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Jlekuus 3.

KOMMYHUKaLMOHHbIE MPOTOKObI.

Ownbku, Bo3HMKAIOLWME NpKU Nepegaye cOobLLEHWIA.
CrvMMeTpNUHbI NPOTOKON Pa3LBMXKHOIO OKHA.
VCTpoiiCTBO NPOTOKONA Pa3fBMKHOIO OKHa.
MpuHuMnbl 060CHOBaHNS KOPPEKTHOCTU MPOTOKOJOB
ObocHoBaHMe KOPPEKTHOCTU MPOTOKOJA Pa3fBMXKHOIO OKHA.
Moandukauuun npoTokona.



KOMMyHVIKaLI,VIOHHbIe MPOTOKOJ1bI

OcHoBHOE Ha3Ha4YeHne KOMMYHWKALVOHHOrO NpoTOKoNa —
nepefada AaHHbIX , T.e. MONydYeHUe MHOPMALMK OT OLHOrO y3a
CEeTM 1 AOCTaBKa €€ MO Ha3HAYeHUIO APYromy y3ay CeTu.

Mpu nepegade faHHbIX BOSMOXHbI OWMbKN (noTeps,
nybnnposaHue, nckaxkexne).

2Tu owmnbky HYXKHO OBHapy>XMBaTb M UCMPaBAATH.

[lns 3Toro B NpoTOKOJIE BEAETCA YYET COCTOSHUA NHAOPMALNK.

[na ncnonb3oBaHns COCTOSIHUA MHEOPMaLMK NPUMEHSIETCS
yrpaBieHne COeANHEHVEM — UHULNAIU3ALMS U aHHYJIMPOBaHNE
COCTOAAHMA NHpopMaLnn.

I/IHmu,manmsau,m HA3bIBA€TCA YCTAHOBJIEHUEM COEOQWHEHUSA, a
AHHYJINPOBAHNE — 3aBEPLUEHNEM COEANHEHWNA.



KOMMyHVIKaLI,VIOHHbIe MPOTOKOJ1bI

Mbl pacCMOTPUM OANH M3 TaKWUX NMPOTOKONOB — CUMMETPUYHbIN
npotokos pasgeuxHoro okHa (Balanced Sliding Window
Protocol).

OH npegHasHayeH gns obmeHa AaHHBIMN MEXAy ABYMS y3namu
CETU, KOTOPbIE UMEIOT NpsiMoe (PU3NYECKOE COEANHEHNE
(Hanpumep, No ONTOBONOKOHHOMY Kabento).

3TO — BNOJIHE aCUHXPOHHBIA NPOTOKOJ, OTHOCSALLMIACA K YPOBHHO
yNpaBieHuns nepeaadell faHHbIX — BTOPOMY YPOBHIO 3TaJIOHHOI
mogenn OSI.

Mbl He Bynem paccmaTpuBaTb ynpaBieHNe COEAMHEHMEM AJist 3TOrO
npoTokona. Mpegnonaraercs, 4To dhuanyeckoe coeanHeHne obbIYHO
PYHKLNOHMPYET HEMPEPLIBHO B TEYEHWE OYEHb JOJITOr0 BPEMEHW, a
He YCTaHaB/AUBAETCSA 1 3aBEPLUAETCH NEPUOANYECKM.



Owunbkn, Bo3HMKaWOLWME NpU Nepegaqe
coobuieHuni

Mpn duznueckom coeguHeHnn coobLLEHUSI HE MOTYT OBroHsATL gpyr
Apyra, n oHM Takxe He MoryT gybanposatbcsi. [oaTomy
PacCMaTPUBAIOTCS TONALKO OWKNOKM noTepu cooblieHuns.

CopepxaHue cooblyeHuns, nepesasaemMoro no puanyeckoMy KaHany
CBA3N, MOXET 6b|Tb NOBPEXAEHO. TeM HE MEeHee MOXXHO
npegnonaraTe, YTO NPOLECC-NOAYYaTENL CNOCODEH ObHapyXunBaTh
NCKa)keHNs CoOobLLEHNA, HanpyuMep, NpyY NOMOLLM CHETYUKOB
HETHOCTN NN KOAWPOBaHUA C UCNPaBAEHNEM OLIJI/I6OK (KO,ELbI
Xammunra, Puga-Mannepa n gp.).



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

[NocTaHoBKa 3agaun.

AB[CIDL.[.[Y[ZI [ [ [ " "Ma alelel [ Jola] [ 1]

L

lMpoueccam p u g TpebyeTcs nepeaaTe NOTOKM JAHHBIX N, 1 iNg
ApYr Apyry 1 3anncaTb NOJY4YEHHbIE JaHHbIE B MAaCCUBbI OUL, n Outy .
B kaHane cBsA3nm BO3MOXHbI MOMEXM, NPUBOASLNE K NOTEPE COODLLEHMIA.



Obwan npgea anroputma

> BxopHble faHHbIE OQHOTO MpoLecca CayXaT Ansi
NOATBEPXKAEHNS NOJYHEHNST COOBLLEHNA OT Apyroro npouecca.

> Coobuennsi — nakersr — 370 Habopsl Buaa (pack, w, i), rae
W — MHEPOPMAaLUOHHOE CIOBO , @ | — MOPSZKOBbIN HOMEP
nakera.

» Maker (pack, w, i), oTnpaBneHHbIli Npoueccom p, nepepaer
cnoBo W = inp[i] npoueccy g n nogTBEpXAAET ycneLHoe
nosy4YeHne psAa NakeToB, OTNPABIEHHBIX NMPOLECCOM g .

» [Mpouecc p MOXeET «onepexaTb» MPOLECC § HA HEKOTOPOE
3a/laHHOE 4MCINO NAKETOB \p, €CNIN Mbl MOCTAHOBNM, YTO
oTnpasnenune naketa (pack,w, i) npoueccom p nogTBepXaaeT
noayyexue cios ¢ Homepamu 0,1,.... (i —(,) oT npouyecca q.

» KoncTaHTbl onepexxeHnsi , n /; N3BECTHBI NMpoLEeccam p u q.



Obwan npgea anroputma

Takum obpasom, B npoTokone cobntogatoTcs Asa NpuHuMna:

1. Mpouecc p MmoxxeT oTRpaBUTL CNOBO in,|i] (B nakere
(pack, inp[i], i)) Tonbko nocne Toro, kak OyAyT 3aHeceHbl B
namsiTb BCE CNOBA, HaudmHas ¢ out,[0] n okan4meas
outp[i — p], T.e. kOrpa DyAET BLINONHATBLCS HEPABEHCTBO
i <sp,+ Ly, rae s, = min{j : outp[j] = udef}.

2. Kak tonbko p nonyuaet naker (pack, w, i), otnagaer
HeobXo4NMOCTb B MOBTOPHOI nepeaade CioB, HaduHas ¢ inp[0]
n okanuneas inpli — /4]



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

var s,, ap, : integer init0, 0;
inp : array of word (* Data to be sent *) ;
out,  : array of word init udef, udef, ... ;

Sp: {ap <i<s,+{,} begin send (pack, inyli], i) to g end

Rp: { (pack,w,i) € Q, }
begin receive (pack, w, i) ;
if outy|i] = udef then
begin outy[i] :=w ; ap := max(ap,i —lg+1);
sp := min {j| out,[j] = udef}
end
(* else urHopmposaTb nosTOpHOE NONyyeHune naketa *)
end

Ly: { (pack,w,i) € Qp }
begin Q, := Q,\ {(pack, w, i)} end



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

1. [eiicTBne S, ocyllecTBASET OTNPABAEHNE -0 BXOLHOO
cnoBa npouecca p,

2. [leiictene R, ocyuiecTensieT npuem cj0Ba NpoLeccom p,

3. [eiictene L, mopennpyeT notepto nakerta, agpecaTtom
KOTOPOrO SIBASIETCS MPOLECC p .



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

var s,, ap, : integer init0, 0;
inp : array of word (* Data to be sent *) ;
out,  : array of word init udef, udef, ... ;

Sp: {ap <i<sp+4{,} begin send (pack,iny[i], i) to g end

Ry { (pack,w,i) € Qy }
begin receive (pack, w, i) ;
if outy|i] = udef then
begin outy[i] :=w ; ap := max(ap, i —lg+1);
sp 1= min {j| out,[j] = udef}
end
(* else urHopmposaTb nosTOpHOE NONyYeHmne naketa *)
end

Lo { (pack,w,i) € Q}
begin Q, := Q,\ {(pack, w, i)} end



CyuMMeTpUYHbIi NPOTOKOJ1 pa3aBUXXHOI0 OKHa

Sy {ap <i<sp+{p} begin send (pack,iny[i], i) to q end

ﬂ'aHHble Ana oTnpaBaeHUA BbI6VIpaI-OTCF| N3 pas3fBuUXXHOro OKHa

ap <i<sp,+4p

Mpeanonaraercs, 4To

JleBasi ctBopka : ap = min{i : outp[i + {g] = udef} —
HaMeHbLUINA HOMep TOro dM1eMeHTa B Maccuee i,
noNy4YeHne KOTOPOro elle He NOATBEPAMA NPOLecC g .
3HaunT, inplap| ewe Hy>KHO OTNPaBASTS.

Mpasas cteopka : s, + €, — 1, rae s, = min{j : out,[j] = udef } —
HaNMEHbLUNA HOMEp TOro 3/1EMEHTa B Maccuee outy,
B KOTOPbIN €LLe HE 3annCaHbl NONYHEHHblE JaHHbIE.
3HaunT, inpls, + ] ewe pano oTnpaeasATh B
Ka4ecTBe MOATBEPKAEHUS O MOJNYHEHUN JAHHbIX.



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

Ry { (pack,w,i) € Q, }
begin receive (pack, w, i) ;
if outy[i] = udef then

begin out,[i] :=w ;
ap == max (ap, i —lg+1);
sp := min {j| out,|j] = udef}
end

(* else urHopuposaTb nosTOpHOE NosyuyeHue nakera *)
end

Monyune coobuieHne, npouecc BHaYane NpoeepsieT, He BbiNo Au
NAEHTUYHOE CoobLueHne nonyyeHo paHee (B 3TOM ciy4vae npouecc
NMEET AENO C NOBTOPHLIM MONYHEHNEM COODLLEHUS).

Ecnn 310 He Tak, To C/I0BO, comepkalyeecs B CooblueHNN,
3aNuUCbIBAETCS B BbIXOLHOW MACCUB, U MPU 3TOM 3HAYEHUS!
NepeMeHHbIX a, N S, N3MEHSIOTCS.



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

Ry { (pack,w,i) € Q, }
begin receive (pack, w, i) ;
if out,[i] = udef then

begin out,[i] :=w ;
ap == max (ap, i —lg+1);
sp := min {j| out,|j] = udef}
end

(* else urHopuposaTb nosTOpHOE NosyuyeHue nakera *)
end

Monyune coobuieHne, npouecc BHaYane NpoeepsieT, He BbiNo Au
NAEHTUYHOE CoobLueHne nonyyeHo paHee (B 3TOM ciy4vae npouecc
NMEET AENO C NOBTOPHLIM MONYHEHNEM COODLLEHUS).

Ecnn 310 He Tak, To C/I0BO, comepkalyeecs B CooblueHNN,
3aNuUCbIBAETCS B BbIXOLHOW MACCUB, U MPU 3TOM 3HAYEHUS!
NepeMeHHbIX a, N S, N3MEHSIOTCS.



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

Ry { (pack,w,i) € Q, }
begin receive (pack, w, i) ;
if outy[i] = udef then

begin out,[i] == w ;
ap = max(ap,i —lq+1);
sp := min {j| out,|j] = udef}
end

(* else urHopuposaTb nosTOpHOE NosyuyeHue nakera *)
end

Monyune coobuieHne, npouecc BHaYane NpoeepsieT, He BbiNo Au
NAEHTUYHOE CoobLueHne nonyyeHo paHee (B 3TOM ciy4vae npouecc
NMEET AENO C NOBTOPHLIM MONYHEHNEM COODLLEHUS).

Ecnn 310 He Tak, To C/I0BO, comepkalyeecs B CooblueHNN,
3aNuUCbIBAETCS B BbIXOLHOW MACCUB, U MPU 3TOM 3HAYEHUS!
NepeMeHHbIX a, N S, N3MEHSIOTCS.



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

Ly { (pack,w,i) € Qp }
begin Q, := Q,\ {(pack, w, i)} end

Moaennposanune notepu coobLieHnsi NPOBOANTCS NyTeM yaasieHus
NPON3BOJILHOTO COOBLLEHNS U3 MHOXKeCTBa coobuieHunii @, ,
npebbiBatolx Ha 3Tane NepechiKM OT NpoLecca g K npoueccy p.



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

Y70 NAOXOro MOXET CAy4nThCsA?

1. CTBOpKM OKOH 0BOUX MPOLLECCOB MOFYT «3aXAOMHYTLCA», U
npoueccel byayT obpedensl (besycnewro) oxunaaTs
coobwennii gpyr ot gpyra (bnokuposka , deadlock );

2. CTBOpKM OKOH MOFYT «3aCTbiTb», U Npouecchl bygyT
obpeyeHbl nepeaaBaTb O4HU 1 Te >xe cooblieHns (akTuBHbI
Tynuk , livelock );

3. [aHHble MOryT bbITb NOTEpsiHBI NpU Nepegaqe, 1 NPoLecc He
3aMeTUT 3TOro;

4. Tpouecc MOXeT «3abbITb» NepefaTh JaHHLIE;

5. CTBOpKM OKHa MOTyT pa3fBMrathCs, OTAANasisiCb Apyr OT
Zpyra HeorpaHW4eHHO LUMPOKO.



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

TpeboBaHna KOPPEKTHOCTH.

Hy>xHo pokasaTb, 4TO NpoTokon paboTaeT NpaBuibLHO, T.€. KaXKgoe
CNOBO 13 BXOZHOTO MaccuBa in, npouecca p byner paHo man
MO3JHO 3aNNCaHO B BLIXOLHOI MacCue out, npouecca g, u
HaobopoT.

Bonee cTporo ato Bbipaxkaetcst apyms TpebogaHusMu.
1. besonacHas pgocraska coobuennii. B kax ol gocTmxumoii
KOH(UIypaLMn NPOTOKONA BbINOAHAOTCA COOTHOLLEHUS

outp[0..sp—1] = ing[0..5,—1] wn outg[0..sq—1] = inp[0..54—1].

2. Heusbexnas pocraska coobujeqnii. [Ans KaXkaoro uenoro
yncna k > 0, B x04€e BLINOJAHEHUS NpoTOKONa DyaeT
AOCTUTHYTa KOHUrypauuns, B KOTOpoii s, > k n s, > k.



A Kak goka3blBaeTcsl
KOPPEKTHOCTb
NPOTOKO/1I0B?



Kak 0b60CHOBbIBAaTbH CBOMCTBA CUCTEM MEPEXOAOB

Knaccudpmkaums cBoiicTs

MHorue cBOICTBa pacnpefeneHHbIX anropuTMOB, HYXKIAOWMNECS B
NPOBEPKE, OTHOCATCS K OAHOMY W3 ABYX TUMOB:

ycnoBue 6e300acHOCTY W YCIOBUE XKUBOCTY .

Venoeue besonacHocTy TpebyeT, 4Tobbl KaXknas 4OCTMXKUMAS
kKoHUrypauus B Ntobom BbiNoAHEHN cucTembl obnagana
onpefeneHHbIM CBOWCTBOM.

Venoeue xunBoct TpebyeT, 4Tobbl X0Tsi Obl 0gHa AOCTUXKUMAS
KoHbUrypauus B tobom BbINOAHEHMN cucTeMbl obnagana
onpefeneHHbIM CBOWCTBOM.



CgolicTea be3zonacHocTM

CeolicTeom 6€30MacCHOCTN anropuTMa SIBASIETCA BCSIKOE CBOWCTEO,
KOTOPOE MOXHO ChOPMYNNPOBaTL B BUAE CIEAYIOLLENO
NPeAOKEH NS

«Ans noboro BLINONHEHUS anropuTMa yTBEpXKAeHUE P UCTUHHO B
Ka)kZol KOHPUTYpaunm BbINOJHEHNS .

Bonee kpaTko 3TO CBOWCTBO MOXHO CPOPMYNNpPOBaTL Tak:
«YTBepxaeHune P Bcerga UCTUHHO».

OcHOBHOIA Npuem, NMpu NOMOLLY KOTOPOro YAAETCA NoKa3aTb, YTO
yTBepXKAeHue P Bcerja NCTUHHO, 3aKJIOHAETCA B 0Ka3aTeNIbCTBE
TOro, 4To P SABNSIETCS VHBAPUAHTOM .



CgolicTea be3zonacHocTM

MycTb 3apaHa cuctema nepexogos S = (C, —, 7) n
PaCcCMaTPUBAtOTCS HEKOTpPbIE CBOWCTBA KOHUrypauuii P u Q .
3anuce P(7), rae v — kondpurypaums, byaeT obosHaqaTsb
noruyeckoe BoipaxkeHne (popmyny), NpuHNMarOLLEE NCTUHHOE
3HaYeHME B TOM C/y4ae, eI yTBepXKaeHue P cnpaseanneo ans
KOHPUTYpaLMmM ¥, 1 NOXKHOE 3HAYEHNE B MPOTMBHOM C/yHae.
3anuce {P} — {Q} byaeT ucnonbsosaTtbcs aAns 0bo3HaueHus
TOr0, YTO AJIS1 KAXKAOro Mepexoaa v — 0 B CUCTEME S NCTUHHOCTb
P(7) Bneyet uctunrocts Q(J).

Onpegenexne 3.1.
VTBepxaeHue P Ha3blBaeTCs UHBAPUAHTOM CUCTEMbI S, ecin
1. P(7) ncTuHHO Ans KaXkgoii HavanbHoOUW koHdurypauum v € 7 ,
"

2. {P} — {P}.



CgolicTea be3zonacHocTM

Teopema 3.1.

Ecnn yTBepxaeHne P ABnsieTCs MHBApUMaHTOM CUCTEMbI MEPEXOAOB
S, 10 gna nwoboro BuinonHeHns £ cuctembl S yTeepxaeHue P
BymeT NCTUHHO B KaXkAoi KOH(UrypaLunm 3TOro BbINMOJHEHUS.

AokazatenbcTBO: PaccMOTpeTh Npon3BOILHOE BbINOJAHEHNE
E = (70, 71, 72, -..) CNCTEMBI S 1 BOCMONL30BATLCA UHAYKLNEN.
]

Teopema 3.2.

Ecan Q siBnsieTcss MHBapMaHTOM CUCTEMbI NEPEXOLOB S, U Ans
kaxgon kondurypauun v € C soinonusietcs Q(y) = P(7), 10
ans ntoboro BbINOAHEHMS cucTembl S yTeepxaeHue P byget
NCTUHHO B KaXXA0M KOHMUrypauuy BbINOAHEHUS.



CgolicTea be3zonacHocTM

3apaun.

1. BepHo /i, 4TO yTBEPXKAEHNE, KOTOPOE SIBASIETCS UCTUHHBLIM B
KaXk0i KoHdurypaunmn ntoboro BbiNoAHEHUs, 0bsA3aTeNbHO
ABNAETCS UHBAPUAHTOM?

2. Tpueeante npumep Tako CUCTEMbI NEPEXOAOB S U TAakOro
yTBEpXAeHus P, 4yTo P BCerga UCTUHHO B cucteme S, HO npw
3TOM HE SABISIETCS UHBAapUaHTOM S.

3. Mpegnonoxum, 4t0o P; n P, — 3TO MHBapuaHThl cuctemsl S.
Hokaxute, uyto (P1V P2) n (P1 A P2) Takxe siBnstoTcs
MHBapuaHTamu.



CBOWNCTBA XUBOCTHU

CBoOICTBOM XNBOCTU anropuTMa sIBASIETCS BCSAKOE CBOMCTBO,
KOTOPOE MOXHO CCPOPMYANPOBATL B BUAE CIAEAYHOLLErO
NpeanoXXeHns:

«ns noboro BbiNosHEHUs anropuTMa yTBepXKAeHNE P NCTUHHO B
HEKOTOPOI KOHPUIYpaLMK BbLIMOJIHEHNS .

Bonee kpaTko 3T0 CBOWCTBO MOXHO CHOPMYNMPOBATL TaK:
«YTBEpxaeHne P korga-to 0bsizaTeNbHO CTAaHOBUTCS UCTUHHBIM Y.

OcHOBHOIA nprem, Npu NOMOLLN KOTOPOrO YAAETCS MOKa3aTb, YTO
yTBEPXAEHNE P Koraa-To 06513aTeNbHO CTAHOBUTCS UCTUHHBIM,
3aKJ/IHOYAETCA B UCMONb30BAHUMN (DYHKLMI HOPMUPOBKYA W
oTCYTCTBUS BIIOKUPOBKY .



CBOWNCTBA XUBOCTHU

PaccmoTpum cuctemy nepexogos S u npegukat P. byaem
CYMTaTh, YTO NpeamkaT term no onpeaeneHnto NpUHMMaET
WCTUHHOE 3HAYEHUE B KaXKAOM 3aKIHOYNTENBHON KOHurypaumu, un
NOXKHOE 3HAYEHMNE B KOHUTYpaLMsIX, KOTOPbIE HE ABASIOTCS
3aKNOUYUTENBHBIMU.

ObbluHO BbiBaeT HEXeNaTeNbHO AOCTUYb 3aKAOYNTENLHON
KOHPUTYpaLMN NPEXAE, YEM BLINOJHUTCS «LENEBON» npegukat P
; B 9TOM CJly4ae roBopsiT, 4To npowsowna bsokuposka . Ecnn xe
LeNlb AOCTUrHYTA, TO BbINOJHEHNE MOXHO 3aBEPLUUTL; B 3TOM
C/lydae roBOPsIT, YTO NPOM3OWIIO MTPABUILHOE 33BEPLUEHUE .

Onpegenexne 3.2.

MNycTb 3ajaH Npu3Hak NpaBUILHOIO 3aBepLUEHUs BbINOJHEHUHA P .
Cuctema S NpaBubHO 3aBepLUAET BbINOAHEHUNA (UK, NHBIMU
cnosamu, cBobogHa oT 610KMPOBKM), ecau npesmkat

(term == P) Bcerga sIBASIETCS UCTUHHBLIM 4J1Si CUCTEMbI S .



CgolicTBa »KXUNBOCTU
B ocHoBy dyHKUNiT HOPMUPOBKM MOJOXKEHO MAaTEMATUYECKOE
NOHATUE (DYHIMPOBAHHOrO MHOXECTBA.
Onpepenexne 3.3.

Hactuuro ynopsgoyeHHoe muoxectso (V. <) HasbiBaeTcs
cbyHAMPOBAHHbBIM, €C/IN N3 €r0 3JIEMEHTOB HEMb35 COCTABUTH
BeckoHeYHO yDBbIBAKOLWYIO NOCNEA0BATENLHOCTD

Wi > Wo > W3- .

Mpumepbl PyHANPOBAHHBIX MHOXECTB:

> MHOXXECTBO HATypaJibHbIX YUCEN C OBbIYHBIM OTHOLUEHWNEM
nopsiaka,

> MHOXECTBO BCEX HADOPOB OJ/IMHbI 11, COCTOSALUX U3
HaTypafbHbIX YNCES, C OTHOLUEHWEM JIEKCUKOTPachnyeckoro
nopsiaka.



CBOWNCTBA XUBOCTHU

OtcyTcTBue beckoHeuHo ybbiBatOLLNX NOCAEA0BATENBHOCTEN,
COCTOSILMX U3 3N1EMEHTOB (PYHAMPOBAHHOTO MHOXECTBA, MOXHO
NCNONb30BaTh ANS AOKA3aTENbCTBA TOrO, YTO HEKOTOPOE
yTBEPXKAEHUE P HaBepHAKA CTaHET UCTUHHBLIM. 1151 3TOro Hy>HO
nokasaTb, 4TO CyllecTByeT dyHKunsa , oTobpaxatowas C B
hyHanposaHHoe MHOXecTBO VV/ Tak, 4TO KaXAabli nepexoq
NpMBOANT K TOMY, 4TO anbo 3HaveHme f ymeHbwaetcs, anbo P
CTaHOBUTCS UCTUHHBIM.

Onpepenexne 3.4

MycTb 3apaHbl cuctema nepexofos S v yTeepxaeHne P . PyHkuus
f, oTobpaxatowas MHOXecTeO C B hyHANPOBAHHOE MHOXECTBO
W', na3biBaeTcst pyHKumel HOpMupoBky (no oTHoweHnto K P)
ecau AAsi KAKAOro nepexoga v — 0, nmbo BbINOAHSETCA

f(v) > f(d), nubo P(J) npuHMMAET UCTUHHOE 3HAYEHNE.



CBOWNCTBA XUBOCTHU

Teopema 3.3.

MycTb 3apaHbl cuctema nepexofos S u yteepxaenne P. Ecan S
NPaBUbHO 3aBEPLLAET BbINMOJHEHUS], 11 CYLLECTBYET (OYHKLNS
HopmupoBku f (Mo oTHOWeEHWUIO K P ), TO ANs KaX[Oro
BbINONIHEHUS S yTBepXAeHUE P CTaHOBUTCS UCTUHHBIM B
HEKOTOPOIA KoHbUrypaumu.

HokasatenbcTBO:

Honyctum, 4To ecTb beckoneunoe BbinonHenune £ = (0,71, 72, .. .)
cucTembl S, B KOTOPOM P BCerga NOXHO.

Mo onpeaenerunto pyHKLNI HOPMUPOBKM f, MOCIEA0BATENBHOCTL
s = (f(v0), f(71), ...) sBnseTcs ybbiBatoLeil.

Tak kak W — cyHanposaHHOE MHOXKECTBO, NOC/AEA0BATENBHOCTD S
L0OJKHA BbITh KoHeuHOI. [poTueopedue. U



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

var s,, ap, : integer init0, 0;
inp : array of word (* Data to be sent *) ;
out,  : array of word init udef, udef, ... ;

Sp: {ap <i<s,+{,} begin send (pack, inyli], i) to g end

Rp: { (pack,w,i) € Q, }
begin receive (pack, w, i) ;
if outy|i] = udef then
begin outy[i] :=w ; ap := max(ap,i —lg+1);
sp := min {j| out,[j] = udef}
end
(* else urHopmposaTb nosTOpHOE NONyyeHune naketa *)
end

Ly: { (pack,w,i) € Qp }
begin Q, := Q,\ {(pack, w, i)} end



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

PaccmoTpum yTeepxaenne

P= Vi < sp: outpli] # udef (0p)
N Vi< sq: outg[i] # udef (0q)
N Vi:(pack,w,i) € Qp = w=ing[i] N(i <sq+¢q) (1p)
A Vi:(pack,w,i) € Qg = w=inp[i] AN(i <sp,+4p) (1q)
N Vi :outpli] # udef = outpli] = ing[i] A (ap > i —Lq) (2p)
N Vi:outyli] # udef = outq[i] = inp[i] A (ag > i —£p) (29q)
A ap < 5q (3p)
A ag < sp (39)
Teopema 3.4.

V1BepxaeHue P siBnseTcAa WHBApUaHTOM anropuTMa pasgBu>KHOMO

OKHa.



HokasatenbcTtBo Teopembl 3.4.

Bocnonb3yemcsi onpeaeneHnem MHBapMaHTa N MOKaXKeM, HTO

1. P(7) ncTtuHHO gns Kaxkpoii HavanbHol koHdurypauum v € 7,

2. {P} — {P}.
1. Ba3uc.

B HauanbHoii koHcburypauum ouepean Q, n Qg nyctsl,
ANSt BCSIKOTO [, 3HadeHus out,[i| n outy|i] paBHel udef ,
3HA4YeHUS NEepPeMeHHbIX ap, dg, Sq U Sp paBHbl 0.

OTcroga cneayet NCTUHHOCTb YTBEPXKAEHNA P Ans KaXkaoi
HaYaNbHON KoHpUrypauum .



HokasatenbcTtBo Teopembl 3.4.

2. MnpykTuneHbIA nepexon,.
[anee paccmoTprm nooyepesHo BCE Nepexogbl NpoOTOKOA W
NoKaXkeM, YTO NpU KaXXAOM U3 HUX YTBepXAeHue P coxpaHsieT
MCTUHHOCTb.
Mpn sToM byaem nMeTb B BUAY, HTO 3HAYEHWS MAcCCUBOB iM, U
INg HUKOTAA HE N3MEHSAIOTCS.

ObocHosanne {P} — {P} nposegem Ha npumepe feicTBNS
R, npuema coobuienus npoueccom p.



HokasatenbcTtBo Teopembl 3.4.

Ry { (pack,w,i) € Q, }
begin receive (pack, w, i) ;
if outp[i] = udef then
begin out,[i] == w ;
ap == max (ap, i —lg+1);
sp := min {j| out,|j] = udef}
end
end




HokasatenbcTtBo Teopembl 3.4.

Ry { (pack,w,i) € Q, }
begin receive (pack, w, i) ;
if outy[i] = udef then
begin out,[i] :=w ;
ap == max (ap,i —lg+1);
sp := min {j| out,|j] = udef}
end
end

Yenosue (0p): Vi < s, 0 outy|i] # udef
OCTAETCsl BEPHBIM MOC/E BbIMOJNHEHNSI OnepaTopa
sp := min {j| out,[j] = udef}.



HokasatenbcTtBo Teopembl 3.4.

Ry { (pack,w,i) € Q, }
begin receive (pack, w, i) ;
if outp[i] = udef then
begin out,[i] := w ;
ap :=max(ap,i —lq+1);
sp 1= min {j| out,|j] = udef}
end
end

Yenosue (0q): Vi < s @ outq|i] # udef

OCTaeTCst BEpHbIM, MOCKOJbKY AelicTeue R, He nsmensieT 3HayeHus
MepeMEHHOM Sy 1 HE 3annCbiBaeT B MaccuB outy|i]
HeonpeaeseHHOro 3HadeHust udef .



HokasatenbcTtBo Teopembl 3.4.

Rp: { (pack,w,i) € Qp }
begin receive (pack, w, i) ;
if outy[i] = udef then
begin out,[i] :=w ;
ap == max(ap,i —lg+1);
sp := min {j| out,|j] = udef}
end
end

Venosue (1p):
Vi (pack,w,i) € Qp = w = ing[i] A\ (i < sq+{q)
COXpaHsIeT NCTUHHOCTb, NOCKOJIbKY AeiicTene R, He gobasnsier

HOBbIX MAKETOB B O4eEpeOb Qp N HE YMEHbLUAET 3HAYEHNA
nepemMeHHo s, .



HokasatenbcTtBo Teopembl 3.4.

Rp: { (pack,w,i) € Qp }
begin receive (pack, w, i) ;
if outy[i] = udef then
begin out,[i] :=w ;
ap == max(ap,i —lg+1);
sp := min {j| out,|j] = udef}
end
end

Venosue (1q):
Vi:(pack,w,i) € Qg = w =inp[i| A (i < sp+{p)
COXpaHsieT NCTUHHOCTb, NOCKOJIbKY AeiicTene R, He gobasnsier

HOBbIX MAKETOB B O4eEpeOb Qq N HE YMEHbLUAET 3HAYEHNA
NepemMeHHoiA s, .



HokasatenbcTtBo Teopembl 3.4.

Ry { (pack,w,i) € Q, }
begin receive (pack, w, i) ;
if outp[i] = udef then
begin out,[i] := w ;
ap = max(ap,i —lq+1);
sp 1= min {j| out,|j] = udef}
end
end

Ycnosue (2p):

Vi outy|i] # udef = outp[i] = ing[i] A (ap > i —Lq)
OCTAEeTCs UCTUHHBIM B CBSI3W C TEM, 4TO

1) Ry npu nonydyexun naketa (pack, w, i) us ouepegn Q,
3anucbIBaeT W B 3JIeMeHT out,|i] BbixogHoro maccuea, a u3
ycnoeusi (1p) cnepyet, uto w = ing[i];



HokasatenbcTtBo Teopembl 3.4.

Ry { (pack,w,i) € Q, }
begin receive (pack, w, i) ;
if outp[i] = udef then
begin out,[i] :=w ;
ap == max(ap,i —lq+1);
sp := min {j| out,|j] = udef}
end
end

Venosue (2p):

Vi : outpli] # udef = outy[i] = ing[i] A (ap > i —{q)
OCTaeTCs UCTUHHBIM B CBSA3W C TEM, 4TO

1) Ry, npu nonydexun naketa (pack, w, i) us ouepegun Q,
3anuncbIBaeT W B 3J1eMeHT out,|i] BbixogHoro maccuea, a u3
ycnoeusi (1p) cnepyet, uto w = ing[i];

2) npuceamsanue a, := max(ap, | — /4 + 1) rapanTupyer, 4T0
HepaBeHCTBO a, > | — [, DyaeT BepHO U nocne BoinonHexust Rp.



HokasatenbcTtBo Teopembl 3.4.

Ry { (pack,w,i) € Q, }
begin receive (pack, w, i) ;
if outp[i] = udef then
begin out,[i] == w ;
ap :=max(ap,i —lg+1);
sp 1= min {j| out,|j] = udef}
end
end

Ycnosue (2q):

Vi outy[i] # udef = outg[i] = inpli] A (ag > i —€p)

0CTaeTCst UCTUHHBIM B CBS3N C TeM, 4TO R, He n3meHsieT 3HaueHnii
NEpPeMEHHON a4 N Maccuea outy .



HokasatenbcTtBo Teopembl 3.4.

Ry { (pack,w,i) € Q, }
begin receive (pack, w, i) ;
if outy[i] = udef then
begin out,[i] :=w ;
ap == max (ap, i —lg+1);
sp := min {j| out,[j] = udef}
end
end

Yenosue (3p): ap < sq
OCTAETCs NCTUHHBIM B CBS3W C TEM, YTO
1) Rp He n3meHsieT 3Ha4YeHNst NEPEMEHHON S, ;



HokasatenbcTtBo Teopembl 3.4.

Ry { (pack,w,i) € Q, }
begin receive (pack, w, i) ;
if outp[i] = udef then
begin out,[i] := w ;
ap :=max(ap,i —lg+1);
sp 1= min {j| out,[j] = udef}
end
end

Yenoeue (3p): ap < s

OCTAEeTCA UCTUHHBIM B CBSI3N C TEM, 4TO

1) Rp He n3meHsieT 3HaYeHNsI NEPEMEHHON S, ;

2) korpa npm nonydenun naketa (pack, w, i) BoinonHsercs
npucsamsaxme a, := max(a,, i — {4 + 1), n3 ycnosus (1p) cnegyer
HepaBeHCTBO /| < S, + [, N NO3TOMY HEPABEHCTBO 3, < S
OCTAETCS BEPHBIM.



HokasatenbcTtBo Teopembl 3.4.

Ry { (pack,w,i) € Q, }
begin receive (pack, w, i) ;
if outp[i] = udef then
begin out,[i] == w ;
ap :=max(ap,i —lg+1);
sp 1= min {j| out,|j] = udef}
end
end

Yenoeue (3q): ag < sp
OCTAeTCs UCTUHHBIM B CBSI3M C TEM, 4TO 3Ha4YeHWe NEPEMEHHON 3,

HE N3MEHAETCA, @ 3Ha4YEHNEM I'ICPEMEHHOM Sp MOXET Nunilb
YBEJNHNTBCA NOCNE BbINOJMHEHNA AEMCTBVIH Rp.



HokasatenbcTtBo Teopembl 3.4.

Sp:{a, <i<s,+/{,} begin send (pack,inyl[i], i) to g end

L, : { (pack,w,i) € Q, } begin Q, := Q,\ {(pack,w, i)} end

3apayva: AokasaTb, 4TO 3TWU
AEeNCTBUSA NPOLECCOB TaK>Xe

COXPaHAKT MHBapuaHT P .
]



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

Teopema 3.5.

CUMMETpPUYHBIF NPOTOKO PA3ABUXKHOIO OKHA YAOBIETBOPSIET
TpebosaHuto BezonacHoii focTaBkM COODLIEHNIA, T.€e. B KaXXAO0M
SOCTVXUMOI KOH(UTYpaLUm NpoTOKOAA BbINOIHSOTCS

COOTHOLUEHWNA
outp[0..s, — 1] = ing[0..s, — 1] n out4[0..54 — 1] = inp[0..54 — 1}
Joka3atenbcTBO:

Cnepyet n3 Teopemsl 3.2 (o cBolicTBe MHBapnaHToB) n Teopemsl
3.4.

N3 ycnosunii

(0p): Vi < sp @ outp|i] # udef

(2p): Vi : outy|i] # udef = outy|i] = ing[i] A (ap > i —{g)
CJIelyeT BbINOJHUMOCTb paBeHCTBa outy[0..s, — 1] = ing[0..s, — 1],

a u3 ycnoeuii (0q) n (2q) cnepyeT BbINOAHUMOCTL PaBEHCTBA
outy[0..5q — 1] = inp[0..55 — 1].



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

YT1obbl ybeanTbca B ToM, 4TO foCTaBKa coobuieHnii HemsbexHa,
Heobxogumo

> BBECTUN AONYLLEHUSA CNPAaBEONNBOCTN,

> a TaKXe€ BBECTUN OrpaHNHYE€HNA Ha 3HAYE€HUA (/‘p n f/q

Bes sTux orpaHnyennii npotokon He byaer obnagaTe CBOWCTBOM
XUBOCTM.
(Mouemy?)



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

OrpaHuyeHns

> B kauecTBe /, n {5 MOXHO B3Tb Ntobble HEOTPULLATENbHbIE
KOHCTaHTbI, yAOBNETBOpPstoLe HepaseHcTBy () + (o > 0.

» Buigsuratorca gea TpebosaHusa cnpaBeganBoCcTu:

F1. Ecnn GeckoHe4HO 4aCTO BO3HMKAET BO3MOXHOCTb OTMPABKMU
MakeTa, TO 3TOT NakeT OyaeT OTNPaBAsATLCS BECKOHEYHO 4acTo.

F2. Ecnm ognH v TOT XKe nakeT OTnpaBasercs OECKOHEYHO HacTo,
TO 1 NMPUHMMAETCS OH TakXKe BECKOHEYHO 4acTo.



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

CTBOpKMN OKOH MPOLECCOB P N § «PAa3bE3KAKOTCH» HE CIIULLKOM
Janeko Opyr oT gpyra.

Jlemma 3.1.

B nroboii goctuxknmoii KoHdMrypaLmum BoINOHSOTCA HEpaBEHCTRA

Sp—4lg < ap<sqg<agt+ly, < sp+ L.



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

JokazatenbcTBoO:

N3 ycnosunii

(Op): Vi < sp @ outp|i] # udef

(2p): Vi : outy|i] # udef = outy|i] = ing[i] A (ap > i —{g)
nuBapuaHTa P cnenyeT HepaBeHCTBO S, — (g < ap.



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

JokazatenbcTBoO:
sp—{q < ap

N3 ycnosunii

(Op): Vi < sp @ outp|i] # udef

(2p): Vi : outy|i] # udef = outy|i] = ing[i] A (ap > i —{g)
nuBapuaHTa P cnenyeT HepaBeHCTBO S, — (g < ap.



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

JokazatenbcTBoO:

sp—{q < ap

N3 ycnosunii
(Op): Vi < sp @ outp|i] # udef
(2p): Vi : outy|i] # udef = outy|i] = ing[i] A (ap > i —{g)

nuBapuaHTa P cnenyeT HepaBeHCTBO S, — (g < ap.
CeoiicTeo (3p): ap < s
obecne4nBaeT BbINONHNMOCTE HEPABEHCTBA d), < S .



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

JokazatenbcTBoO:

sp— g < ap <34

N3 ycnosunii
(Op): Vi < sp @ outp|i] # udef
(2p): Vi : outy|i] # udef = outy|i] = ing[i] A (ap > i —{g)

nuBapuaHTa P cnenyeT HepaBeHCTBO S, — (g < ap.
CeoiicTeo (3p): ap < s
obecne4nBaeT BbINONHNMOCTE HEPABEHCTBA d), < S .



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

JokazatenbcTBoO:

sp—lg < ap <54

N3 ycnosunii
(Op): Vi < sp @ outp|i] # udef
(2p): Vi : outy|i] # udef = outy|i] = ing[i] A (ap > i —{g)

nHBapmanTa P cnepyeT HepaBeHCTBO s, — (g < ap .
Ceoiicteo (3p): ap < sq4

obecneqnBaeT BbINOAHNMOCTb HEPABEHCTBA d, < S .
N3 (0q) v (2q) cnepyet sq < a5+ 5.



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

JokazatenbcTBoO:

sp—Llg<ap <sq; <ag+ip

N3 ycnosunii
(Op): Vi < sp @ outp|i] # udef
(2p): Vi : outy|i] # udef = outy|i] = ing[i] A (ap > i —{g)

nHBapmanTa P cnepyeT HepaBeHCTBO s, — (g < ap .
Ceoiicteo (3p): ap < sq4

obecneqnBaeT BbINOAHNMOCTb HEPABEHCTBA d, < S .
N3 (0q) v (2q) cnepyet sq < a5+ 5.



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

JokazatenbcTBoO:

sp—lg<ap <sq <aq+ip

N3 ycnosunii
(Op): Vi < sp @ outp|i] # udef
(2p): Vi : outy|i] # udef = outy|i] = ing[i] A (ap > i —{g)

nHBapuaHta P cnepyet HepaBeHCTBO S, — (g < ap.
Ceoiicteo (3p): ap < sq4
obecneunBaeT BbINOJIHUMOCTb HEPABEHCTBA d, < S .
N3 (0q) v (2q) cnepyet sq < a5+ 5.
W, HakoHew, u3s (3q) cnepyet HepaBeHcTBO ag + (), < s, + (p.
]



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

JokazatenbcTBoO:

sp—lg<ap <sq <ag+Llp, <sp+4Lp

N3 ycnosunii
(Op): Vi < sp @ outp|i] # udef
(2p): Vi : outy|i] # udef = outy|i] = ing[i] A (ap > i —{g)

nHBapuaHta P cnepyet HepaBeHCTBO S, — (g < ap.
Ceoiicteo (3p): ap < sq4
obecneunBaeT BbINOJIHUMOCTb HEPABEHCTBA d, < S .
N3 (0q) v (2q) cnepyet sq < a5+ 5.
W, HakoHew, u3s (3q) cnepyet HepaBeHcTBO ag + (), < s, + (p.
]



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

CTBOpKMN OKOH NPOLECCOB P N § HE MOTYT «COMKHYTbCS»
OLHOBPEMEHHO, T.€. MPOTOKON HUKOrga He bynet 3abnoknposaH.

Jlemma 3.2.

B n1060ii gocTrxumoii koHdurypauum SONYCTUMO XoTs Bbl 0fHO 13
AByx AeficTBuMii: oTnpasnexune nakerta (pack, inp[sq], sq) npoueccom
p waun otnpasnexune naketa (pack, ing[sp], sp) npoueccom g .



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

Joka3atenbcTBo:

CornacHo orpanunyennto £, + ;> 0 no kpaiineii Mmepe ofHO 13
HepaBeHcTB Jlemmbl 3.1

sp—lg<ap<sqg<ag+l,<sp+4{p

SABNISIETCS CTPOruM, T.€.,
Sqg<Sp+lp V s, <5q+ L
N3 uHBapuaHTa P Takxke CnefytoT HepaBeHCTBA

(Bp)rap<sq mn (39):a; <sp,
1 NO3TOMY CNpaBeaNBO COOTHOLLEHNE
(ap <sqg <sp+Lp) V (ag<sp<sq+tiq)
3TO COOTHOLLEHNE O3HAYaeT, 4To nbo aeiicTene S, fonycTumo
Ans | = s, , nubo peiicTeue Sg JonycTUMO Ans | = s, .

O



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

Teopema 3.6.

CMMeTprYHBIA NPOTOKON Pa3aBUXKHOrO OKHA YAOBNETBOPSIET
TpeboBaHUIO HEN3OEXHON [OCTaBKN COOBLLEHNUTA, T.€. ANS1 KaXKA0ro
yenoro 4ucna k > 0, B xoae noboro BbINOAHEHUA NPOTOKOAA
DyneT AOCTUrHYTBI KOHPUTYpaLms, B KOTOPOI s, > k n s > k.



[Joka3atenbcTBO:

Mpeanonoxum, 4T0 ecTb BbldncaeHne C, B KOTOPOM 3HAYEHUS
xoTs bbl 0fHOM N3 NEPEMEHHBIX S, U S; YBENMHUBAIOTCS NN
KOHeYHoe 4ncno pas. Toraa, cornacHo HepaseHcTsy Jlemmbl 3.1.
sp— g < 54 <5, + {,, 3Ha4eHNe Opyroii NepemMeHHOl Takxe He
MOXET YBEAMYNBATLCA BECKOHEYHO YacCTo.

MycTb 0p 1 g — HanboMbLLNE 3HAYEHNS NEPEMEHHbBIX Sy U Sy .
Torpa, cornacvo Jlemme 3.2., nanbo oTnpasneHune nakeTa

(pack, inp[o4], 04) npoueccom p, nnbo oTnpasieHne nakerta
(pack, ing[op], op) Npoueccom g ponycTMMo BeckoHeuHo AoAro
rnocsie TOro, KaK NepeMeHHble Sy, Sq, dp U 3, NPUMYT CBOM
OKOHYaTe/bHbIE 3HAYEHUS.

Torga, cornacHo gonywennto F1, ognn 13 aTux naketos
(Hanpumep, (pack, ing[op], 0p)) oTNpaBasieTcst beckoHeyHo 4acTo,
W, COrNacHo gonyweHnto F2, oH aonxeH npuHuMaTLCA Takke
BeckoHe4YHO HacTo.

Monyyenue npoueccom p naketa (pack, ing[op],0p) npusoanT K
TOMY, 4TO 3HaueHune s, (paBHOe 0, ) yBENNYNBAETCS.

3TO NPOTMBOPEYNT BbIOOPY 3HAYEHNS O . O



CyMMeTpUYHbI NPOTOKOJT pPa3ABUXKHOIO OKHA

3apgauun.

1. MNokaxkuTe, YTO CUMMETPUYHbLIVE NPOTOKON Pa3fBUXHOIO OKHa
HEe yaoBneTBopsieT TpeboBaHMIo Hensbe)xHON AOCTaBKM
coobuyenuns, ecnu us aByx gonywenuii cnpasegnueoctu F1 un
F2 sbinontsietca tonbko gonywenune F2.

A uyTo npounzoiiget, ecnu OyLET BLINOJHATLCA TONBKO
aonywenune F17

2. B kakom mecte 0DOCHOBaHUSI KOPPEKTHOCTM MPOTOKOA
NCNONb3YeTCsl CBOWCTBO O4EPEeAHOCT nepeaaqdmn coobuieHunii
no KaHanam ceszu?

3. [dokaxuTe, 4TO €C/N B CUMMETPUHHOM MPOTOKOJE
pa3aBuKHOro okHa {p + {4 = 1 n HayanbHble 3Ha4YeHNS
nepeMeHHbIX a, U ag paBHbl —{g 1 —{,, TO paBeHCTBa
ap+4Lg =5, nag+ L, =5, BCErA BLINONHAOTCS.



Peanmsau,vm MPOTOKOJ1a pPa3gBM>XHOro OKHa

Anroputm B TOM BUAE, B KOTOPOM OH bbl1 npeacTasieH,
HEMPUrOLEH OJISl PEann3aunm, Tak Kak B KaXKAOM npoLecce
XxpaHnTcst beckoHeuHblid 0bbem nHopmaumn (Maccuesl in n out )
N NCNOAB3YIOTCS HEOrPaHUYEHHbIE NOPSIAKOBbIE HOMEPA.

Mycte L= (, + 1.
Jlemma 3.3.

OTnpaenenne naketa (pack, w, /) npoueccoM p [ONYCTUMO TONBbKO
Torpa, korpa | < ap + L.

Joka3atenbcTBo:

3apaya. PewnTs camocToaTensHo.

Jlemma 3.4.
Ecau out,[i] # udef , To BeINONHSIETCS HEepaBeHCTBO | < S5, + L.

Jdoka3atenbcTBo:

3agauva. PewnTtb camocTosTensHo.



Peanmsau,mm MPOTOKOJ1a pPa3gBM>XHOro OKHa

N3 sTux nemm cnegyet, 4To

> [lpouecc p [OMKEH XPaHUTb B NaMATA TOIBKO C/IOBA 13
oTpesKa inplap ...s, + {, — 1], nockonbKy oH MOXeT
OTNPaBAsATb TONBKO 3TW CNOBA. YKa3aHHbIi OTPE30K HA30BEM
OKHOM repeaaqn npouecca p.

> [lpouecc p MoXKeT OKMAATL NMprUemMa TOJBKO TeX CNOB, KOTOpbIe
OH pa3MeTuT siuelikax U3 oTpeska outp[s,...s, + L — 1],
MOCKOJIbKY MPOLECC § MOXET OTMPABASATL TONbKO 3TU CJIOBA.
YKa3aHHbIi OTPE30K Ha30BEM OKHOM Mpurema npouecca p.



Peanmsau,vu/l MPOTOKOJ1a pPa3gBM>XHOro OKHa

[lpoTokon C OKHaMu NpruemMa n nepegaydn.

________________
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A = CbpoweHHblii BXOA u = HeonpegenexHble 3HaveHus
S = OkHo nepegayn roo

| S

+ = OkHa nepegaun/npremva
3anuncaHHble cioBa

W=
R = lpunsaTeie cnosa



Peanvlsau,vm MPOTOKOJ1a pPa3gBM>XHOro OKHa

B Tom cnyuvae, ecnu kaHanbl NOALEPIKNBAIOT OHEPEAHOCTb
nepegaymn coobLueHnii, NOPsAKOBLIE HOMEPA C/IOB TaKXKE MOXKHO

OrpaHN4YUnNTb.

Teopema 3.7.

Vreepxaerue P, onpegensemoe cnegytowiee hopmMynoii

P =
A <pack w, i) cnegyert 3a (pack, W iNBQp=i>i"—1L
A (pack,w, i) cnepyet 3a (pack,w’.i") B Qg =i>i —L
N (pack,w,i) € Qp = i>ap—{,
A (pack,w,i) € Qg = i >aq—{q4

ABNSIETCS MHBApWMAHTOM MPOTOKOA Pa3fBUKHOrO OKHa npu
YCIOBWN, 4TO B KaHANax CBA3M NOALEPKNBAETCA OHEPEAHOCTD
nepenaseMbix COOBLLEHNI.

Jdoka3atenbcTBo:
3apava. Pewnts camMoCToATENbHO.



Peanl/l3au,|/||/| MPOTOKOJ1a pPa3gBM>XHOro OKHa
OTcropa cneayet

Teopema 3.8.

V3 yTeepxaeHns P’ BbiTekaloT caemyrowme COOTHOLIEHNS

(pack,w,i) € Q, — s, —L<i<s,+1L
(pack,w,i) € Q; = s, — L <i<s,+L

Joka3atenbcTBO:

Paccmotpum naker (pack, w, i) € Q.

CornacHo ceoiicTsy (1p) umeem HepaBeHCTBO | < S, + (g , U3
koToporo no Jlemme 3.1 cneayet HepaBeHCTBO | < S, + L.
CornacHo ceolictsy (5p) nmeem HepaBeHCTBO | > ap —lp, n3
koToporo no Jlemme 3.1 cneayet HepaBeHCTBO | > 5, — L.
AHaJ'IOFI/I‘-IHbIM o6pasoM AOKa3bIBETCA COOTHOLLUEHNE O NAKETaX N3
ouepean Q.



Peanmsau,vm MPOTOKOJ1a pPa3gBM>XHOro OKHa

Kak BugHo nz Teopembl 3.8, goctatouHo, 4Tobbl HymepaLms
NakeToB NPOBOAWMIACL MO MOayato k, rae k > 2L,

[leficTeuTensHo, pacnonaras 3Ha4eHNeM NepeMeHHol s, , a Takxe
3HAYEHNEM MEPEMEHHOV / N0 MOAYAO K, MPOLECC P MOXKET
BbIYUC/ANTb HOMEpP | .



Peanmsau,vu/l MPOTOKOJ1a pPa3gBM>XHOro OKHa

Ocobo nHTepecHbIli BapMaHT NPOTOKOA Pa3ABUIKHOIO OKHA
BO3HMKAET B TOM ciyyae, korga L =1, Te. korpga [, = 1w /y =
(nnm HaobopoT). B kavecTBe HavaNbHbIX 3HAYEHMEM NEPEMEHHBIX
ap n a, B 3ToM cny4vae Bblbupaetca He 0, a yncna —(, u —/,.

Takoii BapMaHT aNropuTMa pasfBUXKHOIO OKHA Ha3blBAETCS
NPOTOKONOM Hepeayrowmxcst (anbTepHupytowmx) buTtos ; ox
NpeHAHa3Ha4YeH A OAHOCTOPOHHEN nepefadn HaHHbIX.

3apaya.

I_IOKa)KVITe, HTO B 3TOM CJ/iy4Hae B NpPOTOKOJI€ AOCTATOHHO
Ncnonb30BaTb TOJbBKO OAHY U3 ABYX NEPEMEHHbBIX ap nnwn Sp (VI
TONBKO OAHy N3 NEPEMEHHbIX aq nnu Sq )



Peanmaau,vwl MPOTOKOJ1a pPa3gBM>XHOro OKHa

3apayva.

Hackonbko CyLLeCTBEHHBIM sl CBOCTB KOPPEKTHOCTH 1
HEM3beXHOCTN [OCTaBKM COODLLEHNI B aNrOpUTMe pasfBMIKHOrO
OKHa SIBASIOTCA Cregytolne TpeboBaHus:

1.

Honywenue cnpasegnusoctu F1,

2. Honywerne cnpasegaunsoctu F2,

3. OuepepHoCTb CNefoOBaHNA NaKeTOB B KaHafe CBA3M,
4,
5

. Hapexnocts paboTbl npoueccos anroputma?

Hego3moxxHocTs aybnmpoBaHsn nNakeToB B KaHaje CBS3M,



KOHEL, NEKLUW 3.



