PacnpeaeneHHble
anropnTMbil

JIEKTOP: B.A. 3axapos



Jlekuusn 8.

3apaya nsbparnsa nugepa.
OcHOBHbIE onpefeneHns n ONyLEeHns.
BonHosbie anroputmel nsbpatus nugepa.

Beibopbl nugepa Ha gepese.
Bbibopb! B kosbLaXx.
Anroputm Jle-JlaHHa,

Anroputm Yens — PobepTca.

Anroputm lNetepcona/Jonesa—Kneiisa—Poge.

DpdbekT yracaHums.



3apgava n3bpaHusa nuaepa

3apada nsbpanusa nugepa cOCTOUT B TOM, 4TODbI, U3
KOHpMTypaLummn, B KOTOPOI BCE NPOLLECCHl NPebbIBAOT B OOHOM W
TOM K€ COCTOSIHUMN, JOCTUYbL TaKol KOHpUrypayum, B KOTOpOii
POBHO 0oAMH npouecc byaeT HaxoauTbest B cocTosiHuy leader |, a Bce
OCTaNlbHblE NPOLECCHl — B cocToAHuM lost .

Boibopbl ingepa cpefn NpouUeccoB MPOBOASATCS, KOMLA HYXKHO
BBINOJIHUTL KaKOR-HUOYAL LEHTPasn30BaHHbIN aNropuTm, n HeT
3apaHee 3aaHHOIO KaHAMAATa, KOTOPbLIA MOT Obl BBICTYNUTH
WHULMATOPOM 3TOrO ajaropuTMa.

Takoe NponcxoaunT, KOraa nHnumnannsayna BbINOAHAETCA B Hadane
pa6OTbI nam nocne Bbixoaa CUCTEMbI N3 CTPOA.

MocKoNbKY MHOXECTBO aKTUBHLIX MPOLECCOB MOXET DbiTh 3apaHee
HEW3BECTHO, HENb35 HA3Ha4YNTb pa3 U HaBCErga OAWH U3 NPOLECCOB
Ha pojab Angepa.



OcHoBHble onpegenieHns N AONyLULEeHUsA

Onpepenexne

Anroputmom n3bpaHnsa nuaepa Ha3bIBAETCA aNropuTMm,
KOTOPpbIA 0bnagaeT ciemyroWwuMn CBORCTBaMN.

1. Kaxkgblli npouecc HageNeH OAHUM U TEM XKE JIOKabHbIM
a/IrOPMTMOM.

2. AJ'IFOpI/ITM ABNAETCA OEUEHTPA/IN30BaHHbLIM, T.€. BbIHUC/NEHUE
MOXET DbITb NHNUNNPOBAHO NMPON3BOJSIbHBIM HEMYCTbIM
NOAMHOXXECTBOM NMpPOLLECCOB.

3. AnropnTm JOCTUraeT 3aKMHOUNTENBHON KOHpUrypauumn B
Ka>KAO0M BbIMUCAEHUN, U B KaXKJOW 3aKNOUYNTENLHON
KOHpMTYpaLmMn CyLLECTBYET POBHO OLWH MPOLECC, KOTOPHLIA
HaxoguTca B coctosiHun leader a Bce ocTtanbHble npoueccsi
npw 3Tom npebuigatoT B8 coctosHum lost.



OcHoBHble onpegenieHns N AONyLULEeHUsA

MocnepHee cBOWCTBO MHOrpa ObIBaET OrpaHMYEHO MLWb
TpeboBaHnemM TOro, 4Tobbl POBHO OA4MH NMPOLECC HAXOAWICS B
coctositun leader. Ecan 3apan anroputm, ya0BAETBOPSIIOLLNI
aTOMY ocnabneHHoMy TpeboBaHUMIO, TO €ro MOXKHO NErko
JOMOMHNTL NOTOKOM COOBLUEHNIA, MHULMNPOBAHHBIM JNAEPOM,
bnarogapsi KOTOPOMY BCe MPOLECChHl BynyT onoseLeHbl O
pesynbTaTax BbIOOPOB.

Bo Bcex anroputmax npouecc p HageneH nepeMeHHoid statep, ,
MHOXECTBO 3Ha4YeHnii KoTopoli BkatodaeT B cebs leader u lost.
WHorpa npegnonaraercsi, 4TO 3Ha4YeHNEM State, siBnseTcs sleep Ao
TOrO, Kak p BbIMNOSHUA XOTb OAWH LUAr HalLEero anroputMa, u cand
KaK TOJIbKO P NPUCOEAVHUACS K BbIYNCAEHUIO, HO elle He bbin
OCBEJIOMJIEH O TOM, BbIUFpan WAM Npourpan oH 3Tu BbIBOp.I.



OcHoBHble onpegenieHns N AONyLULEeHUsA

3afayqa 0 BbIbOpax M3y4aeTcs B paMKax CAeAyoLLnX SOMYLLEHMiA.

1 Cucrtema BnosiHe acuHxpoHHa. lpoueccsl He UmeroT
[80CTyna K obwym Yacam, n nepegada cCoobLIEHNTT MOXKET
OJNTLCS CKOJIb YTOAHO A0JTO UM KOPOTKO.

[onywerune o crHXpoHHOIl nepegade coobuieHuii noYT He
BANSIET HAa PE3yAbTaTbl, OTHOCSLLMECA K 3aja4qe o Bbibopax:
BCE PACCMOTPEHHbIE aNropuTMbl MOXXHO MPUMEHATL B
CUCTEeMax C CUHXPOHHON nepefayeid coobLiermii.

[Honyuwerne o rnobansHom oTcHeTe BpemeHu (npoueccsl MoryT
OTCNEXUNBaTb peasibHOe BpeMs, 3afep>Xka nepeaaqu
coobLeHNst OrpaHNYeHa n np.) AeACTBNTENbHO OKa3bliBaeT
Ba>KHOE BJINSIHUE Ha peLUeHne 3aja4yun o Bbibopax.



OcHoBHble onpegenieHns N AONyLULEeHUsA

2 Kaxpgblii npouecc ono3HaeTcst N0 YHUKAJIbHOMY UMEHU,
M 3TO UMS U3HAYaNbHO M3BECTHO CaMOMY MpoLLeccy.

imena npoueccos (oTnununTensHble npusHakn ) obpasytoT
NUHENHO ynopsgoYeHHoe MHOXeCTBa P .

Mpu npoekTnpoBaHun anroputMa n3bpaHUs MOXHO MOCTY-
JIMPOBaTh, YTO Ha Bbibopax nobesuT nMpouecc ¢ HauMeHbLLIUM
(HanbonbWwnM) No NOPSAKY OTAUHUTENBHBIM NPU3HAKOM.

Tak Bo3HMKaeT 3afa4a OTbICKaHNA HANMMEHBLUETO OTJINYN-
TE€AbHOIN0 NpU3Haka NOCpeACTBOM OEUEHTPAIN3OBAHHOIO
AJIFTOPNTMA — 3afaya OTbICKaHUA SKCTPEMYMOB .



OcHoBHble onpegenieHns N AONyLULEeHUsA

3 Kaxpoe coobuieHne moxeT cogepxatbe O(w) ouT.

B kakaom coobLueHUn MOXET coaepXaThCs AuLlb
KOHCTAHTHOE YMCNO OTANYUTENbHbIX MPU3HAKOB MPOLLECCOB.
JTO JonylieHne CAENaHo 4Jst TOro, YTobbl CnpasesnuBzo
CONOCTaBAATb CAOKHOCTL NO 4ncay 0bMeHos coobuieHnamn
ANS1 Pa3NnyHbIX aNropuTMOB.



BonHoBble anroputmsbl nsbpaHuna nuaepa

OTanynTenbHble NPU3HAKKA NPOLLECCOB MOXHO MCMOb30BATL A
HapYLUEHNSI CUMMETPUN MEXAY MPOLLECCaMM, 11 arOpuTM
n3bpaHus MOXKHO CPOEKTUPOBATL Tak, 4TODbI BLIAENATL NpoLECC
C HAMMEHBLUUM OTIIMHUTENbHBIM Npu3HakoM. HanmenbLuinii
OTANYUTENBHBINA NPU3HAK MOXKET BbITh BbIYNCIEH NPOLLECCAMM MO
X0ofly OAHOR BosHbI (noyemy? ).

3HaunT, BLIOOPLI MOXHO MPOBECTU, 3aMYCTUB BOJHY BbIYNCIEHUS
HaWMEHbLLUEro OTJINYUTENIBHOIO NPU3HAaKa, NOCJE Yero npoLuecc
HaMMEHbLUNM MPU3HAKOM CTAHOBUTCS NNAEPOM. Tak Kak aaroputm
n3bpaHust gosaxeH bbITh AELEHTPaNN30BaHHbLIM, 3TOT NPUHLMN
MOXHO NMPUMEHSITb TOJIbKO K AELLEeHTPAJIN30BAHHLIM BOJIHOBLIM
asropuTMam.



BonHoBble anroputmsbl nsbpaHuna nuaepa

3apaua.

[lokasaTb, 4TO anropuTm nsbpaHus nugepa Ha OCHOBE 3aZauqu
OTbICKAHNA 2KCTPEMYMOB ABAAETCA BOMHOBbIM aJITOPUTMOM, €Cnn
cobbiTre n3bpaHus npouecca NMAEPOM pacCMaTpuBaTh Kak
cobbiTne pelueHuns.



Bbibopbl nnpgepa Ha pgepeBse

Ecav Tononorus cetn umeer Bng gepesa, uam B CETU €CTb
OCTOBHOE J€pPEeBO, TO ANsl BbIDOPOB MOXHO BOCMOJIb30BAaBATLCS
LOPEBECHBIM BOJIHOBBIM anropnTmom. Ho 3geck Tpebyetcsi, ytobel
WHULMATOPaMU Db BCE IMCTOBLIE BEPLUMHBI.

Y7066l 3anyCTUTL aNropuTM, KOTAA LWL YacTb MPOLECCOB
ABNAIOTCS MHMLMATOPaMK, K Hemy gobaeneH atan nobyakn .
Mpoueccol, 3aTeBatowme BLIGOPLI, HABOAHSIOT CETL COODLLEHUAMY
wakeup. MNMocne nonyyenus coobwerne wakeup no scem kaHanam,
npouecc 3anyckaeT APEBECHbIA BOJHOBOA afiropuTM, KOTOPbIi
cHabXXeH NpuUCTaBKOl ANS BBIYUCIEHUS] HAUMEHbLLErO
OTANYNTENBHOIO NPU3HAKa.

Korga npouecc npvHUMaeT peLueHmne, OH 3HAET MMSA JINAEPA; €CIN
3TO UMA CcoBnagaeT C OTANYHUTENbHBIM NPU3HAaKOM CaMOro
npouecca, To OH CTAaHOBUTCS NNLEPOM, a B MPOTUBHOM CJy4ae OH
nonydaet cratyc lost.



Bbibopbl nnpgepa Ha pgepeBse

var ws, : bool init false ;
wrp : integer init 0 ;
recp[q] : bool ans kaxporo g € Neigh, init false ;
Vp P init p ;
state, : (sleep, leader, lost) init sleep ;

(* Nobyaka *)
begin ifp is initiator then
begin ws, := true ;
forall g € Neigh, do send (wakeup) to g
end;
while wr, < #Neigh, do
begin receive (wakeup) ; wrp, :=wr, +1;
if not ws, then
begin ws, := true ;
forall g € Neigh, do send (wakeup) to g
end
end;



Bbibopbl nnpgepa Ha pgepeBse

(* 3pecb Haunnaer paboTaTh apesecHbili anroputm *)
while #{q : —recy[q]} > 1 do
begin
receive (tok, r) from q ; recy[q] := true; v, := min(vp, r)
end;
send (tok, vp) to go with —recy[qo] ;
receive (tok, r) from qo ;
Vp := min(vp, r); (* npunsTh pellenne c otBeToM v, *)
if v, = p then state, := leader else state, := lost ;

forall g € Neigh,, q # qo do send (tok, v,) to g
end



Bbibopbl nnpgepa Ha pgepeBse

Teopema 8.1.

MpeanoxeHHbIll anropuTM pewaeTt 3agady o Bbibopax Ha
APEBECHbIX ceTsx ¢ ncnonbzosanuem O(N) obmeHos
coobweHnsimm, 3atpaymeas npu stom O(D) eguHuy, BpemeHn.

JokazatenbcTBo.

Korga xoTb oanH Npouecc 3anyCcKaeT AaHHbIA ajropuTM, BCe
npouecchbl oTnpassT cooblerne (wakeup) Bcem cBOMM cocefsim, un
Ka)XkAblli NpoLecc 3anyCTUT BbIMOJHEHWE APEBECHOrO aJiropuTMa
nocne nonyyeHusi coobwenmns (wakeup) ot kaxgoro cocesa. Bee
npouecchbl 3aBepLlaT BbINOJIHEHNE OPEBECHONO aAropnuTtMa C OAHUM
N TEM XK€ 3HAYEHUNEM I'IQPEMEHHOM vV , a UIMEHHO, HAWMEHBLLUM
OTANHUTENBHBIM NPU3HAKOM Cpeam BCex npoueccos (nodemy? ). U
EANHCTBEHHbIV MPOLECC C TaKUM NPUM3HAKOM 3aBepwunT paboTy B
coctosiHun leader, a Bce npoune npoueccsl — B coctosiHum lost.



Bbibopbl nnpgepa Ha pgepeBse

JokazatenbcTBoO.

Mo kaxgomy kaHasy nepegatoTcs gga coobuwenns (wakeup) u gga
coobwenns (tok, r), n No3TOMy CNOXKHOCTB NO YnCay 0bMeHOB
coobuieHnsiMn cTaHosuTCA pasHoii 4N — 4 .

Mo ncrevernun D egnHuny, BpeMEHN NOCAE TOrO, KaK MePBbIii
MPOLECC 3anyCTUA HaLl ajrOpUTM, KaXXAbIfi MpOLECC yXKe OTnpaBuT
coobuierns (wakeup) u, cnegosatensHo, cnycts D + 1 eguHny
BPEMEHUN KaXKAbIA MPOLECC Y>KE 3anyCTUT BOJIHY.

Mepeoe pelwenune byaet npuHsTo cnycts D eanHuy, Bpemenn nocie
Hayana ABVWKEHUS BOJIHbI, @ NOCAefHee pewerune byneT npuHaTO
cnycta D eanHUL, BpeMEHN NOC/E NEPBOTO, U No3ToMy 0bLuyee
3aTpayYeHHOe BpemMsi CTaHOBUTCS paBHbim 3D + 1 . [



BonHoBble anroputmsbl nsbpaHuna nuaepa

3apauu.

1. lMokasaTb, YTO CAOXKHOCTL MO BPEMEHU anropuTMa nsbpanus
nupepa Ha gepese cocTaBasieT 2D.

2. Kakum 06pa3som MOXHO MOANGPULMPOBATL afiropuTMm
n3bpanus angepa Ha gepese, 4Tobbl Yucno obmeHos
COOBLLEHNSIMIN CYLLECTBEHHO YMEHBLUNAOCH !

3. Kak nposectn Bbibopbl ngepa B NpoM3BOALHOA CETH Npw
noMoLyu cpasosoro anroputMma? Kakoea byaet CnoxHOCTb
Takoro anroputMa nsbpaHus nuaepa no Yynuciay obMeHos
coobuieHnamun?

4. Kak nposecTu BbIOOpPLI NMAEpa B NPOU3BOJILHON CETU Npu
nomown anroputmMa PurHa? Kakoea byaeT CloXKHOCTb TAakoro
anroputma usbpaHus nugepa no 4ucny obMeHos
coobueHnamn?



Bbibopbl nupgepa B konbuax

3afada o BbIbOpax B KOJIbLEBLIX CETSX Oblna BNEpBble MOCTaB/EHA
JNe-Jlannom B 1977; emy yAanoch HaliTu ee pelueHune co
cnoxnocTeto O(N?) no uncny obmeHos cooblieHnsmu.

370 pewenue bbino ynyyweHo Yenem n Pobeptcom B 1979; oHu
NPEeANOXUAN anropuTM, KoTopblii uMmeeT cnoxHocts O(N?) B
Hauxyawem cnydae, u cnoxrocts O(Nlog N) B cpeaHem.

Bonpoc o cyuectsoBanuu anroputma co cnoxtoctsto O(N log V)
B HauUXyALIeM Ciyyae oCcTaBancs oTKpbiTbiM o 1980, korga Takoii
anroputm bl npegnoxed Xupwbeprom u Cunknelipom
ABYHanpaefneHHbIx Kosel. Kakoe-To Bpemsi npeanonaranock, 4To
Q(N?) 0bMeHOB COOBLUEHUSMU COCTABSIOT HUKHIOK OLEHKY A1
ofHOHanpaefeHHbIX Kosey, Ho [leTtepcon, a Takxe Hones, Kneiig un
Pone B 1982 He3aBMCUMO NpeafioXUIN peLleHne CIOXHOCTH
O(Nlog N) gns opgHoHanpaBneHHoro konbua. HuxHss ouerka

~ 0.34N log N cnoxHocTu no yucny obMeHos coobLieHnamu B
HauXyALeM Ciydae Ons ABYHanpaBieHHbIX Kosel, bbina
obocHosaHa Bbognaengspom B 1988.



Anroputm Jle-JlaHHa

Kaxkgblil nHALNATOP BbIYNCASET CMNCOK OTINHYNTENbHbBIX
NPU3HAKOB BCEX WHULMATOPOB, NOC/E Yero Auaepom usbupaercs
WHULMATOP C HAMMEHDBLUNM MPU3HAKOM.

Kaxxgbllii nHULMaTop OTNpaBasieT NO KOJbLy Mapkep CO CBOUM
OTNINYNTENBHBIM NPU3HAKOM, N BCE MPOLLECCHI NEPEeAatoT Aajee
aTOT Mapkep. KaHanbl MognaepXXnBatoT 04epesHOCTb COObLEHNA.

Korga vHuumaTop p nonydaet CBOii cOBCTBEHHBIN Mapkep obpaTHo,
MapKepbl BCEX WHULMATOPOB YXKE NpoLwan 4epes p , n p byner
n30paH INAEPOM B TOM 1 TOJBKO TOM Cllydae, ecim p —
HaWMEHbLUNIA NPOLECC CPeAM BCEX UHULMATOPOB.



Anroputm Jle-JlaHHa

var List, . MHOXECTBO UMeH P init {p} ;
state, ;

begin if p is initiator then
begin state, := cand ; send (tok, p) to Next, ; receive (tok, q) ;
while g # p do
begin List, := List, U {q} ;
send (tok, q) to Next, ; receive (tok, q)
end;
if p = min(List,) then state, := leader
else state, := lost
end
else while true do
begin receive (tok, q) ; send (tok, g) to Next, ;
if state, = sleep then state, := lost
end
end



Anroputm Jle-JlaHHa

Teopema 8.2.

Anroputm Jle-JlanHa pewaeT 3agady o Bbibopax Ha KoSbLAX C
ncnonssosanmem O(N?) obmeHos coobuiernsmu 3a O(N) egunny
BPEMEHMN.

Jdoka3satenbcTBo.

Tak kak NOPSAAOK CNEfOBaHMA MApPKEPOB MO KOMbLY OCTaeTCs
HemameHHbIM (nodemy? ), n uHuumatop g otnpaenset (tok, g)
paHblue , yem g nonyyaet (tok, p), nHmumatop p nonydaer
(tok, q) mo Toro, kak p nonyuut (tok, p) obpaTtHo.

OTcropa cnepyert, 4TO KaxAbli MHMLMATOP p 3aBepliaeT paboTy co
cnnckom List, WMeH BCeX UHMLMATOPOB, 1 NHULMATOP C
HaVMeHbLUUM OT/INHYMTENBHBIM MPU3HAKOM CTAHOBUTCS JIUAEPOM.



Anroputm Jle-JlaHHa

Jdoka3atenbcTBo.

Bcero ncnonbsyetcsi He bonee N pasnnyHbix MapKepoB, U Kaxgblli
3 Hux cosepliaeT N waroe, 4To npusoguT k cnoxHoctn O(N?)
no Yncny obmeHoe coobuieHnamu.

CnycTs camoe nosgHee N — 1 eauHuL, BpeMEHU NOC/E TOrO, Kak
NepBbIN MHNLMATOP OTMNPABUA CBOW MApKep, KaXXAblii MHALMATOP
MpOAeNaeT TOXKe CaMoe.

Mpn 3ToM KaXKAbIA MHULMATOP NONYYUT CEBOM Mapkep obpaTHO B
Teyenne N eanHUL, BpEMEHN NOCNE CO3AAHMSA 3TOrO MapKepa.
3HaynT, Haw anropuTM 3aBepwinT paboTy He NO3AHEE, YeM ChyCTs
2N — 1 egnHuy BpemeHn. O



Anroputm Hensa — PobepTca

Anroputm Yeus n Pobeptca ynyuwaet anroputm Jle-Jlanna 3a
CYET TOro, YTO U3 KOJIbLIA M3bIMAtOTCA MapKepbl TEX MPOLLECCOB,
OTHOCUTEIbHO KOTOPbIX Y>KE CTaji0 SICHO, HTO OHW MPOUTPatoT
BbIGOPHbI.

A vmenHo, uHnunaTop p nsbimaer mapkep (tok, g), ecnu g > p .
Nununatop p obpetaet cratyc lost , kak Tonbko nosy4aet mapkep

C OTAUYNTENLHBIM Npu3HakoMm g < p , u ctatyc leader, kak Tonbko
nosy4aeT Mapkep C OTANYNTENbHBIM MPU3HAKOM p .



Anroputm Hensa — PobepTca

var state, ;

begin if p is initiator then
begin state, := cand ; send (tok, p) to Next,, ;
while state, # leader do
begin receive (tok, q) ;
if g = p then state, := leader
else if g < p then
begin if state, = cand then state, := lost;
send (tok, g) to Next, end
end
end
else while true do
begin receive (tok, q) ; send (tok, q) to Next, ;
if state, = sleep then state, := lost
end
end



Anroputm Hensa — PobepTca

Teopema 8.3.

Anropntm Yensi — PobepTca pelwaet 3agady o Bbibopax Ha
konbuax ¢ ucnonbzosaruem O(N?) obmeros coobiyeHnamu &
Hauxyawem cnydae n 3a O(N) eguHuy Bpemenu.

JdokasatenbcTBo.

Ob6o3Ha4MM pp MHMLMATOPA C HAUMEHBLUMM UMEHEM.

Besikuii gpyroii npouecc MoXeT ObITh A1bO He-MHULMATOPOM, 1bHO
WHULMATOPOM C OTAINYNTENbHBLIM MPU3HAKOM, NPEBbILIAIOWNM Py |
N NO3TOMY BCE Npouecchl nepeganyT ganee mapkep (tok, po)
BbINYLUEHHbIA Po .

3HaunT, pg Noay4mMT CBO Mapkep obpaTHo u byaet uzbpaH
JNLEPOM.



Anroputm Hensa — PobepTca

Jdoka3atenbcTBo.

He-unnuuatopbl He BygyT n3bpaHbl, HO BCe OHU NepeiigyT B
cocTosiHne lost camoe nosgHee K MOMEHTY nepegayu Mapkepa,
KOTOPbIA BbINYCTUA Py .

NHuumnaTop p , gns koTOporo p > pg , He CTaHET NNAEPOM, T.K. Po
He nepegacT ganee mapkep (tok, p), n nostomy p Hukorga He
NOSYYNT CBOI CODCTBEHHBIA MapKep.

Takoii uHuunatop p nepeliget B coctosiue lost camoe nosgHee B
TOT MOMEeHT, Korga byaet nepepasatb ganee (tok, po).

370 1 cnyxuT 0bOCHOBaHMEM TOrO, YTO HaLl aJrOPUTM pPeELLaeT
3agadvy o Bbibopax.



Anroputm Hensa — PobepTca

Jdoka3atenbcTBo.

B anropuTtme 3ageiicTBoBaHo He bonee N pa3nuuHbix MapKepos, 1
KaXkAblil Mapkep nepepaeTca He bonee N pas; aTum n 0bbsACHSETCS
ouerka O(N?) cnoxHocTn no umcay obmeHos cooblueHnsMu.

Y7066 y6eauThcs B TOM, 4TO UHOTAA MOXKET NOHafobuThCs
nepeaats Q(N?) coobuiennii, paccMOTPUM HauanbHYHO
KOHUTYpaLuIo, B KOTOPOU OTAMYNTENbHBIE MPU3HAKN
PacrnoOXKEHbl B KOJIbLE MO BO3PACTaHWIO, N KaXKablll NpoLEecc
ABNSETCA MHULNATOPOM.



Anroputm Hensa — PobepTca

Jdoka3atenbcTBo.

N—1 0

CoobueHus nepegatotcst
No 4acoBoli cTpenke



Anroputm Hensa — PobepTca

Jdoka3atenbcTBo.

B anroputme 3ageiicTeoBaHo He bonee N pasnnyHbix Mapkepos, u
KaXkablli Mapkep nepegaetcst He bonee N pas; aTum n obbsicHsETCS
ouerka O(N?) cnoxHoctn no umcay obmeHos cooblieHnaMy.

Y7066 y6eauThCs B TOM, 4TO UHOTAA MOXKET NOHafobuThCs
nepeaats (N?) coobuiennii, paccMOTPUM HauanbHYHO
KOHUTYpaLuto, B KOTOPOU OTAMYNTENbHBIE MPU3HAKN
PaCMoIOXKEHbI B KOJIbLE MO BO3PACTaHNIO, N KaXKablll Npouecc
ABNAETCS MHULNATOPOM.

Mapkep ka>kgoro npouecca UsbiMaeTcs U3 koabua npoueccom 0, un

nosTomy mapkep npouecca / cosepwaeTr N — i nepexomos; 3To
NPUBOAMT K TOMY, 4TO YUCAO nepegad coobuieHnii bynet pasHo
N—1

Z(N—i):%N(NJrl).

i=0



Anroputm Hensa — PobepTca

Teopema 8.4.

Anropntmy Yensi—PobepTtca B cpegHem TpebyeTcst Bcero auub
~ 0.69N log N obmeHoB coobLieHUAMY, KOrga BCE MPOLECCHI
ABNSIOTCA MHMLMATOPaMM.

3apaun.

1. 3aBUCUT Nn KOPPEKTHOCTL anroputma Yens—PobepTtca ot
o4epeaHOCTM nepegaqn coobuiennii B kananax?

2. PaccmoTpum anroputm Yensi—Pobeptca, nonaras, 4to
KaXkAblli MPOLECC ABASAETCA nHumnatopoM. [Npu kakom
PACMONOXKEHUN OTNNYUTENBHBIX NMPU3HAKOB B KOJbLiE
CNOXHOCTb No 4nucny obmeHos coobuienusimu byaet
MUHUMaNbLHOM, U CKONbKO OBOMEHOB COOBLLEHUAMM
notpebyetca B 3TOM cayyae?
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B stom anroputme Tpebyetcs, 4Tobbl B KaHanax nogaep)KnBanach
04€epefHOCTb COODLLEHNMIA.

Brauane anropuTm BbIlYNCASIET HAWMEHBLWNA OTANYNTENbHBIA
NPU3HaK N JOBOAWUT €ro A0 CBEAEHUSI BCEX MPOLECCOB; 3aTeM
MPOLECC C YKA3aHHbLIM OTINYUTENBHLIM NMPU3HAKOM CTaHOBUTCA
ANZEPOM, a BCE OCTasIbHbIE MPOLECCH NPU3HAIOT CBOE NOpPaXkeHne
Ha Bbibopax.

CyTb 3T0Oro anroputma Bynert npowye NoHATL, €C/IN B3MISHYTh Ha
HEro Tak, Kak byATO afropuTM BLIMOAHAIOT HE CaMu MPOLECCHI, a
WX OTINYNTENBHBIE MPU3HAKY , KOTOPbIE PaboTaTIOT, KakK CeTeBble
B0TbI, YNOJTHOMOYEHHBIE MPOBOAUTL BbIOOPLI, HE3ABMCMMO OT TOrO,
B KAKOM Yy3Jie CETU BbIMOJHSAETCS aJiropuTMm.
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MNepBOHaYaNbHO KaXKAblli OTANYHUTENLHLIA NMPU3HaK ABASIETCA
aKTUBHBLIM , HO B KaXXJOM Type n3bupaTensHol KoMMnaHuw
HEKOTOpbIe N3 HUX CTAHOBSATCS MacCUBHBLIMU .

Boiuncnenne pasbuto Ha Typbl. B kakgom Type BCSKMiA akTyBHbII
OTANYUTENBHBIA NPU3HAK CPAaBHUBAETCS C OBYMS COCEAHUMMU
AKTUBHBLIMY OTANYUTENbHBIMU NPU3HAKaMU, PACMNOSIOMKEHHBIMU MO
X04y W NpOTUB XOfa 4acoBoii cTpenku. Ecnum atoT npusHak byger
MWHUMaJbHbIM U3 TpeX, TO OH NepexoanT B CAeayroWwmnii Typ, a
MHa4e OH CTAaHOBMUTCSA MACCUBHLIM .

Tak kak BCe OTINYNTENbHbIE NPU3HAKKN NOMAPHO Pa3jiuyHbI, T€ N3
HUX, KOTOPbIE PACMONOXKEHHBIE MO 0be CTOPOHbI OT JIOKANLHOTO
MUHUMYMa, CTaHYT MNAaCCUBHLIMU, N MO3TOMY, XOTS Bbl MonoBMHA
OTANYNTENBHBIX MPU3HAKOB HE NepelaeT B CAenyoWwmnii Typ.

CnepoBaTenbHo, cnyctsi camoe bosbwee log N Typos, ocTaHeTcs
TONBKO OAWH aKTUBHbLIA OTANYUTENbHBIA NPU3HAK, KOTOPLIA 1
byaet npusHan nobegutenem.
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r o AKTUBHbLIN npouecc
o [MaccueHblii npouecc

B opueHTUpoBaHHbIX KonbLax COODLEHNS MOXHO NepefaBaTh
TOJIbKO MO 4aCOBOW CTPesKe, 1 3TO 3aTPYAHSET NONAYyYEHME NePBOro
CcOCeaHero no Xo4y 4YacoBOUW CTpenKn OTANYUTENLHOIO MPU3HaKa.
OTanunTentHblii Npu3HaK g Heobxo[MMO CPaBHUTL C F 1 P ; HO
€CNIN MPU3HAK r MOXET DObITb JIErko nepefaH g , TO NPU3HaK p
BbIHYXAeH bbln Bbl 4BMraThCS B HanpagJ/IeHWN, NPOTVBOMNOIOMKHOM
OpPUEHTALMMN KaHaI0B, YTObLI JOCTUYL ¢ .
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® AKTuBHbIN npouecc
o [MMaccuerblii npouecc

[ns toro, 4tobbl cienath BO3MOXHBIM MPOBEAEHNE CPAaBHEHUS C
oboumMu NpusHakamu r n p , OTANYNTENbHLIA NPU3HAK ¢
nepeaaetcst (N0 HaNpPaBiIEHMIO KAHAJIOB B KOJIbLE) TOMY MPOLECCY,
KOTOPbIA B 3TOT MOMEHT SIBASIETCA XpaHUTENeM p, a r
MepenpaeBfisieTCsl He TOJIbKO NPOLLECCY, XPaHALLEMY ¢ , HO TakXXe 1
Janee Npoueccy, XpaHsLeMy p .
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r @ AKTuBHbBIA npouecc
o [Maccuehblii npouecc

Ecan g ocTaertcst eqMHCTBEHHBIM aKTUBHBIM OTANYUTENBHBIM
MPU3HAaKOM B Hadaje HEKOTOPOro Typa, TO MepBbIli e Npu3HaKk,
KoTOpbIli DyneT nepefaH g B 3TOM Type, byget paseH g (T. €. B 3TOM
cnyyvae p = q ). Kak ToNbKO CNOXNTCSA Takasi CMTyaumus, AaHHbIA
OT/IMYUTENLHBI NPU3HAK CTAaHOBUTCS nobegnTenem Ha eoibopax.
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TVYP 2

1 @ passive

passive  passive
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TVYP 2

passive

passive  passive
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TVYP 2

passive

passive  passive
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TVYP 2

passive  passive



Anroputm lNetepcona/Oonesa—Kneiisa—Poge

TVYP 3

passive

passive

passive  passive
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TVYP 3

passive

passive

passive  passive
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leader=1

TVYP 3

passive

passive

passive  passive
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varci, :P initp; (* Tekywnii npusHak npouecca p *)
acn, : P initudef;  (* NpusHak aktusHoro cocega*)
win, : P init udef;  (* MNpusnak nobegutens *)

state, : (active, passive, leader, lost) init active ;
begin if p is initiator then state, := active else state, := passive ;
while win, = udef do
begin if state, = active then
begin send (one, cip); receive (one, q) ; acn, ;= g;
if acn, = ci, then (* acn, munumaneheiii *)
begin send (small, acn,) ; win, := acn, ;
receive (small, g)
end
else (* acn, — Tekywmii npusHak cocega *)
begin send (two, acn,); receive (two, q) ;
if acn, < ci, and acn, < q
then ci, := acn,, else state, := passive
end
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else (* state, = passive *)
begin receive (one, g) ; send (one, q) ;
receive m ; send m ;
(* m — ato nnbo (two, g), nmbo (small, g)*)
if m — s7o coobuienne (small, g) then win, == q
end
end;
if p = win,, then state, := leader else state, := lost
end
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Mpouecc p sABNSETCS aKTUBHLIM B HEKOTOPOM TYpE, €CAN B Hadane
TypPa OH XPaHUT aKTUBHbIV OTANYNTENbHBIW NpU3Hak Cip . B
MPOTMBHOM Ciy4ae p SABASIETCS NacCrBHbLIM U NPOCTO
PETPaHCAMPYET BCE COOBLLEHMNS, KOTOPLIE OH MOYYaEeT.

Bcsiknidi akTMBHbBI NpOLECC OTNPAaBASET CBOW TEKYLUMA OTAMYN-
TeNbHbI/ NPU3HAK CAeAyOLWEMY NO NOPSAAKY aKTUBHOMY NPOLECCY 1
nosyyaeT TeKyWMiA OTANYNTENbHbIA NPU3HAK OT NpPeALIeCTBYIOLLEro
aKTUBHOrO MPOLECCa, UCNOsb3yst coobuieHns Tuna (one).

Mony4eHHbIN NpU3HaK COXpaHsieTCs B NamsiTu (B KayecTee
3Ha4eHNst NepeMeHHOI acnp ).
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varci, :P initp; (* Tekywnii npusHak npouecca p *)
acn, : P initudef;  (* lNpusnak aktusHoro cocega *)
win, : P init udef;  (* MNpusnak nobegutens *)

state, : (active, passive, leader, lost) init active ;
begin if p is initiator then state, := active else state, := passive ;
while win, = udef do
begin if state, = active then
begin send (one, ciy); receive (one,q) ; acn, :=q ;
if acn, = ci, then (* acn, munumanshbiii *)
begin send (small, acn,) ; win, := acn, ;
receive (small, g)
end
else (* acn, — Tekywmii npusHak cocega *)
begin send (two, acn,); receive (two, q) ;
if acn, < ci, and acn, < q
then ci, := acn, else state, := passive
end
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MonyuyeHHbI Npr3HaK COXpaHseTcs B namMaTn (B Ka4yecTse
3HaYeHUsl NEPEMEHHON acn, ), N eCn JaHHbIA NPU3HaK NepexmnBeT
3TOT TYP, TO OH CTAHET TeKYyLMM OTANYNTENbHBIM NPU3HAKOM
npouecca p B CAeAyloLLIEM Type.

YT106bI OLEHNTB, NEPEXMBET JIN OTANYUTENbHBIA NPU3HAK acny
AaHHbIN TYp, €ro HyXKHO CPaBHUTb KakK C Cip , TaK N C aKTUBHbIM
MPU3HAKOM, NONYYEHHBIM B CoobLieHnn Tuna (two) .

Mpouecc p otnpaeasiet coobuierne (two, acpp), 4TObbI
NPeAOCTaBMTb TaKyl BO3MOXHOCTb CIEAYIOLLEMY MO NOPSAKY
aKTUBHOMY MPOLECCY.
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varci, :P initp; (* Tekywnii npusHak npouecca p *)
acn, : P initudef;  (* lNpusnak aktusHoro cocega *)
win, : P init udef;  (* MNpusnak nobegutens *)

state, : (active, passive, leader, lost) init active ;
begin if p is initiator then state, := active else state, := passive ;
while win, = udef do
begin if state, = active then
begin send (one, cip); receive (one, q) ; acn, ;= g;
if acn, = ci, then (* acn, munumaneheiii *)
begin send (small, acn,) ; win, := acn, ;
receive (small, q)
end
else (* acn, — Tekywnii npnstak cocega *)
begin send (two, acn,); receive (two, q) ;
if acn, < cip and acn, < q
then ci, := acn,, else state, := passive
end
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WckntounTenbHbiM sBASieTCS TOT CAyHaii, KOrga BbIMONHSETCS
PaBEHCTBO acn, = Ci, ; TOTAA AAHHBIA OTJANYNTENbHbIA NPU3HAK
OCTAETCs €ANHCTBEHHBIM aKTUBHLIM MPU3HAKOM, 1 coobLieHmne
(small, acn,) onogelaet 06 3TOM BCE NpoLECCHI.
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varci, :P initp; (* Tekywnii npusHak npouecca p *)
acn, : P initudef;  (* lNpusnak aktusHoro cocega *)
win, : P init udef;  (* MNpusnak nobegutens *)

state, : (active, passive, leader, lost) init active ;
begin if p is initiator then state, := active else state, := passive ;
while win, = udef do
begin if state, = active then
begin send (one, cip); receive (one, q) ; acn, ;= g;
if acn, = cip then (* acn, MmunumansHebiii *)
begin send (small, acn,) ; win, := acn,, ;
receive (small, g)
end
else (* acn, — Tekywmii npusHak cocega *)
begin send (two, acn,); receive (two, q) ;
if acn, < ci, and acn, < q
then ci, := acn,, else state, := passive
end
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Teopema 8.5.

Anroputm lMNetepcona/Nonesa—Kneiisa—Poge pelsaer 3agauvy o
Bbl60an AnAa OQHOHANPABAEHHbBIX KOJEW C NCNOJIb30BAHUEM
O(N log N) obmeHoB coobLueHusiMu.

JdokazatenbcTBoO.

Bynem roeopuTh, 4TO NpoLECC y4acTBYeT B / -OM Type, eciu
OCHOBHOI LMK/ 3TOro NpoLecca BbINOAHAETCS | -id pas.

Typbl HE CUHXPOHU3NPOBAHLI, N BO3MOXHA KoHdUrypauus, B
KOTOPOWM OAMH M3 NPOLLECCOB ONEPEXAET HAa HECKOJIbKO TYPOB
ApYyroli npouecc, pacnoNOXKEHHbI B NHOW 4acTy KoAbLa.

Ho Tak kak ka)kfblii NpoOLECC OTNPABASET N MOMYHAET B KAXKAOM
Type pPOBHO ABa COODLUEHNSA, N B KaHaNaxX MOAAEPKUBAETCS
OYEepeAHOCTL MOCNAAaHNIA, NosyHaTenb BCSKOro cooblenns byaert
y4aCTBOBATb B TOM XK€ TYpe, 4TO N €ro OTnpaBuTENb.

B nepeom Type BCE MHULMATOPbI aKTUBHbI , N KAXKAbIA aKTUBHbII
NPoLecC XPaHUT CBOM «TEKYLLMA OTANYUTENbHbIA NMPU3HAK.
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V1BepxaeHune 1.

Ecan B Havwane i -ro Typa umeerca k > 1 akTUBHbLIX NPOLECCOB, N
BCE «TeKyLUue OTINHUTESbHbIE NPU3HAKUY Ci , XPaHUMBbIE 3TUMM
npoueccamu, NONAapHO Pa3JinyHbl, TO B CAEAYIOWNA Typ nepeigeT
He MeHee ofHOro u He bonee k/2 npoueccos.

Mo okOHYaHUM | -ro Typa TeKyLine OTANYUTENbHbIE NMPU3HAKK
aKTUBHBIX MPOLECCOB ByayT BHOBbL MOMAapHO Pa3/inyHbI, U CPEAN
HUX BYAET HAXOANTBLCS CaMblii MaaAWwuii NpU3Hak.
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JokazatenbcTBO yTBep>xxaeHus 1.

Mocne obmeHa coobLueHnsiMu Buaa (ONe, ) KaKAbIA aKTUBHbIN
NPOLECC NOAYHUT TEKYLUMIA OTANYNTENbHBIA NPU3HAK CBOEro
DavKaiiuero akTUBHOIO COCefa, PaCcnosOKEHHOrO NPOTUB X0O4a
4aCoBOIi CTpesiku. ITOT NpusHak bygeT He coBnagaTthb C €ro
COBCTBEHHBIM OTNUHUTENBHBIM NPU3HAKOM.

CnepoBaTenbHO, KaXkAblli akTUBHLI NpOLECC NPOJOKUAT 3TOT TYp,
n npousoinger obmeH coobuweHnsamu Buga (two, q). Mostomy
Ka>XKAbl/i aKTUBHbIN NMPOLECC NONYYNT TAKXKe TeKyLyuii
OT/INYNTENbHBIA NPU3HAK BTOPOro no 6AM30CTM aKTUBHOrO COCeaa,
PacnosIOKEHHOro NPOTUB XOA4A YacCOBOW CTPenku.

Bce akTuBHbIE NpoLecchl Tenepb XpaHAT pasHble 3HaYeHWsA acn , a
5TO 03HAYaEeT, YTO MPOLECCHI, BbIAEPXKaBLUNE 3TOT Typ, byayT B
KOHLLEe €ro XpaHWTb pa3Hble OTJANYUTENbHBIE NMPU3HAKMW.
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JdokaszaTtenbcTBO yTBep>xXaeHusa 1.

DTOT TYp BbIAEPXXUT, NO KpaiiHeid Mepe, TOT OTANHUTENbHbI
NPU3HaK, KOTOPbIKA Obl1 HAMMEHBLIUM B Hayane Typa, U 3HAYUT,
XOTsi Bbl OAMH NPOLECC NepeiigeT B cneayowmii Typ.

A NOCKOIbKY OTNIMYNTENLHBIA NPU3HAK, KOTOPbIA PaCcONOXKEH
BC/€Z, 3a JIOKaJIbHbIM MUHUMYMOM, HE DyfeT NoKaibHbIM
MUHUMYMOM, YUCAO MPOLECCOB, NEPELLEALINX B CAEAYOLNiA Typ,
He byaeT npesocxoauTh k/2 . O

N3 yteepxaeHus 1 cnepyet, 4To HacTynuT n Takoii Typ (ero Homep
He bygeT npesocxoanTb < [log N| + 1), B Hauane koToporo bygeT
POBHO OAWH aKTUBHbI/A YY4aCTHWK, @ UMEHHO CaMblli MAaALWnRA
CPeAN OTNNHNTENbHBIX MPU3HAKOB BCEX MHMNLNMATOPOB.
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VTBepxageHune 2.

Ecnu B Hayane Typa ecTb TONLKO OANH aKTUBHLI Mpouecc p ¢
TEKYLMM OT/INYNTESbHBIM MPU3HAKOM Cip , TO MO OKOHYaHWUM 3TOrO
Typa aAropuTM 3aBepLunT CBOK PaboTy, N Mpy 3TOM OJ1st KaXKLoro
npouecca g byAeT BbINONHEHO PAaBEHCTBO Wing = Cip .

JokazatenbcTBO yTBEep>XaeHus 2.

Coobuienne (one, cip), oTnpasneHHoe npoueccom p , byaer
PETPAHCNIMPOBAHO BCEMU MPOLECCAMM M B KOHUE KOHLOB byaeT
NONY4YEHO CaMUM MPOLECCOM P .

Mpouecc p ybeanTbcs B TOM, YTO BbIMOJHAETCS PaBEHCTBO

acnp = cip , w oTnpasuT coobujexne (small, acnp) no konbuy,
BbIHYAMB TEM CaMbIM KaXXAbl/A NPOLECC g BbIATU N3 OCHOBHOMO
LMKNa, NPUCBOMB NPU 3TOM NEpemMeHHON wing 3HadeHune acn, . [
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[Joka3aTtenbCcTBO Teopembl.

JaHHblii anropnTM 3aBepLUAET CBOI BbINOJHEHNE B KAXXAOM U3
NpPOLECCOB, 1 NMpW 3TOM BCE MPOLECCh byayT cornacoBaHHO
OMoBeLLEHbI 06 OTANYNTENBHOM Npr3Hake nugepa (3TOT NpusHak
SIBNSIETCS 3HAYEHMEM NEPEMEHHON wing) .

Mpouecc ¢ ykasaHHbIM Npu3Hakom byaeT npebbiBaTb B COCTOSIHUN
leader , a Bce octanbHble npouecchl — B cocTosHum lost.

MoTtpebyetcs camoe bonbiiee |log N| + 1 Typos, B kaxkgom us
KOTOpbIX nponcxoanT obmen posHo 2N coobuieHnamu; 3To un
cnyxunT obocHosaHnem oueHkmn cnoxroctn 2N log N + O(N) no
yncny obmeHoB cooblueHusimu. O
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3apauu.

1. MpuseanTe HavanbHYO KOHMUIYpaLMIO AN AArOPUTMA
MeTepcona/donesa—Kneiisa—Poge, npu koTopoii anroputmy
aeiicteuTensHo notpebyercs nposectn |log N| + 1 Typos.

2. MpureeanTte TakKe HauaNbLHYIO KOHAUIypaLuio, Npyu KOTOPOIi
3TOMY anropuTMy noTpebyeTcsi BCero asa Typa, HE3aBUCKMO
OT YuUCia UHULMATOPOB.

3. MoxeT nn anropuTm 3asepwnTb paboTy 3a oguH Typ?



Anroputm lNetepcona/Oonesa—Kneiisa—Poge

Teopema 8.6.
ECﬂVI BbINOJIHEHDBI Cnegyroune yCiaoBns:
> KOJIbLO — OAHOHaNpaBJAeHHOE,
> NpPoUECChl HE OCBEAOMAEHbI O pa3Mepax KofbLa,
> B KaHaflax NOAJAEP)KUBAETCS O4EPEAHOCTb COODLLEHNMIA,
> BCE NPOUECCHhl ABAAKTCA MHUUMNATOpPamMu,

TO C/IOKHOCTb B CPEAHEM BCSIKOrO anroputma usbpaHus nugepa

N
Bynet He menbwe, yem N -Hpy , rae Hy = > 1/k .
k=1
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Teopema 8.7.

Besikuii anroputm nsbpanus nngepa Ha OCHOBE CpaBHEHNS ANs
NPOM3BOMbHbLIX CETEN UMEET CIOKHOCTL (1 B CPeaHeM, n B
Hamxyglwem ciydae) He menbluyto, yem Q(|E| + Nlog N) .

[lokazaTenbCcTBO.
CamocToaTensHo

Cnepcreue.

Bcsiknii geueHTpann3oBaHHblii BOJHOBOW anroputm gjsi
NpPon3BOJIbHbLIX ceTeli 6e3 npeaBapuTENbHOW OCBEAOMAEHHOCTU O
coceasix MMEET CAOKHOCTb No Yucay obmeHoe coobuieHunsimu, He
meHbLyto dem Q(|E| + Nlog N) .

HokazaTenbCcTBO.
CamocToaTensHo



DddekT yracaHus

Anroputm n3bpaHus nugepa MOXHO NOMAYYUTL N3 NPOU3BOSLHOIO
BOJIHOBOTO afirOpUTMa Npu NMOMOLLW KOHCTPYKL UK, KOTOPasi HOCUT
Ha3BaHWe yracaHue .

Kaxablii mHMUnaTop 3anyckaeT OTAeNbHYO BOAHY. YTobbI
OTINYATLCA OT COOBLEHN Apyrux BOJH, COOBLUEHNS, ABMKYLLNECS
MO BOJIHE, 3aMyLLEHHOR NPOLECCOM P , JOJKHbI BbITH MOMeYeHb
OTNNYUTENBHBIM NPU3HAKOM NpoLecca p .

JaHHblii anropnTM rapaHTupyeT, 4TO HE3aBMCHMO OT KOJIMYECTBA
3anyLLEHHbIX BOJIH TOJ/IbKO OfHA BOJIHA NPUBEAET K pPeLUeHNto, a
MMEHHO, Ta BOJIHA, KOTOPYHO 3anyCcTUa WHULMATOP C CaMbIM
MA3AWNM OTAINHYUTENbHBIM Npu3HakoMm. Bce ocTanbHbie BOJHBI
ByayT npepeaHbl ele [0 TOro, Kak DYAET NPUHATO pelueHmne.



DddekT yracaHus

Anroputm usbpanus nugepa Ex(A) , cooTBeTCTBYOLLMIA
BOJIHOBOMY anroputmy A , yCTPOEH TaK.

Bcsiknii npouecc B Kaxkaplli MOMEHT BPEMEHU aKTUBEH MO
OTHOLUEHUIO He Bonee YeM K OAHOU BOJIHE; 3Ta BOJIHA HA3bIBAETCA
€ro TeKyLell akTVBHOI BOJIHON , obo3HaYyaeTca caw n umeer
nepBoHaYasbHOEe 3HadeHue udef .

NunumnaTopbl BbIGOpoB NOCTYNatoT Tak, Kak ByaTo KaXkablii U3 HUX
3anyckaeT BOJIHY W NPULAET Caw CBOU OTJNYNTENbHbI NPU3HAK B
Ka4yecTBe 3HA4YeHUs.
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Kak Tonbko coobLieHne HEKOTOPOIA BOJIHbBI, 3aNyLLIEHHOIA
NpoLeccoM ¢ , AOCTUTaeT Mnpouecca p , TO p NPOBOAUT CNEAYIOLLNIA
aHanW3 3Toro coobuieHus.

» Ecnm g > caw, , To cooblieHne NpocTo MrHOPMpYeTCs, HTO
HEMELJIEHHO NPUBOAMUT K TOMY, YTO BOJIHA, 3aMyLLEHHas
NpoLeccom g , yracaer.

» Ecnm g = caw, , To ykasaHHoe coobuierne obpabaTbiBaeTcs
TakK, KakK 3TO NpeAnucaHoO BOJHOBBIM airopuTMOM.

» Ecnm g < caw, unu caw, umeet 3nauenne udef , To p
NPUCOENNHSETCA K BOJIHE, 3aMyLLEHHOW NPOLLECCOM q ,
YCTaHaBANBasi B CBOMX MEPEMEHHBIX NMepBOHAYabHbIE
3HAY€HNS, a TaKXKe BbINOIHAA NpUCBaMBaHne caw, = q .

Korpa BonHa, 3anylieHHas npoueccom g , NpuBOAUT K
OCYLLECTB/IEHNIO COBBLITUSA peweHns (B BONBLIMHCTBE anropuTMoB
peLLeHe BCeraa NpUHMMaeT caM npouecc g ), npouecc g byaet
cYNTaTHLCA U3bpaHHbIM.



DddekT yracaHus

3agaun.

1. PaspaboTaiite anropntm nsbpaHuna augepa B nNpon3BoJbHON
ceTn Ha ocHoBe 3hheKTa yracaHusi, MPUMEHEHHOTO K
BOMHOBOMY anropuTMy 3xa. OueHnTe CAOKHOCTL N0 YnNcay
coobuyennii noctpoenHoro Bamu anroputma. ObocHyliTe ero
KOPPEKTHOCTb.

2. Paspaboraliite anroputm n3bpaHusi angepa B KONbLEBOW CETU
ceTn Ha OCHOBe 3hheKTa yracaHusi, MPUMEHEHHOTO K
BOJIHOBOMY anropuTMy B KosbLax. CpaBHUTE NOCTPOEHHbII
Bamu anroputm ¢ anroputmom YHensi—PobepTca. B uem
COCTOUT CXOACTBO W OTAMYNE STUX ABYX aAropuTMos’?
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