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PaccMatpuBaercsa KnueHT-cepBepHas TEXHONOIUA OpraHusalmm GecLLIOBHOrO BoCnpousBe-
AEHUA B CETU UHTEpHeET xuBoW notokoson TCP-TpaHcnauMm MeToAOM onepexaloLyen 3a-
rpy3ku. BeisaBneHsl coctaBnsaiowme obuiei 3aepKKu BOCNPOU3BEEHUA Mejua-NoToka Ha
KNUeHTe OTHOCUTENBHO peanbHoro Aencreua. O6cyxaeHa npupoja u noBeAeHUe COCTaBNA-
lowmx obLiel 3aAepKKHU, U NPOBEAEHO UCCNefoBaHMe MOoBeJeHUA Hanbonee Ba)KHOW U3
HuX — pa3Mepa npueMHoro 6ycdepa knuenta L6ycd. O6HapyxeHo, 4To runoTeTnyeckoe Bpe-
MA oToGparkeHUA NocnegHero NPUHATOrO KaZjpa COCTOMUT U3 ABYX KOMMNOHeHToB: |) obwien
HecTabUNbHOCTH, UMEIOLLIEH XapaKTep XOPOLLO BbIpaXKeHHOW 'nonockbl HectabunbHocTH", U
2) snu3oamnyecknx "'nmpocafoK’ CBA3aHHbIX CO CMOHTaHHbIMU 3afepXXKaMU MeAUa-NnoToKa B
KaHane nepepayu AaHHbix. UTorom Takmx npocapok asnaerca ysenuveHune L6yd, B pesynb-
TaTe Yero yBenuuueaeTtca 3ajiepka BocnpouseegeHus. MpeanoxeH cnocob yMeHbLLeHUA
3TOi 3ajepXku Ao npuemnemoro 3Havenua (100-300 Mc), nossonAOLLEro OCYLLECTBUTL
ZABYCTOPOHHIOIO CBA3b MeXAY ABYMA KIIMEHTaMM — aJirOpUTM MNIAaBHOW KOppeKLuMu pasMepa
npuemMHoro 6ycdepa knneHTa. Takke npunaralorca pesynsratbl paboTbl anropuTMa nnasHomn
KoppeKkuuu B peanusaumm cucreMmbl TCP-TpaHcnAumin npeseHTaumiti METOOM omnepexato-
wiei 3arpysku. PaccmatpuBaeman peanusauua cuctemol TCP-TpaHcnauumi npeacraenaer co-
6oV pacnpepgeneHHbli NPOrpaMMHbIA KOMMJIEKC, COCTOALLUA U3 OJHOTO MM HECKONbKUX
npoueccos-KoauposLiukos Meaua-noToka, npouecca-PerpaHcMutTepa, KNMEHTCKOM YacTu.
KopuposLuk Meana-notoka npeobpasyeT AaHHbIE OT UCTOYHMKA MeAua-AaHHbIX (KaMepa,
3KpaH KoMMbioTepa, MUKPOOH) U nepepaér UX NOAKIIOYUBLUMMCA KiMeHTaM yepes Per-
paHcMuTTep. B KauvecTBe KOHTeiHepa MeAMa-NoOTOKa MCMOJNIb3OBaNCA OTKPbITbIN c¢hopMar
Ogg c kopekamm theora n vorbis. Knuentckaa yacte npeacraenaer co6oi Habop web-cTpa-
Huy (HTML + JS), rae u peanusosaH anroputM nnaBHoi KoppeKkuuu npuémHoro 6ydepa.
Mo pesynsratam paGoTbl anroputMa cAenaH BbIBOJ, O BO3MOXHOCTU UCMONb30BaHUA CUCTe-
Mbl TCP-TpaHcnAuMi npeseHTauunini METOAOM oMepelalollei 3arpysku Ana opraHusauuu
CBA3M C HU3KOM 3aJilepXKKOW Mexay ABYMA U Gonee KnneHTamm.
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CBA3b

BBenenne

B nactosiee Bpems HONYyYHIIH HMIMPOKOE PACHPOCTPAHEHHE
KIIMEHT-CepBEPHBIC TEXHOJIOTHH OPTraHU3aIMH )KUBOW TIOTOKOBOM
TpaHcsiuu Meaua Ha 6ase creka HTTP [1] /TCP/IP [2]. Oc-
HOBHBIC TEXHOJIOTHU B 3TON oOmactu: Apple HLS [3], Adobe
HDS [4], Microsoft Smooth Streaming [5], MPEG DASH [6].
OCOOEHHOCTBIO 3THX TEXHOJIOTHH SIBISIETCS TO, YTO KIHMEHT HE
cozmaet ogay TCP-ceccuro ¢ cepBepoM Il IpreMa MEIHaIoTo-
Ka, a 3arpy’kacT IMOTOK OTJCIFHBIMU CETMEHTaMHU U BOCIIPOM3BO-
IUT uX OecmioBHO. BceiencTBue Takoro BOCIPOW3BENCHUS Y
MTOJTE30BATENSI CO3/IACTCS BIIEUYATIICHHUE ITPOCMOTPA HETIPEPHIBHO-
ro menuanoroka. IlocnenoBarensHocts URL-agpecoB mns 3a-
Tpy’KaeMBIX C CepBepa CerMeHTOB (HOpPMHUPYET KIMEHT Ha OCHO-
BaHUM IOJIydaeMOi OT cepBepa uH(popmanuu (Manudecra). Ta-
KM 00pa3oM, BOCIIPOM3BEICHUE MEAMAINIOTOKA Ha KIIMEHTE MpO-
HU3BOJUTCA TUIIMYHBIM JJIA UHTCPHETA CHOCOGOM — OYTEM «CKa-
YMBAaHMS» OTACIBHBIX YacTeld KOHTEHTa TaK, KaKk J3TO JeNaeTcs
nipu 3arpy3ke b0t HTML-ctpanwuis [7].

CymiecTByeT ¥ JApyroi crocod opraHu3aIiy KHUBOM TTOTOKO-
BOH TpaHcmanmu Menana Ha 0aze ctexka HTTP/TCP/IP — mytem
oTkpeiThs onHoi TCP-ceccnu u HENMPepBIBHOTO TpHEMa TaHHBIX
MeIMaroToKa OT cepBepa. BocmpowspeneHne menma MpOU3BO-
JATCs1 OECIIOBHO ye B cuily camoit mpuposl TCP-coenHenust.
Taxoi MexaHU3M MPHEMa U BOCIIPOU3BEICHIS MEANANIOTOKA Y)Ke
naBHO cymectByer B cranaapre HTTP — s3Tto MmexaHusm onepe-
xkaroreit 3arpysku (progressive download). I[IpumenuTensHO K
JKUBOM IIOTOKOBOM TPaHCIILIUM MEXaHW3M OIlepeXkarollel 3a-
Tpy3KH paspadarsiBasicsi B padotax [8, 9, 10, 11], npu sTom re-
penada MeaualaHHBIX OCYIIECTBIsUIach B KoHTelHepe Ogg [12]
¢ komekamu Theora [13]/Vorbis [14]. Hactosmias pabora siBisi-
©TCs TANBHEHITNM pa3BUTHEM JTOTO MOIXO0JA ¥ IOCBSIIEHA aK-
TyalbHOW IpoOJIeMe yMEHBUICHUS 3aJEPKKH BOCIPONU3BEACHHS
MEXIy CaMHM JEHCTBHEM M OTOOpaKEHHWEM ATOTO JICHCTBUS B
Opaysepe KIIMeHTa.

1. IlocTraHoBka 3aga4u

Jlnist 0THOCTOPOHHEH TPAHCISUK 33JepiKKa MEXKAYy CaMHUM
JCHCTBUEM M OTOOpPaKEHUEM 3TOTO JCHCTBUS B Opay3epe KIIMCH-
Ta He uMeeT OoJblIoro 3HaueHus. Hanpumep, eciau TpaHcnupy-
eTcsl JISKIMS, a KIMEHTAMH SIBJISIIOTCS CITyIIaTeNd JEKIUH U 00-
patHasi CBS3b ITPOM3BOAMTCS B BHJE 4arTa, TO 3aJep)KKa Jaxe B
JIECATh CEKyH]] MOKET OBITh BIIOJHE J0MycTUMOM. OtHaKo mpe-
CTaBJISIETCSI HHTEPECHBIM OPTaHH30BaTh XKUBYIO JIBYCTOPOHHIOIO
CBSI3b B BUJIE JABYX TPAHCISIIMI B MPOTHBOMOJIOKHBIE CTOPOHBI
(OT MexTopa ciymaTento U Hao0opoT). B aTom cirydae BennunHa
3aJIep’KKN yJIBAUBACTCS M €CIU, K TIPUMEPY, BEUIHHA 3aJICPKKH
B OJHY CTOPOHY OyZAET COCTaBJISATh OJHY CEKyHAy, oOmas 3a-
JIepKKa B 00€ CTOPOHBI CTAaHET PaBHOM yKe JIByM CEKYH/aM, 4TO
MOXeT ObITh BeCbMa HEKOM(OPTHO ISl 5KUBOTO OOIICHHSI.

Paccmorpum 00mIyl0 cXeMy BO3HHKHOBEHHS 3aJIEPKKH B
TEXHOJIOTUU TTOTOKOBOW TPAHCISLUK METO/OM OIepekKaromieit
3arpy3ku [8]. B cucreme tpancnsauuit [10] umerores cnenyromiue
KOMITOHEHTBI:

- HCTOYHHUK MEIHMaJaHHBIX (KaMepa, KOMIBIOTEp, MUKPO-
boH M T.11.);

- cepBep I NMEePEeKOJUPOBAHNS U PETPAHCISIIUH KUBOTO
MOTOKA MEJHAaHHBIX

C UCTOYHHUKA HECKOJBKHM KJIMEHTaM OJJHOBPEMEHHO;

- Opay3ep KJIHEHTa, KOTOPBI MOJIy4aeT ¥ BOCIIPOU3BOJIUT
MeAMaJaHHbIe C cepBepa.

[Ipu nepenaye JAHHBIX TI0 EMOYKE KUCTOYHUK —> CEPBEP —>
Opay3zep» ToJHasE 3a/IepXKKa BOCIIPOU3BE/ICHHST CKIIAIbIBACTCS U3
YaCTHBIX 3aJICPIKEK CIICIYIONIUX MPOIECCOB: a) OIU(PPOBKU Me-
JIMaJaHHBIX HA MCTOYHUKE; 0) Mepeaadn JaHHbIX M0 KaHally CBS-
3M OT UCTOYHMKA K CEpBEPY; B) IMPOMEKYTOUHOTO MEPEKOANPO-
BaHMs Ha cepBepe; T') Iepeaull JaHHBIX OT cepBepa KIMEHTY; B)
Oydepuzanuy MoTOKa Ha KIMEHTE, IOCIeIyIomeMy AEeKOIUpPO-
BaHMIO M BocnpounsBeneHuo. Kak Oyner nmokaszaHo B HacTOsIIEH
pabore, Hanbosiee CYIIECTBEHHBIM DJIEMEHTOM 3aJIEPXKKH BOC-
MIPOM3BE/ICHUS SIBIISIETCsI Oyhepu3anus Ha KITUESHTE.

PaccmoTrpuMm BakHeiimme cBoiicTBa Oydepmsannu B TEXHO-
JIOTUU TIOTOKOBOM TPAHCISILMM METOIOM OIIEPEKAIOIEH 3arpys-
k. [Ipy noJKIIIOYEHHH K CepBEpY KIMEHT 10 CBOCH MHUIMATHBE
nenaer Tosbko oauH 3anpoc GET Ha crapT 3arpy3ku moroxa.
[Tocne sToro mporeccoMm Inepefayd KIMEHTY MOTOKAa HaYMHAET
yOpaBisATh cepBep. KiaMeHT He MOXeT BOCHpPOM3BOIUTH MeTua-
JIaHHBIC Cpa3y JKe 110 Mepe WX NOCTYIUICHUs, T.K. eMy HeoOXo-
JIIMO TIepBOHAYAJILHO HAKOIUTH HEKOTOPOE KOJIMYECTBO Mejna-
JaHHBIX B mpuéMmHOM Oydepe. Tunuynas HavyaabHAs JUIUTEIb-
HOCTh HAKOIUICHHBIX JAHHBIX COCTaBJsET mpuOiusutensHo 200
MC. DTH HAKOIUICHHbIC JJAHHBIE HEOOXOIUMBI JJISi KOMITEHCAIUH
BO3MOXKHBIX KPATKOBPEMEHHBIX 33JICPIKEK IMepeiavyn JIaHHBIX.
BocrnpousBenenne Ha4HETCs TOJIBKO TOT/IA, KOTJIa YMCIIO0 Mena-
JIAHHBIX B Oy(depe cTaHeT AOCTATOUHBIM JUISl FAPaHTHUPOBAHHOTO
IUIABHOTO BOCIPOM3BECHUsI MeauanoToka. Mrak, Opaysep co3-
JIACT UCKYCCMBEHHYIO0 OONOJIHUMENbHYIO 3A0ePIUCKY 80CHPOU3Ee-
Oenust ecredcmeue co30anusl 3anaca Meouaoanuvlx 6 bygepe.

[To Mepe manpHEHIEro MpremMa MeInarnoToKa 3a1epKKa Boc-
MIPOM3BEACHUSI MOJKET TOJIBKO pacTH, MPUYEM OHA JEJaeT 3TO He
IUTaBHO, a CKaukaMu. [IpnynmHa 3TOr0 COCTOMT B CIEIYIOIIEM.
MoXeT CIy4uThCsI TaK, Y4TO M3-3a YMEHBIICHHsS d(PQPEKTUBHOM
MIPOIYCKHOM CIIOCOOHOCTH KaHalla «CepBEP-KIMEHT» Iepeaadya
MOTOKA KIHMEHTY 3aMEIHIIACh WM JIaXKe BOBCE MPHUOCTAHOBH-
nack. [lockonbKy BOCHpOM3BE/CHHE IOTOKA Opay3epoM Ipo-
JOJDKAeTCsI, TO pa3Mep MpHeMHOTO Oydepa HAYMHAET YMEHbB-
LIAThCSI, & HEOTOCJIAHHBIC KITUEHTY JaHHbIe Oy/IyT HAKaIIMBATh-
csl B KaHaJle CBSI3M M Ha cepBepe. Ecim nepenaya noToka KiueH-
Ty BO30OHOBHUTCS IO TOTO MOMEHTA, KaK MPHEMHBINA Oydep Kiu-
€HTa OITYCTEET, TO BCE HAKOIUICHHBIE Ha CePBEpEe AaHHbIE MOTOKA
MOCTYISIT B Oydep KiIMeHTa, BOCIPOU3BEICHHE HE MPEPBETCS U
3ajIep’KKa BOCIIPOM3BEJICHNSI HE BO3PACTET.

Ecnu ke 3amepka mepenadn JAHHBIX KIHEHTY OyIeT He
KpPaTKOBPEMEHHOM, TO TI0 McUepaHuio mpuéMHoro Oydepa Boc-
MPOU3BEICHUE MTOTOKA KIIMEHTOM OCTAHOBUTCS. [T0CKOIBbKY KITH-
eHT TOAKIIOUEH K cepBepy ¢ momompbio TCP-coemmaeHus, 1o
MeJIMaJaHHbIe HE MOTYT «IIOTepPATHhCs» (MBI MPEIoiaraeM, 4To
TCP-coenuHeHne He pa3pbIBaeTCsi) U I10CIE BO30OHOBIICHHUS
nepeaun Bce 3a/iepKaHHble MeAnaiaHHble OYIyT B UTOTE Hepe-
JaHel B NpUEMHBIA Oydep kiaueHTa. BocrnpousseneHne mnoroka
KJIMEHTOM BO300HOBHUTCSI C CaMbIX «CTapbIX» MEIWAJaHHBIX B
Oydepe. CrenoBarenbHO, IOSIBUTCS JOTOJHUTENbHAS 3a]IepiKKa
BOCIIPOM3BE/ICHUS, paBHas BPEMEHH, B TEYEHHUE KOTOPOTI'O BOC-
MIPOM3BEICHUE OCTAHABINBAJIOCE.

3aauy yMEHBIICHHS 3aJEPXKKH BOCIPOU3BEICHHUS MOXKHO
pelInTh, HAIPUMEp, TaK: CEPBEP HEMPEPHIBHO CIEIUT 3a 00bE-
MOM [epeIaBaeMbIX KIHEHTY JaHHBIX U TPH MOSBICHUH 3a-
JIEP)KKHA CepBep OTOpachiBaeT camble cTapbie JaHHble. B aTOM
cilydyae Tociie BO30OHOBJICHHsSI CBSI3U CEPBEP OTIPABUT KIIUECHTY
He BeCh OOBEM HAKOIJICHHBIX 3a BpeMsl MPOCTOS JIaHHBIX, a
TOJIBKO CaMble CBEXHE, TEM CaMbIM OINOCPEJIOBAHHO YMEHbBIIHB
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3amepkKky. OIHAKO TPH STOM BOCIPOU3BOAMMAS KIHCHTOM
TpaHCISIIMS yKe OyleT He OCCIIOBHOM, T.K. MPOMAJET YacTh
MpeHA3HAYCHHBIX ISl KITHEHTA MeHa[aHHbIX.

Ienb HacTosIIEH pabOTHI 3aKITIOYATACH B TIOUCKE TPOTPAMM-
HOTO CrHoco0a yMEHBIICHUS] HAKAIUTUBAIOMICUCS 3aJIePKKH
TPAHCISIIIMN MEJIMAJIAHHBIX 10 MPUEMJIEMBIX BEJMUUH (He Ooee
300 Mmc), 9TO MO3BONMIO OBl MCIIOIB30BATH CHUCTEMY OJHOCTO-
POHHHX TpaHCISAMNA KOH(EpEHIMH AJIsl OpraHu3aluu JABYXCTO-
POHHEH CBSI3U B peaibHOM 8pemenu. | TaBHBIM YCIIOBHEM HCKO-
MOTO CIT0C00a YMCHBIICHHUS 3aICPXKKH SABJSUIACh OCCIIOBHOCTDH —
T.C. IJIABHOCTH BOCIPOU3BEICHHS MCAMAIIOTOKA HA KIIHCHTE.
B crienyrommx myHKTax MPOU3BOIUTCS aHAIN3 CBOWCTB 3aICPIKKH
BOCIIPOU3BEJICHUS W HA OCHOBE 3TOr0 aHAIM3a MPeIiaracTcs
croco0 perIeHus MOCTaBICHHON MPOOICMBI.

2. AHa/IN3 CBOWCTB 3a/1ep’KKH BOCIIPOM3BeeHUS

CymMMupys CKa3aHHOE BBIIIE, BPeMS 3aICPXKKH T, MEXKIY
caMUM JIEHCTBUEM M BOCIPOM3BEIEHUEM JTOrO JACHCTBUS B
Opay3epe KJIMEHTa SIBJISIETCS] CYMMOM TPEX CllaracMbIX:

Tsan = TI/ICT + Tnep + LGyQJ (1)

rae T, — 3amep)kka, BbI3BaHHAs OIM(DPOBKON M300paKeHUS U
€ro KOJAUpOBaHHUEM HCTOYHUKOM MECIUATaHHBIX (HaHpI/IMep Ka-
Mepoi). [lo cyTun, 3T0 pa3HOCTH MEXIY MOMEHTOM HACTYIUICHHS
KaKoro-Jinbo coOBITHS NPE3CHTAllMd M MOMEHTOM II€PECBUIKH
COOTBETCTBYIOIIErO KaJjpa MCTOYHMKOM MEJHaIaHHBIX MPHEM-
HHUKY MEJMaJlaHHbIX, OJrKailieMy Mo [ernovke. DTOT napamerp
3aBUCHT OT CKOPOCTH pabOTHI KOJIEKOB KaMep M UMEeT OOJIBIION
pa3bpoc I pasHbIX NpoW3BoaWTENeH. Bwlienenue 5Toi 3a-
JCPKKH B CaAMOCTOSITENIBHBIA mapamMeTp Ty, BBI3BAHO TEM, YTO
MBI HE B COCTOSHUH BJIMSTH HA BEIUYUHY 3TOU 3aIEePIKKH.

Thep — 3alepKKa, CBsI3aHHAsA C Tepenadeil MeIuaJaHHbBIX IO
KaHally CBA3M OT UCTOYHHUKA MCIUAAHHBIX K KIMCHTY U (BOS-
MOJKHBIM) MPOMEKYTOUHBIM IEPEKOAUPOBAHHEM 3THUX MeEIua-
JIaHHBIX Ha cepBepe-perpancisitope. [1o cyru, aTo pazHoCTh Me-
XKy MOMEHTOM BpEMEHH Hadaja Iepeaadyu KaJpa OT UCTOUYHHKA
Me/IMaJIaHHBIX Ha CepBep M MOMEHTOM BPEMEHH IOCTYIUICHHS
9TOTO0 KaJipa B KIIMEHTCKUH Oydep Opaysepa.

BeigeneHne 9Toi 3a/Iep)KKH B CaAMOCTOSITENIBHBIN MapaMeTp
OTIPaBJAHO TEM, YTO ATO Ta YacTh OOIIEH 3aJep>KKH, KOTOPYIO
MBI YK€ MOKeM KOHTPOJIHpoBaTh. Hampumep, ucnons3ys Gonee
CKOPOCTHBIC WJIM MEHee 3arpy’KCHHBIC KaHAJIbl CBS3H, BHIOMpAs
OoJiee MOLIHBII cepBep s HePEKOIUPOBAHHS ITIOTOKA.

Loyy — 3adepika, sBIAIOMAsCA PE3yTbTaTOM HAKOIICHHUS
Me/IMaJIaHHbIX B Oydepe KieHTa. Jta BeJIMYrHA paBHA 00LIeMy
BPEMEHHN BOCIIPOU3BEACHUA BCCX MEANAJAHHBIX, HAXOAAIINXCA B
JITaHHBIA MOMEHT OyQepe KueHTa.

[ToBenenune Bo BpemeHu Tpex ciaraeMbix (opmynst (1) pas-
mnyHoe. 3a1epKKy Ty, MOKHO B JajbHEHIIEM CUMTaTh KOH-
CTAHTOM, OHa HE 3aBUCUT OT pabOTHI KaHala CBs3U. J[Be mpyrue
MOTYT MEHSTBCS ¢ TCUCHHEM BPEMEHH, HO XapaKTep dTOTro U3Me-
HEHMs y HUX pasnudeH. 3a1epKKH Tpe, U Leyg 3aBHCAT OT Kaue-
cTBa pabOTHI KaHana CBS3U. J[OMOIHUTENIBHO K 3TOMY 3alepiKKa
Leyg onpezensercs JOrMKOH NPOrpaMMHOro obecreueHus opay-
3epa U, Kak OyJeT MMoKa3aHO HUKE, UMECT BEChbMa CBOCOOpa3HOe
TIOBE/ICHHE.

MBI MOXKEM IIPOrPaMMHO KOHTPOJIUPOBATh Lgyg CIEMYIOIIM
obpazom. B coorBerctBum co cranmaprom HTMLS [7], Ter <video>
WHAAIUPYET CICAYIONIHNEe TapaMeTphl Oypepu3ariim:
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buffered.start(0) — «get the start position of a buffered range»

buffered.end(0) — «get the end position of a buffered range»

currentTime — «returns the current position (in seconds) of
the audio/video playback»

OTo BpeMeHa Havaja M KoHHa Oydepa, a TakkKe MO3UIHUS B
Oytepe TeKymero MOMEHTa BOCIIPOM3BEICHUS COOTBETCTBEHHO.
OHHN M3MEpSIOTCS B CEKYHIaX M OTCUMTBHIBAIOTCS OT MOMEHTa
Hayajia BOCIIPOM3BEICHHUS MOTOKA KIMEHTOM. M3 3THX mapamer-
POB HAac MHTEpecyeT Tojbko nBa. [lapamerp currentTime ectb
MOMEHT OTOOpP@KCHHS TEKYIIEero OTOOpakaeMoro Kajpa.
Ero moBenenne BO BpEMEHH OTpa)kaeT MOBEJICHHE BO BPEMEHU
BocrpousBeneHus: kanpos. [lapamerp buffered.end(0) ectb ru-
MOTETUYECKOE BPEMSI OTOOPAIKEHHMS OCJICHETO MPUHATOTO Kal-
pa B O6ydepe. Ero nosezienne Bo BpeMeHN OTpaskaeT ITOBECHUE
Tnep + TI/ICT'

[Mapametp currentTime ectb To mecto Oydepa, oTKyma B
JaHHBII MOMEHT JaHHBIC OepyTCsl HMPOWrpBIBaTeNieM Ui BOC-
npousBeneHus. Pasnocts buffered.end(0)—currentTime ectp He
9TO MHOE, KaK 3a/epikKa Lgyy BOCIIPOM3BEICHUS MEIHANOTOKA
n3-3a Oydepusanym Ha kiueHTte (puc. 1):

Leye = buffered.end(0)—currentTime 2)

Havano MoMmeHT Bocnpon3BeaeHus
BOCMPOM3BEACHS NOTOKA Kagpa
buffered.start(0) currentTime buffered.end(0)

—> —> —>

MomeHT peiicTeus kagpa
(oTHocuTenbHo buffered.start(0))

Loy >

<
“ Taan

Puc. 1. KoMIIOHEHTHI 3a/1€p>KKH BOCTIPOU3BEICHUS IEHCTBUS
B Opay3epe KJIMEHTa OT CaMOTr'0 3TOTO JCHCTBHS

Pucynoxk 1 cnexyer BoCIpHHMMATh B IMHAMUKE: HAIIPABJICH-
HBI€ BIIPABO CTPEIKH WILIFOCTPUPYIOT, YTO  BEIUYUHEI
currentTime u buffered.end(0) yBenuumBaroTcsi 6 cpednem ¢
OJIMHAKOBOI CKOPOCTBIO OJIHA CEKYH/Ia 33 CEKYH/IY.

Jlist  ompeneseHusl COOTHOLICHUSI BIMSIHUS KOMITOHEHTOB
Trep> Tuer ¥ Loyg Ha 0OIIyO 3a1ep:KKy NPOBOIMICS CIEAYIOIIHIt
9KCHEPUMEHT. VICTOYHUK TpaHCISMK (BHIEOKamMepa WU Ipo-
rpamMMa 3axBaTa dKpaHa KOMITbIOTepa) mepeaBail H300paKeHue
9KpaHa KIMEHTCKOTO KOMITBIOTEpa, Ha KOTOPOM OTOOPa)kaioch
TEKyIlee acTPOHOMHYECKOE BpeMs M M300pakeHHe pesyibraTa
TPAHCISAINH C 3TOH Ke KaMepbl/akpaHa. Kaxxapiii pa3 peructpu-
POBAINCH JBE BEIUUUHBI — O0IIAs 33aJePiKKA TPAHCISAIMN T,y U
pa3mep kimentckoro 0ydepa buffered.end(0) — currentTime (kak
YacTh 3TOW 3aJepiKKU) TPH Pa3HBIX MapaMeTpax TPaHCISIHH.
PesynpraT uccnenoBaHus NMpHUBEACH Ha pucyHke 2. VM3MeHeHue
Ley¢ MOCTUranmock 3a cu4eT MCKyCCTBEHHON 3aIep:KKH MEePeKoIH-
POBKM Ha peTpaHcisTope 0e3 OCTaHOBKHM BOCIPOW3BEACHHS Ha
KJIMEHTE, a OUTPENT 1MOoTOKa He TpeBbImal 3(()eKTHBHON NpoITy-
CKHOH CITIOCOOHOCTH KaHasla Iepeiaun JaHHBIX.

KpacHbIMH, CHHUMH | 3€IEHBIMH TPEYTOJIbHUKAMH ITOKa3aHbI
pe3yibTaThl M3MEPEHHs 3aJep)KKM MEIUaroTOKOB «BHAE0+
ayiuo», sl KOTOPbIX UCTOYHUKOM siBisuiack IP-kamepa. Munu-
MaJIbHas 3aJepKKa TPAHCIALUHA OT PEaIbHOTO BPEMEHH B 3TOM
ciydae coctaBmia 350 mc pu Oydepe kmuenTta paBHsM 110 mc.

DUONETOBBIMU KPYKKaMU N300pakeHbI Pe3yIbTaThl H3MEpe-
HUS 33/IePKKH MEJIUANoTOKa «BUAE0+ayauo», B KOTOPOM HC-
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TOYHHMKOM SIBJISUICSI 3aXBaT SKpaHa KOMIIBIOTEpPA, a HCTOYHUKOM
ayJMO/IaHHBIX ObUIa 3BYKOBasi KapTa KOMIbIOTepa. MUHHMAaIb-
Has 3aJIep>KKa TPAHCIALMN OT PEATLHOTO BPEMEHU B 9TOM CIIy-
gae coctaBmia 250 mc mpu Oydepe kareHTa paBHbIM 180 Mc.
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Puc. 2. 3aBucumocts 3aaepxku Ts,, 0T pasmepa Oydepa Leyg,
JUISL Pa3HBIX OUTPEHTOB MOTOKON TPaHCIISILIHN

W3 nmpuBeneHHBIX HAa PUCYHKE 2 JTaHHBIX CIEyeT, 4To 3a-
JepKKa TpaHCISILMU npe3eHTauuu T,,, TMHEHHO cBs3aHa ¢ pas-
MepOM KIIMeHTCKOro 0ydepa Leyg, a cyMMapHas 3a/iepiKKa KO-
posanus u nepenauu T, + T, BHOCHT IOCTOSHHOE CMEIIEHUE
(B Hamem ciydae 296 mc anst [P-xamepsr n 86 Mc aist 3axBara
JKpaHa):

Tan = Loyg + const 3)

Munuvuzanus  Tyep +T,p ABIAETCS TEXHOIOTUYECKOW IPO-
OmeMoii, OHa pemaeTcs IMyTeM BBIOOpa 00Jee MOIIHBIX KOMITBIO-
TEpOB, YIy4YIIEHHEM aJIlTOPUTMa KOJUPOBAHHUS, YBEIHMUCHUEM
MIPOIYCKHOM CHOCOOHOCTH KAaHAJIOB CBSI3U. A BOT 3ajJa4a MUHH-
MU3alUU coJiep)kuMoro Oydepa KIMEHTCKOTO HpPOUTPHIBATEIS
(Leyg) MpuBena K TOSBICHHIO HACTOSIIEH pabOTHI.

3. [loBeenue 3aBUCHMOCTH pa3Mepa KJIHEHTCKOro
O0ydepa oT BpeMeHHU

PaccmoTrpuM, kKak MeHsSETCS pa3sMep KIHEHTCKOro Oydepa
Lgyg ¢ TeUeHHEM BPEMEHH IO MEPE TIPOXOKIEHHS TPAHCIIALNHN U
NPOAHATM3UPYEM TOBEJCHHE KaKIOr0 U3 KOMIIOHEHTOB Legyg.
Kaxk 6pu10 crazaHo BbIle, 002 KOMIIOHEHTA B CPEIHEM JIOJDKHBI
BO3pacTaTh JIMHEHHO U PaBHOMEPHO CO CKOPOCTBIO OJIHA CEKYH-
Jla 32 CEKyHIY.

[MTapamertp currentTime oTpakaeT mporecc BOCIPOU3BEICHHS
KaJpoB u3 Oydepa u B Uacaie IOHKCH NMPEACTABIISThCS JIMHEH-
HOM 3aBUCHMOCTBIO OT BpeMmeHH currentTime = ts, rue ts — Teky-
mee BpeMs. B peabHOCTH ke 3Ta 3aBUCHMOCTh UMEET HEKOTO-
pBIii pa3dpoc, ero mMpHHA ONPEAEISIETCS AITOPUTMOM BOCIIPO-
W3BE/ICHUS KaJI[POB MCIIOJIB3YEMOI'0 MpPOUTpHIBATENs/Opay3epa u
TEOPETHYECKH HE JIOJDKHA MPEBBIIIATh JITUTEIEHOCTH BOCTIPOU3-
BECHUSI OJTHOTO Kajpa.

Hanpumep, amst gncna kagpos B cexyHay fps=20 pazopoc Be-
TUauHEL currentTime BOKpYyT TeKymiero BpeMeHu Oy1eT mpuoIi-
3UTENBHO paBeH 50 Mc.

Tunmunas 3aBucumocts buffered.end(0) oT BpeMeHu mokasa-
Ha Ha pucyHke 3. st ynoOcTBa, M0 OCH OpJMHAT OTOOpaKaeTest
pasHocts buffered.end(0)-ts(timestamp).

cex l 3aBucumocTb buffered.end(0)-ts oT Bpemenu
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Puc. 3. Tunmunas 3aBucumocts buffered.end(0)-ts oT BpemeHn

3aBucumocts buffered.end(0)-ts B 1memoM HMeeT TOHKYIO
JIICKPETHYIO CTPYKTYpy H3-3a TOTO, YTO JlaHHbIe B Oydep mo-
CTYMaloT Kajpamu W mpasas rpanuna Oydepa buffered.end(0)
YBEIMYMBACTCS KOKIBIH pa3 AUCKPETHO HA BEIWYHMHY, KPAaTHYIO
JUIMTEIBHOCTH BOCIIPOM3BENICHNsI OJHOTO Kajapa. Ha pucyHke 3
BEPTUKAJIBHBIN IIar TOHKOH CTpyKTypsl cocTtaBiser 100 mc, uto
COOTBETCTBYET YacToTe Kaapos 10 fps.

®opma 3aBucumoctu buffered.end(0)-ts or Bpemenun ciara-
eTcsl U3 JIBYyX BKJIQJIOB — 1) TOPH3OHTAIBHOM «ITOJIOCHD) (PUKCH-
POBaHHOW IIUPUHBI U 2) SMH30IUUECKUX «Ipocamok». [1epBorit
BKJIJ1 («110J10ca HECTaOMIIBHOCTHY) BBI3BaH HEPABHOMEPHOCTHIO
TIOCTYIUICHNSI KaJapoB B Oy(ep ximeHTta. Bropoil Bkiax («ripo-
CaJIKM») CBA3aH C KauecTBOM pabOThI KaHaJIa IepeJadl JaHHbIX.

PaccmoTpuM BHaudae CBOWCTBA MMOJIOCH HecTabmimbpHOCTH. Ha
pHUCYHKE 4 MPUBEIEHBI PE3yIbTAaThl HECKOJIBKUX IKCIEPHMEHTOB
10 M3MEPEHHIO IIUPUHBI TIOJIOCHI HECTAOMIBHOCTH JJIsI Pa3HBIX
3HaUeHWW OuTpedTa MeauarnoToka. Mbl BWAWUM, YTO HIMPUHA
3aBHCHUT OT OMTpEiiTa MepeaBaeMoro MoTOKa: YeM MEHBIIIEC OUT-
pelT TeM oHa OoJIblIIe.
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Puc. 4. 3aBHCUMOCTD MINPHHBI TTOJIOCH HECTAOMIBHOCTH
u outpeiita motoka (Juist Bcex m3Mepenuii fps=10)

[TockonpKy ncnonb3oBaics kogek Theora, TO KOAUPOBAHHBIH
MOTOK COJEPKal TOJBKO JBa THMA KampoB: [-kaapwl (momHOE
n3o0pakeHue) U P-xaapsl (M3MEHEHUST H300PaKCHHUS 110 CpaBHE-
HUIO ¢ ocneanuM I-kagpom). Ha pucynke 5 mpuBeaeHbI pe3yib-
TaThl U3MEPEHUS 3aBHCUMOCTH IIMPHHBI MOJOCH HECTAaOMIbHO-
CTH OT 4aCTOThI CJICJOBAaHUA I-Ka}lpOB.

Herpyano 3amerutb, uto yem wamie UAyT I[-kaapel, Tem
OoJbie OyaeT OUTpelT moroka U HaoOopoT. [loaromy mosese-
HUC 3aBHCAMOCTH IIUPUHBI TIOJIOCHI HECTAOMIBPHOCTH OT YaCTOTHI
cienoBaHus [-kaapoB HaNPsIMYyIO CBSA3aHO C €€ 3aBUCUMOCTBIO OT
ouTpeiita MOTOKA.
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Puc. 5. 3aBUCUMOCTH IIUPHUHBI TIOJIOCH HECTAOMIBHOCTH OT YaCTOTHI
cnenoBanus [-kaapos (i Becex u3mepenuit fps=10)

B skcrepuMeHTax Ha puCyHKax 4, 5 BBIYHMCISIIACH UMEHHO
IIMPUHA  TOPU30HTAIBHONW  COCTABJISIONICH  3aBUCHMOCTH
buffered.end(0)-ts, onMHOYHBIE «IPOCAAKM» HE YUUTHIBAINCH.
I_[J'[H nmoacyera MHUPUHBI ITOJIOCHI HeCTa6I/IHI)HOCTI/I BCJIIMYMHA
buffered.end(0)-ts paccmaTpuBaiach Kak CiydaiiHasl ¢ ammpok-
cUMaluel pacrnpe/iesieHus: ee 3HaYeHU HOpMaJlbHOM 3aBUCHUMO-
crbio. IllnprHa monockl HECTaOMIIBHOCTH IOJICUMTHIBAIACH KaK
6*c, TIe 6 — CpeNHEKBAAPATHYHOE OTKJIOHCHUE BEIHYUHBI buff-
ered.end(0)-ts.

PaccmoTrpuM Temeph BTOpO# BKJIAT B HECTAOWIBHOCTH 3aBU-
cumoctn buffered.end(0)-ts — «mpocankmy». «IIpocaakimy BO3HH-
KalOT BCJIEJCTBUE 33JCP)KKU KaJpoB B kaHaie. Kaapel nepecra-
0T TIOCTYTIaTh B KIMEHTCKUH Oydep n BenmmunHa buffered.end(0)
HEKOTOpOe BpeMs ocTaercs mocTtosHHOW. Ha pucynke 3 BuaHO,
YTO MOCIIe KXo «rpocaakm» yposenb buffered.end(0)-ts Boc-
CTAaHABIIUBAJICS 0 TMPEXKHEro. JTOT (PAKT CBUACTEIBCTBYET O
TOM, YTO MOTEPb MOTOKAa HE 6])1.]'[0 — BCC 3a/ICpKaHHbIC JTaHHBIC
IMOTOKAa B UTOT'C MOCTYIIUJIN Ha KJIMEHTCKUH KOMIIBIOTEP.

Ecnu sxe kanpel OyayT 3aiep)KaHbl B KaHalle HACTOJIBKO, YTO
currentTime cpaBusiercst ¢ buffered.end(0), To KnmeHTCKHI OY-
(ep omycreer U NanpHElIIee BOCIPOU3BEICHHE TIOTOKA KIIMEH-
TOM CTaHEeT HEBO3MOXHBIM. Ha pucyHke 6 mpuBe/ieHbI pe3yiibTa-
ThI SKCIIEPUMEHTORB IO OIMYCTOIICHHIO KJIMEHTCKOro Oydepa my-
TEM CO3/IaHHsI TPEX UCKYCCTBEHHBIX 3aJIEPXKEK Mepeaadn Meana-
MOTOKa KreHTy maiurensHocThio 1200, 400 1 200 mc.

{cen) 3asucumocty buffered.end(0)-ts u currentTime-ts oT Bpemenn
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Puc. 6. 3aBucumoctu currentTime-ts, buffered.end(0)-ts u Lgyg
OT BPEMEHH JyIsl CiTydast MeJuanoToka ¢ outpeiitom 20000 6aiit/cex
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ITo moBeneruto 3aBucumoctu buffered.end(0)-ts Mbr BugIM,
YTO HarojHeHue Oydepa mpephIBajIoch, HO MOTOM BCerja BO-
300HOBILIOCH, pudeM 3HadeHus buffered.end(0)-ts mocie wc-
KYCCTBEHHBIX 3aJIePKEK IPOJNOJDKAIN OCTABATHCS Ha HPEKHEM
yYpOBHE. DTO FOBOPUT O TOM, YTO 3a1epKaHHbIC TaHHbBIE MeHa-
MOTOKa HE TEPSUIUCH U MOCJIE BO30OHOBIICHUSI CBSI3U MPUXOININ
Bce. Uto ke Kacaercsa moseneHus currentTime, To Kaxcias 3a-
JIep)KKa JaHHBIX B KaHaJe CBSI3M MPUBOJMIA K YBEIHMUYCHHUIO 3a-
JEPKKN BOCTIpou3BesieHnsl. DakT 3aepKKH BOCIPOU3BEICHHS
MOXKHO BHUJETb 10 OOIIeMy CMENICHUIO 3aBUCHMOCTH
currentTime—ts BHU3. /[0 B TOM, YTO B ciyd4ae UIUTEIIbHOM
(6onbire yeM Lgyg) 3a7epKKu, NpOUrpbIBaTENL Opaysepa oOHa-
PYKUBAET, 4TO €My HE XBaTaeT JaHHBIX JUIsl BOCIIPOU3BEICHHS, U
BBIpabaThIBaE€T COOBITHE onwaiting Ui «IOATPY3KM» B Oydep
JaHHBIX, JOCTATOYHBIX Ul BO30OHOBJIEHHS BOCIPOM3BEICHHS.
A TIOCTIe TPHXO/a BCEX 3a/IeP)KAaHHBIX TaHHBIX pa3Mep KIHEHT-
cKOro Oydepa yBeIHMUUBACTCS KaK pa3 Ha BEIMYHHY 3aJCPIKKH.
Bo Bcex Tpex cuTyanusax 3ajuepixek (puc. 6) ObUI0 BeIpabOTAHO
coObITHEe onwaiting. B MOMEHTBI, KOTr/ia TeHEepHPOBAIOCH COOBI-
THE onwaiting, BOCIPON3BEICHHE OCTAaHABIMBAIOCH HA HEKOTO-
poe BpeMs JI0 TOro MOMEHTa, KOT/ia B IPUEMHBII Oydep mocTy-
ITUT KOJIMYECTBO KaJPOB, JOCTATOYHOE JUI BOZOOHOBIIEHHS BOC-
NpOW3BEICHUs  MOTOKa. Kak  BHOHO M3  3aBHCHMOCTH
currentTime-ts Ha pucyHKe 6, UTOTOBasi 3a/I€PXKKa BOCIIPOU3BE-
JICHUSI COCTABHJIA BETUYUHY OKOJIO 2 CEKYH/I.

Bo3spacranue 3a1epKKi BOCIIPOM3BEACHHUS SABIISIETCS HEOOpa-
THMBIM TIPOILIECCOM, TOCKONBKY pasHocTh buffered.end(0)-
currentTime HHKOr/Ia HE YMEHBLIASTCS, @ MOXKET TOJIBKO YBEJIH-
yuBaThcs. [IpHdnHa 3TOro 3akiroyaercs B TOM, 4yTo oba Kpas
Oytepa currentTime u buffered.end(0) Bo3pacTaroT Bo BpeMeHH
B CPEIHEM C OJIMHAKOBOW CKOPOCTBIO OHA CEKYHJa 33 CEKYHIY
(pucyHok 1), Tak 4yro currentTime B cpeHeM HUKOIZA HE JOTO-
usier buffered.end(0). Ecnu xe currentTime Bce-Taku «JJOTOHUT»
buffered.end(0), To OyzmeT BeIpaboTaHO coOBITHE Onwaiting, BOC-
npousBezieHre nortoka (T.e. currentTime) ocTaHOBHUTCS, MPOMT-
phIBaTENb MOXKICTCS MPUXOJA 3aepPIKaHHBIX B KaHAJC JAHHbIX,
1I0CJIe Yero BOCIIPOM3BEeHNE MMoToKa (T.e. currentTime) Bo300-
HOBUTCS. KOHEYHBIM pe3ynbTaTOM 3TOr0 OyAET yBEIMYCHHUE
Loyg, T.€. yBeTHUEHHE 3a[€PKKH BOCIIPOM3BEIECHHUS OT PeaTbHO-
o mporecca.

4. AAropuT™M KOppeKIHH pa3Mepa KIHEHTCKOro 0ydepa

Kparko cymmmupyem moiydeHHbIe pe3yibTaThl. B mporecce
MIPOBEJICHUST TPAHCIISIIMN 33/IePXKKa BOCIIPOM3BECHUS (T.€. pas-
mep Oydepa npourpeiBatens KiueHTa Lgy,) He ABIAETCA KOH-
CTaHTOH, a MMeeT HecTaOWIbHBIM XapakTep. JTa HeCTaOWIb-
HOCTh HE NPOW3BOJIbHA, a 00JagaeT CBOHCTBOM HOCTOSHCTBA
[IMPHUHBI HA OTJENIBHBIX BPEMEHHBIX yuacTkax. llIuprna nomock
HECTaOMIIBHOCTH 3aBHCUT OT OWTpeWTa MOTOKAa M MOXET JI0XO-
JUTh 1O HECKOJBKHX CEKyHJ (B Cillydae MOTOKa C MajbIM OWT-
peiitom). JIMUTENBHOCT  YYaCTKOB C TOCTOSHHOHN IIMPHHOI
HEeCcTaOMJILHOCTH Te€M OOJIblIIe, YeM JIydllle KaueCTBO KaHala Ie-
penaun naHHBIX. CUTyalMM «IpPOCAJOK» — T.€. 33JCPIKKH JaH-
HBIX TOTOKa B KaHaje, MOTYT COIPOBOXKIATHCS YBEIHMYCHHUEM
pasmepa Leyg. CneoBaTenbHO, NpH BOCTIPOU3BENAECHUH MOTOKO-
BOM TpaHCIALMK 3aJiep’KKa BOCIPOM3BEICHHUS MOXKET TOJIBKO
YBEIMUYMBATBECS, W ITOT IPOLECC YBEIMUYCHUS UMEET CTyIeHYa-
TBII XapakTep (CM. puc. 6).
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SIBneHne yBenWYEHHs 3aJIep)KKH BOCIIPOM3BEICHUS COBEp-
IICHHO HENpHeMJIEMO, €CJIM pedb WAET He 00 OJHOCTOPOHHEH
TPAHCISIIMU TIPE3CHTAIlNK, a 0 Oecele B peallbHOM MacIiTade
BpeMeHH. OHAKO CBOWCTBO IMOCTOSHHOM IIMPHHBI MOJIOCH HE-
cTabMABHOCTH Lgyg(t) HaBOAUT HA MbICIL OO0 MCIONL30BAHMU
aToro (hakTa JUIsl YHpaBJICHHs 33JE€PIKKOW B CTOPOHY €€ yMEHb-
menus. OOHapyKuB, uTO pa3mep Oydepa yBemuuuics, Ml Oy-
JIEM CTapaThCsl «OIYCTUTB» 3aBUCUMOCTB Lgy(t) BHU3 Tak, uTo-
OBl HIDKHUI Kpail T0JIOCHl HECTaOMIBHOCTH HE KacaJicst OCH adc-
IFICC, @ OTCTOSUT OT Hee Ha BEJIMYUHY OKOJIO 1-2 pa3mMepoB OHO-
ro kazapa (50-200 mc). DTa umes ABISCTCS OCHOBHBIM ITPUHITH-
TIOM ONHCHIBAEMOT0 HIDKE alTOPUTMA.

VYunteiBast T0, yTo mapamerp currentTime mosBoissieT cebs
MEHSITh, KaXKETCSl 3aMaHUMBBIM HCIIOJIB30BATh IPOCTOH CHOCOO
KOMIIEHCALMU BO3pACTaHus Lgyy — NPOCTO OyJeM COOTBETCTBEH-
HO yBenMuuBaTh currentTime. DTuM MBI Beerga OyaeM yaepiKu-
BaTh 3aJIEP)KKy BOCHPOM3BEACHUS TPAHCISIIMK B TpeOyeMoM
nmuanazoHe. OmHAKO ATOT MPOCTOM METOH UMEET OOJIBIION MU-
HYC — BOCIIPOM3BeJ/IeHHs TiepecTaeT ObITh OecmoBHBIM. [Ipu Ka-
JKJIOM KOppeKIuK BenmuuHbl currentTime Opaysep reHepupyet
coObITHE onwaiting, NPU TOM IPOMCXOAUT NPOIAJIaHHE 3BYKa
Ha HeOOJIBIION reproj. DTO OYEeHb HENPUATHBIA 3P GEKT U ecin
Takast KOPPEKIHs MPOU3BOIUTCS YacTo, TO MIPOCMOTp HpE3eHTa-
UM WM TeM Ooisiee Oecelja CTAHOBHUTCS TICHXOJIOTHYECKH He-
KOMQOPTHBIMH.

Hwmxe nmpennaraercst Ipyroi MeTon, KOTOPBI HECKOIBKO 00-
JIee CIIOKEH, HO 3aTO sBIseTcsl OecmoBHBIM. Bkpartie ero uuest
takoBa. OOHapyxHuB Bo3pacTaHue Lgyg, yseruuum cxopocmo
socnpoussedenus playbackRate mo Tex mop, moka H¥DKHSS Tpa-
HHMIIA MONOCHI HECTAOMIBHOCTH Lgyg HE YMEHBIIUTCA 0 MpHEM-
nemMoro 3HaueHus L., (Hampumep g0 200 mc). [Tocne moctuke-
HUS L,y  TpeOyemMoro 3HayeHHS BEpPHEM  HapaMmeTpy
playbackRate mpexnee 3HaueHue 1.0. [Janee anroput™ miaBHOMH
KOPpEKIUH n3araercs oee moapooHo.

ITycte Ry ecTh 00bIYHAs cKOpocTh BoctpomsBeneHus (=1.0).
Hatinem cxopocts R, mpu xotopoit currentTime moronut buff-
ered.end(0) 3a Bpems, paBHoe T. C onHOW CTOPOHEI, 3a BpeMms T
Opaysep BocpousBeleT Nyoerp = T*R; kagpos. C apyroii cropo-
HBI, MOCKOJBKY [aHHBIE IIOTOKA IIOCTYNAIOT HEIPEPHIBHO CO
cpenHeil ckopocThio Ry, Oydep yBenmnmuntes Ha Njge = T*Rg
KaJpoB. YUYHUTHIBAs, YTO /10 Hayaja IJIaBHOW KOPPEKIHK B Oyde-
pe yxe uMenoch Ng,,, = (buffered.end(0) — currentTime)*R,
KaJpOB, TO MOJIyYaeM CJIeTyIolIee PaBeHCTBO:

N61,u10 + Nuo6aB = Nsocnp (4)

Otcroma mojyyaeM 3HAUYCHHE CKOPOCTH BOCIPOHM3BEICHHS,
HeobOxomumoe utoObl currentTime «moraan» buffered.end(0) 3a
Bpems T:

R, =1 + (buffered.end(0)- currentTime)/T &)

CyTh anroputMma IUIaBHOM KOppeKiuu pasmepa Oydepa uz-
JIOXKCHA B jS-CKPUIITE:

<video id="video" height="640" width="480" controls
<source src =" " type='video/ogg; codecs="theora, vorbis"' />
</video>

<script>

var vid = document.getElementByld('video');

function correction ()

{

var T=1.0; // omgHa cexyHIa Ha KOPPEKITUIO

if (kpumepuii nnasnou Koppexyuir)

vid.playbackRate = 1 + (vid.buffered.end(0) - vid.currentTime )/T;

else

vid.playbackRate =1;

}

setlnterval (function() {correction();}, 100); // mepuommue-
CKH TBITAEMCS1 KOPPEKTUPOBATH

vid.onwaiting = function() // 3amuTa oT ucTonieHus Oydepa

if (vid.playbackRate) vid.playbackRate = 1;
</script>

B »TOli mporpaMMe KOpPpEKIHs BBI3BIBAETCS NEPUOINYECKU
10 pa3 B cekyHIy, KaXIblii pa3 CKOPOCTh BOCIIPOM3BEICHHUS
BBIYMCIISIETCS MCXOIS M3 TEKymMX BeianuuH currentTime u
buffered.end(0). Tak xax T paBeH ofHOU CEKyHJIE, TO K MOMEHTY
ouepeIHON KOPPEKIMU ITPOUTPHIBATEb BOCIIPOU3BEIET PUOIIH-
sutenbHo 1/10 nmoxo HakoruieHHoro Oydepa. Takas BennuuHa
ObUTa BhIOpaHA M3-32 COOOPAKCHHU IUIABHOCTH JBMIKCHHH B
Kajpe.

B mporecce MOCTOSHHOIO CHNEKEHHS 3a pasMepoM Legyg M
MIOJICTPOMKOIN CKOPOCTH BOCIIPOM3BEICHUSI MBI HE JIOJDKHBI 3a-
ObIBaTh, YTO Lgyg M3MEHAETCS BHYTPH MOJIOCHI HECTAOMIILHOCTH.
AJNTOpUTM JOIKEH TOCTOSIHHO KOHTPOJHMPOBAaTh HIDKHMH Kpai
MOJIOCHI HECTAOMIBHOCTH C TEM, YTOOBI OH HE OIYCTUJICS HUXKE
Lyus. B mpoTuBHOM ciiyyae KinMeHTCKUU Oydep OymeT mosHO-
CTBhIO HcuepnaH. B sTom ciyuae Opay3ep pemIuT, 4TO JaHHBIX
JUISl BOCIIPOM3BEICHUSI €My HEJI0CTAaTOYHO, BhIpaboTaeTcsi CoObI-
THe onwaiting U BO3HMKHET 3aaepkka currentTime. Hano nuna-
MHUYECKH MEHSTH CKOPOCTh BocnpounsBeneHus playbackRate Tak,
9TOOBI OHA IUIABHO YMEHBINAJIACh I10 MEpe NPHOIKEHHS
currentTime k buffered.end(0) n 3aremMm «BBIKIIOYUTEY KOPpEK-
o, korzma currentTime mpubmmsutes k buffered.end(0) na
«mpuemiemMoe» paccrostaue L. Ecmu coOsiTie onwaiting Bce
e TPOU30III0, HEOOXOANMO BO3BPAIIATh CKOPOCTH BOCIIPOM3-
BEICHHS B €IMHMILY, B NIPOTHBHOM CIIydae IPOUTPHIBATENL Ha-
YHHAET MEHTh pa3Mep Oydepa HempeackazyeMbiM 00pa3oMm.

OTaenbHO 3aciay’KMBaeT BHUMaHHMSI BOIIPOC 00 OmNpeJieieHHn
KpuTepusi Koppekuun. Kak Obulo 1OKa3zaHO BBIIIE, €CIIM KaHall
CBS3M CTaOMIIBHBIHA, TO 3aBUCUMOCTb Lgyg (t) MOCTaTOUHO XOpO-
1o cOpMHUpPOBaHa B BHJIE TOPH30HTAIBHON MOJIOCH HECTAOMIIb-
HoctH. Hampumep, Ha pucyHkax 3 u 6 3aBUCHMOCTb Lgyg, (t) MMe-
eT ToJIOCH HecTabmipHOCTH ¢ TpuHaMu W = 500 Mc u 2 cex
COOTBETCTBEHHO. TaKoif XxapakTep 3aBHCUMOCTH pa3mepa Oydepa
TIO3BOJIIET TPOBECTH KOPPEKIMIO W TIOTBITATHCS «OITyCTHTHY
nosiocy noHwke. [loaToMy mpumem 3a KpUTEpUH HPOBENECHMS
KOPPEKLIUH CIIEYIOIIEE YTBEP)KICHHUE:

kpumeputi niasuou xoppexyuu = (Leyg (1) UMEET BUI ABHO
BBIPQKCHHOW TOPH30HTAJBHON TMoJjiockl mupuHOH W) &&
(Lﬁyd)(t) -Wi2> Lmin)'

5. IIpoBepka aJaropuTMa IJIaBHOH KOPpeKUUH

IIpennokeHHbIil BbIIIE aNrOPUTM TECTHUPOBAJICS HA IUIAT-
¢dopme Windows 7/10 B Opaysepax Google Chrome, Mozilla
Firefox, Opera u Yandex. TpaHCIAIusa MeIuamnoToka BKIFOYaIa
B ce0s BUICO U ayIHO.
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Ha pucynxke 7 npencrasieH npuMep pabOThl alrOpUTMa KOp-
PEKIHH B IIPOLIECCE BOCIPON3BE/ICHHS IIPE3CHTALINH.
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Puc. 7. [lpumep pabOTHI aNrOpUTMA ITIABHOM KOPPEKIIUH

Brauane TpaHcnsnmMu nmena 3afepikky (cM. cMHHUE rpaduk
Lyys) B muamazone 0.2-0.6 cek. B moment t=3.5 mpowusonnia
«IIpocajKa», MpUeM KaJpoB KINEHTOM MPEKpaTmiIcs U Ly, Hauai
yMeHbIlIaTbesa. B MoMeHT BpeMeHu t=4.2 HIKHUN Kpail moiockl
HecTaObmnbHOCTH Ly, (t) KocHyIICS ocu abcumce, MpUeMHBIH Oy-
(ep omycTen M BOCHPOW3BEICHHUE MPE3EHTALMH TPEKPATUIIOC.
[Ipu 3ToM Gpay3ep BbIpaboTan cOOBITHE onwaiting U meperren B
OKHJIaHWEe TPUXO0Ja MEAMAJaHHBIX TpaHcmamuu. Ilocie Toro,
KaK TIpueMHEIN Oydep Opayszepa HaOpai T0CTaTOYHOE KOTHIECT-
BO KaJIpOB, BOCIIPOU3BE/ICHUE TPAHCISIIIMU TPOAOIIKIIOCH. [Ipu
3TOM pasmep mpueMHoro Oydepa Bospoc mo 1.3-1.7 cek, u y
TPAHCISIIIMU  MOSBUJIACh COOTBETCTBYIOIIAs 3alepiKKa. 3areM
BKJIFOUHMJICSI QITOPUTM KOPPEKIMU CKOPOCTH BOCHPOW3BE/ICHHS.
Koppexk1ust mpoBOAMIACH KAKIYIO CEKYHY, TOCTETICHHO JJOBE/Is
3aJIep’)KKy BOCIPOW3BEACHHS JIO ITIEPBOHAYAIBHOIO WHTEpBaja
0.3-0.7 cexk.

Ha pucynke 8 npuBeneH pe3yspTar JIUTEIFHOIO TECTHPOBa-
HUSI padOTHI MEXaHU3Ma IIJIABHON KOPPEKIINH.

BpemeHHol TpeHa pa3smepa Gydepa kimeHTa
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Puc. 8. [Ipumep paboTh! anropuT™Ma MIaBHON KOPPEKIIUH
B TeueHne 1000 cex

OT)IGJ'ILHO I/I306pa)KCHI)I YBCJIUYCHHBIC YYaCTKHU obiacrei
npocaaok.

3akJaouenue

B pabore uccienoBaHbl cBOICTBa 3a/I€PXKKH BOCIIPOU3BEIC-
HUsl Opay3epoM KJIMEHTa BO BpPEMsi MOTOKOBOHM TpPaHCISAIUH B
pealbHOM BPEMEHHM METOJIOM OIepexaroliei 3arpysku [8].
[IpemnokeHo pemieHue 3a7adu YMCHBIICHHUS 33aJICPKKH BOCIIPO-
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W3BE/ICHUS /10 IPUEMIIEMON BEIMYHMHBI, IPU KOTOPOH BO3MOXKHA
OpraHM3aIysl ABYCTOPOHHEH CBS3M B peskumMe online.

BrrsicHeHO, 9TO OCHOBHOM BKJaj B OOIIyIO 3aJEPKKy BOC-
MIPOM3BEICHUS U B €€ MOBEJCHNE OT BPEMEHN BHOCHUT HAKOIIIC-
HUE KaapoB B mIpueMHOM Oydepe mpowmrpeiBarens Opaysepa.
IIpoBeneHo ucciaeoBaHWE TPEHAOB T'MIOTETUYECKOTO BPEMEHH
oTtoOpaskeHHsI TociaeaHero mnpuusaToro kazapa buffered.end(0)
OTHOCHTEJIbHO TEKYIIET0 BPEMEHH.

B pesynbrate BbIsSIBICHBI IBa KOMIIOHEHTA TPEHIA:

1) oOmiast HecTaOMIIBHOCTD, UMEIOIIAsI XapaKTeP XOPOIIO BbI-
PaKEHHOM «I0JIOCHI HECTAOMIIBHOCTHY.

2) SIU30JMYECKUE «IIPOCAJKU», CBSA3AHHBIE C 3aJCPIKKOU
JIAaHHBIX TIOTOKA B KaHaJe Iepejayn AaHHbIX. MiToroMm mpocanok
ABNIAETCA yBeNM4eHHe Lgyg npueMHoro Oydepa, B pesynbrare
YEro yBEINYNBACTCS U 3a/IeP’KKa BOCIIPOU3BEACHUS.

Ilo pe3ympTataM NpPOBEIEHHOTO HWCCIECJOBAHMS MOBEACHHS
Leye(t) pa3spaboTaH anropuT™ IMIaBHOH KOPPEKIMH pasMepa Oy-
(epa KiIMeHTa. AJTOPUTM 3aKJIIOYAETCsl B CIEKEHUH 3a MOBEJIe-
HUeM Lgy(t) ¥ MOCTENEHHOM €ro YMEHBIIEHHH 3a CUET yBeInye-
HUSI CKOPOCTH BOCIIPOM3BEJICHHUS], TUIABHOCTH BOCIIPOU3BE/ICHHS
Me/IMa-MoToKa P 3TOM He yTpaunBaercs. ViTorn TecTupoBaHus
paboThl aNropuT™Ma IUIABHOM KOPPEKIHMH IO3BOJISIOT CJIENaTh
BBIBOJI O MPUHIUIHAAIGHONH BO3MOXHOCTH HCIIOJIB30BAHUS TEX-
HOJIOTMM OpTaHU3alliH >KMBOW MMOTOKOBOW TPAHCISILIMM METOIOM
onepexaromlel 3arpy3ku [8] a1 opraHu3alud JBYCTOPOHHEH
CBSI3M B PEATbHOM BPEMEHHU MEJK/Ty ABYMSI WK OoJiee KITMEHTaMH.
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Abstract

The article discusses the client-server technology for organizing seamless live TCP-streaming with the use of progressive download
method. Main factors which have a major impact on the overall playback latency have been identified. A study on the most important
factor - the size of the client's receiving buffer Lbuf - was carried out. It was found that the hypothetical display time of the last frame
taken consists of two components: |) the general instability, which has the character of a pronounced "band of instability", and 2)
episodic "drawdowns" associated with spontaneous media flow retentions in data transmission channel.The result of these drawdowns
is an increase in Lbuf, resulting in increased playback delay. The article proposes a method to reduce the client's receive buffer latency
downto acceptable level (100-300 ms), allowing two-way communication between clients - an algorithm for smooth correction of client
receiving buffer size. The article includes the results of the smooth correction algorithm in the implementation of TCP-Streaming by
means of progressive downloading method. The implementation is a distributed software package consisting of one or more encoding
processes, retransmitting process, client-side software. The media-flow Encoders converts data from the media-data sources (camera,
computer screen, microphone) and transmits them to the clients via Retransmitter. The client-side software is a set of web pages
(HTML + JS) where the receive buffer smooth correction algorithm is implemented. It was concluded that live TCP-streaming by means
of progressive download method is quite suited to organize the communication with low latency between clients.

Keywords: seamless live TCP streaming, low latency TCP streaming, progressive download, Ogg streaming, Vorbis, Theora.
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