYUTENbHbIE COCTOAHUNA, NOCNE TOro Kak 6330306 BblHNC/NEHNE
OOCTUTHET 3aKJOYNTENbHOW KOHUTrypaumn.

B koHTposnbHOM anropntme npoucxoanT obmeH (KOHTPOAbHBIMNA)
coobLieHnsiMn. 3T coobLueHnst MOryT BbiTb OTNpPaB/IEHbI
NacCUBHLIMM MPOLECCAMM, N MOJNYHEHUE KOHTPOABHOIO Co0bLLEHNS
He DygeT nepeBOANTHL MACCUBHLINA MPOLECC B Paspsif aKTUBHbIX.

KoHTpobHbIG anropuTM COCTOUT U3 anropnTma obHapykeHus
3aBEPLUEHNS BbIYUCIAEHUS N aNrOPUTMa OMOBELLEHNS O 3aBEPLUEHUN
BbIYNC/IEHNS , KOTOPbIA NepeBofUT BCE MPOLECCHI B
3aKJOYNTENIbHbIE COCTOSHUS.



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

Anroputm obHapy>KeHMs1 3aBepLUEHNS BbIYUCIEHUS LOJIKEH
YLOBNETBOPATL CAELYIOLLMM TpeM TpeboBaHuAM.



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

Anroputm obHapy>KeHMs1 3aBepLUEHNS BbIYUCIEHUS LOJIKEH
YLOBNETBOPATL CAELYIOLLMM TpeM TpeboBaHuAM.

1. HeBmewaTtenscTBO. ANropnTM oBHapy»KeHUs 3aBepLUeHUs
BbIYUC/AEHNUA HE JOJIKEH OKA3blBATb BAMSIHUS HA BblYUCIEHUS
6asoBoro anroputma.



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

Anroputm obHapy>KeHMs1 3aBepLUEHNS BbIYUCIEHUS LOJIKEH
YLOBNETBOPATL CAELYIOLLMM TpeM TpeboBaHuAM.

1. HeBmewaTtenscTBO. ANropnTM oBHapy»KeHUs 3aBepLUeHUs
BbIYUC/AEHNUA HE JOJIKEH OKA3blBATb BAMSIHUS HA BblYUCIEHUS
6asoBoro anroputma.

2. XKusocTb. Ecan Bbinontsiercs ycnosme term, 1o anropntm
onoselyeHns Announce pomkeH BbiTb BbI3BaH CNyCTs
KOHEYHOE YNCJ/IO LIAroB.



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

Anroputm obHapy>KeHMs1 3aBepLUEHNS BbIYUCIEHUS LOJIKEH
YLOBNETBOPATL CAELYIOLLMM TpeM TpeboBaHuAM.

1. HeBmewaTtenscTBO. ANropnTM oBHapy»KeHUs 3aBepLUeHUs
BbIYUC/AEHNUA HE JOJIKEH OKA3blBATb BAMSIHUS HA BblYUCIEHUS
6asoBoro anroputma.

2. XKusocTb. Ecan Bbinontsiercs ycnosme term, 1o anropntm
onoselyeHns Announce pomkeH BbiTb BbI3BaH CNyCTs
KOHEYHOE YNCNO LIAros.

3. be3onacHocTtb. Ecnu BbizBaH anroputm Announce, To
KOHpUTYpaumsa SOMKHA YAOBIETBOPSATL YCNOBUIO term.



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

var SentStop,  : bool init false ;
RecStopy, : integer init 0 ;

Procedure Announce:
begin if not SentStop, then
begin SentStop, := true ;
forall g € Out, do send (stop) to g
end
end

{Coobwyerue (stop) noctynuno npoueccy p}
begin receive (stop) ; RecStop, := RecStop, + 1 ;
Announce ;
if RecStop, = #In, then halt
end



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

Teopema 2.

[nsa Bcakoro anroputma obHapYXeHUs 3aBEPLUEHUS BblYUCAEHUS
cywecTeyeT Takoe 6a3o0Boe BbluMcaeHune, ocywecTensaowee
obmeHOB 6a30BbIMU COOBLLEHUSIMIN, ANs1 OBHAPYXKEHUST 3aBEPLUEHUS
KOTOPOrO pacCMaTpMBaeMblii aNrOpUTM COBEpLUAeT He meHee [V
OBOMEHOB KOHTPOSIbHBIMU COOBLLEHMAMM.



3apgava obHapy>XeHUs1 3aBepLUeHUsT BblYUCIEHWIA

Teopema 2.

[nsa Bcakoro anroputma obHapYXeHUs 3aBEPLUEHUS BblYUCAEHUS
cywecTeyeT Takoe 6a3o0Boe BbluMcaeHune, ocywecTensaowee
obmeHOB 6a30BbIMU COOBLLEHUSIMIN, ANs1 OBHAPYXKEHUST 3aBEPLUEHUS
KOTOPOrO pacCMaTpMBaeMblii aNrOpUTM COBEpLUAeT He meHee [V
OBOMEHOB KOHTPOSIbHBIMU COOBLLEHMAMM.

Teopema 3.

[na obHapy>xeHus 3aBepLUEHUS LeUeHTPaau30BaHHoOro 6asosoro
BbIYMC/EHNA B XyALIEM cny4dae TpebyeTcs coBepwnTb obmeH He
meHee YeM /' KoHTponbHbIMU cooblieHusimu, rae W —
KOMMYHWKaLMOHHAS CIOXKHOCTb BOJIHOBOMO afiropuTMa.



Anroputm [eiikctpbl-LLlonTeHa

YcnoBusi npuMeHeHus:
» 0a30BbIA aNrOpUTM LEHTPANN30BAHHBINA;
> TOMOJIOTUS CETU NMPOU3BOJIbHAS;
> CeTb HEOPUEHTMPOBAHHAS;

> KOHTPOJIbHbIA aNroOpUTM LUEHTPasIN30BaHHbIA N NHLNNPYETCS B
TOM e MpoLecce, 4To U Ha30BLINA anropuTM™.



Anroputm [eiikctpbl-LLlonTeHa

Anropntm obHapyXeHNs 3aBEPLUEHNS CTPOUT U NOCTOSIHHO
obHosasieT nepeso Boivucienns T = (Vr, ET) , koTopoe obnagaer
cnemyowmnmmn 4ByMs CBocTBamum.

1. Tpad T nubo siensietcs nycToiM, n1ubo npeacraenset coboii
OpWEHTUPOBAHHOE AEPEBO, KOPHEM KOTOPOro SIBASIETCS
BEpLUMHA Py .

2. MHoxecTBO VT BK/IIOYAET BCE aKTUBHbLIE NPOLIECCH U BCE
6a3oBble COOBLUEHNS, HAXOAALLNECA HA 3Tane NepPeChIIKN.

NHuumnaTtop po BbI3bIBAET Npoueaypy Announce, ecnn pg & VT ;
COrflacHO NepBOMY CBOWCTBY rpach 7 B TakoMm Ciydae SiBASIETCA
MYCTbIM, a COMJIAaCHO BTOPOMY CBOMCTBY 3TO O3HAYAET, 4TO
BbIYUC/IEHNE 3aBEPLUNOCE.



Anroputm [eiikctpbl-LLlonTeHa

Korga npouecc p otnpasnsiet 6asosoe coobuieHne (mes), sTo
coobuyeHne nobaBNseTCs K AEpeBY B Ka4eCTBE BEPLIMHbI (MeS),
NPUYEM POAMTENBCKON BEPLUMHONA ANSA HEEe CTAaHOBUTCA NPOLECC p .

Korga npouecc p , He BXxoAsiLMiA B COCTAB AepeBa, CTAHOBUTCS
aKTUBHBLIM MOC/IE NOAYyYeHUs CoobLLEHNSA OT npouecca ¢ , BEpLUMHA
g CTAHOBMUTCS POANTENbLCKON BEPLUMHOW ANs npouecca p .

YT1obbl 0603HaUMTL ABHO OTNpaBuTens cooblueHus, Bcsakoe basosoe
coobuieHne (mes), oTnpasBieHHoe npoueccoMm g , byaer
0bo3Ha4aTLCS 3aNUChbiO CMesg.



Anroputm [eiikctpbl-LLlonTeHa
Bepwutbl n3 gepesa T ygansatoTcst no 4ByM NpUYnMHaM.
1) BasoBoe cooblueHne yganseTcs nocne ero nofayHeHus.
2) YTobbl KOHTPONbHBIN anropuTm cpaboTan, LEpeBO HOMKHO
NCYe3HyTb mocse 3aBeplueHus Hbasoeoro anroputma. CooblueHna —
JNCTbA fepeBa | ; B KaXAOM NPOLECCE €CTb NEPEMEHHAs AN
NOACHETa YMCAa BEPLUMH-NOC/IEA0BATENEN STOrO NpoLecca B
aepese T . YaaneHue u3 gepesa BEPLUMHbLI-NOCNEA0BATENS
npouecca p OCYLUECTBASIETCS B APYrOM MpoLEecce g B pesynbTaTe
TOro, YTO BEPLUMHA-NOCNEA0BATENb
a) nmbo COOTBETCTBYET COOBLLEHUIO, AOCTUrLIEMY NpoLecca ¢ ,
b) nubo cooTseTcTBYET CamMOMy npoueccy g .
YT06bI B NpoLecce p He HapyLIaNCcs y4YeT BEpLUNH-NOCNeA0BaTeNEN,
eMy OTNpaBNeTcs CUrHanbHoe cooblieHune sig, Npu yaaneHun
BEPLUMHbI-NOCAEA0BATENSA NpoLecca p . DTO coobLieHue 3ameLlaeT
YOANEHHYIO BEPLUMHY-NOCNEA0BATENS NPOLECCA P , a yAaJdeHne STOi
BEPLUMHbI U3 AEPEBA OCYLLUECTBASIETCS CaMUM MPOLECCOM p MOChe
NOJSy4EHUs1 YKa3aHHOrO CUrHana; Npy 3TOM p yMEHbLUAeT 3HayYeHne
cUeTYKA nocnenoratTenem Ha 1



Anroputm [eiikctpbl-LLlonTeHa

var state, : (active, passive) init if p = po then active else passive
SCp : integer init 0 ;
father, P init if p = pg then p else udef ;

S,: { state, = active }
begin send (mes, p) ; sc, := sc, + 1 end
Rp: {Coobuyenne (mes, q) gocturno npouecca p }
begin receive (mes, q) ; state, := active ;
if father, = udef then father, := q else send (sig, q) to q
end
Ip: { state, = active }
begin state, := passive ;
if sc, =0 then(* Yganuts pus T *)
begin if father, = p
then Announce
else send (sig, fathery) to fathery ;
father, := udef
end



Anroputm [eiikctpbl-LLlonTeHa

A,: { Curnan (sig, p) pocturaer p }
begin receive (sig, p) ; sc, :=sc, — 1 ;
if sc, = 0 and state, = passive then
begin if father, = p
then Announce
else send (sig, father,) to father, ;
father, := udef
end
end



Anroputm [eiikctpbl-LLlonTeHa

Ina obocHoBaHNS KOPPEKTHOCTM AJIFOPUTMa HY>XXHO MOKa3aThb, YTO
rpac T ABNSIETCS AEPEBOM W NPU 3TOM CTAHOBUTCS MYCTbIM
TOJILKO B TOM CJly4ae, Korga 6a3oBoe BbIYMCNEHNE 3aBEPLUNIIOCE.

[ns Bcakoii KoHdUrypauuy v onpeaeinMm fIBa MHOXECTBA

Vi = {p : father, # udef} U {(mes, p) na stane nepecoiiku |
U {(sig, p) Ha 3Tane nepecbinku}

Er = {(p, father,) : father, # udef A father, # p}
U {((mes, p), p) : (mes, p) Ha oTane nepechinkm }
U {((sig, p), p) : (sig, p) Ha 3Tane nepecbiiKu}.



Anroputm [eiikctpbl-LLlonTeHa

CeolicTBO be3onacHoCcTy anroputma obecneyneaeTcs
NHBapUaHTOM P | KOTOPbIA ONpeaensercs
cneaytouum obpasom:

P = state, = active =—> p € Vt

(U, V)EET — uecVrAve VNP
sc, = #{v: (v, p) € Er}

Vr # @ = T — pepeBo C KOpHEM pPg
(state, = passive N sc, =0) = p & V7.

> > > >



Anroputm [eiikctpbl-LLlonTeHa

o
Il

state, = active = p € VT (1)
(u,v) e Er = ueVrAve VNP (2)
scp = #{v: (v, p) € ET} (3)
Vr # @ = T — pepeBo C KOpHeM py (4)
(state, = passive Asc, =0) = p & V1. ()

> > > >

CornacHo onpefeneHunto MHOXECTBO BepLUMH rpacpa T BKIKOYaET
BCe coobweHnst (Kak 6a30Bble, TaK U KOHTPONILHBIE), @ TAKXKE,
CorfacHo cooTHoweHnto (1), BCe akTUBHbIE NPOLECCHI.



Anroputm [eiikctpbl-LLlonTeHa

o
11

state, = active = p € VT

(U, V)GET — ueVrAve VNP
scp = #{v: (v, p) € ET}

Vi # @ = T — pepeBo ¢ KOpHEM Py
(state, = passive A sc, =0) = p & V7.

> > > >

CooTHowweHmne (2) nrpaet BCNOMOraTeNbHy pojib; B HEM
YTBEPXAAETCA, 4TO | AENCTBUTENbHO SiBASIETCS rpachoM n BCe
AYTU Hanpas/ieHbl K MPOLECcam.

AN AN AN S~
B W
S N N N N



Anroputm [eiikctpbl-LLlonTeHa

o
11

state, = active = p € VT

(u,v) e Er = uve VrAveVrnP
sc, = #{v: (v, p) € ET}

Vi # @ = T — pepeBo C KOpHEM pPo
(state, = passive A sc, =0) = p & V7.

> > > >

CooTHowenme (3) rnacut o ToMm, 4TO noacyeT
BEpLUNH-NOCNe[0BaTENe NPOBOANTCSA KaXKAbIM MPOLECCOM
KOPPEKTHO

AN AN AN S~
B W
S N N N N



Anroputm [eiikctpbl-LLlonTeHa

Ry,
Il

state, = active =—> p € VT

(u, V)EET — veVrAveVrnP
scp = #{v: (v, p) € ET}

Vi # @ =— T — pepeso C KOpPHEM Py
(state, = passive Asc, =0) = p & Vr.

> > > >

(1
(2
(3
(4
(5

— N N N

B cOOTHoweHuN (4) yTBEPXKAAETCA, YTO | SBASETCS JEPEBOM 1

NpoLecc pg — 3TO €ro KOpeHb.



Anroputm [eiikctpbl-LLlonTeHa

o
11

state, = active = p € VT

(u,v) e Er = uve VrAveVrnP
scp = #{v: (v, p) € ET}

Vi # @ = T — pepeBo C KOpHEM pPo
(state, = passive A sc, =0) = p & V7.

> > > >

CooTHoweHme (5) cnyxuT gns Toro, 4Tobbl NokasaTb, 4TO 3TO
[epeBo AefCTBMTENBHO MCYe3aeT, ecin ba3oBoe BblYMC/EHNE
3aBepLumnTCs.

AN AN AN S~
B W
S N N N N



Anroputm [eiikctpbl-LLlonTeHa

Jlemma 1.

MpepaukaT P siBNsieTCA MHBAPUAHTOM anropuTMa
Hetikctpoi—LLlonTena.

Jdoka3atenbcTBo.

CamocToaTensHo.

Bawypos, Ko4eTtkoB



Anroputm [eiikctpbl-LLlonTeHa

Teopema 1.

Anroputm Heiikctpoi—LUonTeHa siBnsieTca KOppekTHbIM
anropuTMOM 0BHapY>KEHNS 3aBEPLUEHUS BBIYUCIIEHNS; B HEM
ncnonb3yetcst [V 0BMEHOB KOHTPOIbHBIMM COOBLLEHNSMN.

JokazatenbcTBo.

CamocToaTensHo.

JlnHb, LLlepBansbi



Anroputm [eiikctpbl-LLlonTeHa

B anroputme [elikcTpoi—LLlonTeHa gocTurHyT 3amedaTeNbHbIi
HanaHc Mexay KOHTPOAbHbIMKU 1 Ba30BbIMK COOBLLEHUAMK, AN
Kaxxaoro 6a3oBoro coobLyeHunsl, OTNPaBAEHHOrO NPOLECCOM P
NPOLECCY G , PACCMOTPEHHbIW aAropuTM OTNPaBASIET B TOYHOCTM
04HO coobLueHne OT npouecca g K NpoLeccy p .

CnoXHOCTb MO YMCAY KOHTPOJIbHBIX COODLLEHUI AOCTUTaeT HUKHEV
OLEHKMW, N NMO3TOMY AaHHbIA aAropuTM SBASETCA ONTUMaNbHbIM NO
CNIOXKHOCTU B HAUXYALIEM C/y4ae anroputMom obHapyxeHus
3aBEpLUEHNSA LEHTPAN30BAHHBIX BbIHNCAEHWUNA.



Anroputm LLlaBu—®PpaHye3a

Obowaet anroputm [eiikctpoi—LLlonTena gns cnyyas
OEUEHTPaIN30BaHHbLIX DA30BLIX BHIYNCIEHNI.

B anroputme LLlaBn—®panuesa rpad BblunCieHuii sBasieTCs
JIECOM , KaXK[0€ AEPEBO KOTOPOr0 UMEET B KA4ECTBE KOPHS O4UH U3
MHULMATOPOB HA30BOrO BBIYUCIEHUS.

[ns obo3HayeHns aepesa, KOPHEM KOTOPOrO CAYXNT NMpouecc p
byaem ncnonb3oBaTh 3anuck [, .



Anroputm LLlaBu—®PpaHye3a

B anroputme LLlaBn—®panuesa cTpouTtcst Takoii rpad
F = (VEg, EF) , 410
(1) nmbo F nyct, nnbo F npepcrasnsier coboii nec, kaxgoe

[epPEBO KOTOPOro MMeeT OAWUH U3 UHNLNATOPOB B Ka4YecTBe
KOpHS,

(2) mMHOXecTBO V/F COREPXXNT BCE aKTUBHbLIE NPOLLECCHI U BCE
6a3oBble cooblueHus, npebbliBatoLine Ha 3Tane NepPeChITKN.

3aBepLuerune bazoBoro BbiYMcneHus byget obHapy»xxeHo, korga
YKa3aHHbIA rpady CTaHOBUTCS MYCThIM.

OpnHako He NpocTo ybeauThest B TOM, YTO 3TOT rpad CTan nycTbiM.
MockoNbKy KOPHEM AepeBa BbIYUCAEHUI CAYXKMT NPOLEcC po ,
WMEHHO MPOLECC Pg MOXKET OLEHUTL, SIBJSIETCA JIN AEPEBO MYCTbIM,
" BbI3BaTb B 3TOM Cjiy4ae npoueaypy Announce.

Korga mMbl nMeem [eno ¢ necoM, KaXKablii UHULUATOP MOXET
YCTaHOBUTbL MYCTOTY CBOEro COBCTBEHHOrO AepeBa, HO 3TO ele He
byaeT o3HayaTb, 4YTO BECb JIEC CTan NYCTbIM rpachom.



Anroputm LLlaBu—®PpaHye3a

[Mposepka TOro, 4TO BCE AEPEBLS NCHE3AN, NPOBOANTCS MPU
noOMOLLN OAHO-e[UHCTBEHHOI BOJIHbI.

Nec F ctpouTca Tak, 4Tobbl BCSIKOE fepeso T, , CTaBLUEE MYCTLIM,
0CTaBasoCh NYCTbIM U B AajbHelilueM. DTO He NPensTCTBYET
NPOLLECCY p BHOBb CTAaHOBUTLCS aKTUBHBIM, HO €C/IU P CTAaHOBUTCS
aKTUBHbLIM NOCNE NCYE3HOBEHUSI ero COBCTBEHHOro fepeBa, TO OH
3aHOCUTCS B LEPEBO LPYroro mHuumaTopa.

Kaxkgblii npouecc npuHMMaeT y4acTue B paCcnpoCTpPaHEHNN BOJIHbI
TONbKO TOTfa, KOr4a ero AEpPEeBO UCYE3AET; U eCN BOJHA MPUBOLUT
K TOMY, 4TO MPUHUMAETCS PELUEHME, TO BbI3bIBAETCS Mpouesypa
onoeelleHns Announce.



Anroputm LLlaBu—®PpaHye3a

Kaxablii npouecc p pacnonaraet nepemeHHoii father, .
3HayeHme 3Toli NnepeMeHHoli nonaraetcs pasHbiM udef, ecin
pEVr .

Ecnu xxe p siBnsieTca KOpHEM LepeBa, TO 3HAYEHMEM NEPEMEHHO
father, sBnseTcs ums npouecca p .

N HakoHew, ecin p SIBASIETCS HEKOPHEBOI BepLINHOWA gepesa T , TO
3Ha4YeHneM nepeMeHHol father, CayXUT UMs poAUTENbCKON
BEPLUMHbI JAaHHOrO npouecca.

lNepemeHHas sc, ucnonb3yeTca Ans nojcyeTa 4ucna
nocnepoBaTeneli BepWnHbl p B Aepeee | .

Bynesa nepemenHas empty, NPUHUMAET 3HaYeHue true Torga un
TONBbKO TOTrAa, KOrAa AepeBO, B KOTOPOM COOEPXKMUTCS BEPLUUHA P ,
CTaHOBMUTCA NYCTbIM.



Anroputm LLlaBu—®PpaHye3a

var state, : (active, passive ) init if p is initiator then active else passiv

scp  :integer init 0 ;
father, : P init if p is initiator then p else udef ;
emptyp,: bool init if p is initiator then false else true ;

Sp: { state, = active }
begin send (mes, p) ; sc, := sc, + 1 end
Rp: {CoobuieHne (mes, g) noctynuno npoueccy p }
begin receive (mes, q) ; state, := active ;
if father, = udef then father, := q else send (sig, q) to q
end
Ip: { state, = active }
begin state, := passive ;
if sc, =0 then (* Yaanute p us F *)
begin
if father, = p then empty, = true else send (sig, fatherp)
father, := udef
end



Anroputm LLlaBu—®PpaHye3a

A,: { Curnan (sig, p) pocturaer p }
begin receive (sig, p) ; sc, :=sc, —1;
if sc, = 0 and state, = passive then
begin
if father, = p then empty, = true else send (sig, fatherp)
father, := udef
end
end



Anroputm LLlaBu—®PpaHye3a

MpumeyvaHus.

1. B npuBefeHHOM ONMUCAHWUMN BOJIHOBOUW anropuTM B SIBHOM BUJIE
He BblAeNEeH.

2. BonHoBOIA anropnTM 3anyckatoT TOALKO MHMLMATOPbI 6a30BbIX
BblYUCAEHW

3. Bce npouecchl NpoBoAAT napasfiefibHOe BbINOJHEHNE
BOJIHOBOrO ajropuTMa, NPMYeM OTNpaBiAeHne coobuieHnii nan
MPUHATME peLLEHNs pa3peLlaeTcs TONbKO TEM Npoueccam p , Yy
KOTOpbIX NepeMeHHan empty, UMeeT 3HadeHue true .

4. Tpu ocywecTenennn cobuitTus decide Bri3biBaeTCs npoueaypa
Announce.



Anroputm LLlaBu—®PpaHye3a

[ns BcsAkoii KoHdUrypauun ~y ONpeaeinMm CAefytollee MHOXECTBO

BEPLUNH:
Vr = {p: father, # udef } U {(mes, p) Ha sTane nepecbijKku}
U {(sig, p) Ha aTane nepecbiakm }
n pyr
Er = {(p, fathery) : father, # udef A father, # p}

U {((mes, p), p) : (mes, p) Ha 3Tane nepecbiikm}
U {((sig, p), p) : (sig, p) Ha 3Tane nepecbiiKn}.



Anroputm LLlaBu—®PpaHye3a

[JoctaTouHble ycnoBus KOppekTHOCTU (Tak
Ha3blBaeMOe CBOWCTBO DE30MacHOCTI anropnTMa)
obecneynBatoTcsa uHBapuaHTom @ :

R —

> > > > >

state, = active =—> p € Vr

(U, V)EEF — ueVEAveEVENP
sc, = #{v: (v, p) € Er}

Ve # & = F saBnsetca necom

(state, = passive Nsc, =0) = p & Vr
empty, <= T, nycto



Anroputm LLlaBu—®PpaHye3a

Jlemma 2.
Mpeankat @ ABNSETCS MHBAPUAHTOM aJroOpUTMa
LLlaBn—®paHyesa.

Jdoka3atenbcTBo.

CamocToaTensHo.

>KainayoBa, TapaTtyTa



Anroputm LLlaBu—®PpaHye3a

Teopema 2.

Anroputm LLlaBu—®panyesa siBAsS€TCA KOPPEKTHBIM aNrOpUTMOM
obHapy>XeHUs1 3aBEPLUEHNS BLIYUCAEHUS; B HEM UCMOJb3YETCS
M + W obmeHOB KOHTPONbHBIMU COOBLUEHUSIMN.

JokasatenbcTBoO.

CamocToaTensHo.

Hosocenos, CbiueBa



Anroputm Cadppol

Ycnosus NMPUMEHEHNA:

> Ba30Bblii anropuTM LeUeHTPasIn30BaHHbI.



Anroputm Cadppol

Ycnosus NMPUMEHEHNA:

> Ba30Bblii anropuTM LeUeHTPasIn30BaHHbI.

» KaHanbl cBsI3K OAHOHaNpaBJEHHbIE.



Anroputm Cadppol

Ycnosus NMPUMEHEHNA:

> Ba30Bblii anropuTM LeUeHTPasIn30BaHHbI.
> KaHanbl CBA3W OfHOHAMNPABJ/IEHHbIE.

> B ceTu cyluecTBYeT raMUNILTOHOB KOHTYp, MO KOTOPOMY
PacnpoCTPaHSIOTCS KOHTPO/bHbIE Co0bLLeHNs; ba3oBble
coobLLEHNST MOTYT NepesaBaThest MO JOOLIM KaHanaMm.



Anroputm Cadppol

Ycnosus NMPUMEHEHNA:

>

>

baszoBblii anropuT™ LELEHTPAIN30BAHHBII.
KaHanbl CBSI3U OAHOHANpaBAEHHbIE.

B ceTn cywiecTByeT raMuibTOHOB KOHTYp, MO KOTOPOMY
PacnpoCTPaHSIOTCS KOHTPO/bHbIE Co0bLLeHNs; ba3oBble
coobLLEHNST MOTYT NepesaBaThest MO JOOLIM KaHanaMm.

KOHTpO/IbHbIA anropuTM — LEHTPaNN30BaHHbI/ BOSHOBOI
anropuTM B OAHOHANpPaBAEHHOM KOJNbLE.



Anroputm Cadppol
MpuHuunbl paboTsi.
> Kaxpgblli Npouecc MOXeT NMETb HEKOTOPbINA LBET, KOTOPbIi

3aJa€eTCA NEPEMEHHOI color ; 3Ta nepemMeHHasi MOXKET UMETb
OLHO W3 ABYX 3Ha4YeHWi white unn black .



Anroputm Cadppol
MpuHuunbl paboTsi.
> Kaxpgblli Npouecc MOXeT NMETb HEKOTOPbINA LBET, KOTOPbIi

3aJa€eTCA NEPEMEHHOI color ; 3Ta nepemMeHHasi MOXKET UMETb
OLHO W3 ABYX 3Ha4YeHWi white unn black .

» KoHTposbHble coobuieHnst (Mapkepsl ) TakKe OKpaLLNBaKOTCs
B OAWH M3 ABYX UBeTOB white unn black .



Anroputm Cadppol
MpuHuunbl paboTsi.
> Kaxpgblli Npouecc MOXeT NMETb HEKOTOPbINA LBET, KOTOPbIi

3aJa€eTCA NEPEMEHHOI color ; 3Ta nepemMeHHasi MOXKET UMETb
OLHO W3 ABYX 3Ha4YeHWi white unn black .

» KoHTposbHble coobuieHnst (Mapkepsl ) TakKe OKpaLLNBaKOTCs
B OAWH M3 ABYX UBeTOB white unn black .

> Mapkep nepefaercsi TOIbKO NACCUBHLIMU NPOLECCAMU.



Anroputm Cadppol
MpuHuunbl paboTsi.
> Kaxpgblli Npouecc MOXeT NMETb HEKOTOPbINA LBET, KOTOPbIi

3aJa€eTCA NEPEMEHHOI color ; 3Ta nepemMeHHasi MOXKET UMETb
OLHO W3 ABYX 3Ha4YeHWi white unn black .

» KoHTposbHble coobuieHnst (Mapkepsl ) TakKe OKpaLLNBaKOTCs
B OAWH M3 ABYX UBeTOB white unn black .

> Mapkep nepefaercsi TOIbKO NACCUBHLIMU NPOLECCAMU.

> VIHnumann3aTop KOHTPOJILHOIO ajropuTNMa 3anyCKaeT MapKep
uBeta white .



Anroputm Cadppol
MpuHuunbl paboTsi.
> Kaxpgblli Npouecc MOXeT NMETb HEKOTOPbINA LBET, KOTOPbIi

3aJa€eTCA NEPEMEHHOI color ; 3Ta nepemMeHHasi MOXKET UMETb
OLHO W3 ABYX 3Ha4YeHWi white unn black .

» KoHTposbHble coobuieHnst (Mapkepsl ) TakKe OKpaLLNBaKOTCs
B OAWH M3 ABYX UBeTOB white unn black .

> Mapkep nepegaertcsi TOSbLKO NACCMBHLIMU MPOLECCAMMU.

> VIHnumann3aTop KOHTPOJILHOIO ajropuTNMa 3anyCKaeT MapKep
uBeta white .

» [locne npuema 6a30Boro cooblueHnsi NpoLEecc OKpaLLNBAETCs B
ueet black .



Anroputm Cadppol

MpuHuunbl paboTsi.

>

Kaxkgblii npouecc MOXXeT MMETb HEKOTOPbLI LBET, KOTOPbIN
3ajlaeTca nepemMeHHON color ; 9Ta nepemMeHHast MOXKET UMETb
OLHO W3 ABYX 3Ha4YeHWi white unn black .

KoHTposibHble coobluenus (Mapkepsl ) Takke OKpaLLMBaOTCS
B OAWH M3 ABYX UBeTOB white unn black .

Mapkep nepefnaeTcsi TONbKO NACCUBHBLIMI NPOLLECCAMMU.

NHuumnannsatop KOHTPOILHOIO anropmTMMa 3anyckaeT Mapkep
uBeta white .

Mocne npuema 6a3o0Boro cooblueHnsi NPoLECC OKPaLLMBAETCS B
ueet black .

Mpouecc ugeTa black okpawmBaeT Mapkep B UBeT black .



Anroputm Cadppol

MpuHuunbl paboTsi.

>

Kaxkgblii npouecc MOXXeT MMETb HEKOTOPbLI LBET, KOTOPbIN
3ajlaeTca nepemMeHHON color ; 9Ta nepemMeHHast MOXKET UMETb
OLHO W3 ABYX 3Ha4YeHWi white unn black .

KoHTposibHble coobluenus (Mapkepsl ) Takke OKpaLLMBaOTCS
B OAWH M3 ABYX UBeTOB white unn black .

Mapkep nepefnaeTcsi TONbKO NACCUBHBLIMI NPOLLECCAMMU.

NHuumnannsatop KOHTPOILHOIO anropmTMMa 3anyckaeT Mapkep
uBeta white .

Mocne npuema 6a3o0Boro cooblueHnsi NPoLECC OKPaLLMBAETCS B
ueet black .

Mpouecc ugeTa black okpawmBaeT Mapkep B UBeT black .

Mocne nepefavyn mMapkepa NpoOLLECC OKPaLLUUBAETCS B LBET
white .



Anroputm Cadppol

MpuHuunbl paboTsi.

>

Kaxkgblii npouecc MOXXeT MMETb HEKOTOPbLI LBET, KOTOPbIN
3ajlaeTca nepemMeHHON color ; 9Ta nepemMeHHast MOXKET UMETb
OLHO W3 ABYX 3Ha4YeHWi white unn black .

KoHTposibHble coobluenus (Mapkepsl ) Takke OKpaLLMBaOTCS
B OAWH M3 ABYX UBeTOB white unn black .

Mapkep nepefnaeTcsi TONbKO NACCUBHBLIMI NPOLLECCAMMU.

NHuumnannsatop KOHTPOILHOIO anropmTMMa 3anyckaeT Mapkep
uBeta white .

Mocne npuema 6a3o0Boro cooblueHnsi NPoLECC OKPaLLMBAETCS B
ueet black .

Mpouecc ugeTa black okpawmBaeT Mapkep B UBeT black .
Mocne nepegaym mapkepa NpPoLECC OKPALLUNBAETCS B LBET
white .

Ecaun nunumannzatop nprHumMaer mapkep useta white , TO OH
obbsiBnsAeT 0 3aBepweHnn Ha3o0BOro anropuTMa.



Anroputm Cadppol

Mepe4ncaeHHbIX NPUHLNNOB HEAOCTAaTOMHO /1A MPAaBUbLHON
paboTel anroputma.

passive

active N passive

-

passive <> C)




Anroputm Cadppol

Mepe4ncaeHHbIX NPUHLNNOB HEAOCTAaTOMHO /1A MPAaBUbLHON
paboTel anroputma.

passive

passive D N passive

(msg) o

passive <> C)




Anroputm Cadppol

Mepe4ncaeHHbIX NPUHLNNOB HEAOCTAaTOMHO /1A MPAaBUbLHON
paboTel anroputma.

passive

passive N passive

(msg) o

O

passive <> C)




Anroputm Cadppol

Mepe4ncaeHHbIX NPUHLNNOB HEAOCTAaTOMHO /1A MPAaBUbLHON
paboTel anroputma.

passive

passive N passive

(msg) o

passive <> C)




Anroputm Cadppol

Mepe4ncaeHHbIX NPUHLNNOB HEAOCTAaTOMHO /1A MPAaBUbLHON
paboTel anroputma.

passive

passive N passive

(msg) o

passive <> C)




Anroputm Cadppol

Mepe4ncaeHHbIX NPUHLNNOB HEAOCTAaTOMHO /1A MPAaBUbLHON
paboTel anroputma.

passive

passive N passive

(msg) o

passive <> C)




Anroputm Cadppol

Mepe4ncaeHHbIX NPUHLNNOB HEAOCTAaTOMHO /1A MPAaBUbLHON
paboTel anroputma.

passive

passive D ‘. active

O

passive <> C)




Anroputm Cadppol

Mepe4ncaeHHbIX NPUHLNNOB HEAOCTAaTOMHO /1A MPAaBUbLHON
paboTel anroputma.

passive

passive D ‘. active

(e
N

passive <>




Anroputm Cadppol

Ewe Tpn npuHumna paboTsi.

» Kaxgblii npouecc p cHabxeH cyeTunkom 6azoBbIX coobuieHunii
mc, , KOTOpbIil yBenn4MBaeTcst Ha 1 npu oTnpaenenunu
npoueccom 6azoBoro coobLieHust n yMmeHolwaeTcst Ha 1 npu
npueme 6a30Boro coobuueHus.



Anroputm Cadppol

Ewe Tpn npuHumna paboTsi.

» Kaxgblii npouecc p cHabxeH cyeTunkom 6azoBbIX coobuieHunii
mc, , KOTOpbIil yBenn4MBaeTcst Ha 1 npu oTnpaenenunu
npoueccom 6azoBoro coobLieHust n yMmeHolwaeTcst Ha 1 npu
npueme 6a30Boro coobuueHus.

> Mapkep Npu NpoxoXXAeHUU Hepe3 NPOLLECChl CYMMUpPYeT
MOKa3aHUs NX CHETYUKOB.



Anroputm Cadppol

Ewe Tpn npuHumna paboTsi.

» Kaxgblii npouecc p cHabxeH cyeTunkom 6azoBbIX coobuieHunii
mc, , KOTOpbIil yBenn4MBaeTcst Ha 1 npu oTnpaenenunu
npoueccom 6azoBoro coobLieHust n yMmeHolwaeTcst Ha 1 npu
npueme 6a30Boro coobuueHus.

> Mapkep npu nNpoxoXAEHUN Yepe3 MPOLECChl CYMMUpPYET
MOKa3aHNWs NX CHETHMKOB.

> 3aseplieHne paboTsl 6a30BOro anropuTma perucTpupyeTcs,
ecnm cymma cobpaHHbIX MapKepoM MOKasaHuli CHETHNKOB
paeHa 0.



Anroputm Cadppol

active (o

passive Q

passive

00




Anroputm Cadppol

passive (‘1

passive Q

passive

00

(msg)




Anroputm Cadppol

passive (‘1

passive Q

passive

00

(msg)




Anroputm Cadppol

passive (‘1

passive Q}

passive

01

(msg)




Anroputm Cadppol

passive

10O
passive (‘1 .
_/

(msg) 0

passive Q} @)




Anroputm Cadppol

passive (‘1

passive Q}

passive

(msg)

0

passive



Anroputm Cadppol

passive

passive (‘1 ‘. active
_/

10

Y

passive @) @)




Anroputm Cadppol

passive

passive (‘1 ‘. active
_/

(o)
N

passive @)




Anroputm Cadppol

Wrtak, npaesuna anropntma.

[Ipasuio M: Korga npouecc p oTnpaeasieT coobuieHnune, oH
YBEANYNBAET 3HAYEHNE CBOErO CHETYMKA; KOTAad
NPOLECC p MOAy4YaeT coobLieHne, OH yMeHbLIaeT
3HAYEHNE CBOErO CHETYNMKA.



Anroputm Cadppol

Wrtak, npaesuna anropntma.

[Ipasuio M: Korga npouecc p oTnpaeasieT coobuieHnune, oH
YBEANYNBAET 3HAYEHNE CBOErO CHETYMKA; KOTAad
NPOLECC p MOAy4YaeT coobLieHne, OH yMeHbLIaeT
3HAYEHNE CBOErO CHETYNMKA.

TIpasuo 1: lMpouecc-nonyyatens okpalwimeaeTcsl B LBeT black .



Anroputm Cadppol

Wrtak, npaesuna anropntma.

[IpaBuio M:

TIpaswmmo 1:

IIpasuio 2:

Korga npouecc p oTnpasasieT coobuierune, oH
YBENINYNBAET 3HAYEHNE CBOErO CHETYMKA; KOrAa
Npouecc p nonydaer cooblyeHune, OH YMEHbLIAET
3HaYeHNE CBOEro CYETYMKa.

Mpouecc-nonyyaTens okpalimeaeTcs B UBeT black .
Tonbko naccueHblii npouecc MoxeT paboTaTthb C
MapKepoOM, 1 eCii NpoLecC nepesaeT Mapkep, TO OH
nobaBnsieT K NOMETKE Mapkepa ¢ 3Ha4eHue CBOEro
CYeTYNKa COODLLEHNMIA.



Anroputm Cadppol

Wrtak, npaesuna anropntma.

[Ipasuio M: Korga npouecc p oTnpaeasieT coobuieHnune, oH
YBEANYNBAET 3HAYEHNE CBOErO CHETYMKA; KOTAad
NPOLECC p MOAy4YaeT coobLieHne, OH yMeHbLIaeT
3HAYEHNE CBOErO CHETYNMKA.

TIpasuo 1: lMpouecc-nonyyatens okpalwimeaeTcsl B LBeT black .

IIpasmmo 2: Tonbko NaccmBHbIA NpoLecc MOXeT paboTaTh C
MapKepoOM, 1 eCii NpoLecC nepesaeT Mapkep, TO OH
00baBiseT K NOMETKE MapKepa ¢ 3Ha4YeHue CBOEro
CYeTYNKa COODLLEHNMIA.

IIpaBusio 3: Korga npouecc usera black nepegaet mapkep,
Mapkep npuobpetaeT okpacky black .



Anroputm Cadppol

Wrtak, npaesuna anropntma.

[Ipasuio M: Korga npouecc p oTnpaeasieT coobuieHnune, oH

TIpaswmmo 1:

IIpasuio 2:

IIpasuio 3:

IIpasuio 4:

YBEANYNBAET 3HAYEHNE CBOErO CHETYMKA; KOTAad
NPOLECC p MOAy4YaeT coobLieHne, OH yMeHbLIaeT
3HAYEHNE CBOErO CHETYNMKA.

Mpouecc-nonyyaTens okpalimeaeTcs B UBeT black .
Tonbko NMaccMeHbIl nNpouecc MoxeT paboTath C
MapKepoOM, 1 eCii NpoLecC nepesaeT Mapkep, TO OH
00baBiseT K NOMETKE MapKepa ¢ 3Ha4YeHue CBOEro
CYeTYNKa COODLLEHNMIA.

Korga npouecc useta black nepegaer mapkep,
Mapkep npuobpetaeT okpacky black .

Korp,a NPOXOXOEHNE BOJIHblI 3aKAHYNBAETCA
HEYAA4HO, NpouecC pp 3anyCKaeT HOBYKO BOJIHY.



Anroputm Cadppol

Wrtak, npaesuna anropntma.

[Ipasuio M: Korga npouecc p oTnpaeasieT coobuieHnune, oH
YBEANYNBAET 3HAYEHNE CBOErO CHETYMKA; KOTAad
NPOLECC p MOAy4YaeT coobLieHne, OH yMeHbLIaeT
3HAYEHNE CBOErO CHETYNMKA.

TIpasuo 1: lMpouecc-nonyyatens okpalwimeaeTcsl B LBeT black .

IIpasmmo 2: Tonbko NaccmBHbIA NpoLecc MOXeT paboTaTh C
MapKepoOM, 1 eCii NpoLecC nepesaeT Mapkep, TO OH
00baBiseT K NOMETKE MapKepa ¢ 3Ha4YeHue CBOEro
CYeTYNKa COODLLEHNMIA.

IIpaBusio 3: Korga npouecc usera black nepegaet mapkep,
Mapkep npuobpetaeT okpacky black .

IIpaBusio 4: Korga npoxoxaeHne BOSHbI 3aKaHYNBAETCS
HeyAa4YHO, MPOLECC pPo 3aMYyCKAET HOBYIO BOJIHY.

IIpasumo 5: Cpasy nocne nepesaydum mapkepa BCSKWi NpoLecc
OKpalunBaeTcs B UBET white .



Anroputm Cadppol

var state, : (active, passive) ;
color,  : (white, black) ;
mc,, : integer init 0 ;

Sp: { state, = active }
begin send (mes) ;
mcp, :=mcp,+1  (* MNpasuno M *)
end

Rp: { Coobuienne (mes) goctasneHo npoueccy p }
begin receive (mes) ; state, := active ;
mcp, :=mc, —1;  (* MNpasuno M *)
color, := black  (* Mpasuno 1 *)
end



Anroputm Cadppol

I: { state, = active }

begin state, := passive end
MpucTynuTs K OBHAPYXKEHNIO 3aBEPLUEHUS BbIYUCNEHUS,
BbIMOJIHSIETCS OAWH Pa3 NpOLLECCOM po:

begin send (tok, white,0) to py_1 end

Tp: (* Mpouecc p obpabaTeisaet mapkep (tok, ¢, q)*)
{ state, = passive }  (* Mpaeuno 2 *)
begin if p = pgy
then if (c = white) A (color, = white) N (mc, + q = 0)
then Announce
else send (tok, white,0) to py_1  (* Mpasuno 4 *)
else if (color, = white)  (* Mpasuna 2 n 3 *)
then send (tok, ¢, g + mc,) to Next,
else send (tok, black, q + mcp) to Nextp;
color, := white  (* Mpaeuno 5 *)
end



Anroputm Cadppol

Ins pokazaTenbCTBa KOPPEKTHOCTY BBEAEM ClEAyHOLLME TEPMbI 1
npeankaThbl:

> B(7) — 4ncno cooblueHnii, HaxoaALLMXCS Ha STane NepechUIKN
B KOHdurypayum v .



Anroputm Cadppol

[lna pokasaTenbCTBa KOPPEKTHOCTU BBEAEM CEAYIOLLME TEPMbI 1
npeamnKaThl:

> B(7) — 4ncno cooblueHnii, HaxoaALLMXCS Ha STane NepechUIKN
B KOHdurypayum v .

» t(~) — HOMep npouecca, KOTOPOMY HAMPaBIEH MapKep Wau
KOTOPbIN BNAageeT MapkepoM B KoHdpurypauum - .
(3ameyaHue: mapkep nepenpaBaseTCs NPOLECCaM B NOPSIAKE
y6b|BaHMH HOMEPOB Do, PN -1, PN—25 - - -, P1, PO, - - - )



Anroputm Cadppol

[lna pokasaTenbCTBa KOPPEKTHOCTU BBEAEM CEAYIOLLME TEPMbI 1
npeamnKaThl:

> B(7) — 4ncno cooblueHnii, HaxoaALLMXCS Ha STane NepechUIKN
B KOHdurypayum v .

» t(~) — HOMep npouecca, KOTOPOMY HAMPaBIEH MapKep Wau
KOTOPbIN BNAageeT MapkepoM B KoHdpurypauum - .
(3ameyaHue: mapkep nepenpaBaseTCs NPOLECCaM B NOPSIAKE
y6b|BaHMH HOMEPOB Do, PN -1, PN—25 - - -, P1, PO, - - - )

> g(7) — 4mcno, KOTOpoe XpaHMT Mapkep B KOHdUrypaLum - .



Anroputm Cadppol

Insa nokazaTenbCTBa KOPPEKTHOCTY BBeAEM CleAyHOLLMe TePMbl 1
npeankaTbl:

> Pu(y) = (B()= X mc).

pEprocs



Anroputm Cadppol

Insa nokazaTenbCTBa KOPPEKTHOCTY BBeAEM CleAyHOLLMe TePMbl 1

npeavkaThI:
> Pu(y) = (B(y) = > mc) .
pEprocs
» Po(y) = (Vi (N> i>t(y)): state,, = passive) A

(s6)=,2, men)



Anroputm Cadppol

Insa nokazaTenbCTBa KOPPEKTHOCTY BBeAEM CleAyHOLLMe TePMbl 1

npeanKaTbl:
> Pu(y) = (B(y) = > mop) .

pEprocs
» Po(y) = (Vi (N> i>t(y)): state,, = passive) A

CORS

N>i>t

» Pi(y) = ( > mcpi—&—q(ﬁ/)) >0.

i<t(v)



Anroputm Cadppol

[ns [okasaTenbCTBa KOPPEKTHOCTY BBEAEM CEAYIOLLME TEPMbI 1
npeavkaThI:
> Pu(y) = (B(y) = > mc) .
pEprocs
» Po(y) = (Vi (N> i>t(y)): state,, = passive) A

CORS

N>i>t

» Pi(y) = ( > mcpi—&—q(’y)) >0.

i<t(7)
> Pa(y) = Jj (t(y) 2 j = 0) : colory, = black .



Anroputm Cadppol

Insa nokazaTenbCTBa KOPPEKTHOCTY BBeAEM CleAyHOLLMe TePMbl 1

npeavkaThI:
> Pu(v) = (B(y) = > me).
pEprocs
» Po(y) = (Vi (N> i>t(y)): state,, = passive) A
(40)= = moy)
N>i>t

» Pi(y) = ( > mcpi—&—q(’y)) >0.
i<t(y)

> Pa(y) = Jj (t(y) 2 j = 0) : colory, = black .

» P3(y) = mapkep 4epHblii .



Anroputm Cadppol

[ns [okasaTenbCTBa KOPPEKTHOCTY BBEAEM CEAYIOLLME TEPMbI 1
npeavkaThI:
> Pu(v) = (B(y) = > me).
pEprocs
» Po(y) = (Vi (N> i>t(y)): state,, = passive) A

CORS

N>i>t

» Pi(y) = ( > mcpi—&—q(’y)) >0.

i<t(y)
> Pa(y) = Jj (t(y) 2 j = 0) : colory, = black .
» P3(y) = mapkep 4epHblii .

> P(y) = Pu(y) A (Po(v) V Pi(v) V Pa(v) vV P3(7)) -



Anroputm Cadppol

Jlemma 3.
MpegukaT P(v) siBnsetca nHeapnantom anroputma Cadpsl.

JdokazatenbcTBo.

CamocToaTensHo.

Crenanos, Cntocapb



Anroputm Cadppol

3apaun.
Kakosa cnoxHocts anroputma Cadppel no uncny obmeHos
coobuerHnsamn?

A moxHo nn aganTuposaTk anroputm Cadpbl a8 NpoBepKy
3aBepwerHnsa pabotel 6a3080ro anropuTMa B NPOM3BOLHON CUJIBHO
CBSA3HOW ceTun?



Anroputm Cadppol

Teopema 3.

Anroputm Cadbpbl ABASETCA KOPPEKTHLIM aNrOPUTMOM
obHapyXeHNA 3aBEPLUEHNSA BBIYUCNEHUS.
JokazatenbcTBo.

CamocTosTensHo € ucnosb3osaHnem uneapmanTa P(7y) .

UHucrtakos, LLlemakunH



Anroputm Bo3BpalieHUsa kKpeguTta

MaTTepH npeanoXun aaropuTM, NO3BONAAIOLNA 0BHapyXMBATh
3aBEPLUEHNE BLIYNCIIEHUS CNYCTS He Bonee ofHON eanHULbI
BPEMEHU, NOC/Ae TOr0 KaK 3TO C/AYHUIIOCh.

AnroputM ObHapy>KNBAET 3aBEPLUEHUE LEHTPAJIN30BAHHOIO
BbIYMCAEHUSA NPU YCIOBUN, YTO KaxAblli npouecc cnocoben
OTNPaBUTbL COODLLEHNE HENOCPEACTBEHHO CaMOMY MHULUATOPY
BbIYUCAEHUS (T. €., CETb COAEPXKUT nogrpad, nmetownii popmy
3B€3[bl, B LEHTPE KOTOPOI PaCMONOXKEH NHMLMATOP).



Anroputm Bo3BpalieHUsa kKpeguTta

B sTom anroputme kakgomy COOBLLEHNIO N KaXKLOMY NPOLECCY

BPYYaETCSA HEKOTOPbIA KPEeANT ; €ro 3Ha4YEHUEM CAY>XKUT

BELLLECTBEHHOE YMC/10, pacnonoxeHHoe mexay 0 un 1

(BKAOUNTENBHO). ANIFOPUTM CTPEMUTCS COXPAHNTH

WHBAPUAHTHOCTb CNEAYIOLUX YTBEPXKAEHMWIA.

S1. CymMapHbIii KpeguT, BblgaHHbIN COODLLEHUSAM 1 npoueccam,
paBeH 1.

S2. Bcskomy bazosomy coobLueHNtO BpyYaeTCst MONOXKMNTENbHbII
KpeguT.

S3. BcAkoMy akKTUBHOMY MPOLLECCY BPYYAETCA NONOXKUTENbHbII
KpeauT.

Mpoueccol, NMetoLMe NOAOKNTENBHBIN KPegUT U HE nognagatoyue

nog, nepeqncieHHble 3akoHbl (T. €. NAaCCUBHBIE NPOLECCHI),

BO3BPALLAIOT KpeanT nHuuymaTopy. MinmumaTtop noctynaetr nogobHo

BaHKy 1 cobupaeT BCE KPEAUTLI, KOTOPLIE EMY OTMPABASIOT, B

nepemMeHHON ret (BO3BPaLUEHHbLIE KPEANUTBI).

Korga nHuuynatop Bnageet BCEMU KpeamTamm, TO OH coobliaeT o
3aBeplleHnn 6a3oBOro anaropuTMa.



Anroputm Bo3BpalieHUsa kKpeguTta

IIpaBusio 1. Ecan ret =1, To nHuunaTop BbI3bIBAET NpoLEAypY
Announce.



Anroputm Bo3BpalieHUsa kKpeguTta

IIpaBusio 1. Ecan ret =1, To nHuunaTop BbI3bIBAET NpoLEAypY
Announce.

TIpasuio 2. Kak ToNbKO Npouecc CTaHOBMTCSA NAaCCUBHLIM, OH
OTNpaBASET CBON KPeAUT WHULNATOPY.



Anroputm Bo3BpalieHUsa kKpeguTta

IIpasmio 1.

TIpasmmo 2.

IIpasuio 3.

IIpasuo 4.

Ecam ret = 1, To nHuumnaTop BbI3bIBAET NMPOLEAYPY
Announce.

Kak Tonbko npouecc CTaHOBUTCS MacCUBHBIM, OH
OTMNPpaBAAET CBON KPeAWUT WHMLNATOPY.

Korga akTueHbIli npouecc p oTnpaeaseT coobuienne,
VMEOLWNIACA B €ro pacnopsKeHNN KpeauT
Pa3AenseTCA Mexay CaMuM NPOLECCOM P 1 3TUM
coobLieHmnem.

Korga npouecc akTnsmsnpyeTcs, emy Bpy4aercs
KpeauT, KoTopbiM 0b1afano akTUBM3NPOBABLLEE €ro
coobLuerne.



Anroputm Bo3BpalieHUsa kKpeguTta

IIpaBusio 1. Ecan ret =1, To nHuunaTop BbI3bIBAET NpoLEAypY
Announce.

TIpasuio 2. Kak ToNbKO Npouecc CTaHOBMTCSA NAaCCUBHLIM, OH
OTNpaBASET CBON KPeAUT WHULNATOPY.

IIpasmmo 3. Korga akTrBHbIA npouecc p oTnpaBnasieT coobuietue,
MMELNIICA B €ro pacnopsiKeHnn KpeguT
Pa3feNseTCA MeXAy CaMUM MPOLECCOM P 1 3TUM
coobLieHmnem.

IIpaBusio 4. Korga npouecc akTmBM3npyercs, emy Bpy4aeTcsi
KPEAUT, KOTOpLIM 001a4aN0 aKTUBM3NPOBABLLEE €ro
coobLuerne.

IIpasmo 5. Kak Tonbko akTuBHBIG npouecc nosy4vaet basosoe
cooblueHune, KpeanuT, KOTOpLIM 0bnafano aTo
coobuiermne, pobaBnseTcss K TOMy KPEAUTY, KOTOPbIM
pacrnofiaraj cam npouecc.



Anroputm Bo3BpalieHUsa kKpeguTta

var state, : (active, passive) init if p = pg then active else passive ;
cred, : fraction init if p = pg then 1 else 0 ;
ret : fraction init 0; for pg only

S,:  { state, = active }  (* MNpasuno 3 *)
begin send (mes, cred,/2) ; cred, := cred,/2 end
Rp: { coobuenne (mes, c) noctynuno npoueccy p }
begin receive (mes, c) ; state, := active ;
cred, :=cred, + ¢ (* MNpasuna 4 n 5 *)
end
Ip:  { state, = active }
begin state, := passive ;
send (ret, cred,) to po ; cred, :==0  (* Mpasuno 2 *)
end
A,,: { CoobueHne (ret, c) noctynuno npoueccy py }
begin receive (ret,c) ; ret ;== ret + ¢ ;
if ret =1 then Announce (* Mpasuno 1 *)
end



Anroputm Bo3BpalieHUsa kKpeguTta

Teopema 4.

AnropntMm BO3BpALLUEHUS KPEAWUTA SABASETCS KOPPEKTHLIM
aNropuTMOM 0BHapY>XXEHNS 3aBEPLUEHUS BBIYNCIIEHNA.

Hdoka3atenbcTBo.
CamocTosiTenbHO CHOPMUPYIATE HYXKHBIT WHBAPUAHT U NMPOBELMUTE
AOKa3aTeNbCTBO.

N'ycbkoB, 3anyTtnses, CaBkos



Anroputm PaHbl

Ons pewenuns 3agayn obHapyXeHMs1 3aBEPLUEHNS BbIYUCAEHNS
MOXHO NCMOAbL30BaTh wTemnenn epeMenn. [pegnonaraercs, 4o
BCE MPOLLECCh CHabXeHbI Yacamu; 4Jist 3TOl LEenu NpUroaHbl Kak
annapaTHble TaliMepbl, Tak 1 Jsiornyeckne vacel Jlamnopra.

B ocHoBy anroputma nosoxeH nokanbHblA npegukat quiet(p)
OMNpefesieHHbIll AN KaXKAOoro npoLecca p Tak, 4To

quiet(p) == state, = passive N\
A Hukakoe basosoe cooblueHne, oTnpaBieHHoe p
He npebblBaeT Ha 3Tane nepecbiIKy,

oTkyaa cnepyet numnankauus (Vp quiet(p)) = term .
Vcnoeue quiet onpepensieTcst CaeayroLIMM COOTHOLLEHUEM

quiet(p) = (state, = passive A unack, = 0).



Anroputm PaHbl

Lens anroputma — npoBepuTh, BEPHO SN, 4TO B ONpPeAE/EHHbI
MOMEHT BpeMeHu t BCE MPOLECCHl YOOBAETBOPSIOT YCAOBUKO quiet .

ITO OCYLLECTBASIETCA NPU NOMOLLY BOJIHBI, MO X04Y KOTOPOI
KaXkAOMY MPOLECCY 3aJaeTCA BONPOC O TOM, AOCTUT AW 3TOT
MPOLECC B AaHHbLIA MOMEHT COCTOSIHUA quiet u ByaeTt nu oH
OCTaBaTbCS B 3TOM COCTOAHMM B ganbHeliwem. Beakuli npouecc, He
npebbiBatoLwMii B COCTOSIHUM quiet , He pearnpyeT Ha cooblieHus
BOJIHbI, TeM cambiM 3dbpekTUBHO racst camy BonHy. B kauecTse
BOJIHOBOMO afrOpUTMa MOXHO UCMNOAb30BaTh KOMbLIEBOW aaropuTM.

B3aumMopgelicTBME BOSIHBI C MPOLLECCOM P HE OKA3blBAET BAUSIHUSI Ha
nepemMeHHble MpoLecca p , UCNosb3yemble 05 obHapyxeHus
3aBeplUeHUs BblvncneHus. BcneacTeue aToro npaBuibHOCTb
paboTbl anropmTMa He HapyLLIAeTCs Npu NapaniesnbHOM
PacnpoOCTPAHEHUMN HECKOJIBKNX BOJIH.



Anroputm PaHbl

Mpouecc p , nepeiigs B cocTOsiHMe quiet , COXPaHSET B NaMsT TOT
MOMEHT BpPEMEHU (t, , KOrfa NMPOU3OLLIO 3TO CObbITUE, U
3anyckaeT BOJIHY, 4TODbI NPOBEPUTL, BCE NN MPOLECCHI YXKe
nepewnn B COCTOSHNE quiet K MOMEHTY BpeMeHU gty .

Ecnu 370 Tak, TO 3aBeplUeHUE BBIYUCAEHNS CHATAETCS
obrapyxeHHbiM. B npoTtueHom cnydae cyiecteyeT npouecc,
KOTOpbIi NepeiiieT B COCTOsIHUE quiet MO3XKe, U OH 3anyCTUT HOBYHO
BOJIHY.



Anroputm PaHbl

var state, : (active, passive) ;
0, . integer init 0 ; (* Jlornyeckne vacer *)
unack, :integer init 0 ; (* Yucno HenoaTBepXAeHHbIX COOBLLEHMI
qtp - integer init 0 ; (* Bpems HegaBHO ciyumBerocs nepexog

S,: { state, = active }
begin 0, := 0, + 1 ; send (mes, §,,) ; unacky, := unack, + 1 end
Rp: { Coobenne (mes, §) ns g gocturno p }
begin receive (mes, 6); 6, := max(6,, 0) +1;
send (ack,f,) to q ; state, := active
end
Ip: { state, = active }
begin 0, := 0, + 1 ; state, := passive ;
if unack, = 0 then (* p nepexoaut B coctosiuue quite *)
begin gt, := 6, ; send (tok, 0,, gt,, p) to Next, end
end



Anropntm Panbl (npogonikeHue)

A,: { NMoaTteepxaenne (ack,d) gocturno p }
begin receive (ack, ) ; 0, := max(6p, 0) +1;
unackp := unack, — 1 ;
if unack, = 0 and state, = passive then (* p nepexogut 8 qu
begin qt, := 0, ; send (tok, 0,, gt,, p) to Next, end
end
Tp: { Mapkep (tok, 6, gt, q) goctur p }
begin receive (tok,§, qt,q) ; 0p := max(6p, 0) + 1 ;
if quiet(p) then
if p = g then Announce
else if gt > qt, then send (tok,0,, qt, q) to Next,
end



Anroputm PaHbl

Teopema 5.

Anroputm PaHbl SIBNSIETCSA KOPPEKTHBIM anropnTMomM obHapyxeHus
3aBEPLUEHNS BbIHNCAEHWIA.

Hdoka3atenbcTBo.
CamocTosiTenbHO CHOPMUPYIATE HYXKHBIT WHBAPUAHT U NMPOBELMUTE
AOKa3aTeNbCTBO.

Barpos, Bacunenko, XaxanuH



KOHEL, TEKLLW 11.



