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AHHOTAIIUSI MATUCTEPCKOM JINCCEPTAIIMA

Hacrosimiass  guccepranmonHas pa0oTa TOCBSIIEHA HCCIIEIOBAHHIO
COBPEMEHHBIX METOJ0B U aJIrOPUTMOB OLICHKH HAaJIEXKHOCTH
TEJIEKOMMYHUKAIIMOHHBIX CETeH, pa3padOTKe U CO3JaHUI0 METOJOB W
AITOPUTMOB OLIEHKH HAJEKHOCTH C TOMOIIBI0 HEHUPOHHBIX CETEHM, a TaKXKe
ONTUMU3AIMK Pa0OThl HEHPOHHOU ceTU MyTeM MOAU(UKALUUA HPOrPaAMMHOIO
KOJIa U TApaMETPOB CUCTEMBI.

AKTYaJIbHOCTh MccJieloBaHusi. Ha cerogusamHuii  JgeHb, TPYIHO
NPEICTaBUTh HaIly JKU3Hb 0€3 CpPeACTB CBS3M W TEIEKOMMYHHUKAITHH.
TenekoMMyHHKaLMs CTAJI0 HEOTHEMIIEMOW YacThIO KU3HU KaXXIoro u3 Hac. 1
MBI MOJIb3YEMCSl X BO3MOXXHOCTSMU MPAKTUUECKUHN Be3/ie. Mbl 3HaeM UTO Halll
BeK, Bek mHpopmarmonnsix TexHonoruii (UT), Bpems korma UT paszBuBarorcs
BBICOKMMHM TEMIIaMU, M OXBaTbIBaeT Bce cdepbl ku3HU. Poct pazmepHOCTH
TEXHUYECKUX U MPOrPAMMHBIX CPEJICTB XApAKTEPU3YETCS B HACTOSIIEE BpEMs
pOCTa TEIEKOMMYHHUKAIMOHHBIX CETEH, BKIFOYAIOIIUM OT THICSYM JO MWIJIHOHA
AJIEMEHTOB — Y3JIOB M KaHaJIOB B3auMojehcTBUs. C poCTOM pa3MEpHOCTU CETH
IPOUCXOUT PaIUKAIbHOE MEPEPACTIPENCICHIE BAXKHOCTH PEUICHUS Pa3IMYHbIX
KJIACCOB 3aJlau pa3pabOTKM W SKCIUTyaTallMu MOA0OHBIX OOBEKTOB. Pe3ko
BO3pacTaeT 3HAYMMOCTh aHajdu3a HAJCKHOCTU Takux cerel. Takum oOpazom
OUCHb BAXXHOM CTAHOBUTCS 3ajlaya, IMOCBSIIEHHAas pa3pabOTKe METOAOB H
AITOPUTMOB OLIEHKH HAJIEKHOCTU TEIEKOMMYHUKAITMOHHBIX CETEM.

O0bekT U npeaMeT uccjaeqoBaHusa. OOBEKTOM UCCIEI0OBAHUS SBISIOTCS
Helpo-uH(pOpMaAIMOHHBIE METO/IBI TUATHOCTHKN CHCTEM Ha OCHOBE HEHPOHHBIX
CeTel, METOJMKA W CPEICTBa BBIYUCIUTEIBHOTO SKCIEPUMEHTA MO OLIEHKE
KOPPEKTHOCTH, JTOCTOBEPHOCTH U A(PGHEKTUBHOCTH MOCTPOCHHBIX MOJIETEH U
anroput™MoB. [IpenMeToM ucciaen0BaHus SIBISETCS METObI OLIEHKU HAICKHOCTH
CUCTEM, MOJICTIU U aJITOPUTMBI.

Hear m 3agauyum ucciaegoBaHusi. OCHOBHON IEIbI0 HCCICIOBAHUI
ABJISIETCS pa3pabOTKa METO/IOB U AJITOPUTMOB OILICHKU HAJEKHOCTU Ha OCHOBE
HEHWPOHHBIX CETEMU.

JInst nocTUKEHUs TOCTaBIICHHOW IIETUB padOTe pPElIaloTcsl CISAYIONNe
3a7a4u:

— O030p CyIIECTBYIOMHUX METOIOB W AJITOPUTMOB OIEHKH HAJICKHOCTH
CUCTEM.

— CpaBHUTENBHBIN aHATU3 CYIIECTBYIOIIETO MPOrPaMMHOI0 00eCTIeYeHNS.

— PazpaboTka  METOJOB W  aNrOPUTMOB  OLEHKU  HAJICKHOCTH
TEJIEKOMMYHUKAIIMOHHBIX CETE HA OCHOBE HEMPOHHBIX CETEH.



— AHanu3 CYHIIECTBYIOIIEE COCTOSIHUE MPOOJeMbl pa3pabOTKu Mojelei
OLICHKM W HEUPOHHBIX METOJ0B O00pabOTKM HH(OpPMALMU TPU HX
ONTUMAJILHOM  YTpaBJIEHUU IUIsE  pemieHus  3ajad4  ceTei
TEIEKOMMYHUKAIIHH,

— Pemienne 3a1a4 ONEHKH HAJIEKHOCTH TEIEKOMMYHHUKAIMOHHBIX CETEH C
WCIIOJIb30BAHUEM HEHPOHHBIX CETEM.

Metoasl  ucciaeaoBanusi. B paboTe  HCHONB3YIOTCS ~ METOHBI
MAaTEMATUYECKOI0 U CTPYKTYPHOTO aHajiu3a, ONTHMH3alUU HPOrpaMMHOIO
KOJ1a, 3aJICHCTBOBAH MAaTEMAaTUYECKHN anmnapar sl MOAECITUPOBAHUS IIPOLECCOB
HEUPOHHBIX CETEH.

Hayynasi HOBHU3HA JaHHOUW pabOThl 3aKJIIOYAETCS B TOM, YTO B XOJE
UCCJICIOBAHUN U pa3pabOTKU MPOTPaMMHOI0 oOecTieueHus ObLIN pa3paboTaHbI
HOBBbIE METOJbl aHaJM3a M ONTHUMHU3AIMU PaObOThl CUCTEMBbI IyTEM BHECEHUS
U3MEHEHUS B CYILIECTBYIOIIUE METOIbI U aJITOPUTMBI.

HayuHo-TeopeTnyeckasi M npakTuyeckasi 3HaUMMOcTh.Pazpaborannas

CHUCTEMa METOJHUK TI03BOJISICT ONTHMAIBHBIM 00pa3oM IOCTPOUTHh M HACTPOWTH
HEHPOHHBIC CETHU IJIs OIEHKH HAJAS)KHOCTH TEJICKOMMYHUKAITMOHHBIX CETEH.
PazpaboranHoe mnporpamMmmMHOe oOecredyeHrne MOXKET OBbITh HCIOIb30BAHO B
AQHAJIOTUYHBIX CUCTEMaXxX IJIsi JUATHOCTUKH M TPOTHO3UPOBAHMS, a TaKXKe IS
oOecriedeHus: CTaOMIHHOCTH.

CtpykTypa M 00b€éM MArucTepckKoil IMCCEPTALMOHHON PadOTHhI.
JlanHass jauccepTalMoHHass paboTa COCTOMT W3 BBEICHMS, TpeX IVIaB,
3aKIIOYEHUS, TPEeX MPWIOKEHUH U Oubnuorpauueckoro cmnucka u3 42
HanMeHoBaHuU. PaboTra n3noxkena Ha 86 cTpanunax, Bkiarodas 1 Tabnumy u 19
PUCYHKOB.

B xone BBITIOTHEHUS AUCCEPTAIMOHHON paOOThI MOTYyYECHBI CICAYIOIINE
pe3yJbTaTHI:
1.hccnenoBanre COBPEMEHHOE COCTOSHME OLIEHKM HaJIe)KHOCTH CHCTEM

MO3BOJISICT peIIaTh 3aJady OIEHKU CHCTEMBbI MPU HEOOXOAMMOM YPOBHE
JIOCTOBEPHOCTH.

2. Ilpyu mocTpoeHUM HEHUPOHHBIX CETEW JJi1 OLEHKH HAJACKHOCTU CETH HaJ0
peABAPUTEIBHO IMOJATOTOBUTh BXOJHBIE JAHHBIE M TPUBECTH UX OJHOMY
Buny. JlaHHBIE IOKHBI OBITH JOCTOBEPHBIMH KM OOOCHOBAaHHBIMH JIJISI
MOJIyYEHUS peaibHbIC MMOKa3aTeNu HaIeKHOCTH.

3. KoaudecTBO HEMpOHOB B HEHPOHHOM CJIOKO HAJIO MOI00pATh ONTHMAIBHBIM
oOpazoMm. Tak kak MOBBIIICHHUS] KOJTMYECTBO HEHPOHOB 3aMeiisieT paboTh
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[T1O, a moHM>XeHUs yBEIUYUBAET UCKaXEHUS. [Ipu MOBBIIEHUU KOJIMYECTBO

HelpoHoB Oombiie 5 Ha ogHo m3MepeHus [IO oOydeHus MPOU3BOAMIOCH

OYEHb JIOJI0 TAK KAK KOJIWYECTBO HEMPOHOB BHYTPEHHEM CJIOE€ JOCTUTAJIO
390625 mt. O0yueHus mpou3BoaMIach Oonee 15 ThIC. JaHHBIMHU.

4. Knaccel 06110 yclioBHO pasnenieno Ha 5 (A, B, C, D, E). Ho MOxXHO MEHATH
KOJIMYECTBO KJIACCOB Ha OOJIbIlIee KOJUUYECTBO UM Ha MEHBIIICE.

5. ANropuT™M MOXKHO YCIOXHUTh M MOJU(PUIHUPOBATH IS TOTYYCHUS

0oJiee JIyqIInX pe3ysbTaToB U YCKOPUTh O0yYEHHE CETH.
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BBenenue

B Pecnybnuke VY30ekucraH B cooTBeTcTBHE C 3akoHOM «O0
unpopmarmzanmu» [1], Ykasom Ilpesunenra PecnyOmmkm Y30ekucran «O
JaJIbHEHIIeM Ppa3BUTHH KOMIBIOTEpU3AlMM M BHEAPEHUU HH(POPMALMOHHO-
KOMMYHHUKAIIMOHHBIX TEXHOJOTHI» [2] W ApyruMH HOPMATHBHBIMH aKTaMHU
OPEeIIPUHUMAIOTCS  AKTUBHBIE MEpbl 10 BHEAPEHUI0 HH(POPMalMOHHO-
KOMMYHUKAIIMOHHBIX TEXHOJIOT Uil B pa3auyHbIe cepsl
nesrenpHOCTU.I'OCynapcTBEHHasi IMOJWTUKA B o0nacTh UHPOpMaTU3aLUU
HanpaBJIeHa HA CO3/IaHUE HALIMOHATBHON MH(POPMAIIMOHHO-KOMMYHUKAIIMOHHOM
UHQPACTPYKTYphl, OTBEYAIONIEH MUPOBBIM CTaHAApPTaM U YYUTHIBAIOLICH
COBPEMEHHbIE MHUPOBBIE TEHICHLUH Pa3BUTUSA BBIUMCIUTENbHOW oOnactu. B
COOTBETCTBUM C TOCYJAapCTBEHHBIMM MPOrpaMMaMH HAMEYEH IO3TAIHbIN
nepexo/ Ha mudposoe TeneBuaenue 10 2016 roxa[3,4].

Hacrtosmass auccepranvonHass paboTa TOCBAIIEHA HCCIIEIOBAHUIO
COBPEMEHHBIX TEXHOJOTMM M NPHUHIMUIOB ITOTOKOBOIO MYJBTHMEAUNHOIO
BEIIaHWA B paMKax CeTH I[epelayd JaHHbIX, pa3pabdOTKe M CO3AAHUIO
anmapaTHO-NIPOIrPaMMHOIO  KOMIUIEKCAa  TOTOKOBOTO  MYJIbTUMEAMWHOIO
BEIIaHUSl CIYTHUKOBBIX KAaHAJIOB, a TaKXe ONTUMHU3ALMK PabOThl CHUCTEMBI
MYJbTUMEIUAHOIO BELIAHUS NyTeM MOAU(PUKALMK MPOrPaMMHOIO Koja H
apaMeTPOB CUCTEMBI.

AKTYaJIbHOCTBH HCCJICIOBAHUS.

[Tepemaua mynabTUMEAUITHOW WHGOPMAIMKM SIBISCTCA AKTYaJIbHOW IS
pa3aNuYHBIX c(ep YeTOBEYECKON MesATENbHOCTH — TEJIEBUJCHUS, HAyYHBIX
UCCIIEZIOBAHUM, COBPEMEHHBIX TEXHOJOTMH JAMCTAaHIMOHHOIO OO0y4YeHus,
pa3BieKaTeNbHbIX YCIYT U ap. B cBsA3M ¢ OypHBIM pa3BuTHEM MH(DOPMAIIMOHHO-
KOMMYHHUKAIIUOHHBIX ~ TEXHOJOTMH M  AKTUBHBIM  paclpOCTPaHEHUEM
BBICOKOCKOPOCTHBIX [P cerell mMOsSBUIMCH TEXHUYECKHME BO3MOXKHOCTH IS
00paboTKH U mepenayd MyJlIbTUMEIUHHON HMH(OpManuu, B YaCTHOCTH BUJIEO

BBICOKOI'O pa3pC€liCHusA, 10 CCTAM Iepcaadn JaHHbIX. HpI/I 3TOM IIOTOKOBasd
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nepegaya MyJIbTUMEIUMHON uWHOpMaMu B pPEXUME pPeaJbHOrO0 BPEMEHHU
NPEABSABIAECT TOBBIINIEHHBIE TpeOOBaHUA K MPOUZBOAUTEILHOCTU CETH,
MPOMYCKHOW CHOCOOHOCTH KaHajla Tiepelayd JaHHBIX, 3aJepKKaM |
JIOTMYCTUMBIM TIOTEpsIM JaHHBIX. lccnemoBanme u mpuMeHeHWE Hauboee
OPUEMJIEMBIX CTAHIAPTOB CXKaTHA, npeoOpa3oBaHusi U TPECTABICHUS
BUJICOMH(pOpMAILINK, pa3pabOTKa MPOTOKOJIOB U METOJOB MEPENaun COCTABISIOT
BaXXHYIO IpOo0JieMy B 00J1aCTU pa3BUTHUS MHPOPMAIIMOHHBIX TEXHOJIOTH.

CrenyronM I11aroMm B pa3BUTUM BBICOKOCKOPOCTHBIX CETEW Meperayu
JAHHBIX ~MOXET CTaTh OpraHu3alus T[OTOKOBOIO BeEllaHUs  KaHaJoOB
CIIyTHHKOBOTO TEJIEBUACHUS MO CETH WHTEpHET. JlaHHas uaes yxe He pas
peanu3oBbIBAIACH B JIPYTUX CTpaHax. PemieHuss MyiabTUMEIUNHOTO BEIlaHUs
nocraisitor komnanuu Cisco, Alcatel, Minerva u npyrue[27, 28, 29]. Onnako
pelieHrss STU BECbMa JIOPOTOCTOSIIIME U PECYPCOEMKHE. 3aKylnKy |
AKCIUTyaTaIMi0 OOJBIITNX CUCTEM MYJIbTUMEIUNHOTO BEIIaHUS MOTYT TTO3BOJIUTh
cebe TOJNIBKO OYEeHb KPYIMHBIE ONEpaTopbl CBS3M. MENKUM U CpEeIHHUM
orepaTropaM MPUXOAUTCS JMOO BOOOIIE OTKA3aTbCsl OT MPEAOCTABICHUS
MOJOOHBIX YCIYT, JUOO HCIOJIB30BaTh CBOM CETH B KAue€CTBE TPAH3UTHBIX C
MpEe0CTaBIEHUEM YCIYTr CBOUM KJIIMEHTaM 4epe3 0oJiee KPYIHOro oreparopa.
PoiHOYHAs HUIIA K€ HEAOPOTHX CUCTEM MYJbTUMEAUNWHOIO BEIIAHUS TTOYTH HE
3anofiHeHa. EcTh nNoTpeOHOCTH B CO3JaHUM METOAOJIOTMH  pa3pabOoTKu
MPOrpaMMHO-aNMNapTaHbIX KOMIUIEKCOB MYJIbTUMEIUMNHOTO BEHIAHUSA B paMKax
(UHAHCOBBIX OTPAaHUYCHHUI.

Kak yxe ObUIO cCcKa3zaHO, OJHO W3 OCHOBHBIX HallpaBICHUUN
rOCyIapCTBEHHOM TMpOrpaMMbl B Y30eKuCTaHE  Ha JaHHBIM MOMEHT —
No3TanHbld  mepexon K uudpoBomy Bemanuto. I[Ipesugent PecmyOnuku
V36ekucran Wcnam AOayranueBud KapumoB B CBOMX JOKJIajgax HeE pas
OTMEeYas, 4TO Mepexoj Ha UudpoBoe, MOOMIBHOE W HMHTEPHET-TEJICBUICHUE
“MeeT OOJIbIIOe 3HAYEHUE B JAJIbHEHIIIEM Pa3BUTUM U MOJAEPHU3AIMU CTPAHBI,

MOBBIIIICHUH OJ1arococTostHus Hapoja [5,6,7,8].
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JlanHas pa0OoTta MOCBSIIEHA HMCCIEIOBAHUIO TEXHOJOTMM M MPUHLMUIIOB
MYJIbTUMEIMMHOIO BEIIAHMS, aHAIM3y M METOJMKE BBIOOpA MPOrpaMMHOIO
obecrnieueHus JJid Nepefayd MyJIbTUMEIUIHOTO KOHTEHTA, a TaKXKe METOAMKE
CO3JaHHsI ONTHUMAJIBHOW CHUCTEMBl MYJIBTUMEIUWHOIO BEIIAHUS CITyTHHUKOBBIX
TEJIEBU3NOHHBIX KAHAJIOB.

O0bekTOM  HMCCIECAOBAHUS  SBISAIOTCS  TEXHOJIOTMU  ITOTOKOBOTO
MYJIBTUMEIUMHOIO BEIAHNU.

IIpeamerom ucciienoBaHus SBISIIOTCA (HOpPMATHl KOAUPOBAHUS, CKATHUS
U TPEACTaBIEHUS MYJIbTUMEIUUHON HH(POPMALMH, METOAbl MOCTPOCHUS MU
ONTUMU3ALMU CUCTEM ITOTOKOBOT'O MYJIBTUMENUMNHOTO BEILIAHMS.

Heiab1o padoThI SBISIETCA UCCIEAOBAHNE ITPUHLIUIIOB MYJBTUMEIUNHOIO
BEIIaHUSl B CETAX MEpeJayd JaHHbIX M pa3padOTKa METOJOJIOTMH CO3AaHUS U
ONTUMU3ALUN IIPOrpaMMHO-aNNapaTHOro KOMIUIEKCA ITIOTOKOBOI'O
MYJIbTUMEIUWHOTO BELAHHUS.

Kpome Toro uenbto paboThl ABJISETCS H3YYEHHE MAaTEMAaTUYECKOTO
anmnapara, HUCIOIb3yeMOro I NPEACTABICHUS MYJIbTUMEAUNHBIX JaHHBIX B
ONTUMAJIBHOM C TOYKH 3PEHHS anmapaTHbIX 3aTpaT [MU(PPOBOM BHJIE HA OCHOBE
aHaJIM3a NPOLECCOB KOAUPOBAHUSA U IEKOIUPOBAHUS.

B xone paboThl pemarorcs CaeAayroye 3a1aun:

e (O030pCYLIECTBYIONIUX TEXHOJOTUA U TPUHIUIIOB MYJIHTUMEIUINHOTO

BEILIAHMSI B CETAX ITepeayu JaHHBIX.

e UccnepoBanwe — MareMaTH4ecKoro  oOecnedyeHus:  NpeCcTaBlIEHUs

MYJIbTUMEAUMHOTO KOHTEHTa B UG POBOM BHUJIE.

e CpaBHUTENbHBIM aHAIN3 CYIIECTBYIOUIErO MPOrPaMMHOI0 OO€creyeHus

JUISL CUCTEM ITOTOKOBOI'O MYJIBTUMEINMHOTO BEIIAHUS.

e Pa3zpaborka wmeromonmorum BBIOOpPa MPOTPAMMHOTO OOECTICUCHUS IS

CUCTEMBI IIOTOKOBOTO MYJIBTHUMEIUMHOIO BEIIAHWUS W IIOBBILICHUS €ro

CTaOMILHOCTH ¥ 3(PPEKTHBHOCTH.
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e (Co031aHUEIONIOTHUTEIBLHOIO TTPOTPAMMHOI0 OOECIIeUEHUsI ISl CUCTEMBI

MYJIbTUMEIUMHOTO BEIIAHMUS.

OcHoBHass mpoGjaemMa M runore3a ucciaegoBanusa. OCHOBHOU
mpoOIeMoil B HCCIENOBAHWM SBJSETCSA 3a7ada pa3pabOTKH COBOKYITHOCTH
METOAUK [JJI1 T[OCTPOEHUS ONTUMAJIIBHOW CHCTEMBI MYJbTUMEIUUHOTO
MMOTOKOBOI'O BEI[AHHWs, HAIEJIEHHOW Ha paboTy B CETHU Nepelayd JaHHBIX CO
CpelHel MPOMYyCKHOM CIOCOOHOCTHIO KaHana. ['unoresa Jjisi pelieHus: JaHHOM
npoOyieMbl 3aKJIIOYaeTcs B TOM, 4YTO JJii TIOCTPOCHHS TaKOW CHCTEMBI
HEO0OXOUM KOMILIEKCHBIN MOJX0JI B BEIOOPE MPOrPaMMHBIX CPEJCTB, aHATU3E
UX  CTPYKTYpbl, OBICTPOJACHCTBUS U  CTaOWJIBHOCTH, MoaupuKanu
MpOrpaMMHOTO KOJa U pa3paboTKe AOMOJHUTEIBLHOrO MPOrpaMMHOIO
obecrieyeHusl.

MeTtoabi HCCJIe0BAHMS. B paboTe  UCIHOIB3YIOTCSIMETOIbI
MaTeMaTUYeCKOr0 M CTPYKTYPHOIO aHajiu3a, ONTUMH3AlUU MPOrpaMMHOIO
KOJIa, 33JICICTBOBAH MaTeMaTUYECKH anmapat 1udpoBoil 00pabOTKH CUTHAJIOB,
a TaKXe METOJOJIOTHs (POPMAJTU30BAHHOTO MPOCKTUPOBAHUS MPOrPAMMHOIO
obecrieuenust RUP.

Hay4Ho-Teopernueckasi " NpaKkTu4iecKas 3HAYMMOCTh
ucciaenoBanus. Pa3zpaboranHass cucTeMa METOJIMK IMO3BOJISIET ONTHMAIbHBIM
0o0pa3oM MOCTPOUTb MU HACTPOUTH CHUCTEMY IOTOKOBOTO BEIIAHUS B CETH
nepenadn AaHHBIX. Pa3zpaboTaHHOE TpOrpaMMHOE O0ECTIEUYeHHUE MOXKET OBIThH
WCIOIB30BAaHO B AQHAJOTMYHBIX  CHCTeMax Uil ~ MOHHUTOPUHIa H
aIMUHUCTPUPOBAHUSA, & TAKXKE JUIsl 00ECTICUeHHS CTAOMIIBHOCTH.

Hayuynasi HoBM3HAa JaHHOW pabOTHI 3aKIIOYaETCs B TOM, YTO B XOJI€
UCCJIEIOBAHUN U pa3pabOTKU MPOrPaMMHOI0 obecrieueHusi ObLIN pa3paboTaHbI
HOBBIE METO/Ibl aHAIM3a M ONTHUMM3ALUU PaOOThl CUCTEMbI IYTEM BHECEHMS
U3MEHEHMsI B CYLIECTBYIOILIME MPOrpaMMHBIE MPOIYKThl HA OCHOBE OTKPBITOrO
Koza.

Crpykrypa pabotbl.JlaHHas guccepraiiioHHass paboTa COCTOUT U3

BBCACHUA, TPpEX TJiaB, 3aKJIIIOYCHU], YCTBIPCX IpuiI 0KEHMU "
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o6ubnmorpaduyeckoro cnucka u3 42 naumenoBanuii. Pabora m3noxena na 100
cTpaHunax, Bkiatoyas 19 tabmur u 36puCyHKOB.

Bo BBeneHHMH paccMOTpPEHA aKTyalbHOCTh JAHHOW padoOThI, OmpenesieHa
11€71h, TIOCTABJICHBI 3aJ]a4H, OMTUCaHa CTPYKTypa paboTHI.

B nepBoi ry1aBe mpoBeIEH aHaIU3 COBPEMEHHBIX TEXHOJIOTHH JOCTABKHU
uHbopMaIMK OT cepBepa Jla KIMEHTa, MpUBE/IeHa Kiaccudukanus U aHaiu3
dbopMaToB MyIbTUMEAMNHOTO KOHTEHTA, aHAJIU3 MPOrpaMMHOro obecreyeHus
JUIL  MYJBTUMEIWMHOTO  BEIIaHWs, METOAMKA aHajau3a IPOTHUBOPEUHA,
orpeJieNieHbl TpeOOBaHuUs K pa3pabaTbiBae€MO CUCTEME.

Bo BTOpOoW TyIaB€é MNPOBENEHO HCCIECAOBAHWE MAaTEMaTHYECKOTO
oOecrieueHusl MPECTABICHUS MYJIbTUMEIUHHOTO KOHTEHTAa B MU(PPOBOM BHJIC.
[TonpoOHO u3y4YeHBI NPOLECCHl KOIWPOBAHUS M JEKOJUPOBAHUS BHUACO- U
aynuouHGOpMaIIi.

B Tperbeit rnmaBe paspaboTaHa METOAHMKA TOCTPOEHUS KOMILIEKCA
MYJIbTUMEUAHOTO TMOTOKOBOTO BEIIAHMS CHYTHUKOBBIX TEIEBU3MOHHBIX
KaHaJlOB B CeTh IIepellayd JaHHbIX. Pa3paboTaHbl METOJAbl M MPUEMBI
ONTUMM3AIMU pabOThl M oOOecredyeHusl CTa0MIBHOCTH cucTeMbl. OmnucaHa
nporpaMMHasi peanu3anus pa3padOTaHHBIX METOJIOB M MPUEMOB ONTUMHU3ALMU
pabOThI CUCTEMBI, MPOrpaMMHAas peaanu3alys JOMOJIHUTEIBHOIO MPOrPaMMHOI0
obecrieueHus, CTPYKTypa anmnapaTHO-IPOrPaMMHOIO KOMIUIEKCa
MyJIbTUMEIUUHOrO BemaHusa. [Ipou3BeneH aHanu3 MOTYYEHHBIX PE3YJIbTATOB.
[ToxBeaeHb! UTOrM UCCIIENOBAHUM.

B 3akmrioueHun mpuBENICH KPATKUN OTUET O MPOJIeIaHHON padoTe.

AnpoGanuss padoTrel. Yacth TNONYy4eHHBIX B pabOTE€ HAyYHBIX H
NPaKTHYECKUX pEe3yJIbTaToOB JOKJIaJbIBaIach U o0cyxJ1anach
HakoH(pepeHu«MHpopMaImoHHbIe TEXHOJIOTUHU " poOIeMbI
TeJIEKOMMYHUKauMii» npoxoausmien 14-15 mapra 2013 roga B r.TamikeHr, a
TaKKe Ha TexHudeckoi koHpepeniuu MicrosoftTech-ed, npoxoausmieir 9-10

HOs10ps 2011 roga B . Mockaa.
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I'nasa |. UcciienoBanue NpUHIUAINOB MYJIbTUMEIMHHOTO

BC€IIAHUA B CETHAX NEpeaavm JaHHbIX

B nanHOil rmaBe, B pe3ynbrare 0030pa MH(GOPMAIMOHHBIX HCTOYHKOB,
MPOBEJCH aHa3 NPUHIHUIIOB MYJIbTUMEAUWHOIO BEIIaHUS B pPaMKaX CETH
Mepenadn TaHHbIX, aHAITN3 COBPEMEHHBIX TEXHOJOTHM JOCTaBKU WH(OpMAINH
OT cepBepa Ja KJIWEHTAa, MpHUBEJAeHA Kiaccupukanus W aHamu3 (OpMaToB
MYJbTUMEIUAHOTO KOHTEHTA W aHalu3 MPOrPaMMHOIO OO€CTeUeHus s
MyJbTUMEIUAHOIO  BellaHusA. Takke  omHMcaHa  METOJUKa  aHajiu3a
NPOTHUBOPEYUM U ONpesiesIeHbl TPeOOBaHUS K pa3padaThIBAEMON CUCTEME.

[Tog cerssMu mepemaun MaHHBIX MOJPa3yMEBAIOTCS HHQPOPMAIIMOHHBIE
CEeTH PA3JIMYHOM CTPYKTYpbl U TOIOJOTUH, MOIACPKHUBAIOIINE pabOTy IO
nporokony TCP/IP.Ycnyru cereil mepepaun JaHHBIX MOXHO pa3AeiiUTh Ha
YeThlpe KaTeropuu: AocTyn Kk HHTepHeT pecypcam, MOCTyHn K BHYTPEHHUM
pecypcam, [P-tenedonus, u IP-tenesunenne/paano.

K ucrounukam MynbTUMEAMHHOTO KOHTEHTA MOXKHO OTHECTH: (aiiibl
MyJlbTUMenua, nudpoBoe 3GUpPHOE TENEBUICHUE, aHAJIOroBoe 3PUPHOE
teneBuaeHue, s¢pupHoe pagno (FM/AM), mudppoBoe kabenbHOE TEICBUACHHUE,
aHAJIOroBo€ KalOeIbHOE TEJNEBUJICHHWE, OTKPBITOE CIIyTHUKOBOE IU(POBOE
TeJIEBUJICHUE U PaJINo0, 3ali(poBaHHOE CITYTHUKOBOE IU(PPOBOE TEIEBUICHUE
U pajJo, JOKaJbHbIC HCTOYHUKHU MYJIbTUMEIHA.

Beimenstor n1Ba TPUHIMIIA TMOTOKOBOW TMEpeaayud MYJIbTHUMEIUWNHOTO
KOHTCHTA B CETAX Iepelayd JaHHBIX — OJHoajaApecHas mepenada (Unicast) u
MHoroaapecHas rnepemada (Multicast).

VYrhpaBneHue mnapaMeTpamMu CETH OCYIIECTBISETCS TPEMsSI OCHOBHBIMHU
croco0amMu: BapbUPOBaHUEM CKOPOCTH Mepeaadu, aJanTUBHBIM KOAUPOBAHUEM
BUJICOMH(POPMALINM,  XAPAKTEPUCTUKU KOTOPOT'O OMPEALISIIOTCS CKOPOCTHIO
nepenayu, 1 JIOKaJbHBIM YCKOPEHHUEM Iepefayd Ha KOPOTKUX MHTEpBaax 3a

CUCT IIOBBIINICHUA CTCIICHHU CXKaTHA.



19

Jnst ynoOcTBa XpaHEHHUsl U Mepelayr Mo CETU MYJIbTUMEIUIHBIN KOHTEHT
MOJBEPTaloT cxkatuio. Jyig moiaydeHus: onuppOBaHHOTO MOTOKA MPUMEHSIOTCS
QITOPUTMBI  CXaTWsA,  OCHOBaHHbIE  HA  JUCKPETHOM  KOCHHYCHOM
npeodpazoBanuu curtana (JPEG, MIPEG, MPEG-2, MPEG-4, H.263), a Takxe
Wavelet u JPEG2000.

K ocHOBHBIM cTanmapTaM 1udpoBOTO TEIEBUACHHUS OTHOCSATCSA CTaHIAPThI
ATSC, ISDB u DVB. B ocHoBe Bcex cTaHAapTOB JIGKHUT (Qopmar
MpPEACTABICHUS] MyJIbTUMEAUNHBIX JaHHbIX MPEG-2. OnnHako 1151 BellaHus B
paMKax ceTu mepenayd JaHHbIX HauOosee npuemiem ¢dopmar MPEG-4 kak
HanOoJIee NepPCIEeKTUBHBIN.

B nmaHHOW Ty1aBe NPUBOAWTCA CPABHUTEIBHBIM AHAJIW3 CYIIECTBYIOLIUX
MPOrpaMMHBIX MPOJAYKTOB ISl pPEAU3allUi CUCTEMbl MYJIbTUMEIUUHOTO

BCIIIaHU:.

1. AHaiu3 NPUHUMIOB MYJbTUMEIUHHOT0 BeEIIAHUS B CETAX
nepeaavyu JaHHbIX

B nanHoM paznene OyayT pacCMOTpPEHbl NPUHIMIBI MYIbTUMEIUNHOTO
BELIAHUs, B CETAX Mepe/layd JaHHBIX MPECTaBISAIOIIEro co00il mepeaady oOT
HEKOTOPOT'0 LEHTPAIBHOr0 y37a (MHa4Ye cepBepa BellaHus) HHPOPMAIHOHHOT O
MOTOKA, BKIIOUAIOMIETO B ce0s ayIMo W BU3YyaJbHBbIC JaHHBIC, a TaKXKe
HEKOTOpPBIH 00BeM cly)keOHONW WHGOPMAIMKU 1T BO3MOXKHOCTH TIOTYyUCHUS
nepenaBaemMoil MHGOPMAIMU U €€ BOCHPOU3BEACHUE KIMEHTOM (KJIMEHTCKUM
nporpaMMHbIM ~ oOecriedeHueMm).  [lom  cerssMu  mepegaud  JTaHHBIX
MOJIpa3yMEBAIOTCA  MH(OPMAIIMOHHBIE CETH  Pa3IMYHOM  CTPYKTYpbl H
TOMOJIOTUH, NTojiepkuBatomue padoty no nporokony TCP/IP (rfc791, rfc793).

[TocTosHHOE YCOBEPIICHCTBOBAHUE TEXHOJOTUU CETEN Mepeaun JaHHBIX
C OHOBPEMEHHBIM yJI€UIEBICHUEM 000pYAOBaHUS MPUBEIIO K CTPEMUTEIBHOMY
pOCTY uHncia BBICOKOCKOPOCTHBIX CETEW Nepenayd JaHHbIX U BCE OOJIbIIEMY

YUCIly ~ TOJIb30BATENEH  YCIYr,  INPENOCTaBIAEMBIX  OTUMH  CETSAMM.
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Knaccudukanus yciyr, KOTOpble MOTYT MPEIOCTaBIATHCS aOOHEHTaM,

npejacrasieHa Ha puc.l.

Yenyru ceteii
nepepaqM AaHHbIX

[ocryn k [ocTyn k
WHTepHeT- BHYTPEHHUM
pecypcam pecypcam ceTu

IP-tenecoHua |P-Tenesngexue IP-paguo

AN

SB[ ] IP-IP TenedoHua il

Teﬂe(bCIHHﬂ BellaHue
| [ FTP/IsMB/p2p | |

pecypcbl Mo 3anpocy

E-MAIL lonocoeas cBA3b
NEWS

WHTepHeT-
neimxepol (ICQ,
| Messanger, [ |
Jabber)

Hoctyn k
UrPOBbIM
cepeepam

Puc. 1. Knaccudukanus yciayr cereit nepesayu JaHHbIX

MoTokosoe

BupeokoHde-
peHLM

Kax BuaHo u3 puc. 1 yciyru cereii nmepenaun TaHHBIX MOXHO Pa3/IEIUTh
Ha 4YeTbIpE KaTeropuu: AocTtyn K MHTepHeT pecypcam, ITOCTYyN K BHYTPEHHHUM
pecypcam, IP-trenedponuss u IP-teneBumenue/paguo. Paznuums WMuTepHer-
pECYPCOB M  BHYTPEHHUX  3aKIIOYaeTCsl B  Pa3JIMYHBIX  CKOPOCTHBIX
BO3MOKHOCTSIX, @ TaK)Ke 3aTpaT Ha OpraHu3anuio nHpopmarronHoro oomena. C
TOYKM  3pEHHsI ~ Omeparopa  JKelIaTellbHO,  4YTOOBl  MaKCHMaJbHBIN
WHGOPMAITMOHHBIA TOTOK (MTPOBBIE CepBepa, OOMEH JaHHBIMH U TIPOY.)
HAaXOJWINCh BHYTPHU CETHU, HE 3aTpayuBasl JIOPOTrOM KaHAl JOCTYNa K CETH
WNurepner. IP-tenedonus crama yxe IOCTATOYHO MOMYJSPHOM. YCIOBHO €€
MOKHO Pa3eliuTh Ha TENEPOHHUIO TOJBKO B paMKax CeTell mepenayu JTaHHbBIX
(IP-IP), a Taxke TeachOHHMIO, CBA3BIBAIOIIYIO CETh IEpeaavyd JaHHBIX C
o0bruHOM Tenedonnoit cersio (IP-phone) (H323, H225, H245, Q931) [10].

Haunmenee pacrnpocTpaHeHHBIMUA U HauOoJee MEePCIeKTUBHBIMU YCIyTraMu
apisiroress  [P-  teneBunenme u  IP-papmo. IlpemocraBieHune 3THX — yCIIyr

BO3MOXXHO TOJILKO B CETSIX CO CKOPOCTHIO Mepeaun nanHbx 6onee 100 Mowut/c.
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OG6e ycnyru MoOryT ObITh peaju30BaHbl KaKk B BHUJE MOTOKOBOTO BEIIAHUS —
MPAKTUYECKA TIOJNHBIA aHAJOT CYIIECTBYIOMIETO TENCBUACHUS U PaaNo C
OTIMYMEM TOJIBKO B cpene W (opMe Mepefadyd CUTHaja OT HMCTOYHHKA K
MOTPEeOUTEINIO0, TaK U B BUJIC TEIIEBUJICHUS U PAIHO T10 3aMpocy, Koraa abOHEHTHI
3amMpaniuBaOT U MPOCMATPUBAIOT TOJBKO HEOOXOIUMBIE UM B ONpPEEICHHBIH

MOMCHT BPCMCHHU (1)I/IJII)MI>I, HH(bOpMaHI/IOHHLIG N Pa3BJICKATCIBbHBIC IICPCAAYN.

Panuno-

MYJIbTUMCANWA JaHHBIC TN My]lbmuMeauﬁHblIZ KOHmMeHrm.

B  Tabmune

1

MpEeACTaBIICHbI

CpaBHUTCIIBHLBIC

N BHUIACOJAaHHBIC BO3MOXXHO O6’I>C,III/IHI/ITB CAWUHBIM TCPMHHOM —

XapaKTCPHUCTUKHU

TpeOOBaHMI K MYJIbTHMEIUHHOMY BEIIIAHHIO B CETAX Mepeaaun JaHHbIX [12].

Tabmuna 1

CpaBHUTENbHBIE XapaKTEPUCTUKU TPEOOBAHUN K MYJIbTUMEIUITHOMY BEIIaHUIO

HaumenoBan | IIporoko | Cpennss | Haznavenne Annapata | [Ipumeyanue
He cepBuUca b | ble
€MKOCT cpeacTBa
b
pecypca
(out/c)
[ToTokoBoe MPEG2 | 4-6M [TotokoBoe CnyrHukoBa | TeaeBU3MOHHO
BEIaHUE MPEG4 2-4M BEIIaHUE npu | s PCl mnara | e kauecTBO
BHJICO (UDP, HCIIOJIb30BaHUN (540x768)
(multicast) RTP) CHEIUAIU3UPOBAHHO
IToroxoBoe MPEG1 | 128k ro Crepeo3Byk
BeI[aHHE Layer3 KaHaJI000pasyromer
ay/Iuo (UDP, 0 00opynOBaHUS
(multicast) RTP)
[ToToxoBoe MPEG2 | 4-6M [ToToxoBoe TeneBU3MOHHO
BEI[aHUE MPEG4 2-4M BEI[aHNE oe3 € KaueCcTBO
BHJIEO (UDP, WCTIOJIb30BaHUS (540x768)
(unicast) RTP) CHENHaIu3HPOBAHHO
[ToTokoBoe MPEG1 | 128k ro Crepeo3Byk
BEIllaHKE Layer3 KaHaJI000pa3yroier
ayauo (UDP, 0 000pyIOBaHUS
(unicast) RTP)
IP renedonms | H.323 6k-64k | MectHas IP-Phone, WuTepakTiBH
Tesie(pOHHAsE  CBs3b, | HUTIO3BI [P BI1 PEKUM
JOCTYII K | TesneoHun
MEXIYTrOpOJHEN U
MEXIYHApOIHON
TeneOHHOM ceTn
Buneokonde- | H.323 64k- Buneorenedonus WEB- WnTepakTuBH
PEHIICBSI3b 256k Kamepbl bIi PEKUM
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WeTounuim
MYNLTUMEOWAHOMO
KOHTEHTA

dain SchupHoe SdcpupHoe KaBensHoe chs q::::;':e Ilmou::::)
My e Ranuo vl s in TENEBMAEHWE U PAJNO MynbTUMEHa

N\ AN
WEB-kamephi
| MP3 |_ | Ludposce | |AHanoroaoe| \ Lncbposoe | ‘AHBI‘DI"OBOE|

L~ [~ ]

MukpodoHsl

AVI
V(MO BuneoMarHMTomoH.]

W BUEONNeepk

| OTephbiTEIe

3awndpoBaHHbLIe

Puc. 2. Knaccudukanus iCTOYHUKOB MYJIbTUMEAUINHOTO KOHTEHTA

OcHOBHOM 3ajadeil JJis ONEpaTOpOB CETeW Tepeaadyd JaHHbIX,
pa3BepThiBatomux cucteMbl [P-teneBuaenus u IP-paguo (uwnm wunaue IP-
MYJIbTUME/INA), SIBIISCTCS 3ajaya ITOMCKa HCTOYHHUKOB caMoro
MYJIbTUMEIUMUHOTO KOHTEHTAa W BBISBICHUSI KPUTEPUEB CPABHEHUS OTHUX
ucTouHukoB. Ha pwumc. 2 mpeacraBieHa kiaccu(UKAIUsS HCTOYHUKOB
MYJIBTUMEIMMHOTO KOHTeHTA. Kak BUIHO W3 ATOW KiaccH(PUKAINK, B KA4eCTBE
HMCTOYHUKOB MYJIbTUMEAUHHOIO KOHTEHTAa MOTYT BBICTYNaTh: (Haillibl C
MyJIbTUMEIHa HHGOpMAIUEH Ha HOCUTEISIX, d(PUPHOE TEICBUACHUE, d(PUPHOE
pamuo, KabOelbHOE TEICBUICHHUE, CIYTHUKOBOE TEJIEBUJICHHE, a TaKke
Pa3IMYHOTO BHAA JIOKAIbHBIE HMCTOYHMKHA MYJIbTHUMEIAUHMHON (BUAEO W/WIU
aynuo) wuHbopManuu. JlampHeWinee pas3ielieHHE  KaXJ0ro HMCTOYHHKA
OCHOBBIBACTCSI Ha PA3MUUAX O00OpPYJOBaHMS PACcMO3HABAHUS/TIPHEMa JIAHHOTO
Buja kontenta [10].

Kaxneii Bua wucToyHMKa o00J1aJja€T CBOMMHM  JIOCTOMHCTBAMU U
HEJOCTaTKaMU, MO3TOMY JJISl TIOJIyY€HUsS OOBEKTUBHOW KapTHHBI HEOOXOIMMO
BBIJICIIUTh KPUTEPUU CPABHEHHS:

1. UudopmanrionHast HOBU3Ha;
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2. CroumocTh O0OpYAOBaHMS I TMOIYYEHUS MYJIbTUMEIUNHOTO
KOHTEHTA;

3. JlerkocTh npeoOpa3oBaHMs JIJIsi TOTOKOBOTO BEIIAHWS;

4. JlerkocTh npeoOpa3oBaHus U Kiaccupukanuu s sugeo-Ilo-3anpocy;

5. KonnuecTBo JOCTYMHBIX pa3IUYHbIX HCTOYHUKOB OJJTHOTO THIIA.

Kputepun Oyaem olLeHuBaTh C MOMOLIBIO S5-TH OanbHOM IIKaibl: 1 —
Hauxyjuee, 5 — Hauayullee cocTosHue. B Tabmmue 2 mpezacraBiieHa OLIEHKa
JOCTYIHBIX UCTOYHUKOB MYJIbTUMEIUIHOTO 000pYI0BaHUSI.

Tabnuua 2

OHGHKa HCTOYHHUKOB My.]'[BTPIMGI[HfIHOFO KOHTCHTA

Kpurepunii 112345
HUcrounuk

dailyibl MyJIbTUMEINA

[Hudporoe a3pupHoe TENEBUACHNE

AHanorooe 3(UpHOE TEIEBUIECHHUE

Odupnoe paguo (FM,AM)

[Hudposoe kabenbHOE TEIEBUICHUE

Amnajorosoe kadbeiapHOE TCICBUICHUC

OTKpBITOE CIYTHUKOBOE IIU(PPOBOE TEIEBUACHUE U PATTUO

3ammdpoBaHHOE CITYyTHUKOBOE MU(PPOBOE TEIECBUICHHUE U PAJIHO

NOBR IR DDBR -
WL WANRABEDNO
WWORFROIN PR oW
[l el N el e el el N i N O RO
WO NDN A PP O

JIokanbHBIE UCTOYHUKHU MYJbTUMCANA

Kak MOXHO yBUAETh M3 TAOJHUIBI Y KaXJOTO M3 UCTOYHUKOB HMEIOTCS
CBOM JJOCTOMHCTBA M HEJOCTATKH, [MO3TOMY BBHIOOP TOIO WJIM MHOTO MCTOYHHMKA
JOJDKEH OIPEAENATHCS KaK C y4ETOM BBIIICO3HAYECHHBIX KPUTEPUEB, TaK U Ha
OCHOBE Pa3IUYHOI0 pojJia OrpaHUYEHUN (BO3MOXHOCTEN MPUOOPETEHHOTO WU
pa3paboTaHHOIO IIPOrPAMMHOI0 obecnievyeHus, (MHAHCOBBIX,
OpPraHU3allMOHHBIX), @ TAaKXK€ C y4eTOM MHEHHUS IMOTEHIHUAIbHBIX a0OHEHTOB
JIAHHOW YCIIYTU.

Cnenyromum 3tanoM (opmupoBanus yciayru [P-mynsTumMenuitHoro
BEUIaHUs JOJDKEH cCcTaThb BBIOOp (QopmMaTa MpPEACTABICHHS  CAMOIO

MYHLTHMGHHﬁHOFO KOHTCHTA.
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2. Knaccudukanusi TeXHOJ0ruid Jo0cTaBKM MHGoOpMAauM OT cepBepa
0 KJIHEHTA

[Ton TtexHomormeil moCTaBKM WHQOpPMAIUKM OT CepBepa N0 KIHUEHTA
CJIETyeT MOHMMAaTh MHOTO00pa3re MPOTOKOJIOB TIEpe/layu JTaHHBIX, C TTIOMOIIBIO
KOTOPBIX OCYIIECTBIsIETCsS OOIIEHHWE CepBepa BEIIAHWSA W KIUEHTa B paMKax
cetu mnepegayd JaHHbIX. CyIIeCTBYET JBE OCHOBHBIE CXEMBbI JOCTaBKH
udpoBbIX MOTOKOB 1O [P cersam, obiamaronux CBOMMH JOCTOMHCTBAMHU H
HEIOCTaTKaMH: TEXHOJOTHs TOuYKa-Touka (unicast), TexXHOJOorus TOodYKa-

MHorotouka (Mmulticast) [20] (puc. 3).

UNICAST MULTICAST

Paboyas craHumMa

Paboyan craHuua

MynsTUMeaua ueHTp MynbTuMeaua UeHTp

PaBGoyan ctaHums

Puc. 3. Cxembl 0ocTaBKM IU(POBOro MOTOKA OT cepBepa J0 KIMEHTa

B cityuae ucrionb3oBaHum UNICASt TEXHOIOTUU BO3MOXKHO HCIIOJIb30BAHUE
MPOTOKOJIOB Tiepeaaun JaHHbIX 0e3 rapantun nocraBku: UDP, RTP (Real-Time
Transport Protocol — Ilporokon mepemaun peanbHoro Bpemenu, RFC-2205, -
2209, -2210, -1990, -1889,-3989, -3952; "RTP: A TransportProtocolforReal-
TimeApplications™ H. Schulzrinne, S. Casner, R. Frederick, V. Jacobson).
[Tocnennuii Gazupyercsa Ha uaesax, npemiokeHHbix Kinapkom n TeHHeHXay3oM
[21], m mpenHasHayeH ans TOCTAaBKM NAHHBIX B pealbHOM MacIiTabe BPeMEHH.
IIpu o>TOM ompenensercs TUI IIOJA  JAaHHBIX, IIPOM3BOIUTICS HyMepaLus
MIOCBUIOK, IPUCBOCHUE BPEMEHHBIX METOK M MOHUTOPHHI  JOCTABKH.
[Tpunoxenuss o6piuHO Hcnonb3yloT RTP mosepx mporokona UDP ana Toro,
9TOOBl ~ WCHOJB30BAaTh  €r0  BO3MOXKHOCTH  MYJIBTUIUICKCUPOBAaHUS U

KOHTPOJIbHOI'O CYMMHPOBAHMHA.
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Ho RTP moker uCnoyib30BaThCsi U MOBEPX JIFOOOM Apyroil cereBoit
TpaHcnopTHO cpeapl. Omnako cam 1o cebe RTP He obOecnieunBaet
CBOEBPEMEHHOM JOCTAaBKM U HE MPEJOCTaBISET KaKUX-TUOO rapaHTUil ypOBHS
cepBuca. OTOT NPOTOKOJI HE MOXKET TIapaHTUPOBATH TAaKKE KOPPEKTHOIrO
Nopsi/Ika JOCTAaBKM JaHHBIX. [IpaBWIbHBIA MOPSAOK BBIKIAIKA WHGOPMAIMH
MOKET ObITh OOecredyeH MPUHUMAIOIIECH CTOPOHOW C MOMOIIBIO MOPSIKOBBIX
HOMEpPOB TNakeToB. Takas BO3MOXXHOCTb KpaliHe BaKHa BCerja, HO 0co0oe
BHUMaHHUE JTOMY  VyIENsieTcs TMpU  BOCCTAHOBJIEHUU  IIEPEIaBaeMOro
U300paKEHUS.

Kpome Toro, mpu wucnoip3oBaHud UNICast BO3MOXKHO TpPUMEHEHHE |
npoTOKOoJIOB ¢ rapantueil nepenayun aanHsix: TCP, HTTP. B atom cnyuae Oyner
HECKOJIBKO yBEJIWYEH HWH(POPMAIMOHHBIM TMOTOK, HO 3aTO TapaHTHUpPYyeTCs
KaueCTBO NPUHUMAEMOr0  MYJIbTUMEIUMHOTO KOHTEHTa B  YCIOBHSX
HEHAJIeKHOIO0 KaHalla Iepenayd JaHHbiX. llom HEHageKHOCThIO KaHalla B
JAHHOM Clly4ae JOJKHO ITOHMMAThCS KPATKOBPEMEHHBINM OTKa3 Iepeaadu
(pa3nmuyHOrO poAa KOJMJIM3UM B CETH), cOOM B mepenaye (HEMpaBUIbHBIN
nopsaaok IP makeroB mpuHATHIX KiveHTCkUM [1O M3 3a pa3nuyHOro BpEMEHH
noctaBku) U npouee. OnHAKO k€ MHPOPMAIIMOHHAS €MKOCTh CaMOro KaHaja
JOJKHA OBITh TOCTaTOYHA Kak JJIs NEepeIadyn MyJbTUMEIUUHOIO KOHTEHTA, TaK
U I8 [epefayd  Ciay:KeOHOM HMH(pOpMalMM W TOBTOPHBIX — 4YacTeu
MYJIbTUMEIUAHOTO KOHTEHTA.

[Mpu wucnmonb3oBanuu Multicast TeXHOJOTHU BO3MOXKHO IPUMEHEHHUE
CIeyIonmMX MpoTOoKoNoB 0Oe3 rapantum jgoctaBku: UDP, RTP. Kak yxe
ormeuaioch  Bbimie RTP  o0ecrieumBaeTr  HEKOTOpBI  KOHTpPOJIb 3@
UHGOPMAIIMOHHBIM TMOTOKOM, HO HE MOXET TOJHOCTBIO TapaHTUPOBATH
JOCTaBKy JaHHbIX 10 kimeHta. OJHako ke wucmoiab3oBanue mMmulticast
texHonoruu ¢ UDP wim RTP npoTrokonom COBMECTHO € Kaye€CTBEHHBIM
KaHaJ1000pa3yromuM o0opyioBaHueM, ¢ nojaepxkod IGMP mapmpytuzanuu
(RFC-1112, RFC-2236), mo3BoyIIeT AOCTHYh MaKCUMaJIbHOUW 3(PPEKTUBHOCTH

cepBepa MYJbTUMEIUNHOIO BEIIAHUS — alllapaTHbIE U MPOrPAMMHBIE 3aTPaThI
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CCpBCpa BCIIAHUA HMAYT TOJBKO Ha ITIOJYYCHHUC MYHBTHMeﬂHﬁHOFO KOHTCHTA H

1epeavy ero B CeTh, a JIOCTAaBKYy O KOHKPETHOrO a0OHEHTa U IapaHTHUIO 3TOM

JI0CTaBKU OyJieT o0ecreurnBaTh KaHAT000pa3yroliee 000py10BaHHUE.

Tabmauma 3

Ornenka mapaMmeTpoB unicast u multicast

unicast

multicast

Ocobennocmu

Hemnocpencreennas nepenada

JaHHBbIX OT CCpBCpa KIHCHTY C

YCTAaHOBJICHUEM  WIIH 0e3
YCTaHOBJICHUS COCAMHEHUS.
[Tpunuem B otrmpasisiembix [P

IlaKkerax sBHO  yKasbiBaercs [P

anpec cepsepa u IP agpec xkimenra.

OnocpenoBaHHasg mepenada JaHHBIX OT

cepBepa  KJIMEHTY, OCYIIECTBJsieMas C
MOMOIIFI0 BXOJIa CE€pBEpa U KIUEHTOB B
T.H. multicast rpynmst [27]. B IP nakerax,
OTITPABIIIEMBIX CEPBEPOM coaepx utcs [P

aJpec caMoro cepBepa u aapec multicast

IPyNObl, [Js  KOTOPOW IIpeJHAa3Ha4CH
MaKer. Kananoo6pasyroiee
o0opyaoBaHue (MappyTH3aTOpHI,
KOMMYTAaTOpBbI) POU3BOJIST
OTCJICKUBaHUE MOJKITFOYEHUS u

OTKJIFOUEHHMS KJIHMEHTOB K/M3 multicast

rpynmn u

WJIN HC HAIIPaBJIAIOT

COOTBCTCTBCHHO HAaIIPpaBJIAIOT
COOTBGTCTBYI-OIHI/Iﬁ

IP maker B cerMeHT KJIMEHTAa

Hcnon b3yembvble npomoKoJibl

nepemnaun: TCP, UDP, RTP, HTTP
mapmpyrusanuu: RIP, BGP, OSPF

UDP, RTP
IGMP

Kananoobpaszyrowee obopyoosanue, noodepacusaroujee nepeoady no cxemam

Bce o0opyioBaHueE,

MOIePKUBAIOIIIEE nepenavy

JAHHBIX I10 MpoToKoiy [P

MapuipyTusaTopsi, MOJIEPKUBAIOIIME

npotokoi Mapupyruzauuu [GMP
IGMP

KomMmyrartopel ¢ mogaepkkou
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Snooping
[Ipourie KOMMYTaTOPbl U KOHIIEHTPATOPBI
c mepemadet multicast makeToB B

IMUPOKOBCIIATCIILHOM PCIKUME

[Ipu pemieHun Bompoca OTHOCUTEIBHO CXEMBbI IPEAOCTaBICHUS
MYJbTUMEIUUHBIX YCIYT HEOOXOJIMMO YUYUTHIBATh CIOXHUBIIYIOCS OOCTaHOBKY
BuyTpu [P ceru (cymectBytoiiee 00OpyIOBaHHE, BO3MOXHOCTU MO €ro
MOJICpHU3ALINH), KOJIMYECTBO M0JIb30BaTeleH CeTH, KOJIMYECTBO
MOTEHIIUAJIbHBIX a0OHEHTOB YyCIyrd. [IpUHIIMNUATBEHO MOXKET CIOKUThCS JIBE
CUTYyalluu — MYJIbTUMEIUMHBIE YCIYTH JOJAKHBI ObITh MPUIOKEHUEM U TPOCTHIM
pacuiupenueM (yHKIMOHAILHOCTU Oa3zoBod I[P cetu (cetm mnpennpusiTui,
o(puCOB) M MYyJbTUMEIUWHBIC YCIYTH KaK OTICIBHBIN BUJ MPEIOCTABIISIEMBIX
yCIyr BHYTPU ceTH (3a ompenesieHHyo IuiaTy). OCHOBHOE pa3jnyue 3TUX
CUTyalluii — OTCYTCTBHE M HaJIMYMe HEOOXOAMMOCTH OpraHU3aIMU CUCTEMBI
paszieseHus JoCTyna K MyJIbTUMEINA YCIIyTraMm.

B cmywae unicast TexHoJOrMHM OpraHM3alMs pas3icicHHs JOCTyIa
peanusyercsl JOCTaTOYHO MPOCTO CTaHIAPTHBIMU MeTojamMu. B dyacTHOCTH
MOET OBITh OpPraHW30BaH JOCTYNl K CEpBEPY MYJIbTUMEIUA KOHTEHTa C
UCIIOJIb30BAHUEM TapOJIeH T0CTyTA.

B ciyuae npumenenuss multicast TexHomoruu opraHu3aIys 3alluThl OT
HECaHKIIMOHUPOBAHHOTO JOCTYIA JOCTATOYHO CJIIOKHA. DTO JOJKHO OBITH JIMOO
YUCTO amnmapaTHoe pelleHrue, KOTJla KaHaJoo0pa3yrolieMy o000pyI0BaHUIO
YKa3bIBAIOTCS A0OHEHTHI, KOTOPHIM pa3pelieH TOCTyN K YCiayre, Ju0o 3TO
JOJKHO OBITH MIKM(POBAHUE MYJIBTUMEIUIHOTO MOTOKA HA CTOPOHE cepBepa U
ero nemmdpanus ¢ NOMOUIBIO CAaHKIIMOHMPOBAHO pa3faBaeMbIX KIIIOYeH Ha
CTOpPOHE KJIMEHTA.

[TapannenbHO  pemieHHIO  BOMpoca O  TEXHOJOTMH  JIOCTABKH
MYJIbTUMEIUUHBIX JTAHHBIX OT CepBepa 10 KIUEHTa, HEOOXOAUMO pEIIUTh

BONIPOC O COOCTBEHHO ¢opMaTe TPEACTABICHUU OTUX MYJIbTUMEIUWHBIX
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JaHHBIX, 0 HGO6XOI[I/IMOCTI/I Ui OTCYTCTBHUU HGO6XOI[I/IMOCTI/I nux

nmpeo0pa3oBaHus U3 UCXOAHOTO JopMaTa MoydaeMoro KOHTCHTA.

3. Knaccupukaums u  a”Haau3  (GopMaToB  MpeACTABJIEHHA

MyﬂLTHMeﬂHﬁHOFO KOHTCHTA

Kak yxe oTmedanoch, CYHIECTBYET MHOXECTBO  HCTOYHHKOB
MYJIbTUMEIUMHOTO KOHTEHTa. B 3TOM MHOr000pa3uu MCTOYHUKOB MPAKTHYECKU
KOKJIOMY THIy CTaBUTCSI B COOTBETCTBUE OJMH WJIM HECKOJIBKO PA3IUYHBIX
(dopmaTOB MpencTaBICHUS TaHHBIX.

Oco0oe pazHooOpa3ue HaOII01aeTCS B aHAJIOTOBOM MHUPE — Pa3IudHsl KaK
B METOJAaX IIepeladn- IpueMa paJHOCUTHANIA, TaK MU B CTPYKTYpE CaMmoro
n3o0paxkenus. bonpmielt  0AHOOOpa3HOCTH  yJalOCh  JTOOUTHCS  IyTEM
cTaHpaptuzanuu B uudpoBoit  cpeme.  Knaccudukamms — dopmaros
Npe/ICTaBlICeHUs Tepelayd  MYJIbTUMEIUHHOTO (TEIEeBU3MOHHOI0) KOHTEHTa
npejcTaBieHa Ha puc. 4.

CraHgapThl aHAJIOTOBOI'O TEJIEBU3MOHHOTO BEILIAHUS HAYald MOSBIISTHCS
C MOMEHTA TMOSBJIEHUA COOCTBEHHO TeleBUACHUS. VICTOpUUecKkn NepBbIM
CTaHAAPTOM TEJIEBU3MOHHOIO BellaHusd, NpuHATBIM B 1953 rony B CIIIA,
okazasicsi NTSC. OpHako B 4YacTH €BPONEHCKUX CTpaH  MOJYy4HII
pacnpocTpaHeHue apyroiut craunapt — PAL paspabortanusiii no3anee B OPI B
1961 roay, B KoTopoMm ObutM yuTeHbl HekoTopbie HepocTaTku NTSC. Oxnako
KE U3 PKOHOMHUYECKUX U (PMHAHCOBBIX COOOpakeHui Bo DpaHinu, a Mo3HEE B
CCCP na Boopy»eHue 0bU1 IpUHAT Apyroi ctanaapt — SECAM.

C pa3ButreM MH()OPMALMOHHBIX TEXHOJIOIMH Havyalu JAENaThCs MONBITKU
M0 CO3J]aHUI0 HU(POBOro CTaHapTa TeaeBUAeHUA. JJOCTOMHCTBOM caMOM HIeH
IM(pPOBOro TENEBUACHUS SIBISETCA KAaueCTBO M300pa)K€HUS U 3BYKa, KOTOpPOE
MOXXET OBITh 3aJaHO CaMUM KOHTEHT-NpoBaigepoM. Takxke HeMaJoBa)KHbIM
ABJISIETCS. BO3MOXKHOCTD CYIIIECTBEHHOI'O YBEJIMUYEHHS KOJIMYECTBA KAHAJIOB IPU
HCIOJIb30BaHUU TOM K€ CaMOil OJIOCHI YacTOT, KaK M IPU aHaJIOrOBOM CIoco0e

BCIIIaHU:. Kak u B ClIydac AaHAJOroBblX  CTaHIAAPTOB, ucxoasa1 U3
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rEOMOJUTUYECKUX M HKOHOMHMUYECKUX MPEANOChUIOK, Ha CBET TMOSIBUJICA P
crangaptoB udposoro tenesuaenns — ATSC B CIIA, ISDB B SAnonuu u DVB
B EBpome. B ocHoBe Bcex maHHbIX cranmaptoB jexutr MPEG2 — dopwmar
MPEACTABICHNUS] MYJbTUMEAUNWHBIX JaHHBIX. PaccMOTpUM HEKOTOpble U3

1uppoBbIX (HOpMATOB.

DopmaTsel NpeacTaBneHna
W Nnepagaumn
MyNbTUMEAUAHOIO
KOHTEHTa
Axanorossie Undposrwie
TeneengeHue Pagwo Tenesnaexune Pagwo
NTSC — FM — — DvVB — DAB
PAL - AM — — ATSC ] DRM
SECAM |- — ISDB

Puc. 4. Knaccuduxarus ¢opmMaToB npeacTaBieHUs] MyJIbTUMEINA
JAHHBIX

DVB (DigitalVideoBroadcastingProject, DVB-C, DVB-DSNG, DVB-H,
DVB-MC, DVBMS,DVB-MT, DVB-P, DVB-S, DVB-S2, DVB-SFN, DVB-
SMATV, DVB-T, DVB-MHP, DVBM) - opranusaiusi, KoTopas pa3padaTbiBacT
TexHoJoruu s mudposoro teneBuacHusi[33]. B EBpore Hambonee mmpoko
UCIIONIB3YIOTCS CAEAYIOIIME MPOTOKOJIBI epeiauu, pazpadoranusie DVB: DVB-
C (ans kabenbubix cereit EN 300 429), DVB-S (ay1s1 ciyTHUKOBOTO BEIIaHUS
EN 300 421, TR 101 198), DVB-T (s mazemuoro 3¢upHoro Bemanus EN 300
744, TR 101 190).

DVB pa3zpabarbiBaeT He TOIBKO MPOTOKOJBI TIEpelayr, HO U CTAHIAPThHI

1 UHTCPAKTHUBHBIX HpHJ’IO)KGHPIﬁ, TdKHMX KaK TIIPUCTAaBKHU HI/I(i)pOBOFO
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TeneBusieHus (set-top boxes) u 1.1m. [dpyrue DVB nportokonsl Britouaror MHP
(multimedia home platform, cokpamenno DVB-MHP: TS 101 812, TS 102 812,
TS 102 819), DVB-M (cranmapt m3mepenuii curaanos DVB-S/T/C; TR 101
290, TR 101 291), DVB-H ("o6HoBnenue" cranmapra DVB-T, kortopoe
MO3BOJISIET JIOCTABJISATH HU(POBON IMOTOK B MOOWIBHBIE YCTPOWCTBA TIO
HazeMHBIM d¢upHbIM ceTsM, EN 302 304).

ATSC u ISDB. ATSC (TheAdvancedTelevisionSystemsCommittee,
ATSCStandardA/53CwithAmendmentNo. 1 andCorrigendumNo. 1) -
OpraHu3aIusl, pa3padaTsiBaoNas U yTBEPKIAIOIask CTAaHAAPTHI TSI IEPETOBBIX
TEIEBU3UOHHBIX cucTeM, B ToM unciie 1 HDTV. Haunbonee mupoko cranaapThl
ATSC pacnpoctpanenst B CIIIA wn Kaname [35].ISDB (Integrated Services
Digital Broadcasting, ISDB-T) - cranmapt nudpoBOro TeICBUIACHUS,
pazpaborannbii B Snonun. OH HHTETpUpYeT B ce0s pa3IudYHbIC BHJIbI

mudpoBoro kourenta. 1o moxeT 0biTh HDTV, STDV, 3ByK, rpaduka, Tekct u

T.1.

4.  Ananus NPOTHBOpPEYNA B  peajau3allMd  BelIAHUSA
MYJIbTHMEIUITHOT0 KOHTEHTA

B peanuzanuu BemaHusi MyJIbTUMEIUUHOIO KOHTEHTAa MOYKHO BBIJIECIIUTD
pSZl IPOTUBOPEUYUH, CBSI3aHHBIX C KAYECTBOM HM300pakKeHHS, UCIOIh3YEMOTO B
MYJbTUMEIUHHOM BEIIaHUH, U C KOJIMYECTBOM IOJIb30BaTENIEH, UCTIONb3YIOMIUX
YCIYTH  MYJIbTUMEIUWHOTO  BelaHusi (OJHOBPEMEHHO  MOJKIIOYEHHBIX
MOJIb30BaTelIeH K cepBepy Belanus (puc. 5, 6).

N3 ananu3a mpoTUBOPEUYMil MOXKHO BBIJICIUTh OCHOBHBIE HECOCTHIKOBKU
MEXKy pa3IuYHOr0 POJia KEIaHUSIMU U LEISIMU:

1 XKenanue yMEHBIINTH KaHATOEMKOCTh TB/pamno kanama;xernaHue
YBEJIMYUTH KA4ECTBO U300paKEHUS/3BYKA.

2 Y BeNnUuUThH KOJIMYECTBO OJTHOBPEMEHHO MOAKITFOUEHHBIX

a0OHEHTOB; HE YBEIIMYMBATH IMPOMYCKHYIO CIIOCOOHOCTH CeTH (HE MEHATH

CTPYKTYpY CETH).
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3 VYBeNUUUTh KOJIMYECTBO PA3IMYHOIO JOCTYIHOrO JUISl IPOCMOTpa
MYJIbTUMEIMMHOIO KOHTEHTA; HE YBEJIMYMBATH MPOITYCKHYIO CIIOCOOHOCTH CETH

(HE MEHSTh CTPYKTYPY CETH); HE PACUIUpPSATh allapaTHYI0 4YacTh KOMIUIEKCA

BEIIaHUS.

1: He AONyCTUTL M3NWTHGH YnyJleHue ka4ecTsa
3arpYKEHHOCTU CeTH Nepeaaqm usobpaxenus 7t 2 FOBLICHTL KOSMYOCTD

AaHHbIX Nb30BaTenen yenyr
<]
ﬁ n

KavectBo
u3obpaxeHusn
MYNLTUMEeaUHHOro
BelaHUA

Kananoemkocts TB/pagwo
KaHanos

Kommepueckas
NPYBNEKATENBHOCTL YCMyTH

S @ Lens 4: He aony
ALLeHUA KaYecTea A0 YpPOoB
YxynweHue kayectea He NPUeMNEeMOoro
naobpaxeHus b30BaTENAMM

N3 - nonoxuTeneHbIA aghexT
H3 - HexenatenuHbIf adhdexT

Puc. 5. [IpoTuBopeuns B mjiaHe KayecTBa U300pakeHUS

My.]'lBTHMC,Z[HfIHOFO BECIIaHUA

KCTEHCMBHOIO POCTA MPOMYCKHO!
BHOCTI CaTH

YeanuuaHua O HORPEMEHHD
NOAKMKOYEHHBIX NONb30BaTENen

b 2: MNoBbICUTE KONKUY
NOTEHUWANBHBIX U PEAnbHbIX

KonuuyecTtBO

YeanmieH1e TpebyemMoii
OAHOBpEeMEHHO ix
NpONyCKHOM cnocoBHOCTH CaTH A e MoTeHuManksHLIA lfpyr
noaKno4YeHHbIX nonL30BaTEnen
Qonb3cBaTene

Lene 4: He cospaeare
Hayqo6CTBa NONb3OBATENAM

Lens 3: OntumMnsaumsa
WMH(OPMaLMOHHOR 3arpyXeHHOCTH
ceIY Nepefaym AaHHbIX

YMEHBLUBHWe OJHOBPEMEHHO
NOAKMNKYEHHBIX NONL30BATENEH

M3 - nonoXUTENEHLIA 30MEeKT
H3 - nexenatencHbIA 3dhdexT

Puc. 6. IIpoTuBopeuns B miaHe KOJIUYECTBA OJHOBPEMEHHO
MOAKIIFOYEHHBIX IM0JIb30BATENEN

PaCCMOTpI/IM KaXXJ0€ U3 OTHUX pa3HOFHaCHﬁ " IIYTh €TI0 IIPCOOOJICHUSA:



32

1. Ymenblienne tpedyemoir ogHuM TB wmiam paguo KaHaJloM IOJOCHI
NpOMyCKaHUsl CEeTHW Tepedaud MJaHHbIX J(P(GEKTUBHO JOCTHUTaeTCs IMyTeM
YBEIUYEHUSI YPOBHS CXKaTWs HCXONHBIX MyJbTHMeOna JaHHbIX. C OIHOH
CTOPOHBI JI0 OMNpPEACNEHHOM CTENEHH, Y4uThIBas TpeOoBaHHS aOOHEHTOB K
Ka4yecTBY, 3TOT METOJl MOXET OBbITb NPUMEHEH, C JPYrol CTOPOHBI, MpPH
HOBBIIIEHHBIX TPEOOBAHMAX K KaueCTBY M300pa)K€HUsI U 3BYKa, HEOOXOIHUMO
UCKaTh Jpyrue MyTU pelieHus. Takumu MyTIMH MOXET ObITh BBIOOp Ooisee
coBpeMmeHHbIX cTanaaptoB (MPEG-4 Bmecto MPEG-2), ucnonb3oBanue Ooinee
COBPEMEHHBIX aITOPUTMOB KOMIIPECCUH B PaMKax TOI'0 K€ CaMOro CTaHjapTa, a
Takke Oolblllee  HKCIOJIB30BAaHWE  allapaTHbIX  BO3MOXKHOCTEH  MOUIU
AITOPUTMAaMH KOMIIPECCHH.

2. KonuuecTBO OMHOBPEMEHHO MOJKIIOYEHHBIX a0OHEHTOB SBIISICTCS
OJHAM M3  KJIIOYEBBIX MOMEHTOB IIpM  IMOCTPOCHUHM  KOMILIEKCA
MyJIbTUMEIUHHOrO BemaHus. Kak yxe orMedasoch B M. 2. JaHHOM TJIaBbI
CyllecTByeT unicast 1 multicast TEXHOIOIMM TOCTaBKU MH(OpMAILIUU OT cepBepa
1o aOoHeHTa. Ecnu nMeeTcst ceTh mepefadn JaHHBIX, KOTopas 0e3 cepbe3HbIX
(uHAHCOBBIX 3aTpaT (CPaBHUMBIX C TOCTPOECHUEM CAMOW CETH WIH Jaxe
OONbIINX) HE MOXET OBITh peopraHH30BaHa B CETh C MOAEPKKOM multicast
TE€XHOJIOTUH, U TIPH 3TOM YHCIJIO OJHOBPEMEHHO MOJKIIOUYECHHBIX a0OHEHTOB HE
nomxeH mpesbimath (0.1-0.5)*mpomyckayto cmocobHocTs cetu (Mowut/c), TO
€CTh CMBICJI UCIIOJIb30BAaHUSI TEXHOJIOTUH Uunicast.

3. VYBenuueHHE KOJIMYECTBA PA3JIMYHOTO MYJIBTUMEIUHHOTO KOHTEHTA
CBSI3aHO C OJTHOM CTOPOHBI C BO3MOKHOCTSMHM CETH NEpelayu JaHHBIX, C IPYroi
e HauOoJiee Ba)XXHOM CTOPOHBI, C BO3MOXKHOCTbIO 00OpynoBaHus. B ciyuae
HCIIOJIb30BAaHUS B KAUECTBE UCTOYHUKA MYJbTUMEIUUHOIO KOHTEHTA OTKPBITHIX
IM(POBBIX CIYTHUKOBBIX KaHAJIOB, TO C TMOMOIIbIO OJHOIO 3K3EMILISpa
000py/IOBaHUSI BO3MOXKEH MpUEM Uil JajdbHEhield oOpabOTKU LEIoro psa
MynbTUMeNUHBIX mporpamMMm (TB w/mnmu pammo), B ciydae ¢ 3GUPHBIMH
TEJICBU3MOHHBIMM  KaHajaMH — JIOCTYIIHO€ Ha pbIHKE 00O0pyIOBaHUE

o0OecrieynBaeT IMOJIYYCHHUC TOJIBKO KaKOI'0O TO OAHOI'O MYHBTHMGHHﬁHOFO IIOTOKaA.
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Takum o0pa3oM mociie BbIOOpa Ha OCHOBE HCXOJHBIX JIaHHBIX: Q)
KOJIMYECTBA M COCTAaBa MCTOYHHMKOB MYJbTUMEIUWHOIO BelaHUsA, 0) (GopMbI
NpeICTaBICHUs MYJbTUMEAUMHOIO KOHTEHTa, B) METOJa pacHpOCTpaHEHUs
ATOr0 MYJbTUMEAUMHOIO KOHTEHTA B paMKax CETH MepeAaud JaHHbBIX, JOHKHO
OBITb TPUHATO pEIIEHHWE O MNPUOOPETEHHH WU pa3padOTKe MPOrpaMMHOIO

oOecIeyeHMsT KOMILIEKCA.

5. Ananu3 npukiaagHoro IO pias opraHuzanum MyJbTHMEIUITHOTO
BelIAHUS

CymiecTByer  psii =~ TPOrpaMMHBIX — pEIICHWH MO0 OpraHu3aIuu
MYyJbTUMEIUAHOTO BEIIaHWS B pPaMKax BBICOKOCKOPOCTHON CeTH mMepenadyu
JTAHHBIX, KaXXJ0€ M3 KOTOPBIX 00J1alaeT HEKOTOPHIMU MOJIOXKUTEIbHBIMA U
OTPHULIATEIHHBIMA CTOPOHAMH.

IIpoexm VideoLAN

IIpoekT 6bl1 HavaT (paHIy3ckuMu cryiaentamu Ecole Centrale Paris, B
JalbHEHIIeM K HeMy TMOAKIIOYIINCh 3aMHTEPECOBAHHBIEC JIMIIA CO BCETO
3eMHoOro mapa [37].

[Ipoext HameneH Ha CcO3JaHUE TMPOrPAMMHOIO OOECTeueHus s
MMOTOKOBOT'O BEIAHUS B paMKaX BBICOKOCKOPOCTHBIX CETEH mepeaadn JaHHBIX B
craugmaprax MPEG-1, MPEG-2, MPEG-4 (B t.u. u DIV-X [31]), Bemanus
CIIyTHUKOBBIX TEJIEBU3MOHHBIX KAaHAJIOB, d(UPHBIX M KaOEIbHBIX aHAJIOTOBBIX
TEJIEBU3UOHHBIX KaHaJOB, PabOTAOIIEr0 MOJA PAa3IUYHBIMU ONEPAllUOHHBIMU
cucteMaMu. B JTaHHBIE MOMEHT IPOrpaMMHOE OOECIeYCHHE MOPTUPOBAHO HA
BCC TOMYJSPHBIC OIEpPAIlMOHHBIE CHCTEMBl. B TPOEKTEe HCIOIB3YIOTCS
IporpaMMHbBIC OMOMOTEKN KOAMPOBAHUS W JICKOIUPOBAHUS BUIEO HA OCHOBE
OTKPBITOr0 UCXOJIHOTO Koaa FFmpeg.

Nznayanbno  mpoekT  VideoLAN  Ob1  pa3zmeneH  Ha /B
B3aMMOIoTIoNTHsIomue Apyr apyra gactu — VLS (VideoLAN Server — cepsep) u
VLC (VideoLAN Client — xmuenr), omHako BHocieacTBuu kKiueHT VLC

puoOpes BCIO GyHKIIMOHAIBHOCTD CEPBEPHOM YaCTH.
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Takum o0pa3oM Ha JaHHBII MOMEHT MOXKHO CUHMTAaTh YTO CYIIECTBYET
KJIMEHTCKas YaCTh C BO3MOYKHOCTH CEPBEPA BEILIAHUS.

OO6mr1ast cTpyKTypa MCIOIB30BaHUS MPOTPAMMHOT0 00€CTICUCHUS MTPOEKTa

VideoLAN noka3ana Ha puc. 7.

Streamers Clients

Bl = .
— _—
SAP/SDP MRS X

- X

25 LS ‘
VLC for
— GNU/Linux

GNU/Linux, Windows, MacOS X, Unix, ...

Acquisition card
withsoft AP =d ¥ bt Network
encading — Unicast / Multicast / VOD VLC for
e IPv4 7 IPv6 Windows

MPEG hardware -_
encoding card GNU/Linux, Windows
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Puc. 7. CtpykTypa MyJbTUMEIUNHOTO BEUIAHUS C IIOMOILBIO MPOEKTa
VideoLAN

[IpencraBieHHass CTPYKTypa IOJHOCTBIO COOTBETCTBYET KOHIIEHIUU
MOCTPOCHUS] KOMIUIEKCA MYJIbTUMEIUIHOTO BEIlIaHMUS.

OnHako Helb3d HE OTMETUTh CYIIECTBEHHbIE HEOCTATKM CaAMOT0 IIPOEKTa
VideoLAN. K Takum HeEOOXOAMMO OTHECTH HEKOTOPYIO Pa3HOPOIHOCTH
cepBepHbIX dacTed. [[ns mnocTpoeHus eAUHOro KOMILIEKCa MPOrpPaMMHO-
ammapaTHoro oOecriedeHuss ¢ 1oMolisio mpoekta VideoLAN HeoOXxomnma
JOTIONTHUTENIbHAST ~ TOpabOTKa TMpOrpaMMHOro obecrnedeHus, paszpaboTka
pPa3NUYHBIX CUCTEM MOHUTOPUHIA M YINPaBICHUS BHYTPEHHUMHU OOBEKTaMU
CUCTEMBI.

K npyrum HemoctaTkaM HEOOXOIMMO OTHECTH Y3KOHAIPaBICHHOCTh
MIpOeKTa Ha pabory B pexume multicast. XoTs u 3agBineHo, yto [1O pabortaer
TaKk)kKe B peXUMe unicast, HO 3Ta paboTa MPOU3BOAUTCS TOJIHKO MO MPOTOKOJIAM
UDP u RTP, He obecnieunBaronmmM rapaHTUPOBAHHYIO TIepeadyy MyJlIbTUMeEIna

JAHHBIX OT CepBeEpa J0 KJIMEHTa, YTO B Ciiydae OBICTPOro, HO HECTAOMIHHOTO
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KaHajla CBS3M MOXET TPUBECTH K TIIOJHOMY OTKa3y OT TIOJYyYCHHUS
MYJIbTUMEIMHHOTO KOHTEHTA.

FFmpeg

FFmpeg — wnabop cBOOOAHBIX OMOIMOTEK C OTKPBITHIM HCXOIHBIM
KOJIOM, KOTOpBI€ TO3BOJISIIOT 3alMChIBaTh, KOHBEPTUPOBAThH U TIEPEIABAThH
MUQPPOBBIC ayIHO- W BHUJIEO3AMMCH B pa3iuuHbIX Qopmartax. OH BKIIOYAET
libavcodec — OuOIMOTEKY KOAMPOBAHUS M JACKOJUPOBAHHUS ayau0 U BHJIEO H
libavformat — GuOIMOTEKY MYJIBTUIUIEKCUPOBAHUS U JICMYJIbTUILICKCUPOBAHUSI
B MeauakoHTeHHep. Ha3BaHue IMpoMCXOAUT OT Ha3BaHUs JKCIIEPTHOM I'PYIIIBI
MPEG u FF, o3nauaromiero fastforward [39].

FFmpeg pazpaboran mox OC Ha ocHoBe LinUX, ogHaKO MOXET OBITH
CKOMITMJIUPOBAH IO MHOTHE APYTUE ONEPaIlMOHHBIE CHUCTEMBbI. Pa3paboTunku
HE BBIITYCKAIOT PEIM30B U PEKOMEHIYIOT UCIIOIb30BaTh MOCIIETHIOI BEPCHIO U3
Git. Pacrpocrpansiercs mox aurersusima GNULGPL nwan GNUGPL.

Cepseproe pewienue Adobe

Adobe Flash Media Server — nponpuerapHblii cepBep JaHHBIX ¥ Meana
KoHTeHTa oT koMmnaHuu Adobe Systems (uzHauasibHO Macromedia). PaGoraer
co cpenoit Flash Player u mno3Bonsier co3naBaTh MYJIbTUMEIUIHBIE,
MHoronofb3oBarenbckue RIA (anrn. Rich Internet Applications). Ucnons3yet
ActionScript 1 (ocHoBanubli Ha ECMAScript cKpUNTOBBIA S3BIK) IS
cepBepHO Jormku. Paweme, g0 Bepcum 2, Obul m3BecTeH Kak Flash
Communication Server [42].

Ucnonws3yercs mis:

1. Live Video — mo3BoisieT TPaHCIMPOBATh BUACO C BEO-KaMepbl IS
JPYTUX MOJIB30BATEIICH.

2. Video on Demand — moTokoBO€ BHJIEO IO 3aIPOCy.

3. Real Time Communication — npuMeHsIeTCs B IPIIIOKEHUSIX, B KOTOPBIX
TpeOyeTcsi CBs3b MEXKIY HECKOJIbKUMH KIUCHTaMH — BHJICO-

KOH(I)CpCHI_II/II/I, 4aTbl UJIM MHOTI'OIIOJIB30BATCIILCKUEC UTPHI.



36

Wowza Media Server

WowzaMediaServer — cepsepHoellO,
pa3pabareiBacmoe\WowzaMediaSystems. Cepsep npenIHa3HaYeH TUTST
OpraHu3allii Kak BEIIaHWS MOTOKOBOT'O ay/IHUO/BHJIEO0, TaK U OCTABKH BUJECO-
no-tpeboBanuio. CepBep HamucaH Ha Java, BO3MOXHA YCTaHOBKA Ha
cinenyromue cucteMbl: Linux, Mac OS X, Solaris, Unix, 1 Windows. Wowza
Media Server MOXeT OCYIIECTBISAThH BEIIaHUE HA Pa3IMYHBIC TUIIBI YCTPOHCTB U
knuenToB, Bkitouas Adobe Flash, Microsoft Silverlight, Apple QuickTime u
ycTpoiictBa, mnona ynpasienuem 10S (iPad, iPhone, iPod Touch), 3GPP
MoOunbHbIe Tenegonbl (Android, BlackBerry OS, Symbian, etc), ycrpoiicTBa

IPTV (Amino, Enseo, Roku u npyrue), urpossie konconu (Wii, PS3) [41].
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Puc. 8. CTpykTypa cucTeMbl TOTOKOBOT'O BEIIAHMS, MpeJIaraeMast
WowzaMediaSystems

IlIpoexm LinuxTV

[Tpoext LINUXTV paspabarbiBaeT W MOAJAEPKUBACT MYJIbTUMEIUUHBIHN
JpaliBep I OMEPAIMOHHBIX CHUCTEM C simpoM LINUX, KOTOpBIH COCTOUT M3
yCTpoMcTB Uit Web-kamep, aHaloroBoro ¥ MH(POBOr0 TEICBUIACHUS U
yaajaeHHbIX KoHTposutepoB [40].

DVB tools. ITpoektr DVBtools 3annMaercsi pa3paboTKoli MHCTPYMEHTOB

11 pabotsl ¢ ycrpoiicrBamu DVB B oneparmonnoii cucreme Linux [40].
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[Tpoext DVBtooIs Bkitouaer cienyrone NpruitoKeHHs:

dvbstream — WHCTpYMEHT, KOTOpPBIH MOXKET OBITH HCIONB30BAH IS
coxpanenusi DVB mnoToka Ha AUCK WM MEpeJayud €ro Mo CETH HUCIOIb3Ys
npotokon RTP;

dvbtune — npocras yrunura a1 HACTPOHKH aHTECHHBI;

dvbaudio — uncTpymenT ms 3amucu ayauo DVB;

dvbtextsubs — maker ans renepann DVD cyotuTpos u3z DVB Bemanus.

6. ®opmyJupoBaHue TpeOOBaHUMH Ha Ppa3padoTKy H BbIOOP
NPHUKJIATHOT0 MPOrPAMMHOI0 O0ecrevYeHnsl KOMILJIEKCa MYJIbTHMEIUITHOT O
BeIIaHUA

Pa3pabareiBaeMoe mporpaMMHoe o0ecriedyeHue JOKHO C OJHOU CTOPOHBI
ObITh TMOKUM M BKJIIOYATh BO3MOKHOCTH MCHOJB30BAHMS PA3IMYHBIX CXEM
pacnpocTpaHeHUs] JaHHBIX OT cepBepa K aOOHEHTaMm, C JIPYyroil CTOPOHBI 3Ta
THOKOCTh MOXKET OBITh OOeclieueHa He Ha YPOBHE MOJb30BATENsA, a HA YPOBHE
pa3paboTyuKa, KOrjaa Moj KOHKPETHbIE BRIOPAHHBIE UCTOYHHUKH, UCTIOJIb3yEMbIE
TEXHOJIOTUH U APYrue KpUTepuu OyneT BbIOpaHO U pa3paboTaHO MPOrpaMMHOE
o0ecrieyeHue € MaKCHUMAJIbHBIM OBICTPOJEHCTBUEM U € BO3MOXHOCTSIMHU
MaKCHMaJbHO TIOJHOTO B3aMMOCHCTBHUS C amnmapaTHbIM oOecreueHueM (B
IUIAaHE OIPEAEIICHUs] NapaMeTpoB IpUEMA, 3aJaHds YPOBHEH KayecTBa IS
000py10BaHUS anmapaTHOrO CXKaTHUs U MPoY. ).

B xadecTBe oTnpaBHOM TOYKH Il pa3pabOTKU anmnapaTHO-MPOrPaMMHOTO
KOMIUIEKCA MIPEAOCTABIEHUS MYJIbTUMENNA YCIIYT BBICTYHAIHN:

- OIrpaHUYEHUS, HAKJIaIbIBAEMbIE BO3MOXKHOW MPOMYCKHOM CIIOCOOHOCTHIO
BBIYHCJIUTEIILHON CETH;

- OrpaHUYEHUS, CBA3AHHBIE C UICTOYHUKAMHU MYJIbTUMEIUNHOIO KOHTEHTA
(1@ poBbIE CIYyTHUKOBBIE KAHAIBI);

- puHAHCOBBIE OrpaHUYECHUSI.

B pesynpraTe aHanmu3a BCeX OrpaHUYMBAIONIMX (AKTOPOB, a TaKkKe

JOCTYIIHBIX BapHAHTOB pPCAJIM3alluH, YUYHUTBIBAA HAKJIAABIBACMBIC OI'PAHUYCHUA
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Obl1a BhIOpaHa MOENb MPOTPAMMHOTO OOECIEUCHHMS, BKJIIOYAroONias B ceOs
CIIETYIOTNE KOMITOHEHTHI:

1. UcTOYHUK MyIBTUMEOUUHOTO KOHTEHTA - CIIYTHUKOBBIE KAHAJIBL.

2. [Tonyuenue 1mudpoBoro mMoToKa MyJabTHMEAURHOrO KoHTeHTa - MPEG-
2 KOMMEpYECKH IIpueMJIeMOro KadecTBa ¢ TpeOoBaHusiMu B 1MOuT/c X
NPOIMYCKHOM  CIMOCOOHOCTH  KaHaja, TOJy4yaeMblid IyTeM  ammapaTHOro
kogupoBanus DVB-S curnana, mocrynaromero oT 1u(poBBIX CITYTHUKOBBIX
pECUBEPOB.

3. Ilepenava mudpoBOro MOTOKA B JOKAIBHYIO BBIYUCIUTEIBHYIO CETh —
TEXHOJIOTHUS unicast.

4. Tlpu HEOOXOAMMOCTH MEPEKOIUPOBAHUE TIOIYYEHHOTO LHU(POBOTO
notoka u3 popmara MPEG-2 B popmar MPEG-4.

5. Ilepemaua nudpoBOro MmoOTOKa HAa  CEpBEp  IOTOKOBOTO
MYJIbTUMEIUAHOTO BEIAHN.

6. Ilepenaua mudpoBoro mMoToka ¢ cepBepa MyJIbTUMEAUMHOTO BEIIaHUS

yepe3 ceTh MIHTepHeT Ha KOMIIBIOTEPHI U APYTHE YCTPOUCTBA KIMEHTOB.

BriBoabl o riaase |

B rnaBe mana kmaccudukamus yciyr, KOTOpbl€ MOTEHIIMAIbHO MOTYT
IIPEIOCTABIATLCS B CETAX IEpeladd JaHHBIX: A0CTYyNl K MHTepHer-pecypcawm,
JOCTYIl K BHYTPEHHUM pecypcam cetu, IP- tenedonus, IP-reneBunenue u IP-
paauo. OIHUM M3 SKOHOMHUYECKHU IMEPCIEKTUBHBIX U AKTUBHO Pa3BUBAIOIINXCS
BUJIOB YCIyT sBisieTcss MynbTuMenuitHoe Bemanue (IP-reneBunenue + IP-
paano). Bo3MOXXHBIMM HMCTOYHHKAMU MYJIBTUMEIMMHOIO KOHTEHTA SIBJISIOTCS
¢daiinel MynbTUMEnUa, 3QUpHOE TeneBUIeHUE, 3PUPHOE paguo, KadelnbHOe
TEIEBUAEHUE, CIYTHUKOBOE LH(PPOBOE TEINEBUICHUE M PAAHO, a TaKKe
pPa3IMYHOIO poOAAa JIOKAJbHbIE HCTOYHUKM MYJIBTUMEIWMHBIX  JTaHHBIX.
CpaBHHTENBHAS OLEHKA UCTOYHHKOB IO PA3IMYHBIM KPUTEPUSAM IOKa3ana, 4yTo
HE CYIIECTBYET KAaKOro JIMOO MPUOPUTETHOTO NCTOYHUKA KOHTEHTA U K BOIPOCY

BBIOOpa HAMO TMOAXOAWTh KOMIUIGKCHO, YYWUTBIBasE H  INOTPEOHOCTH
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NOTEHI[MAJIbHBIX a0OHEHTOB W BO3MOXKHOCTH OIlepaTopa CETH Nepeaadu
JAHHBIX.

OCHOBHBIMH TEXHOJIOTHUSIMU JOCTaBKUA MYJIbTUMEIUHHON WHPOPMAITUAOT
cepBepa 10 aboHEeHTa ABJIAIOTCS TEXHOJIOruM unicast, multicast.

Hcxonss w3 aHanu3a pa3/IMUHbIX PEIICHWN 7 MPEACTaBICHUS W
nepenayu MyJbTUMEIUUHBIX JAHHBIX (AHAJTOTOBBIX U IU(MPOBBIX), OMpPENETIEHBI
cnaOble W CWIbHBbIE CTOPOHBI 3THX peuieHud. Haubonee  mnepcrnekTUBHOM
dbopmoil TpencTaBiIeHUS MYJIbTUMEIUUHBIX AaHHBIX okazaicss MPEG-2, Ha
KOTOPOM 0a3MpyIOTCs CTaHAapThl IMdpoBoro TeneBuaeHus u paauo (DVB,
ATSC, ISDB, DAB), onnako Bbicokue TpeOOBaHUs K IPOMYCKHON CIIOCOOHOCTH
cetn mepenaun naHHBIX (4-10 Merabut/c Ha omua TB kanam) cepbe3HO
OTPAaHUYMBAIOT TMPUMEHEHHUE 3TOro Qopmara B paMKax MYJIbTUMEIUUHOTO
Bemanus. Pemenne mpoOiieM, CBSI3aHHBIX C TPEOOBAHUAMH K TPOIYCKHOM
crocoOHoCTH, JIeKUT B ipuMmeHeHnn MPEG-4, onHako 3aTpaThl Ha amnmapaTHbIe
U TIPOrpaMMHBIE PECYPChl MOTYT BBIHYAUTH OTKa3aTbCsl OT HETO M BEPHYTHCS
6o k ucxogHomy MPEG-2, nubo mnepekogupoBaHHOMY C YBEJIUYEHHOM
crenenbio cxxatuss MPEG-2.

Boigenensl  mpoTUBOpEUUss  MEXAY — Pa3IMYHBIMUA  KEJIaHUSIMH,
BO3MOXXKHOCTSIMH W TPEOOBaHUSIMH TIPU  peATU3ANUN  MYJIbTUMEIHNHHOTO
BELIAHUSI B paMKaxX CeTeld Mepeladyd JaHHBIX: YMEHbBIICHUE KaHaJIOEMKOCTH
KaHaJIa ¥ YJIYYIIEHUS €ro KayecTBa; YBEIWYEHUE KOJIMYECTBA OJHOBPEMEHHO
MOJIKJIFOYEHHBIX A0OOHEHTOB M HE U3MEHEHUE CTPYKTYPHI CETH.

Pemienne O TDOpPUMEHEHMM TOW WM MHOM TEXHOJOTHHM  JIOJKHO
IPUHUMATBCS TOJIBKO IIOCJIE AHAIM3a CYLIECTBYIOIIEN CETH, BO3MOKHOCTEM
MOJIEpHU3ALINH, a TAKKE HA OCHOBE KOJIMUECTBA U TPEOOBAaHUHN MOTEHI[MATBHOTO
Kpyra abOHEHTOB.

AHaM3 psiia MPOrpaMMHBIX pPENIEHUWH TOKa3aj, 4YTO OHU SBJISIIOTCS
JIOCTaTOYHO YHUBEPCAIbHBIMUA, HO MOXET TIOHAIOOUTHhCS HEKOTOpas HuX
MonudUKanusa, YTOObl YAOBIETBOPUTH PEUIEHUSM 3a/iad, MOCTaBJICHHBIX B

JTaHHOM pabore.
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C yderoM MOCTaBJIEHHBIX OTPAHUYECHHI BBHIOpAH BapUaHT peaau3aluu
MPOrPaMMHOTO OOecTiedeHusT (TEXHOJIOTHS unicast), a Takke BbIOpaH BapHaHT
npeAcTaBiieHus: MyiabTuMenuitHoro kourenta (MPEG-2 npuemiemMoro kauectBa
C TpebOBaHHMSAMHU K TPOMYCKHOM crmocoOHOCTHM KaHama | MoOut/c ¢

HOCJICYIOLIUM TrepekoupoBanreM B MPEG-4).
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I'nasa |l. UccienoBanuecnoco060B npeacTaBIeHUs

MYJbTHUMEIUAHOTO KOHTEHTA B U poBOM BH/IE.

B ngaHHOM rnaBe MPOBOAUTCS  HUCCIEAOBAHUE MAaTEMATHYECKOTO
oOecrieueHus MPEACTABICHHS MYJIbTUMEIUHHOTO KOHTEHTA B IU(POBOM BHUJIE.

Jlnst ymo6cTBa XpaHEeHHsI U TIepeIadu MO CETH MYJTbTUMEIUWHBIN KOHTCHT
MoJIBepraroT cxaturo. J[is momydenus: orudpoBaHHOTO MOTOKA MPUMEHSIOTCS
QITOPUTMBI  CXaTWsA,  OCHOBAaHHbIE  HA  JUCKPETHOM  KOCHHYCHOM
npeobpazopanuu curaina (JPEG, MJIPEG, MPEG2, MPEG4, H.263), a Taxxe
Wavelet u JPEG2000 [13]. DTu anropuT™Mbl CXKXaTus BUIEO H300paKCHUM
CIyXKaT JJis ajanTanuy HUQPPOBBIX MOTOKOB K Mepeaade Mo CeTsAM Mepeaadu
JTAHHBIX.

CymiecTBylome Ha  CErOJHSIIHUN  J€Hb  aITOPUTMBI  CXKATHUs
KJIaCCU(DUIMPYIOTCS IO CICAYIONTUM MapaMeTPpaM:inomoKosble U CMamuyeckKue
ancopummel  cocamus.JlOTOKOBbIE — aNTOPUTMBI  CXKaTusi  pabOTaAlOT ¢
MOCIIEIOBATEIIBHOCTAMH KaJpPOB, KOAUPYS PA3HOCTHYIO WHOOPMAIUIO MEXKIY
OMOPHBIMHU KaJpaMmu (anroputmsl cxatus ceMmeiictBa MPEG, anroputm cxkatus
JPEG 2000), Torna kak cTaTU4ECKHUE aJITOPUTMBI CKATHSI PAOOTAIOT C KaXIbIM

n3o0pakeHueM B otaelbHocTH (anroputmbl cxxatus JPEG u MJPEG).

1. JluckpeTHOE KOCMHYCHOE NMpeodpa3oBaHmne
B ocHoBe MHOXXECTBa AJITOPUTMOB KOMIIPCCCHUH BHUACO- U AYAHNO- JAaHHBIX
MOJI0’KEHO JUCKPETHOE KOCMHYCHOE IpeoOpazoBaHue. JIMCKpeTHOE KOCUHYCHOE

npeoOpa3oBaHue IS JABYXMEPHOTO MAacCHBa OMNPENENIeTCS CICTYIOIIUM

obpazom [9,13]:

Q2x+Dur QRy+1Dvn
2N °T 2N

N-1N-1
F(u,v) =% C(u)C(v) 2 Z f(x,y) cos
x=0 y=0

rac
uv,X,y=0,1,2,..N-1

X, Y — KOOpJIMHATHI BEIOOPKU
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U, V — KOOpAWHATHI TPe0Opa30BaHHOTO MacCHUBa

1
C(U),C(v) — ﬁ AJId U, v = 0
1 vHaye

I/IHBCpCHOG AUCKPCTHOC KOCHHYCHOC HpCO6p330BaHI/IG OIIPCACICHO

CIIEAYIOIIMM 00pa3oMm:

Q2x+Dur Qy+1vn
2N T N

N-1N-1
F(u,v) = %Z 2 C(u)C(v)F(u,v) cos
u=0 v=0

BxozHble maHHBIC AT OPSIMOro MpeoOpa3oBaHMe M BBIXOAHBIC IaHHBIC
HUHBEPCHOTO npeoOpa3oBaHus IPEACTABIISIOTCS 9-TH OMTHBIMHU
[EIOYMCIIEHHBIMU 3HAYeHUAMHU. Ko3(hUIIMEHTbI TUCKPETHONO KOCHHYCHOI'O
npeoOpa3oBaHus MPEACTABISIIOT co00M  12-TM  OWTHBIE IE€JIOYHCIICHHBIC
3HavyeHus. Junamuyeckuit quamnazon JIKIT koaddunmuentos — [-2048; +2047].

WuBepcHoe nuckpetHoe npeodpaszoBanre N x N JT0JDKHO YIOBICTBOPSTH
OIpEIEIIEHHOMY B cTaHgapTe
«IEEEStandardSpecificationforthelmplementations» uHBepcHOMY TUCKPETHOMY

KOCMHYCHOMY ITpeoOpa3oBaHuio 8 x 8.

2. UccaenoBanue croco00B NMpeacTaBieHusl BUI€OJAHHBIX

[IpencraBnenne BHUACOJAHHBIX B HOKOHOMUYHOM ULHU(PpPOBOM BHUIE
paccmoTpuM Ha nipuMmepe crannapta MPEG-2, ssustouierocs ceituac ae Gpakto
CTaHJApTOM ISl BCEro IU(pPOBOro CHyTHUKOBOTO, 3(PUPHOTO M KaOEIbHOIO
tenesugeHus. MPEG-2  gBusercs CeMEHCTBOM  alrOpPUTMOB, KOTOpPBIE
00eCreurBaT pa3Hoe KauyeCTBO M300paXEHHUS U TOTOMY PabOTarOT Ha Pa3HBIX
ckopocTsix nudpoBeix MOTOKOB. Kitaccmbukanus anroputMoB  BHYTPH
CeMeNCTBa OCHOBaHA Ha ABYX "m3MepeHusx" - "mpodmisax" (KoTopbix 6 BUIOB)
u "ypoBHax" (4 Buma) (cMm tabmuny 4). [Ipoduin orBedaroT 3a KavyecTBo, a
YPOBHHU - 3a pa3pelieHue, ¢ KOTOPbIM CKUMaeTcs n3oopaxkenue. Mcnonap3yrores

HE BCE BO3MOXKHbIE COYETaHUS MpoQuie U ypoBHEH, a ToibKO 13 U3 HUX, €O
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ckopocTssmMu npuMmepHo oT 20 1o 100 MOut/c u paspemienuem ot 325x288 1o

1920x1152 nmukcena.

Tabmnma 4
CpaBnenue ypoHeit MPEG2
HasBanmue MaxkcumajibHbI
YPOBHS Pa3pemienne | it OuTpeiit KauyecTBeHHOE COOTBETCTBHE
Low 352*%240*30 | 4 Mbps CIF, ObITOBast BHJICO KacceTa
Main 720*%480*30 | 15 Mbps CCIR 601, cryauiinoe TV
1440*1152*3
High 1440 0 60 Mbps 4x601, 6prToBoe HDTV
1920*1080*3 Hi-End BugeoMoHTaxxHOEC
High 0 80 Mbps 00opya0BaHNE

CTpyKTypa 3jJ1eMEeHTAPHOI0 NMOTOKA BU/AE0aHHBIX

[ToTok BuaeomaHHbIX, onpeaensieMbiii cneruduramnueit [ISO IEC 13818-2,
IpEACTaBIsACT COOOM HEPAPXUUECKYIO CTPYKTYPY, SIEMEHThI KOTOPOU CTPOSTCS
U OOBENMHSIOTCS JAPYr C JPYroM B COOTBETCTBUHM C OMPEICICHHBIMU
CUHTAKCUYECKUMU M CceMaHTH4YecKuMu mnpauiamu. CymiecTByeTr 6 THIIOB
AJIEMEHTOB 3TON UEPaAPXUUECKON CTPYKTYPhI:

- BUJICOMOCIIEI0BATEIIbHOCTD;

- TpyIIa U300 paKECHHUI,

- U300pakeHue;

- cpe3;

- MakpoOJIOK;

- OJI0K;

BuneomnocnenoBaTenbHOCTh - 3JIEMEHT TMOTOKA BHJICOJIAHHBIX BBICIIETO
ypoBHsi. OHa TpeACTaBiseT CcoOOM CEepur0 TMOCIEI0BATEIbHBIX  KaJpOB
TeNeBU3MOHHOro Hn3o0paxenus. MPEG-2 nonmyckaeT Kak MOCTPOYHBIE, TaK U
YepeCcCTPOUYHbIE MOCJIENOBATEILHOCTH. UepeccTpouHas MOCIeq0BaTEIbHOCTD -
ATO cepusl TEJIEBU3MOHHBIX mMoJieid. B mpomecce koMmmpeccuu MOJSI MOTYT
KOJIUPOBAThCS Pa3lieIbHO. DTO JaeT u3o0paxkeHus tuma "mone". J[Ba 1o,

KOAMPYEMbIE KaK TEIEBU3UOHHBIN KaJip, 00pa3yloT n3o0paxkenue tumna "kaap".
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B onpHOl 4YepeccTpOYHOW MOCIENOBATEILHOCTH MOTLYT HCHOJBb30BAaThCS U
M300POKCHUS-TIONS, ¥ W300pakeHUs-Kaapel. B  TocaeqoBaTenbHOCTIX C
MIOCTPOYHBIM PA3JI0KEHUEM KaK10€ N300paKEeHUE MTPEACTABIISIET COOOM Kap.

B coorBercTBUM € UCHONB3yeMBbIMH MeToAaMu AuddepeHITnaIbHOTO
KOAMPOBAHUS pa3InyaroT Tpu Tuna uzodpaxenuii: [, P u B.

| (Intra-coded picture) - m3o0paskeHHe KOIUPYETCS C HCIOIb30BAaHHEM
TOJIKO TOW HWH(pOpMaIUMU, KOTOpash COJIEPKUTCSI B HEM camMoM. B Hem
YCTPaHSETCS TOJIBKO MPOCTPAHCTBEHHASI U30BITOYHOCTB;

P (Predictive-coded picture) - uzobpakeHue, Mpu KOAUPOBAHHH KOTOPOT'O
dbopMupyeTCsT pa3HOCTh MEXKITY HCXOMHBIM H300paKCHUEM U TIPEACKa3aHHUEM,
MOJTYYCHHBIM Ha OCHOBE MPEAIIESCTBYIONIETO WU MOCIEAYIOMIET0 N300 paskeHHUSI
thna I;

B (Bidirectionally-predicted-codedpicture) - u3obpaxkenue, Uul086 mpu *
KOJAMPOBAHUHM KOTOPOT'O HCIIONB3YyeTCs Mpeacka3zaHue, cHOpMUPOBAHHOE Ha
OCHOBE TPEIIECTBYIONIETO U MOCIeAYomero n3odpaxenuit tTuna I umu P .

[Ipu komupoBanuu P u B u3oOpakeHuii MCHONB3yeTCS MEXKaAIPOBOE
KoOupoBaHHE. B HHUXyCTpaHs€TCs ¢ NPOCTPAHCTBEHHAs, W BPEMEHHAas

U30BITOYHOCTD.

Puc.9. BuneonocnenoBaTenbHOCTh U TpyIa H300paKeHUI
Cepust m3o0pakeHH, cojaepKamux OaHO I[-n300pakeHHe, Ha3bIBaeTCS
rpynmnoil n3oOpaxkenuit. [Ipumep BHIEONMOCIETOBATENHHOCTH C Pa3IUYHBIMU

TUTIAMU U300pKEHUN TOKa3aH Ha puc.9 (CTpernkamMu MmoKa3aHbl HApPaBIICHUS
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MpeCcKa3aHusl B Mpejiesiax OJHOM TpyIIbl n300pakeHuit). Yem Ooibiiie rpymnmna

n300pakeHuit, TeM OOJbIIas CTETIeHb KOMIIPECCUN MOKET OBITh JOCTUTHYTA.

olelolelele COO000

+ + + + + +

slelelelele; 000000

olelelelele; olelelolele

+ + <+ + + +

olelelelele 000000

ololelolele QOOO000O

+ + + + + +

olelelelele 000000

QQCOQO0O QOOOQC0

+ + <+ + + +

slelelelole; 000000
Kanp Bepxuee none Huxuee none

O-Y -y 1-Cs

Puc. 10. CTpyKTypbl OTCUETOB SIPKOCTH U LIBETHOCTH (popmata 4:2:0

C undopMallMOHHON TOYKH 3PEHUS KaKJ10€ U300paKeHHUE MPEACTABIACT
co00ll TpU NPSIMOYTOJBHBIX MaTPHULbI OTCUETOB U300paKEHUs: IPKOCTHYIO Y H
ase matpunbl 1BeTHOCTH Cb n Cb. Cranmapr MPEG-2 nomyckaer pa3nudHbie
CTpYKTYpbl MaTpull. COOTHOLIEHHE MEXAY KOJIUYECTBOM OTCUETOB SIPKOCTH H
IIBETHOCTH orpezaensercs popmarom auckperuzanuu. B ciyyae dopmara 4:2:0
pasmepsl Mmatpull Cb u Cb B 2 paza mMeHblle, 4eM Y, U B TOPU3OHTAIBHOM, U B
BepTUKaIbHOM HanpasieHusx (puc. 10). ®opmar 4:2:2 oTinryaercs TeM, 4To Bce
TPU MaTpUIlbl HMEIOT OJIMHAKOBBIE pa3Mepbl 1O BEPTUKAIU, HO B
TOPU30HTAIBHOM HANpaBIE€HWU MATpPULBl LBETHOCTU HMEIOT B JBa pasa
MEHbIIEE KOJIMYECTBO 3eMeHTOB. B gopmare 4:4:4 Bce MaTpHUILIBIOAMHAKOBBI
(puc. 11).

Kaxngoe wu3o0paxeHue AenuTCs HaA Cpe3bl, KOTOPBIE COCTOAT W3
MakpoOJIoKoB (puc. 12). Makpobyiok ckiaabiBaeTcsi U3 OJIO0KOB pazMepoMm 8x8
AJIEMEHTOB H300pakeHus (MuKcenoB). Kaxaplii MakpoOIOK COAEPKUT TPYIITY
u3 4 OJIOKOB C OTCYETaMHU SAPKOCTU (M3 00JACTH HM300pakKeHHUs C pasMepamu
16x16 nukcenoB) u rpymmy OJOKOB ¢ OTCYETAMH LIBETHOCTH, B3ATHIX U3 TOU Ke

00J1acTH M300pa’keHUs, UTO U OTCUETHI OJIOKOB sipKocTH (pHc. 13).
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Q-Y - = Ch 1-Cs
Puc. 11. CTpyKTypbl OTCYETOB SIPKOCTH U LIBETHOCTHU (hopmata 4:2:2 u

4:4:4

!

Makpo6noku
Cpeanl

Puc. 12. I306paxeHue co cpe3aMu U MakpoOJIoKaMu

Bupeonorox MPEG-2Z >|

Ipynna naobpaxerui
[‘ {I-,P- 1 B-xanpul)

2 [ T T TE
!J

_x_"'l

J
WaobpaxeHwe Bnoxk

Cnaic
: Makpotnox
- . _ht B

Puc. 13. CtpykTypa Buaeonoroka MPEG-2

8
MKCEND
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Yucno OIOKOB C OTCYETAaMU IBETHOCTH 3aBUCHT OT (Qopmara
nuckperusanuu: mo ogHomy Omoky Cb u Cb B dopmare 4:2:0, mo nBa - B
dopmare 4:2:2, mo 4 - B dopmare 4:4:4 (puc. 14). B uzoOpaxkeHusx THIA
"kaap", B KOTOPBIX MOXET HCIOJIb30BAaThCSI M KaJgpOBOE, U IMOJIEBOE
KOJAMPOBAHNUE, BO3MOXKHBI 2 BapHaHTa BHYTPEHHEW OpraHu3aluu MakpoOJioKa
(puc. 15). B ciydyae KaapoBOro KOIWPOBAHMS KaXKAbld OJOK spKOCTH Y
oOpasyercsi U3 4Yepeayrolmxcsi CTPoK JBYyX mnosied (puc. 15a). [Ipu momeBom
KOJUPOBAHUM KAl OJIOK Y 00pa3oBaH U3 CTPOK TOJIBKO OJHOTO U3 ABYX
nosier (puc. 150). brnoku nBeTHOCTH OOpPa3yrOTCsA MO TaKUM € IMpaBUjaM B
cinyuyae ¢opmatoB nuckperusaruu 4:2:2 u 4:4:4. OgHako IpU KUCMOIB30BAHUU
¢dopmata 4:2:0 6110KM LBETHOCTH OPTaHU3YIOTCS JIJIsl BBIMOTHEHHUS AUCKPETHOTO

KOCHHYCHOTO IIpeo0pa3oBaHus B paMKax KaJpoBOW CTPYKTYphI (puc. 15a).

Y CpCr Y Cg Cr Y Cr

n-r.. E o1
2|3 2|3 2|3

Dopmar 4:2:0 (Dopmar 4:2:2 Dopmar 4:4:4

Ca

Puc. 14. CtpykTypsl MakpoOJIOKOB

EE
E =

Enlﬁ’

Puc. 15. CtpykTypa Makpo6sioka Y mpu KagpoBoM (a) U IOJIEBOM

KoaupoBaHu (0)
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Bce cTpykTypHBIE 31€MEHTHI NOTOKA BHJICOAAHHBIX, IMOJIYYEHHOTO B
pe3ynbTaTe BHYTPUKAaIpPOBOIO W  MEXKAAPOBOIO KOAUPOBAHHS (Kpome
MakpoOioka U 0JIoKa), JOMOJHSAIOTCS CHEHUATbHBIMH U  YHUKaJIbHBIMHU
CTapTOBBIMU KoaamH. KaXXIplil 3J€MEHT COIAEp>KHUT 3aroJioBOK, 3a KOTOPBIM
CIIEyIOT JlaHHbIE€ OJJIEMEHTOB 0Oojee HM3KOro YypoBHsS. B  3aronoske
BUJICOIOCIEA0BATENbHOCTH (KAaK 3JIEMEHTA BBICIIETO YPOBHS) IPUBOIUTCS
pazHooOpa3Hasl JIONOJIHUTENbHAs HH(OpMalLUs, HalpuMep, pasMepbl U
COOTHOILIEHHE CTOPOH H300paXeHHs, 4YacToTa KaJpoB, CKOPOCTb IOTOKA
JaHHBIX, MaTpula KBAHTOBAaHWS, (oOpMaT JMCKPETH3alUU  I[BETHOCTH
M300paKEeHHs, KOOPAMHATHI OCHOBHBIX IIBETOB M O€JIOro LBETa, MapaMeTphbl
MaTpulbl IS (OPMHUPOBAHUS SIPKOCTHOTO M I[BETOPA3HOCTHBIX CHUTHAJIOB,

rapameTpbl NePeIaTOuHON XapaKTEPUCTHKH (TraMMa).

KoaupoBaunue

CrpykrypHas cxema koaepa MPEG2 npusenena Ha puc.16.

MNpeackasatens

|

e | (7))

e
Puc. 16. brok cxema Buaeokoaepa MPEG2

KomupoBanme wucxomuoro I-dpeiiMa oOCymecTBISETCS € ITOMOIIBIO

JTUCKPETHOTO KOCHHYCHOTO npeoOpa3oBaHus, npeoOpasyroriee

MPOCTPAHCTBEHHOE  paclpeseliecHne SPKOCTH W I[B€Ta B YaCTOTHOE

pactpenenenue. B MPEG-2 miist koMIipeccuu UCONb3YIOTCA JIBa TPUHIUIIA:
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- TIOJIaBJICHWE HECYIIECTBEHHBIX JIJII BU3YAJIBHOTO BOCTIPHUSTHS MEITKHUX
JIeTaJIel MPOCTPAHCTBEHHOT'O PaCIPeIeTICHUs OTACIbHBIX KaJpPOB;

- YCTpaHEeHHE BPEeMEHHON N30BITOYHOCTH B TTOCIIEIOBATEIHHOCTH KaAPOB.

JInst 3TOrO WCIMONIB3yeTCsl JKCIEPUMEHTAIbHO YCTAaHOBJIICHHAS Masas
YYBCTBUTEIBHOCTh  YEJIOBEUECKOTO BOCIHPHUATUS K MCKAXKEHUSM MEJIKUX
neranei  u3oOpaxkeHusa. [7ma3  ObicTpee  3aMedaer  HEOIHOPOJTHOCTH
paBHOMEpHOro (OHA, YEeM HCKPHUBJIICHHE TOHKOW T'PAaHUIBl WM H3MEHEHUE
SPKOCTH M IIBETa Majoro ydactka. IIoCKOJIbKY Tiepenady TUIaBHBIX W3MEHEHUH
¢doHa oOecrmeynBalOT HU3KOYACTOTHBIC (IIEHTPAJTbHbBIC) 3HAYCHHUS YaCTOTHOTO
pacmpeneneHus, a 3a MEJIKHE JeTald NPOCTPAHCTBEHHOTO pACTIPEICICHUS
OTBEYAIOT BBICOKOYACTOTHBIE KOI(PPUIIMEHTHI, TO 3TO MO3BOJISET HCTIOIb30BAThH
CIEYIONTUIN aNTOPUTM CXKaTUs: Kajup pa3OuBaercs Ha Oioku pazmepom 16x16
(pa3mepy 720x576 coorBercTBYeT 45%36 010KOB), Kaxawli u3 kKoTtopbix JIKII
NEPEeBOJIUTCA B YACTOTHYIO 00JacTh. 3aTe€M COOTBETCTBYIOIIME YACTOTHBIC
KO3 UIIMEHTHl TMOABEPTraloTCs KBAHTOBAHUIO (OKPYIJICHUIO 3HAYEHUH C
3amaBaeMbIM uUHTepBajoM). Eciau camo mo cebe JKII He mpuBoguT k motepe
JAHHBIX, TO KBAHTOBaHWE KOA()(PUITMESHTOB, OYEBUIHO, BBI3BIBACT OI'PYOJICHHE
n3o0pakenns. Omnepanusi KBAaHTOBAHHWS  BBITIONHACTCS C  MEPEMEHHBIM
WHTEPBAJIOM — Han0oJIee TOYHO TepeaaeTCss HU3KOYacTOTHAS HH(POPMAIIHSI, B TO
BpeMsI KaK MHOTHE BBICOKOYACTOTHBIE KOA(DPHUIMEHTH MPUHUMAIOT HYJICBBIC
3HaUeHUSI. OJTO OO0ECMEeUMBAET 3HAUMUTENIPHOE CXKATHE IOTOKA JaHHBIX, HO
OPUBOAUT K CHIIKEHUIO d3(PQPEKTUBHOTO Pa3pelieHusT W BO3MOXKHOMY
MOSIBJICHUIO HE3HAUYUTETBHBIX JIOKHBIX JeTaledl (B YacTHOCTHU, Ha TpaHHIIE
OJIOKOB).

OdyeBuaHO, YTO ueM Oosiee rpy0oe KBaHTOBAaHUE HCIOJIB3YETCS, TEM
OOJbIIIE CTEMEHb CXKAaTHS, HO W TEM HIKE KAa4eCTBO PE3YyIbTUPYIOMIETO
CUTHAJA.

Hns I-ppeitmoB cranmapt MPEG-2 ompezaenser ciemyromyo MaTpHUILy

KBAaHTOBAHMSI 110 YMOJTYAHUIO (IIJ1s1 APKOCTH U JIJI [IBETHOCTH):
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B CTaHJapTe 00pa3oM 3a/1aBaThCsl IPYTUe

IMOJIB30BATCIIbCKUC MATpUllbl KBAHTOBAHMNAI, O6€CHC‘-II/IBaIOI]_II/IC HCO6XOI[PIMBII>1

YpOBEHb TMOTEPh KayecTBa.

KO3 HUIIMEHTOB

ckaHupoBaHus (cM. puc.17).

Jlanee JABYMEpHBIM MACCMB KBAaHTOBAaHHBIX

* & b @
L 2

Bx8 Gnok raobpaKEHMA

~----—
8x8 Wne. 1,

JKII npeobpazyercs

BERPTHUHANBEHA A

T

B

¥

YACTOTA

OIHOMEPHBIA  ITyTEM

3ur-3ar

o3, OPMIOHT.

HECTOTS

8%E Bnok koaddueHTos OKM

Puc. 17. IKII u unBepcHoe JIKII. 3ur-3ar ckanupoBaHue
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Camo no cede JIKII, kak Bopouem u kBaHToBaHue Ko3pduuuenton JKII
He o0ecreynBaeT KOMIIpecCHuu (mpeoOpa3oBaHUE oOpaTuMoe), a Hao0OpOT
YBEJIIMYUBAET pa3Mep HCXOAHOM MaTpHIbl H3-3a YBEJIWYECHHOW pa3zMepHOCTH
koddummentoB JIKII (12 6utr npotuB 9 Out Ha 3HadeHue). Ho, mockonbKy B
pe3ynbTaTe KBAaHTOBAHUSI BBICOKOUYACTOTHBIE KO3 duimeHTsl oopamarorcs B 0
(BciencTBre BBIOpAHHBIX KOA(DPHUIIMEHTOB KBaHTOBaHMs, cM. puc. 18), To B
pe3ynbTaTe 3Wr-3ar nmpeoOpa3oBaHUs JBYXMEPHOIO MacCHBa B OJXHOMEPHBIN
OyJeT mojydeHa Mocjie10BaTeIbHOCTh C OONBIINM KOJTUYECTBOM HYJIEH.

[TocnegauM marom, Ha KOTOPOM TPOUCXOTUT COOCTBEHHO KOMIIPECCHS
BUJICOMOTOKA JTAaHHBIX, SBISETCS KOAUPOBAHUE OJHOMEPHOTO MAacCHMBa KOJOM
nepemeHHo jummHBI (Meton Xaddmana) [9,13]. Kaxaplii kom mepeMeHHOM
JUTMHBI 0003HAYaeT psii HyJeH, ¢ MOCIEeaYIOIIUM HE HYJIEBBIM KO3(DPHUIIIEHTOM
COOTBETCTBYIOIIETO YypoBHS. KoJ TmepeMeHHOW JJIMHBI MPEAINOIaraer, 4ro
KOpPOTKHE PpsiIbl  HyJeW BCTpPEYaroTCs 4Yalle JUIMHHBIX M MaJieHbKHE
K03 ULMEeHTHl BCTpeyaroTcst yaiie OoiabimmnX. COOTBETCTBEHHO BBIACIAETCS
pa3NyYHbIC KOJOBBIE CIIOBA B COOTBETCTBUHU C BEPOSTHOCTHIO TMOSBICHHUS TOTO
WIA WHOro 3HadeHusa. Jlmsg Toro, dYTOOBI JEKOAEp CMOTr paclo3HaTh
HEO0OXOAMMOE 3HAUYCHHE, B KOAE MEPEMEHHOU JIMHBI UCTOIB3YETCS CBOICTBO,
YTO HU OAHO TOJIHOE KOJOBOE CJIOBO HE SIBJISIETCS Mpe(PUKCOM Kakoro jaudo
IpYroro.

Jlisg mnmocTpauuy npouecca KOAUPOBaHUS KOJOM IMEPEMEHHOM JUTHHBI,
BO3bMEM CIIEIYIONIYIO TIOCIE0BaTEIbHOCTb, KOTOPAasi MOTJIa Obl OBITH MOIYYEHO
nocie JIKIT u kBantoBanus kospdunmentor JIKII:

12,6,6,0,4,3,0,0,0...0

[lepBbIM HIarOM SIBJISIETCSl TPYNIUPOBKA 3HAUEHUW B psiibl HyJed (HU
OJTHOTO WJIM HECKOJBKO IITYK) C MOCHEAYIOIUM HEHYJIEBBIM KO3(D(PUIUEHTOM.
[TocnenHuii 3aKIIOYNATENBHBIN P HYJEH 3aMEHSETCS CIENUAIbHBIM MAPKEPOM

koH1a 61oka EOB. Takum o0pa3zom nomydum:
(12), (6), (6), (0, 4), (3) EOB



VAR(u,v)
50— | I
404
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204

Puc. 18. «TunoBoe» pacrnpenenenue kodpdunuentor JAKII B marpurie
Jlanee Ha OCHOBE MOJYYEHHBIX 3HAYEHUN F€HEPUPYETCS KOJI IEPEMEHHOU
JUIMHBl COOTBETCTBYIOIIMU KaXIol rpynme (psa HyJed M HEHYJIEBOU
kodhdumment) ¢ mocnenyromum EOB mapkepom. B Tabnume 5 mpuBencHa
BBIJICPKKA U3 OMMCAHHOW B CTaHAapTe HYyJIeBoW TaOauIlsl kodddurmenton JAKII
(DCT coefficients Table zero) [17]:
Tadmuna 5

Breineprxka u3 HyneBoi Tabauiel koddduimentos JIKII

Length of run of zeros Value of non-zero coefficient | Variable-length codeword
0 12 0000 0000 1101 00
0 6 00100001 0
1 4 0000 0011 000
0 3 0010 10
EOB 10

Takum o00pa3oM B paccMaTpuBaeMoM Ipumepe Oyaer MoiyyeHa
CJENYIOIIas MOCIEN0BATENBHOCT:

0000 0000 1101 00, 0010 0001 0O, 0010 0001 0O, 0000 0011 000, 0010 10,
10

Bpemennas MPEG-koMmmpeccuss MCHoNb3yeT BBICOKYHO H30BITOUHOCTH
uHbopMaIlMl B W300PAKEHMSIX, pa3NIEJICHHBIX  MajJbiM  HMHTEPBAJIOM.

HeﬁCTBHTGHLHO, MCKAY CMCKHBIMU I/I306pa}KeHI/ISIMI/I OOBIYHO MEHSIETCS TOJBKO
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Majasi yacTh CLIEHbl — HAallpUMEpP, IPOUCXOJIUT IJIABHOE CMEILIEHHE HEOOIBIIOro
o0bekTa Ha (oHe (HUKCHPOBAHHOTO 3aTHEro IiaHa. B 3ToM ciydyae MOIHYIO
MHPOpPMAIIMIO O CIEHE HYXHO COXPaHATh TOJBKO BBIOOPOYHO - 7St
OMOPHBIXU300pakeHu. JIs ocCTambHBIX JOCTAaTOYHO IMEpelaBaTh TOJIBKO
Pa3HOCTHYIO MH(OPMALIMIO: O MOJOKEHUH O0BEKTa, HANPABIECHUU U BEIUUYMHE
€ro CMEMICHMs, O HOBBIX 3JeMeHTax (poHa (OTKPBIBAIOIIMXCSA 32 OOBEKTOM IO
Mmepe ero nBmkeHus ). [lpuyem 3T pasHOCTH MOXKHO (DOPMUPOBATH HE TOJIBKO
[0 CPAaBHEHUIO C MPEABIAYIIMMHU H300paKEHUSMH, HO M C MOCIEAYIOIMUMHU
(MOCKOJBKY MMEHHO B HHMX MO MEpPE JABMKEHHUS OOBEKTa OTKPBIBAETCS 4YaCThb
(oHa, paHee ckpbITas 32 00beKTOM). OTMETUM, YTO MaTEMaTUYECKHU Haubolee
CIOXKHBIM  DJIEMEHTOM  SIBJSIETCA  MOWUCK  CMEMIAIOIIUXCS, HO  Majo
U3MEHSIONUXCS MO  CTpyKType OmokoB  (16x16) wu  ompenenenue
COOTBETCTBYIOIIUX BEKTOPOB UX cMemieHus. OAHAKo 3TO 3JeMEHT HauOojee
CYLIECTBEHEH, TaK KaK MO3BOJISIET CYIIECTBEHHO YMEHBIIUTh 00BeM TpedyeMoil
uHbOpMaIIIH. Nmenno 3¢ PEKTUBHOCTHIO BBITTOJTHEHUS 3TOro
"HHTEJUIEKTYaJIbHOTO" AJIEMEHTa B pearbHOM BpPEMEHU u
ommuarorcsipaznuuible  MPEG-konmepsl. Cranmaptr MPEG-2  onpenenser
TOJILKO (popMaT MpeACTaBICHUS BEKTOPOB CMEUIEHUs (BEKTOPOB ABUKEHUS) IS
BO3MOXXHOCTH JIEKOJUPOBAHUS HU300pAKEHHUS, HO HUKOUM 00pa3oM He
ONpEAENsIeT caM ajJrOPUTM HAXOXKIEHUS 3THUX BEKTOpoB. Takum oOpazom
O00BEKTOM HCCIEAOBAHUS MOXKET CTaTh HAXOXKJIEHHE ONTHUMAJIbHOIO alIrOpUTMa
BBIYHCIICHUSI BEKTOPOB CMEIIECHHS (OJHOHANPABICHHBIX U JBYHAIPaBJICHHBIX )

AJIs1 UCIIOJIB30BAHUA B CUCTCMAX KOJAUPOBAHUSA PCAJIBHOI'O Maciitada BPCMCHHU.

JlekonupoBaHue

CrtpykrypHas cxema aekoaepa MPEG-2 npusenena na puc.19.

N3 610K cXeMBI MOKHO YBHJIETh, YTO MPOIIECC JEKOIUPOBAHMUS SIBISETCS
WHBEPCHBIM I10 OTHOIICHHUIO K KOAMpoBaHUI0. [locienoBaTenbHOCTh EHCTBHIA
npu padboTe JeKojepa CIeayroIas:

a) IEKOAUPOBaHUE KOJIa IepPEMEHHOM JUIUHBI;
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0) MHBEpCHOE CKaHUpOBaHHE (TIpeoOpa3oBaHUE OJJHOMEPHOI'O0 MaccuBa B
JIBYMEPHBIN);

B) HHBEPCHOE KBAHTOBAHUE;

r) uaBepcHoe JKIT;

1) KOMITCHCAITUs IBH)KCHUS.

BekToph! AEWKEHUA
[Deropnposatne
Kofa nep i
lnnune (Xadbdmana VisepcHoe
KBAHTOBaHKE

'

WHeepcHoe [IKT1

Mpeackazanue owmbor

Cchinka Ha Komnexcarop

Xpanunuwe
thpeiimos mpmnus IBIDKEHUA \

+

v

Puc.19. brok cxema Buaeonekonepa MPEG-2
Hcnonp3yloTcss BCce T€ K€ METOJbl, Kakue OBUIM HWCIOIB30BaHBI MPH
KOAUPOBaHWH, HO B oOpaTHOM mopsake.C TOYKH 3peHUS CHUMMETPUYHOCTH
(OTHOIIEHHE BPEMEHHM KOMIPECCMU KO BpeMmeHu naekommpeccun), MPEG-2
o0namaeT MPAKTUYECKH E€AMHUYHOW CHUMMETPUYHOCTBIO, YTO 3aMETHO
YBEJIMYMBAET €ro BEC AJIs KOJWPOBAHUA/IEKOAUPOBAHUS B PeabHOM MacIiTade

BPEMEHH.

3. UccaenoBanne cnocodoB npeacTaBjieHusl ayAH0JaHHbIX

Haubonee pacnpocTpaHCHHbIM HA  JaHHBIM  MOMEHT  (opmara
aymuomanHeix - MPEGI1 Layer Ill (wame naswiBaemsbiii mpocto MP3) (ISO
11172-3, Yposens 1), Imenno 3ToT cTannapt, Ha3biBaeMbiil kpaTtko ISO/MPEG
(Ypogens II/Il A) u ero pacmmpenne MUSICAM (Yposens 1), pazpaboranHoe
cnennanucramu  Corporate Computer Systems, Inc. (CILIA) wucnons3yercs

celvac i 3BYKOBOTO COIMPOBOXKICHHUS TEIEBU3MOHHBIX mporpamm MPEG-2.
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Kpome »toro, amroputrm ISO/MPEG (Vposens II/Il A) peanuszoBan B
amnmapaType A HUPPOBOrO CIYTHUKOBOTO pPaHOBEIIAHUS.

O6mras ctpykrypa mpouecca kogupoanus MPEGL Layer I, Layer Il u
Layer III oqunakoBa st Bcex ypoBHEH. JJIsh KaXKa0ro YpOBHS ONPEAECICH CBOU
dopmaT 3amucu OUT-NIOTOKA U CBOM aNrOpUTM JEKOAWPOBAHUS. AJTOPUTMBI
MPEG ocHOBaHBI B ILIEJIOM Ha W3YYEHHBIX CBOMCTBAaX BOCHPUATHUS 3BYKOBBIX
CUTHAJIOB  CIyXOBbIM  alfapaToM 4ejoBeka (TO €CTb KOAMPOBAaHHUE
NPOU3BOJUTCS C UCIOJIb30BAHUEM TAaK Ha3bIBAEMOW '"TICHXO0aKyCTHYECKOM
monenu"). To ecThb, yenoBeueckuil cayx He UaealeH U BOCIPUUMUYMBOCTD CIIyXa
Ha pa3HbIX YacTOTaX, B Pa3HbIX KOMIIO3MIMSAX - pa3Has. DTUM M IMOJIb3YIOTCS
IIPU MOCTPOECHUU "TICUXO0AKyCTUYECKONM MOJENH'", KOTOpas YYWUTHIBAET, KaKUE
3BYKH, YaCTOThI, MO>KHO BBIPE3aTh HE HAHOCS ylepOa CIyIaTeat0 KOMIIO3UIUH.

Crangapr MPEG-2 6b11 cnienmanbHO pa3paboTaH ais konupoBanus TB
CUTHAJOB BeHIaTeNbHOro TeneBuaeHus. OcoOblii HMHTEpec MpencTaBiseT
NpOJOJKEHUE CTaHlapTa, paspaboranHoe B ampene 1997 B Buue anropurMa
MPEG-2 AAC (MPEG-2 Advanced Audio Coding - mpoaBuHyTOE aymauo
koaupoBanue). Crangapr MPEG-2 AAC cran pe3ynbTaToM KOONEpALMH
yceunuii uactutyta Fraunhofer, komnanuit Sony, NEC u Dolby. MPEG-2 AAC
ABJISIETCS TEXHOJIOrMYecKkuM npueMmHukomM MPEG-1.

dopmar MPEG-2 AAC M3HAYaJIbHO MO3ULIMOHUPOBAJICS
paspabotunkamu kak mnpeemHnk MPEGI1 Layer3, Tak kak oOnagan 1o
CPABHEHUIO C MOCJIETHUM PSJIOM HECOMHEHHBIX JIOCTOMHCTB.

Kak m B MPEG] Layer3 B ocHoBe amroputMa AAC nexur
NICUX0AKYCTUYECKAsi MOJIETb KOJIUPOBAHUS, TO €CTh MPHU CKATUU KAKas-TO YaCTh
3BYKOBOro crniekrpa ynansiercs. [Ipu stom anroputm AAC coaepkut 00JbI1oe
KOJIMYECTBO YCOBEPUICHCTBOBAHMW, HANPABJICHHBIX HWMEHHO Ha YIy4lIEHUE
KauecTBa BBIXOAHOro aynuocurHaia. Kpome toro, B MPEG-2 AAC
UCTOJNB3YIOTCS ~ JApPYyru€  allfOPUTMBI  MpPeoOpa3oBaHUM,  yIy4dlICHHbIE

00pabOTYMKH ITYyMOB M HOBBIN OaHK (PUIBTPOB.
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W3 cnenmanbHBIX BO3MOXKHOCTEH MOXHO Ha3BaTh, TAaK Ha3bIBaGMbIC
"BogsHbIe 3HAKKN" (Watermarks) - mHpopManmio 00 aBTOPCKUX MpaBax, KOTOPYIO
AAC mo3BOJISIET XpaHUTh B TeJl€ ayAMOKOMIIO3WIIMH, TPHYEM YJIaluTh 3Ty
uH(MOPMAITUIO HE pPa3PYIIUB IEIOCTHOCTh ayAWOJaHHBIX HEBO3MOXHO. [lpum
BceM 1ipu 3ToM MPEG-2 AAC o6nanaer BbICOYAaNWIIIUM Kaue€CTBOM 3BYYaHUS U
OYEHb XOpPOIIEW CTEMEHBI0 KOMIPECCHU ayIaHOKOMIO3uIMil. Tak, Hampumep,
aynuokomnosunivsi B popmare AAC ¢ bitrate 96 kbs oGecrneunBaeT KaduecTBO
3ByuaHus, aHajgoruyHoe notoky MPEG-1 Layer III bitrate128 kbs. Ilpu
cpaBHeHuu ke ¢ainoB AAC c bitrate 128 kbs, kauecTBO 3By4aHUsi OLLYTUMO
npesocxoaut MPEG-1 Layer III ¢ Takoii ke CTENEHBIO CKATHUS.

Ha maHHBII MOMEHT CYIIECTBYIOT YeThIpe pa3HoBUAHOCTH (popmara AAC:
Homeboy AAC, AT&Ta2bAAC, LiquifierPROAAC (LQT),
Astrid/QuartexAAC [12]. Bce 3t MoaudHKaIud HECOBMECTUMBI MEXIY COOOM,
UMEIOT COOCTBEHHBIC KOJIEPHI/ IEKOIEPhl U HEOAMHAKOBHI 110 KaU4eCTBY.

Konek MP3 Pro anoncuporan B utosie 2001 roma xommnanueit Coding
Technologies Bmecte ¢ TomsonMulimedia u uncturyrom Fraunhofer [30].
®opmatr MP3Pro sBnsiercsi mpoOAOKEHUEM, WM, TOYHEE, PA3BUTUEM CTAPOrO
MPEGI Layer3. MP3Pro sBasierca coBMectumbiM ¢ MPEGI1 Layer3 Ha3zan
(momHOCTHIO) W Bmepen (dactuyHOo). To ecTh (haiimbl, 3aKOAMPOBAHHBIE C
nomotsio MP3Pro, MOXHO BOCIPOM3BOAWTH B OOBIYHBIX MPOUTPHIBATENSAX,
OJTHAKO KA4YeCTBO 3BY4YaHUs TMPU OTOM 3aMETHO XYyXe, YeM IpH
BOCIIPOM3BEACHUU B CIIELMAJIBLHOM IMPOUTphIBaTENE. JTO CBSI3aHO C TEM, UTO
¢daiinel MP3Pro uMmeroT aBa moToka ayauo, B TO BpeMs Kak OOBIYHBIC
IIPOUTPHIBATEIN PACIIO3HAIOT B HUX TOJBKO OJUH TIOTOK, TO €CTh OOBIYHBIM
MPEG-1 Layer 3. B MP3Pro ucnons3oBana HoBas TexHosorus - SBR (Spectral
Band Replication). Dta TexHOMOrus mMpeaHA3HAYCHA IS MEepeaadd BEPXHETO
YaCTOTHOI'O JAuvana3zoHa. Muesd TEeXHOJOrMM W NPEaNoChUIKM TakoBbl. Jleno B
TOM, YTO TEXHOJOTUM HCIOJIH30BAHUS TCUXOAKYCTHUECKUX MOJEIEH HMEIOT
OJIMH OOIIUN HETOCTAaTOK: BCE OHU pabOTAalOT KauyeCTBEHHO 10 Outpeirta 128

Kbps. Ha Gonee HU3KkUX OUTpelTax HAaUYMHAIOTCS Pa3IUYHBIC TMPOOIEMBI: JTHOO
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JUIsl TIepefayd  ayauo HeoOXoIMMO o0pe3aTh YacTOTHBIM JAMamna3oH, JuOo
KOJMPOBAHKE MPUBOIUT K MOSBICHUIO PA3JIMYHBIX apTe(haKTOB. DTOT KITFOUEBOM
MOMEHT I[IOKa3bIBAE€T, YTO HCMOJb30BAHUS ICUXOAKyCTUUYECKOW MOJEIH HE
JI0CTaTOYHO Tpu padore ¢ Outpeiitamu Huxke 128 Kbps. HoBas Texnomorwus
SBR nomonHseT MCIONB30BaHUE ICUX0aKYCTHUECKUX Mojenei. PaGoraer 3T0
Tak: B ¢aitie nepenaercs (KogupyeTcs) 4yTh OoJiee y3KUil AUana3oH 4acToT 4YeM
0o0BbIYHO (TO ecTh ¢ 00pe3aHHbIMH "Bepxamu'"), a BEpXHHE YaCTOTHI
BOCCO3/1at0TCS  (BOCCTAHABIIMBAIOTCSA) YXKE CaMHUM JEKOJEpOM Ha OCHOBE
uHbopmal o 0oJiee HU3KUX YAaCTOTHBIX COCTaBIsOIIUX. Takum o0pazom,
texHosiorusi SBR mpumensiercss (akTUYECKM HE CTOJBKO Ha CTaJUM CXKATHS,
CKOJIBKO Ha CTaJUM JAEKOAWpOBaHMs. "3aranouHbiil" BTOpoW "mapaiaeiabHbId"
MOTOK JTaHHBIX, O KOTOPOM T'OBOPWJIOCH BHIIIE, KAK Pa3 U €CTh Ta MUHUMAaJbHas
HeoOxonumasi nHpopManrs, KOTopast UCMOJIb3yeTCs IPU BOCTIPOU3BENCHUH IS
BOCCTAHOBJICHHSI BEPXHUX YACTOT. OJTa HHPOpMAIMSA - €CTh YCpEIHCHHas
MOIIHOCTh CUTHAJIa B BepxHeM (00pe3aHHOM) 1Mana30He YacToT.

Takum 00pazoM, UCIOJb30BaHUE MHPOPMALIMOHHOTO CXKATHUS MO3BOJISIET
nepenarh 3ByK C BHICOKUM KaueCTBOM, UCIOJIb3YsI OUE€Hb Y3KYIO MOJOCY YaCTOT.
DTO0, B CBOIO O4YEpelb, JENaeT BO3MOXKHOW JBOMHYIO IKOHOMHIO - MEHbIIE
CTOMMOCTh apEH/Ibl CIIYTHUKOBOI'O KaHalla, MEHBIIIE TUAMETPhI Mepeaaromen 1
IIPUEMHON AHTCHH. C TOYKM  3pE€HUA  [PUMEHEHUs CXKaToro
ayInoCcoNpoBOXkAeHUss it TB mnporpamm, TpaHCIUpPYyeMBIX B paMKax
BBICOKOCKOPOCTHOM CETH TMO3BOJSIET MPOU3BOAUTH SKOHOMHIO MPOIYCKHOM
CIIOCOOHOCTH KaHAJIOB CBSI3U.

Bce anroputmbl npenacTaBiieHUs 3BYKOBBIX JIaHHBIX B IU(POBOM BHJIEC
0asupytorcst Ha Teopeme KoTenbHHUKOBA, KOTOpasi TOBOPUT O TOM, YTO UTOOBI
BOCCTAaHOBUTH 0€3 MCKa)KEHUI aHAJIOTOBBIA CUTHAJ MOCJE ero mpeodpazoBaHus
B IU(POBOI, HEOOXOAMMO, YTOOBI YaCTOTa BHIOOPKH (IHMCKpeTH3aluu) Oblaa
XOTs1 OBl BIBOE BBIIIIE BEpXHEH TPaHUYHOW YaCTOTHI MCXOJHOTO curHama. [[ms
3aMKcH 3ByKa Ha KOMIIAKT-TUCKH UCIONIb3yeTcsl yacTora BeiOOpKU 44,1 xI'1 —

ATO TMO3BOJISET MOJYYUTh YacTOTHBIN nuana3on 10 20 kl'u. Jdpyrum daktopom,
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BIUSIONIMM Ha KayeCTBO BOCIPOU3BOJAMMOrO 3BYKa - KOJHUYECTBO JBOUYHBIX
pa3psiioB  KBaHTOBaHHUs. Bo-TIepBbIX, UM ONpEACNSIeTCs IepelaBaeMbli
TUHAMUYECKUN JHMama30H 3Byka. Bo BTOpBIX, mocie IudpoaHasoroBoro
npeoOpa3oBaHusl YPOBEHb BOCIPOW3BOAMMOrO CHUTHAJIA MOXKET NPUHUMATH
HEKOTOPOE MHOXECTBO (PMKCUPOBAHHBIX 3HaueHUH. VICXOMHBIN K€ aHaJIOTOBBIi
CUTHAJ W3MEHSETCS HENpephlBHO. B pe3ynapTare BOCCTAHOBIECHHBIA CUTHA
HEn30eXKHO OTIMYaeTcs 1no (opMe OT UCXOIHOI0, U OTIMYUE 3TO TEM OOJblIe,
YeM MEHbIIIE Pa3psiIoB UCIIOIB30BAIOCH JJIsl KBAHTOBaHUS curHaia. MckaxkeHue
dbopMbl cHUTHAIA MPU BOCIPOU3BEICHUM SKBHUBAJICHTHO T00ABICHUIO HEKOEro
uryma - myMa KBaHToBaHUsA. UTOOBI JOCTHYH MOJHOW HEPA3IMUYUMOCTH IIIYMOB
KBAaHTOBAaHMS, B TEXHHUKE KOMIIAKT-JUCKOB HCMOJB3yeTcs 16-TU pa3psaHOe
KBAaHTOBAaHME, NIPU OSTOM YPOBEHb BOCIPOM3BOJMMOIO CHIHajla MOXET
NPUHUMATh OJHO U3 65536 3HaUCHUIA.

Takum oOpazom, s Tiepeayl Mo KaHally CBA3M JBYX KaHAJIOB 3BYyKa C
kadectBoM CD 0e3 mpumMeHeHus: cxxatusi Tpedyercs nepenarh 44,1 k' * 16
out* 2 xanama= 1411 Ko6ut B cekynay. CienoBareibHO Ha Mepenadyy Takoro
aynuocurHana oyner tpedboBaTbes okoio 200K6ait/c (a B yCIOBHSIX IJIOXOTO
KauecTBa CHUTHAJIA TPU TApaHTUU JIOCTABKH W TOTO OOJBINE) MPOMYCKHOM
CIIOCOOHOCTH KaHaJla Tepenayd JaHHBIX, YTO SBISETCS HEMPUEMJIEMBIM B
CiIyJae, €CJIM CTOWT 3ajja4a Tepenada OoJIbIIOTo YUCIa KaHAJIOB B Pa3/IeiisieMOM
KaHaJle Tepelauyd MAaHHbIX. B ciydae e MpeaBapuUTENbHOrO CXaTusi C
ucnonb3oBanuem anropurma MUSICAM, nocratouno ckopoctu 200 Kout/cek

U MCHBIIC, ITPHU COINIACHUHN C HCKOTOPBIM CHMKCHHUCM Ka4YCCTBA.

dopMaT ayaMO0JaAHHbIX

Ha puc. 20 mnpuBenena ctpykrypa kaapa ISO/MPEG (ypoBenn
[1/11A).3aronoBok Kajpa COACPKUT CIICHUAIbHBIC JaHHBIC, HEOOXOIUMbBIC
JeKoAepy JJIsi KOPPEKTHOIO BOCCTAHOBIEHMS CHTHaja — MacITaOHbIe
k03pdumeHTs, WHGOpPMAIMS O pachpeeIeHnd OWTOB, TPU3HAK peXUMa

00paboTKu CTEepeoPOHNUECKOTO0 CHUTHAJIa (HE3aBUCUMBIE WM COBMEILCHHBIC
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KaHAIIBI) W Jpyrue cioyxeOHble naHHbIC. [loje MaHHBIX 3ByKa COJIEPKUT
BBIOOPKH 3BYKOBOTO CHTHaja. [loie JOMONHUTENBHBIX JTaHHBIX MOXKET
coJiep)KaTh JaHHBbIE, KOTOphIe (OPMHUPYIOTCS BHE KoJiepa W IEpeIaroTcs B
SJIMHOM dpoBoM ITIOTOKE — KOMAaH/IbI CHCTEMBI CETEBOI0
aIMUHACTPUPOBAHMS, KOMaH/Ibl YIPAaBJICHUS a0OHECHTCKUMHU IPUEMHHKAMH H
nepudepuiiHON anmapaTypor paauoCTaHIIUU-PETPAHCISATOPOB, a TAKXKe JIFOObIC
JaHHbIE  TIOJIb30BaTeNid €  HM3KOM  ckopocThio. Ecim  cxumaercs
cTepeo(HOHNYECKUN CUTHAI M CKOPOCTh U(PPOBOTO MOTOKA Ha BBIXOJE KOZEpa
256 Kb6ut/c, To nyMHa OJHOTO Kajapa cocTaBiisieT 6.144 Out, U3 HUX TPUMEPHO
300 OUT NpPUXOOUTCA Ha 3arojoBOK, OCTAJbHbIE — HA JaHHbIE 3ByKa U

JOIIOJIHHUTCIIBHBIC JaHHBIC.

JlaHHEIe [UIA CHHXPOHH3AIHH JEKONEPOB

grommns s PexHM KOTHPOBAHHA CTEPEOCHTHAIOB

: - HMH(popManHa o0 pacupenencHHE GHTOR

------------ HapopManHs 0 pacnpeeleHHHE MACINTAOHEX K03 (HIIHEHTOR
¢ MacmraGHble K03bbHIHEHTE!

. AN N\ J
Y Y Y
3arolnoBOK Kajapa JlaHHEIe 3ByKAa  J[ONOIHHTEIEHEIE
ITaHHEIE

Puc.20. ®opmar kanpa aynuomannsix ISO/MPEG

KoaupoBanue

OdyHkimoHanbHas cxema kozepa 3Byka ISO/MPEG mnpencraBnena Ha
puc.21.I{uxr koaepa (1 kamp) cocraBmser 24 Mc. 3BYKOBOW CHUTHAJI, TIOIaHHBIN
Ha BXOJ KOjJepa, MOCTyMmaeT Ha TpeOeHKy (WIbTpOB, TIe pasnensercs Ha 32
YaCTOTHBIX TIOJIOCHIL. AHaoro- I1mdpoBoe mnpeodpazoBaHue (IUCKPETHOE
KOCHHYCHO€ TpeoOpa3oBaHUE) BBHITIONHACTCS KOAEPOM OTACIBHO B KaXIOM
nosioce. Yacrora BeiOOpKH coctapisieT 48 kI .

Jlnst kaxaoro Kaapa MpoIeccop KoJepa pacCUUTHIBAET CHEKTP BXOJHOIO
CUTHaJa W TPaHMI]y MACKUpPOBAHUS, KOTOpas CIYKHUT TICUXO0aKyCTUYECKOM

MOJCJIBIO YCIOBCUCCKOI'o yxa. I[anee MCUXOAKYCTHUYCCKAasA MOJACIb JABaXK/bl
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HCIIOJIB3YETCsl 111 MUHUMU3alMK o0bemMa JAaHHbIX. [lepBblil pa3: ecinu B OJHOM
WIM HECKOJbKHUX YACTOTHBIX IOJIOCAX HHU OJHAa BHIOOpKA HE MPEBBIIIACT
MUHHMAJIBHOTO 3HAYEHUs TPAHMIBI MAacCKUPOBAHHUS B 3TOM IOJIOCE — BCS
uHboOpMaIs, CBSI3aHHAsE C OTOW TMOJOCON (MOJ0CaMM), HWCKIIOYAeTCS U3
[epelaBacMoro CUrHaja. BTopoil pa3: s KBaHTOBaHWsA CHUTHala B TeX
1ojocax, TIJE€ €ro YpPOBEHb BBIIIE TIPAHULBI MACKHUpPOBAHHUA, KOJUYECTBO
pa3psioB  IMHAMUYECKHM H3MEHSETCSl TakuM o0pa3oM, 4TOOBI  IIyMbI

KBAHTOBAHUWA IIPHU 3TOM OCTABAJIMCh HUKC I'PAHUIIBI MACKHPOBAHUA.

MoTok ayanoaaHHbIX

Pl bavk puneTpor —-—
ey 3
ObbeaMHeHHDe
cTepeo P
KD,quGBaHHE ©
1
|_____+_| g BbixogHoi
] oanop e || s | _cxariit notok
I E OaHHbIX
o
| Yoo > | 3
I BuTpeiitom / KeaHToBaHWe I
yynuenvem |
I Cxatune bes
I < NOTEPW KAYeCTBa I
I Luknbl utepauumn I

h____—_d

Puc.21. ®ynknuonansHas cxema koaepa ISO/MPEG (yposens 11/11a)
W3  BBIIEU3TOXKEHHOTO  BHAHO, YTO JUIS  aHAJIOTO-IH(POBOTO
npeoOpazoBaHusl B KKAOW MOJOCE OT Kajapa K Kaapy HCIONb3YeTCs pa3Hoe
KoJInyecTBO OuTOB. [[s1 BOCCTaHOBIEHUS JEKOJIEPOM HCTUHHOW BETUYHHBI
curHaia B Kogepe  (opmupyrorcs — macmtaOHble KO3 (UIIUEHTHI.

KoadhpuimeHTs BRIYUCISIOTCS TaK: B KXKI0M MOJIOCE OMPEENsieTcsl BHIOOpKA C
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MaKCUMAaJbHbIM 3HAUCHHUEM, 3aT€M ATO 3HaU€HUE nojiBepraercs 16-pazpsagHomy
KBaHTOBaHMIO. /[MHaMu4ecknii nuama3zoH MacmTabHbIX KodddummenTos ~ 120
nb. DTOro m10cTaToyHO Il KOAUPOBAHMS CUTHAJA C TAaKUM K€ JUHAMUYECKUM
JTMATIa30HOM.

Ecnu B pe3ynbrare ommOKN MCKaXaETCsl OJJUH U3 OUTOB 3aroyioBKa, BECh
KaJ[p MOXXET ObITh BOCIPUHAT JEKOJIEPOM HEBEPHO, U 24 MC curHaia OyayT
UCKaKeHbl. Ecimu uckakaeTcss OIMH W3 OWTOB TOJISA JAHHBIX, 3TO MPUBOAHUT K
HCKQ)KEHUIO BCETO OJHOM BBIOOPKU. 3aMETHOCTh TAKOI'0 MCKaKEHUS 3aBUCUT OT
TOTrO, MPUXOAWICS JU ATOT OUT Ha cTapmuil (Oojiee 3HAYMMBIN) WM Ha
Myaammi (MeHee 3HAaYUMBIN) paspsa BEIOOpKHA. B mo0oM ciydae MCKakeHHE
Oyner 3aHMMaTh OYEHb KOPOTKUM OTPE30K BPEMEHU H BpsSI JU Oyaer
BOCIIPUHSTO ciymiareneM. Mcxoas U3 3Toro, 3aroioBOK Kajpa 3alluIlaeTcsl OT
OIMOOK TOMEXO3AIlIUTHBIM KOJOM, a OCTajbHas 4YacTh Kajpa OCTaeTCs
He3amuiieHHoW. [lpu oOHapyKeHMHM HEUCNpaBUMOW OIIUOKH B 3arojiOBKe
JIEKO/Iep BMECTO CKOMIIPOMETHUPOBAHHOI'O Ka/ipa MOBTOPSAET npeablaymuid. Eciu
OImMUOKU OOHAPYKMBAIOTCS B 3aroJIOBKax BTOPOTO U TOCIEIYIOIIMX KaJpoB,
JIEKOJIep OTKJII0YAET 3BYK Ha CBOMX BBIXOJAX.

OnucanHasi 3/1eCh CTpaTErusi 3allUThl JaHHBIX OT OMIMOOK oOecreYruBaeT
MOJIHOE OTCYTCTBHE OIIYTHUMBIX HCKOKEHUU TIpH Kod(Pduimente ommuOOK Ha
Bxone nekonepa 10-5. Ilpu yBenmmueHnu kod(pUIMEHTAa OMMOOK HCKAKCHUS
YBEIUYMBAIOTCS HE3HAUYUTEIBHO, €CIU >K€ KOJIMYECTBO OIIMOOK CTaHOBUTCS
CJIMIIIKOM OOJIBIIIUM, JAEKOEp MPOCTO OTKIIIOYAET 3BYK.

Anroputm  ISO/MPEG (ypoenb II/IIA) mnpenmosnaraer cxaTue u
nepenayy OJHOr0 MOHO(OHHYECKOro KaHaia (pexuM paboThl KOjepa mono),
cTepeopOHUYECKOr0 3BYKa C pa3leibHBIMU KaHajlaMH WM JIBYX pPa3HbIX
MOHO(OHHUYECKUX KaHAJIOB OJHOBpeMeHHO (stereo win dual mono), wiu
CTepeOPOHNICCKOr0 3BYKa CO COBMEIIICHHBIMH KaHaJIaMu (peXHM joint-Stereo).

C Touku 3peHusi KoaupoBaHus, pexkuMbl stereo U dual mono abcomtoTHO

NIACHTHUYHBI. Kananel or Havana wu J0 KOHIIa O6pa6aTI)IBaIOTCH KOACPOM
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paznenbHo. POBHO MonoBUMHA OUTOB Ka)XAOro Kajipa OTBOAUTCS IJIsl JaHHBIX
"neBoro" kaHana, BTOpasi HOJIOBUHA — JIJIs "IpaBOro' KaHana.

[IpaBbIit kKaHa BCerga OCTaeTCs MPaBbIM, JIEBBIM — JIEBBIM, CMELIMBAHUS U
HaJI0’)KEHUSI CUTHAJIOB JBYX KaHAJIOB HE MPOUCXOAUT.

B pexume joint stereo kojep AMHAMUYECKU Tepepacnpesenser OUThl B
KaJlpe MEXIYy JIEBBIM W IIPaBbIM KaHajlaMW, B 3aBUCHMOCTH OT TOr0, KaKoi
KaHan TpeOyeT B JaHHBII MOMEHT OOJIBIIEr0 KOJIMYECTBa OWUTOB IS
KoAupoBaHusd. B pesynbrate B pexume joint stereo ynaerca mepenatb Oosee
IUPOKUN JHaMa30H 4YacTOT W OOJbIIMKA JAMHAMUYECKUW [HMaNa3oH, YeM B
pexume stereo (IIpU OJMHAKOBOM CKOPOCTH LHM(PPOBOrO0 MOTOKA HAa BBIXOJE
kozepa). Kpome Toro, B pexxume joint stereo HEKOTOPBIE TPOIECChl 00pabOTKH
JEBBIM W NPaBbId KaHAJIbl MPOXOAAT COBMECTHO. IIpm 3TOM curHambel pasHbIX
KaHaJIOB YaCTUYHO cMeluBaroTcs. OIHAKO NP MPOCIYIIUBAaHUU "HACTOSIIEro"
CTEPE0 B PpEATBHOM ayAUTOPUU TOXKE IPOUCXOIUT IPOCTPAHCTBEHHOE
CMEUIECHUE JIBYX KaHAJOB.

Pe3ynbraThl TECTUpPOBAHWS IOKAa3bIBAIOT, YTO 3HAYMTENIbHAS 4YacTb
ciymareyen gaxe MpearnoyruTaeT pekuM joint stereo pexxumy stereo, 0COOCHHO
1py OOJIBIINX CTENEHSAX CHKATHSL.

Cranpapt ISO/MPEG He coaepXUT YeTKUX MHCTPYKIHH 10 pean3anuu
anroputMa cxatus. [lo cyTu cBoell OH ompeaenser He caM alroOpuTM, a Habop
MHCTPYMEHTOB M TMpPaBWI, HUCIOJb3YEMbIX ISl CKaThsl JaHHbIX. OCHOBHOE
Ha3HAYeHHE CTaHgapra — O0OeCHeYuThb COBMECTUMOCTh 0OOpYyAOBaHUS,
UCTIOJIb3YIONIEro 0a30BbIM CTAHAPT U BCE €ro MOCIEAYIONINEe MO (PHUKAIIH, TIO
npuniuny "BHU3". Hampumep, o0opynoBaHue, MoaAep>KUBaOIIEe paCIIUPEHHE
storo cragmapra MUSICAM, Oyner paboratb ¢  00OpyJIOBaHUEM,
M3rOoTOBJIEHHBIM 11 pabotel B ctannapte ISO/MPEG (yposens II/IIA), npu
3TOM BEpOsITHO, uTO obopynoBanue crangapra ISO/MPEG (yposens II/11A) nHe
CMOJKET peaIn30BaTh BCE BOBMOKHOCTHU PACILIMPEHUS.

['maBHOW HaxoAKOM pa3paOOTUMKOB CTaHAApPTA SIBISETCS TO, YTO YacTb

WHCTPYKIUN 10 00pabOTKe CXKATOro CHTHAaja COAEPKHUTCS B CAMOM CHUTHAJE.
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OTO NO3BOJISIET COBEPIIEHCTBOBATH AJITOPUTM CXKaTUS, WU3MEHSS alllapaTHO
Tobko komep. Jlrobon nexkomep cranmapta ISO/MPEG aBromarmuecku
SBJISIETCSI COBMECTHMBIM HE TOJIBKO C JIFOOBIM M3 CYHIECTBYIOIIUX KOAEPOB, HO U
C KoJepamMH, KOTOpbIe OyayT Korma-mu0o cosmadbl. COOCTBEHHO, amlrpeia
OporpaMMHOro oOecriedeHHs: MPUEMHUKA TOKE HE MPEACTaBiIseT NpoOIeMbl —
nanubie HoBoro IIO moryr ObITH mNepeAaHbl OJHOBPEMEHHO C CHUTHAJIOM
ISO/MPEG. He B mocieaHioow oyepeab HMMEHHO OTUMH KadeCTBaAMH
oOBsicHAETCST TO, 4TO OOOpynoBaHue, ucnoibdytomiee cranaapt ISO/MPEG
(ypoens II/IIA), Tak MHPOKO NPUMEHSIETCS M TOCTOSIHHO COBEPUIEHCTBYETCS.
Jnsa cranmapra MPEG2 Obin pa3paboTraHa OOHOBJIEHHash CTPYKTYypa
pacmmmpenHoro aynuo koaeka (MPEG Advanced Audio Coding, MPEG AAC),

npecTaBlIeHHas Ha puc.22.

MoTok ayavopa H[lblx
1 MNpe-obpaboTka I

=
BOCTIPHATHA LWYMONOLAENEHNE

BbixogHom
CXKaTbli NOTOK
[aHHbIX

My neTunnescop GuTpedTa

I Luknbl utepauum |

I e |

Puc.22. ®ynkunonansHas cxema kogeka MPEG AAC
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OTnuuus 3aKII0YaeTCs B MPUMEHEHUU (PUIBTPOB BBICOKOTO pa3pelieHus,
TEXHOJIOTUM Tpe/cKa3aHuss U ObUI OCHOBAaH Ha MOCJIEIHUX JOCTHKEHUSX H
pa3paboTKax TEXHOJIOTHHU.

HononuurensHo MPEG AAC MoxeT BKII0YaTh Npe1o0padoTKy CUrHAama,
a Tak)Ke BPEMEHHOE TMOojaBjeHue IMyMOB. baHK (UIBTPOB MpEACTABISIET COOOI
1024 ToueuHOE TUCKPETHOE KOCUHYCHOE MpeoOpa3oBaHuE.

Cranpapr MPEG4 pa3penser Bech quana3oH 3BYKOBOI'O COMPOBOXKACHUS
Ha psAJI TPYIII: 3BYK €CTECTBEHHOTO MPOUCXOXKICHHUS, CHHTE3UPOBAHHBIN 3BYK U
peyb.

Takum o6pazom B MPEG-4 3anoxeHbl OoJblli€ BO3MOXKHOCTH TIO
KOJIMPOBAHUIO KaK BHUJI€O-, TAaK W 3BYKOBBIX JAHHBIX, OJHAKO MPOTrPAMMHO-
ammapaTHbBIC 3aTPAThl HA BEIWICHEHHUE U3 OIU(POBAHHOTO MYJIBTUMEINA TIOTOKA
JAHHBIX  OTAENbHBIX  3BYKOBBIX  KOMIIOHEHT  SIBJIIETCSI  COBEPILEHHO
HEOIPaB/IaHHBIM 3aHATUEM, MTOCKOJIIBKY XOTh U JIa€T OOJIBIION OTHOCHUTEIHHBIMI
BBIMTPBINI MO CXKAaTHIO, HO B a0COJIOTHOM BBIPAKEHUU SIBISIETCS TOCTATOYHO
MaJibIM, TIOCKOJIbKY 3BYKOBasi J0Ji B MYJIbTUMEIMMHOM KOHTEHTE COCTABIISIET

A0CTATOYHO MAJIyIO 4acCThb.

JlexkoqupoBanue

CtpyKTypHas cxema JIeKojepa nMpuBeaeHa Ha puc 23.

BbixoAHOM MoTok ayamMopaHHbIX
CXaTbl NOTOK | o
[AHHbIX ¢ flexonep
S
ﬁ E
3 1
.% Oexoaep
AWHaMHWYyeCKHuX
napaMmeTpoBs

Puc.23. Cxema niekoziepa 3ByKa
[Ipomecc neKOAUPOBAHMS SIBISETCS TMPSAMBIM: TIOCIEAOBATEIBHOCTH
YaCTOTHBIX TOJOCBOCCTAHABIMBAIOTCS Ha OCHOBE 12-TM 0Opa3IloB YaCTOTHBIX

IIOJIOC, ITPUHKUMAs BO BHUMAHUA CTCIICHb CXKAaTHUA U paCIIPpCACIICHUC ouros. Ecim



65

JNEKOAMPOBAHHASI IIOJIOCA YAaCTOT HE MMEET COOTBETCTBYIOLIMX JAHHBIX, OHM
JOTIONHSAIOTCA HYJIAMH. TakuM 00pa3oM KaKAblid pa3 pacCUMTHIBAIOTCA Bce 32
MOJIOCHI YacTOT, IOCTIE YeTro UCHOIb3Ys OaHK (PUIBTPOB CUHTE3a Moityvaercs 32

16-Tu OUTHBIX 3BYKOBBIX JaHHBIX.

BriBoawino riaase |l

AJITOPUTMBI  CKaTHs JEIATCS Ha CIEAYIOIIME THUIIBI: ITOTOKOBBIE U
CTaTUYECKUE QJITOPUTMBI, AJITOPUTMBI CKATHSA C NOTEpAMH MU 0€3 MOoTepb
JaHHBIX. B KaTeropum anropuTMOB CKaTHUSl C TIOTEPSIMHU BBIJEIECHO CxkaTue Oe3
3aMETHBIX IOTEPh C TOYKM 3PEHUS BOCHPUATHS YEJIOBEKa, CHKATHE C
€CTECTBEHHOM IIOTEpEN KayecTBa M C)KATUE C HEECTECTBEHHOM IMOTEpen
KauecTBa.

B mporiecce uccnenoBanusi croco00B MPeICTaBICHUS MYIbTUMEIUNHOTO
KOHTEHTa B UU(POBOM BHAE OBLJIO BBISBIECHO, YTO B OCHOBE MHOXECTBA
QNTOPUTMOB KOMIIPECCMM W BHUAECO- W AYAUONAHHBIX JEKUT IUCKPETHOE
KOCHUHYCHOE Ipeo0pa3oBaHue.

HccnenoBanne CTPYKTYpbl JJEMEHTApHOIO ITOTOKAa BHUICOMAHHBIX Ha
npumepe ctannapraMPEG-2 noka3asno, 4To MOTOK BHEOIaHHBIX MPEICTABISAET
co00i  HepapXUYecCKyl0 CTPYKTYpYy, OJJIEMEHTbl KOTOpPOH CTpOSTCS U
O0BENUHAIOTCS JpYyr C JPYyroM B COOTBETCTBHUM C  ONPEEICHHBIMU
CUHTAaKCUYECKHUMHU U CEMaHTUYECKMMHU MpaBUIaMH(BHIEOIOCIIEI0BATEILHOCTD,
rpymnmna u300pakeHud, wu300pakeHue, cpe3, MaKpoOJoK, OJoK). AHamu3
IPOLIECCOB KOJAUPOBAHUA U JEKOAUPOBAHMS BUICOM300pAKEHUS TTOKA3all, 4TO B
OCHOBE CXaThs BHIEONOTOKA JIEkKAT J1Ba OCHOBHBIX IPHHIMIMA: ITOAABICHUE
HECYIIECTBEHHBIX  JUI1  BHU3YAJIBHOTO  BOCIIPUATHS ~ MEJKUX  JIETaJIeH
IIPOCTPAHCTBEHHOI'0  PACIpENEICHHs] OTACIbHBIX KaJgpOB M YCTPAaHEHUE
BPEMEHHOMN M30BITOYHOCTH B MOCIIE0BATEIHLHOCTH KaIPOB.

Hcnonb3oBanue WHPOPMAIIMOHHOTO CKATHS MO3BOJSET MEpeaaTh 3BYK C
BBICOKMM Kau€CTBOM, UCIIOJIb3Ysl OYEHb Y3KYIO IOJIOCY 4acTOT.Bce anropurmel

Npe/ICTaBIIEHUs 3BYKOBBIX JIaHHBIX B LHU(POBOM BUIE 0A3UPYIOTCS HA TEOpEMeE
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KorenbHuKOBa, KOTOpas TOBOPUT O TOM, YTO YTOOBI BOCCTAaHOBHTH 0€3
WCKaXCHUIM aHaJOrOBBIA CUTHAN TMOCIE €ro mnpeodpazoBaHusi B LU(POBOH,
HE00X0MMMO, YTOOBI YacTOTa BHIOOPKH (IUCKpETU3aIK) ObLTa XOTS OBl BABOE

BBIIIIC BCpXHCI;'I Fp&HH‘—IHOﬁ H9aCTOTbI HCXOJHOI'O CUT'HAaJIA.
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I'nasa |1l. Peanu3anusi annapaTHo-nporpaMMHOro

KOMILJIEKCA ITOTOKOBOI'0 MYJIBTHMCI[I’IﬁHOFO BeIIIaHUA.

B naHHOM ri1aBe onrMcaHa METouKa BbIOOpA MPOrpaMMHOI0 00ecrieueHus
s pa3palaThiBa€MOil CHUCTEMBI, OIKMCaHAa METOAMKAa aHaiau3a paboThl U
MCXOAHOT0 KOJIa BEIOPAHHOTO MPOrpaMMHOI0 oOecrieueHus sl KOAUPOBAHUS U
BEIIAHUS MYJBTUMEIUNHBIX IIOTOKOB HAa OCHOBE OTKPBITOTO MPOrPaMMHOIO
KOZia, ONHUCaHbl pa3pabOTaHHbIE METOAbl M MPHUEMbl ONTHUMH3ALUU PabOTHl U
obecrieueHus: CTaOMIIBHOCTH CUCTEMBI, @ TAK)K€ CTPYKTypa pa3padaTbiBaeMoil
cucteMbl. ONMCHIBAETCSI POrpaMMHasi peanu3anus pa3pabOoTaHHBIX METOJIOB U
PUEMOB, OIUCHIBAETCA METOJOJIOTHS Pa3pabOTKHU amnmapaTHO-IPOrpaMMHOIO
KOMIUIEKCAa MYJbTUMEAUNHOIO BellaHus. [IpoBOAMTCS aHaNIM3 MOJYYEHHBIX
pe3yabpTaroB. [IoaBOAATCS UTOTH HCCIETOBAHUMN.

Jlis mpoBeneHUs aHanu3a paboThl BHIOpAHHOW CXEMBI COOpaH OIBITHBIN
oOpa3el; CHCTEMbl  MYJbTUMEIUWHOIO  BEIIAHMS C  HCIOJIb30BAaHHUEM
IPOrpaMMHOT0 OOecTeueHuUsI Ha OCHOBE OTKPBITOTO HCXOIHOTO KOJIa.

B xone ucnbiTaHuil OnbITHOro 0Opa3lia BhISBICHBI HENOCTAaTKU B padoTe
nporpaMMHoro ooecredeHus. B CBsI3M ¢ 3THUM TPOBENEHBI HCCIEIOBAaHUE
paboOTBl M aHalIM3 MCXOJHOrO KOJa IMPOrpaMMHOIO OOECIEeYeHHus, B XOJe
KOTOpBIX HaWJeHbl MPOrPAMMHBIE HETOUHOCTH M HEAOPAOOTKH, BIMSIOUIME HA
MIPOU3BOAUTENBLHOCTh U CTAOMIIBHOCTD CUCTEMBI.

ITo pesynpraTam aHanu3a pa3pabOTaHbl COOTBETCTBYIOIIHME METOABI U
MIPUEMBl YJIy4lIE€HUs padOThl CUCTEMbI, BHECEHBl M3MEHEHUS B IPOrPaAMMHOE
obecrieyeHne U pa3pabOTaHO JONOJHUTEIBHOE IPOrPAMMHOE 00ECIIEUEHUE ISl

pa3pabaTeIBacMOM CUCTEMBI.

1. Pa3paboTKka MeTOAUKH BbIOOPA NPOrPaMMHOI0 obecrneyeHnst

Hcxons u3 TpeOOBaHMMA, MPEAbSIBICHHBIX K pa3pabaTbiBaeMON CUCTEME B
rimaBe 1, XapakTepUCTUK M BO3MOXKHOCTEH MPOrpaMMHOI0 OOecrneueHus

CTOPOHHHMX TNPOWU3BOAUTENEH Ui PEIICHUH MYJIbTUMEAUMHON CHCTEMBI
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BEUIaHUS, HA PAcCCMOTPEHHUE OBLIO BBIOPAHO HECKOJIBKO MPOrPaMMHBIX
IIPOAYKTOB JUISl peaIM3alii CUCTEMBI IOTOKOBOI'O MYJIbTUMEANITHOTO BELIAHUS.
Buxuncnepemenus VideoLAN, FFmpeg, LinuxTV, dvbtools, Wowza Media
SystemsuAdobe Media Systems.

Jlis agekBaTHOro BbIOOpa ONTHMAJIBHOTO IMPOrPAMMHOIO OOEcTeueHus
HE00XOAMMO MTPOAHATU3UPOBATH HECKOJIBKO acTeKTOB. Bo-nepBhIX, HE0OX0IUMO
BbIOpaTh MPOrpaMMHOE OOECIEUEHUE /IS BBIIEIECHUS CIIyTHUKOBBIX KaHAJIOB U
UX KOAMPOBaHUA.BO-BTOPBIX, HYKHO BBIOpATh NPOrpaMMHOE pEHICHUE IS
cepBepa BelllaHud. B-TpeTbux, McXons U3 BO3MOXKHOCTEW cepBepa BEIIaHMS,
HEOOXOIMMO MPHUHATH pELIEHHWE BHIOOpAa MNPOrpPaMMHOIO OOECHedeHHs s

TPaHCKOJAUPOBAHUS MYJIbTUMEAUINHBIX TOTOKOB, €CJIU 3TO HEOOXOAUMO.

Bp100p nporpamMmHoOro odecnedyeHusi AJsl BbIACJCHUS CIIyTHUKOBBIX

KaHaJ0B, HX KOJUPOBAHUA U PETPAHCIANUMA B JIOKAJIbHYIO CE€Th.

Vcxonast u3 BO3MOXKHOCTEH BHIOPAHHOT'0 Ha pACCMOTPEHHUE IIPOrPaMMHOTO
oOecrieueHus, I BBIJICICHHUS CITYTHHUKOBBIX KaHAJIOB MOJAXOMST MPOrpaMMHBIE
pemenus, npemaraemeie npoektamu VideoLAN (VLC), LinuxTV(dvb-apps) u
dvbtools  (dvbtune/dvbstream). Tak kak mgaHHass  BO3MOXKHOCTH B
paccMaTpUBAEMBIX PEIICHUSX pa0O0TaeT TOJIBKO TPU YCIOBHUU Pa3BEPTHIBAHUS
UX B oOIepalroHHOW cucteMe LINUX, To s cepBepa, pabOTaroOIIEro co
cnytaukoBoii DVB-S kaprto#i, Obu1 BeIOpaH IUCTPUOYTHB OIEpalMOHHOM
cucremsl Linux “Ubuntu” ¢ Bepcueii sapa 3.2.

Jlns BbIOOpa OMpeAeNeHHOro pEIIeHUsT OBUIM TMPOBENEHBI TECThl Ha
COBMECTHMOCTh MPOrPAMMHOI0 00€CIIEYCHHS CO CITYTHUKOBOM KapTOH.

3areM ObUIM THPOBEACHBI TECThI HA MPOM3BOJUTEIBHOCTD, MOTPEOICHHUS
CHUCTEMHBIX PECYPCOB, KAUECTBO BEIIAHUS M CTA0OMIIBHOCTh CHCTEMBI.

Ilapamempovr mecmuposanusi:

[Tporeccop: Intel(R) Pentium(R) CPUB940 @ 2.00GHz 2.00GHz

Omnepanponnas cucrema: Ubuntu 12.04

Bepcus sigpa: 3.2
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CnyraukoBas kapta: TeViiDVB-S2 S464 PCI

Cnyrauk: EutelsatHotBird 13.0°E

Yactora tpancnonuepa: 10719 MI'ng

[Honsipuzanus: V (BeptukanbHast)

CumBonbHas ckopocTh: 27500 k6ox

Kanan: 4 FunTV.

Tecmuposanue Ha coBMeCmMUMOCHIb.

CoBMECTUMOCTh CO CITyTHUKOBOW KapTOH MPOIUIM JIBA MPOJIYKTa — 3TO
dvb-apps npoekra LinuxTV u dvbtools. VLC (VideoLAN) He mporen TecT Ha
COBMECTUMOCTb, TaK KaK B XOJE TECTUPOBAHUS HEBO3MOXKHO OBLIO BBIJEIIUTH
CIOYTHUKOBBIM KaHal. Pe3ynpTaThl TeCTHUpOBaHUS HA COBMECTUMOCTh C
CUCTEMOM M CIIyTHHUKOBOW KapTO MMOKa3aHbl B Ta0IMIIE 6.

Tabmauma 6

Pe3ynprarel TeCTUpOBaHUS MPOrPaMMHBIX IPOJIYKTOB HA COBMECTUMOCTD

IporpaMmmHubIii VLC(VideoLAN) dvb-apps dvbtools
HPOAYKT (LinuxTV)

HHcTanasauusa Ycmemno Ycmemno Ycnemno
Onpenenenne VYenemHo VYcenemno VYcenemHo
CIIy THUKOBOM

KapThl

CkaHupoBaHme He tpebyercs YcenentHo Ycenenrno
KAHAJIOB

Boinesienne kananaa | Tect He npoleH Ycenenso Ycenenso
Tpaucasiuus Tect He npoiineH YenemHo Yenenno
NOTOKA

Takum o0pa3om, s JadbHEHIIETO pPACCMOTPEHHUS BBHIOPAHBI JBa
nporpaMMHBIX npoaykra: dvb-apps u dvbtools.

JlanHbIC POYKTHI ObLTH POTECTHPOBAHBI Ha aHaIN3
POU3BOANTEILHOCTH, TMOTPEOJICHUSI CHCTEMHBIX PECYpPCOB, KAUECTBO BEIIAHHMSI

1 CTaAOMIBHOCTH CUCTEMBI.

Tecmupoeaﬁue Kadecmea 6eularusl.
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B pe3ynbrate TecTHpOBaHMS KayecTBa BEIIaHUS 00a MPOAYKTA MOKA3aH
NPUMEPHO  OJUHAKOBBIE  PE3YNBTAThl,  YIOBIECTBOPSIONIME TPEOOBAHHUIM
CHCTEMBI.

Tecmuposanue Ha Npou3BOOUMENbHOCMb U NOmMpedieHue CUCTEeMHbIX
pecypcos.

JInst TecTUpOBaHUsI Ha MPOM3BOJUTEIBHOCTh U MOTPEOJICHNE CHCTEMHBIX
pecypcoB ObLIM CIENaHbl 3aMepbl MOTPEONIIEMON ONepaTUBHON MaMsiTh
(TabGmutp! 7 u 8 u Puc. 24 u 25).

Tabmuna 7

[Torpebienne onepaTUBHON MaMsaTu ipoaykToMm dvb-apps

Bpemsi padoTbl NPpUJI0KEHUS Pa3mep motpedsiemoii mamsaT (K6aiiT)
00:00:08 75268
00:00:30 75284
00:01:21 75466
00:02:30 75462
00:05:16 75502
00:08:14 75656
00:18:45 75896
00:35:47 76326
01:06:21 77364
02:07:07 79520
04:15:33 83603

Pasmep saHMmaemoi namartu (K6aiT)

50000

$

BODDO >

L
4

70000

60000

50000

40000

30000

20000

10000 T T T T T T T T T 1
0:00:00 0:28:48 0:57:36 1:26:24 1:55:12 2:24:00 2:52:48 3:21:36 3:50:24 4:19:12 4:48:00

Puc. 24. I'paduk moTpeOiieHHs oriepaTUBHOM maMsaTu npoaykrom dvb-apps

Tabmuma 8
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[Torpebnenue onepatuBHOU namstu npoaykrom dvbtools

Bpemsi padoTbl NPpUJIOKEHUS Pa3mep 3anumaemMoii namsitu (K6aiiT)
00:00:12 64125
00:00:37 64162
00:01:04 64248
00:02:54 64295
00:08:01 64466
00:12:33 64848
00:24:07 65439
00:31:01 66592
01:00:14 69043
02:00:08 73705
04:45:07 83242
Pasmep saHMmaemoi namatu (K6auT)

90000

0000 =

70000 e

60000 s

50000

40000

30000

20000

10000 : : : : .

0:00:00 1:12:00 2:24:00 3:36:00 4-48:00 6:00:00

Puc. 25. I'paduk morpebienus orneparuBHOM namsaTu mpoaykrom dvbtools

Cyas 1o pesyiabTaTaM TECTHPOBAHHUS Ha IMPOU3BOAUTEIBHOCTD H
notpebieHne  CHUCTEMHBIX  PEeCypcoB, 00a MPOAYKTa  YAOBJICTBOPSIOT
TpeboBaHusM cuctembl. OqHako npoaykt dvb-apps mpoekra LinuXTV mokasain
OoJtee JydIIie Pe3yabTaThl [0 CPABHEHHUIO ¢ MPpoaykToM dvbtools.

Tecmuposanue na cmabuIbHOCHb CUCTEMBL.

JInst TeCTUPOBaHUsI Ha CTAOWIILHOCTH PabOTHI OBLIO H3MEPEHO CpeIHee

BpeMsi paObOThI CUCTEM JI0 TiepBOro coos (Tadbmwumsl 9 u 10).

Tabmuna 9
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Pe3ynbTaThl TECTUpOBaHHS Ha cTa0MWILHOCTE AVD-apps.

Bpewms 3anycka Bpemsi ocTaHOBKHM Bpemsi paGoThl
06.10.2012 10:26:11 08.10.2012 05:13:05 | 42:46:54
08.10.2012 10:30:58 10.10.2012 01:57:19 | 39:26:21
10.10.2012 10:42:32 12.10.2012 00:02:44 | 37:20:12
12.10.2012 09:20:19 13.10.2012 22:28:14 | 37:07:55
14.10.2012 09:04:52 15.10.2012 14:54:01 | 29:49:09
15.10.2012 15:15:01 17.10.2012 07:29:45 | 40:14:44
17.10.2012 09:36:15 18.10.2012 22:54:59 | 37:18:44
19.10.2012 09:45:45 21.10.2012 03:53:34 | 42:07:49
21.10.2012 10:53:53 22.10.2012 18:02:55 | 31:09:02
22.10.2012 18:19:55 24.10.2012 10:39:38 | 40:19:43
25.10.2012 09:43:15 27.10.2012 00:08:15 | 38:25:00
27.10.2012 09:12:27 28.10.2012 13:45:08 | 28:32:41
28.10.2012 13:55:08 29.10.2012 16:33:50 | 26:38:42

Cpennee Bpemsi padoThI 36:15:09

Tab6mauma 10

Pe3ynbTaThl TECTUpOBaHMS Ha cTadMILHOCTH AVHtools

Bpems 3anycka

BPEMH OCTAHOBKH

Bpemsi paGoThI

01.11.2012 10:26:11 01.11.2012 12:05:38 01:39:27
01.11.2012 12:32:38 01.11.2012 16:39:35 04:06:57
01.11.2012 17:03:35 01.11.2012 20:04:33 03:00:58
01.11.2012 20:47:33 02.11.2012 01:28:50 04:41:17
02.11.2012 09:21:17 02.11.2012 14:04:13 04:42:56
02.11.2012 14:10:13 02.11.2012 16:51:45 02:41:32
02.11.2012 17:42:45 02.11.2012 22:38:05 04:55:20
03.11.2012 09:06:59 03.11.2012 11:53:01 02:46:02
03.11.2012 12:47:01 03.11.2012 16:16:08 03:29:07
03.11.2012 17:11:08 03.11.2012 19:45:03 02:33:55
03.11.2012 19:57:03 04.11.2012 00:51:57 04:54:54
04.11.2012 09:43:45 04.11.2012 13:22:58 03:39:13
04.11.2012 13:35:58 04.11.2012 15:17:55 01:41:57
Cpennee BpemMsi padoThl 03:27:12

B pesynbTare TecTupoBaHMs Ha CTAOMIBHOCTh CUCTEMbI ObLUIH BBISBIICHBI

HEOOCTAaTKH B oboux IMPOAYKTAX, CBA3AHHBIC C HCIIPCABUACHHBIM 3aBCPIICHHUCM

pa6OTBI B PE3YJbTATC «YTCUKM HaMATH» W KPATKOBPECMCHHLIX 3a/ICPKCK B

pabore DVB-S kaptel. Ograko npoxykt dvb-apps mpoekra LinuxTV mokazan

JydIIHe pe3yabTaThl MO cpaBHEHHIO ¢ TpoaykToM dvbtools ncxomast us pacuera
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KOJIMYeCcTBa COOEB HA EIUHUIY BPEMEHH M CIIOCOOHOCTH TPOrPAMMHOTO
o0ecIieueHus CaMOCTOATEIILHO BO30OHOBIIATH PabOTy MOCe KPaTKOBPEMEHHBIX
HEKPUTUYIECKHUX COOEB B padoTe.

[Io wroram TeCcTUpOBAaHMSI TIOCTPOCHA TaOIUIAa WTOTOBOM OILICHKHU
KpUTEpUEB TporpaMMHoro obecrnedenus. OTHOBpEMEHHO € 3THM Oblia JaHa
OLICHKa Ba)XHOCTH KpPHUTEpPUEB I ONTUMAJIBLHOIO BBIOOpAa MPOrPaMMHOIO
obecnieuenus. MakcumanbHas orieHka 4, MunumaibHas -1 (Ta0mauma 11).

Tabanma 11

OHGHK& IMporpaMMHOI'O obecreueHus AJIs1 BBIACIICHUSA CITYTHUKOBBIX

KaHaJO0B
Pemenne | dvbtools dvb-apps Ko3ddpunmnent
Kpurepu BasKHOCTH
KpUTepHs

KauecTBo Bemanus 4 4 4
IIpousBoauTeJbHOCTD | 4 4 2
IMoTpedieHue 3 4 1
CHCTEMHBIX PecypcoB
CTa0nJIbHOCTD 1 3 3
O0uIag oneHKa 30 37

Takum O6p330M, AJI1 BBIACIICHUS CITYTHHKOBBIX KaHAJIOB WM TPaHCIIALINU
HNX Ha CCPBEP MOTOKOBOI'O BCHIAHMA HanOoJjee ONTHUMAJILHBIM SIBISCTCS BapHuaHT

pelenus, nperaraeMpiid mpoexkrom LinuxTV, —dvb-apps.

Bri0Oop mnporpaMmMHOro ooecmedyeHusi JIs CepBepa IOTOKOBOIO

MyJILTHMCIIHﬁHOFO BeIIaHUA

Hns  BbIOOpa mMporpaMMHOro oOOecredeHus cepBepa IMOTOKOBOTO
MYJbTUMEIUAHOIO BeUlaHUs OWJIM PAacCMMOTPEHBl NPOrPAMMHBIE PEIICHUS
cepsepoB Bemanus AdobeFlashMediaServer u WowzaMediaServer. Ncxonas u3
XapaKTCPUCTHUK paCCMATpUBACMbIX TIIPOAYKTOB ObuIH JaHbl CpPAaBHUTCIIBHLBIC

OLICHKH XapaKTePUCTHK paccMaTpuBaeMbiX cucreM (Tadmwuma 12).

Ananusz nodoepicusaemvix npomoKoios.
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O06e cucTteMbl MNOAAEPKUBAIOT CEMEHCTBO MPOTOKOJIOB PEATbHOIO
Bpemean RTMP (Real-timeMessagingProtocols), ynooHble ipreMa moTOKOB U
BEIIaHUA B ceTh. KpoMe TOro JaHHBIE MPOMYKTHI MOMICPKUBAIOT MPOTOKOJIBI
Bemraaus HTTP Streaming st iPhone/iPad.

[Tpoxykr Wowza moaaepXuUBaeT IOMOJHUTEIBHO MPOTOKOJbI BEIIaHHS
Silverlight (SmoothStreaming), QucikTime/3GPP (RTSP/RTP) u IPTV
(MPEG-TS).

Takum obpasom perieare WOWza B JaHHOM Cilydace BBIMIPHIBAET I10
cpaBHeHHIO ¢ pemenuem Adobe.

AHanuz noooepaicusaemvix niamgpopm.

Hcxons u3 toro ¢akra, 94To B IUIaHE OBICTPOJACHCTBUS W (DHMHAHCOBBIX
3arpar 3¢dexkruBHEE OBUTO OBI WCIONB30BATh OMEPAIMOHHYIO cucTeMy Linux,
nenaeM BeiBoj, uTo WowzaMediaServer B jaHHOM ciiydae Oojiee mpuemMyeM, Io
cpaBuenuo ¢ AdobeFlashMediaServer, Tak kak WoOwza MoxeT ObITh pa3BepHYT
Ha Jr000# omepanuoHHoi cucteme. FlashMediaServer e wmoxker ObITh
pa3BepHYT TOJBKO HA OINEPalMOHHBIX cucTemax cemeiicrBa WIindowsNT u Ha
muctpudyTuBe LinuxRedHat.

OO0mbscHseTcs 3ToT (akT Tem, uro WowzaMediaServer Hamrcal Ha s3bIKe
Java u pabotaer moxa ymnpaBieHuEeM BUpTyalbHOU Java mamuubel. To ecTh OH
miarpopmonezaBucumMbiii.  AdobeFlashMediaServer Hamwcan Ha — SI3bIKe
ActionScript, koTopblit moIep)KUBaCTCS JAIEKO HE BCEMU TUIAT()OPMaMHU.

Ananuz oopmamer eewjanus u 3anucu MyIbmMUMeoUutino20 KOHmMeHma.

B 1utane ¢popMaToB BelaHUS M 3alUCH MYJIbTUMEIUWHOTO KOHTEHTa 00a
NPOAYKTa HECHJIBHO OTJIMYAIOTCA APYyr OoT Apyra. OHM TOIIEpKUBAIOT BCE
HEOOXOAMMBIC IS BEIIAHUSI U 3aicH (POpMATHI.

Ananuz 803mMoHcHOCMEN NEPEKOOUPOBAHUSL KHA JIEMY ).

B nmamnom miane WowzaMediaServer 3HauYuTENBHO — OIEpeXKacT
FlashMediaServer, momnmepxuBas IEepEeKOAUPOBAHHE Ha JIETY MHOYKECTBA

dopmaroB, B ommmune ot AdobeFlashMediaServer, xoroperii momaepxuBaet
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tosibko ¢opmat RTMP (Flash & H.264/AAC), yto 3HauuTENBHO OYJET BIUATH
Ha THOKOCTH pa3padbaThIBa€MO CUCTEMBI.
Tabmanma 12
Onenka nporpaMMHOro obecredeHust 11l OpraHu3aluy cepBepa

ITIOTOKOBOI'O BCIIaHUA

Ipoaykr Adobe Flash Wowza | Kodddunuenr
Bo3mo:kHOCTH Media Server 4.5 Media BA’KHOCTH
Server 3 KPHUTEPUA

Iloanep:knBaemMble MPOTOKOJIBI 4 5 5
Iena 3 4 1
IMonnep:knBaemplie MJIaATHOPMBI 3 5 2
®opMaThI BeINAHUA U 32U CH ) S) 4
MYJIbTHMEIHITHOT0 KOHTEHTA
Bo3M0XHOCTH NepeKoIMPOBAHNS «HA 3 5 3
JIeTY»
HTorosas onenka 58 74

Taxum O6p3.30M, HJIA OpraHru3aluu CECpBCpa IIOTOKOBOT'O

MYJIbTUMEIUWHOTO BELIaHUs Hanbojee ONTUMAJIBHBIM SIBISETCS BapUaHT
pemenus, npeiaraemenii WowzaMediaSystems, — WowzaMediaServer.

B cBsa3u ¢ Tem, uro cepep WOWwza He mpemocTaBisieT BO3MOXKHOCTh
nepekogupoBanusi ¢popmata MPEG-2 B ¢opmar MPEG-4, nHeobxoanmmo
BBIOpAaTh MpOrpaMMHOE OOEcHedyeHHe JUIsi TPAHCKOAUMPOBAHUS LIU(PPOBBIX
MOTOKOB, Moctynatomux B ¢popmare MPEG-2 ¢ cepBepa, padoraromero ¢ DVB-
kaproit, B popmar MPEG-4 AVC (H.264) u nanpHelIed ero TpaHCIsAIUA Ha

cepsep Bemanus WowzaMediaServer.

BbiOop nporpamMMHOro o0ecnedyeHMsi VIS  TPAHCKOAUPOBAHMS

IIOTOKOB

Jlnst BeIOOpa mporpaMMHOTO oOOecTedeHus Il TPAaHCKOIUPOBAHUS
mudpoBeIx MoTOKOB W3 ¢dopmara MPEG-2 B dopmar MPEG-4 AVC Owiu
PacCMOTpPEHBI  MPOTPAMMHBIE  pEIICHUs, pa3pabaThiBaeMble  IMPOCKTAMHU

VideoLAN (VLC) u FFmpeg.
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O6a MPOEKTa MPEIOCTABISIOT OMOJIMOTEKU KOJMPOBAHUS,
JICKOIMPOBAHHS, MYJIbTUIUICKCUPOBAHUS U BEIIaHSI U (HPOBBIX
MYJbTUMEIUHHBIX TOTOKOB.

[To BO3MOXHOCTSIM OMOJMOTEKH OYEHb MOXOXH JApyr Ha apyra. OHu
MIPEIOCTABIISIOT BO3MOXKHOCTH NEPEKOTUPOBAHUS U POBOTO
MYJIBTUMEIUHHOTO TIOTOKA U3 OJHOTO popmara B IpYyrou.

s BbIOOpa OMpEeAeNeHHOr0 peIIeHUs OBLIM MPOBENEHBI TECThl Ha
POU3BOAMTEILHOCTD, NOTPEOJICHUE CHCTEMHBIX PECypcoB, KadeCTBO
KOJMPOBAHUS M CTAOMIIbLHOCTH PaOOTHI.

Ilapamempor mecmuposanus:

[MTporeccop: Intel(R)Core(TM)i7 950 @ 3.07GHz

RAM: 6GB

Omnepanmonnas cuctema: MicrosoftWindowsServer2008

Bxoguoit mudposoit morok: HTTP/ MPEG-2 TS/ 720x576/ 25 x/c/
~3M6ut/c.

Beixogoii 1udposoii noroxk: UDP/ MPEG-4 AVC (H.264 + AAC)/
720x576/17x/c/ 512+128 xbut/c

Tecmuposanue kauecmsa KOOUPOBAHUS.

B mmane kadecTBa BemaHus o0a TPOAYKTa TOKa3add TPUMEPHO
OJTMHAKOBBIC PE3YJILTATHI, YIOBICTBOPSIOIINE TPEOOBAHUSAM CHCTEMBI.

Tecmuposanue Ha npou3600UMENbHOCMb U nompedieHue CUCTNEMHbIX
pecypcos.

JlJiss TecTUpOBaHUsI HA MPOU3BOIUTEIBHOCTh U MOTPEOJICHUE CUCTEMHBIX

pecypcoB ObUIM CHAENaHbl 3aMepbl TMOTPEOJISIEeMON ONEpPaTHBHOM MaMsITH

(tabmuirer 13 1 14 u puc.26 u 27).

Taomuna 13
[ToTpebnenue onepatuBHOM namsatu npoaykrom VLC
Bpems 3amepa Pa3mep 3annMaemMoii namsitu (k0aiT)
00:00:10 85789
00:00:21 86112
00:01:02 86668
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00:02:15 87106
00:04:41 88398
00:08:33 91122
00:18:00 96238
00:30:10 106506
01:00:10 127187
01:55:01 168542

150000

Pasmep 3aHMmaemol namaTtu (K6aiT)

170000

150000

/

130000

—

/

110000 ‘-/’—

90000 i
70000

50000

30000

10000
0:00:00 0:14:24

0:28:48 0:43:12 0:57:36 1:12:00 1:26:24 1:40:48  1:55:12 2:08:36

Puc. 26. I'padux norpebiienus onepaTuBHON naMsaTu mpoaykrom VLC

Taomuna 14

[ToTpebnenue onepaTuBHOM namsATH npoaykToM FFmMpeg

Bpems padoThI IpHJI0KEHUS

Pa3mep 3annMaemMoii namsitu (k0aiT)

00:00:00 75214
00:00:42 76218
00:01:21 77268
00:02:12 79372
00:04:42 83380
00:10:00 91314
00:36:00 107367
00:50:00 139672
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Pasmep 3anMmaemoit namaTtu (K6aiT)

150000

130000

A

,.—-"—"‘—’-

110000

___-—l""'i'-_

90000
“'.,—.“-#—_

70000

50000

30000

10000

0:00:00 0:07:12 0:14:24 0:21:36 0:28:48 0:36:00 0:43:12

0:50:24 0:57:36

Puc. 27. I'paduk moTpebnenns onepaTuBHON naMaTu mpoaykTom FFmpeg

[To pe3ynpTaraM TECTUPOBAHUS HA MPOU3BOAUTEIHHOCTh U MOTpeOIEHUE

CHUCTEMHBIX PECYpPCOB, 00a MPOJYKTa YIOBJICTBOPSIOT TPEOOBAHUSM CHUCTEMBI.

bubnuoreka FFmMpegs miane moTpeOseHUS CHCTEMHBIX PECYPCOB IMOKa3aja

pe3yNbTaThl, HEMHOTO IPEBOCXOISIIINE Pe3yiabTaThl TecTupoBanus VLC.

Tecmuposanue na cmabuibHOCMb pabomai.

I[JIH TCCTUPOBAHUA Ha CTaOMIBLHOCTD pa60T51 OBLIO N3MCPCHO CPCOHCC

BpeMsi paObOThI CUCTEM JI0 TIepBOro cOos (Tabmuibl 15 u 16).

Taomuna 15

PesynbTaTel TecTrpoBanus Ha ctabmibHOCTH VLC.

Bpems 3anycka

Bpemsi ocTaHOBKH

Bpemst padoThI

08.11.2012 10:26:11 08.11.2012 14:27:10 04:00:59
08.11.2012 15:10:10 08.11.2012 18:17:10 03:07:00
08.11.2012 18:24:10 08.11.2012 21:57:10 03:33:00
09.11.2012 10:45:12 09.11.2012 15:37:57 04:52:45
09.11.2012 16:05:57 09.11.2012 19:29:02 03:23:05
09.11.2012 19:53:02 09.11.2012 23:14:04 03:21:02
10.11.2012 09:52:57 10.11.2012 14:40:06 04:47:09
10.11.2012 15:10:06 10.11.2012 19:36:18 04:26:12
10.11.2012 19:39:18 10.11.2012 23:44:21 04:05:03
11.11.2012 10:58:54 11.11.2012 15:13:33 04:14:39
11.11.2012 15:40:33 11.11.2012 20:36:17 04:55:44
11.11.2012 21:31:17 12.11.2012 02:15:09 04:43:52
12.11.2012 09:17:23 12.11.2012 13:32:01 04:14:38
Cpennee BpeMsi padoThl 04.08:05
Tabauma 16

Pe3ynbTaThl TECTUPOBaHUS Ha cTaOMIBHOCTH OMOIMOTEK FFMpeg.
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Bpems 3amycka

BpeMmsi ocTaHOBKH

Bpems padoTsl

08.11.2012 10:26:11 08.11.2012 10:32:51 00:06:40
08.11.2012 10:37:51 08.11.2012 12:17:48 01:39:57
08.11.2012 12:20:48 08.11.2012 12:25:58 00:05:10
08.11.2012 12:50:58 08.11.2012 14:50:01 01:59:03
08.11.2012 15:18:01 08.11.2012 16:35:54 01:17:53
08.11.2012 17:17:54 08.11.2012 17:35:02 00:17:08
08.11.2012 18:06:02 08.11.2012 19:00:27 00:54:25
08.11.2012 19:52:27 08.11.2012 20:52:44 01:00:17
08.11.2012 21:41:44 08.11.2012 21:49:28 00:07:44
09.11.2012 09:50:18 09.11.2012 10:04:02 00:13:44
09.11.2012 10:18:02 09.11.2012 11:10:46 00:52:44
09.11.2012 11:13:46 09.11.2012 13:09:17 01:55:31
09.11.2012 13:22:17 09.11.2012 14:30:27 01:08:10
Cpennee Bpemsi padoThI 00:53:44

B pesynbprare TecTHpoBaHMS Ha CTAOMIBLHOCTH PAOOTHI OBUIH BBISBIICHBI

HEJ0CTAaTKH B paboTe 000MX MHCTPYMEHTAX, CBSI3aHHBIC C «YTEUYKON MaMsITH» U

3aBEpIICHUAX PAOOTHI MPU MOTEPSAX MAKETOB U COOSIX B CUCTEME KOJUPOBAHMUS.

[Ipu sTom HabOp uHCTpyMeHTOBFFMpPEQ mokasan ropa3ao Xyaiue pe3yabTaThl

no cpaBHeHuto ¢ npoaykrom VLC, wucxons us pacuera konuuectBa cOOEB Ha

€AUHUILY BPEMEHH.

[Io wuToram TecTUpOBAaHUS TMOCTPOCHA TaOJUI]Aa HWTOrOBOM OIICHKH

KPUTEPHEB MPOrpaMMHOro obecriederus (tadmuma 17).

Tabmauua 17

Orenka mporpaMMHOTO oOecTieueHus JJ1sl TPAHCKOIUPOBAHUS ITU(POBBIX

IIOTOKOB
Pemenne | FFmMpeg VLC Koappuunenr
Kpurepu Ba’KHOCTH
KpUTepus

KauectBoO 4 4 4
KOMPOBAHMS
IIpousBoauTeJbHOCTD | 4 4 2
IMoTpedieHue 4 3 1
CHCTEMHBIX PeCypcoB
CTabWIBLHOCTH 1 3 3
O0mas oneHka 31 36
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Takum 00pa3om, Il TPAHCKOAMPOBAHUS LIU(PPOBBIX MOTOKOB U3 (popMaTta
MPEG-2 B dopmar MPEG-4 AVC Haubosnee onTUMaIbHBIM SBIISIETCS BapHaHT

pelrenus, npearaeMbiii npoekrom VideoLAN, — VLC.

2. Pa3paGoTka MeToAMKM aHaJau3a PpadoTbl M HCXOAHOIO KoOJAa

nmporpaMmmMmHoOro o0ecrneueHust MJISl TPAHCKOANPOBAHHUSA IMMOTOKOB

B cBa3u ¢ HemoctarkamMu B paboOTe€ CHUCTEMBI TPAHCKOAUPOBAHMUS
IM(POBBIX IMMOTOKOB, CBA3AHHBIX CO CTA0MJIBHOCTBIO B padoTe, MPEIIOKEHO
npoaHaau3upoBath padory OmdmmorexkulLideoLAN myrem aHamm3a MCXOTHOTO
KO/Ia U OTJIAJI0YHBIX TECTOB.

s ananuza ¢ odunmanpHoro caira mpoekta VideoLAN Obut ckauan
VCXOJIHBIN KOJI ITPOEKTA.

Jl1st Hauana HeoOX0IMMO pa3o0paThCs B CTPYKTYpE MPOEKTA.

Crpykrypa npoekra VLC

SAnpo memma-cucrembl VLC wnaspBaercs libVLCcore.Ono ynpasiser
MOTOKAMH, MOJYJIAMH(KOIECKaMH, AEMYIbTUIUIEKCOPAMH, W T.1.), MOIYJISAMH
CJIOEB, YacaMmu, IUICHIUCTAaMU U HU3KOYPOBHEBBIMH JJIEMEHTAMU YIPABIICHUS B
VLC.Hanpumep, OHO OTBEUYaeT 3a YIpaBJICHUE CHHXPOHHU3AIMEH MEXIY BCEMHU
ayJiio, BUACO JOPOKKAMHU U JOPOKKAMU CYOTUTPOB.

Ha BepxHem ypoBHe siipa Haxoautcs oubmmoreka libVLC, koropas maer
JOCTYIl CTOPOHHUM pa3pabOTYMKaM TPUIOKEHUH K HCIOIB30BAHUIO BCEX
BO3MOXKHOCTEH simpa.Moxaynau ke cBs3biBatorcss ¢ libVLCcore, 4ro0Ob
B3aMMOJIEHUCTBOBATH C SAJIPOM.

Moayabnocts. OpHo w3 ocHoBHBIX moHsaTHH VLC - 910
«onynbHOCTE».VLC  sABiercs, MmO CyTH, TMOJMHOW  MYJIbTUMEAUNHOM
watdgopmoit (kak DirectShow mnu GStreamer), K KOTOPOH MOXHO TIOJIKJTIOYATh
MHOKECTBO MOAYJIEH JUHAMUYECKH, B 3aBUCUMOCTH OT HEOOXOITUMOCTH.

[Tnardopma sanpa HCIIOBb3YeTCs, YTOOBI 00pabaThIBaTh

MeauanH(popmaluio, oT Bxoja (¢aiibl, ceTeBble MOTOKH) K BBIXOY (ayaHO WIIH
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BUIECO, HAa OJKpaH WiIH B ceTb). OH HUCMONB3yeT MOIYJIH, YTOOBI CHENaTh
OOJIBIITYI0 YacTh PabOTBl Ha KaXKAOM dTamne (pa3iudHble MYJIbTHILICKCOPHI,
pasjencHus, IeKoaepoB, GUILTPOB U BBIXOjbI).Jlake UHTEPEHCHI SBISIOTCS
wrarnaamu st libVLC.

Takum obOpazom, VLC ucnons3yer Moy BO BpeMs pabOThl Ha KaXKIOM
mare “H(OPMAIMOHHOTO Mporecca. Moayau HMOATPYKAKTCS TUHAMUYECKH BO
BpeMsi paOOThl MPWIOKEHHS 10 Mepe HeoOxoaumocTu. Kaxaplii Momyiib
IpearaeT pasHble BO3MOXHOCTH, MOAXOMASIINE B KOHKPETHOM CIIy4ae HIIN
HEOOXOUMbIE B KOHKPETHOM Cpejie UCTIONHEHHS.

K OCHOBHBIM MOIYNISIM, OTHOCSIIMMCS K JaHHOMY HCCIIEIOBaHUIO,
OTHOCSATCS MOIYJTH JOCTYIIA, 1eMYJIbTUILICKCUPOBAHHMS, MY/IbTHILICKCHPOBAHH,
JEKOIMPOBAHUS U KOJTUPOBAHMS.

Mooyau oocmyna (accessmodules) nmpeacTaBisroT OO0 MPOTOKOIBI JJIsI
JOCTyMa K MOoToKaM, repenaBaemMbiM o cetu (HTTP, FTP, TCP, UDP, RTSP u
T.J1.), AOCTyla K (pM3UYECKUM M MHBIM HCTOYHMKAM Meaua, TakuMm kak CD,
DVD, BD, DirectShow u p.

Mooyns  demynemunaexcuposanus (demuxmodule) pasOupaer mOTOK
0aliTOB W pas3meisieT ero Ha JJIeMEHTapHble MOTOKH. TEeXHHYECKH MOIYIIN
JEMYJIbTUILUIEKCUPOBAHUS «BBITSTUBAIOTY JAHHBIC M3 TIOTOKA, JaHHBIC B HETO HE
IepeaaroTCs MyTeM J0CTyIa K MOAYIIIO AeMYIbTUIUICKCUPOBaHus. B yacTHOCTH,
B npoekte VLC mMeroTcst ciaenyroime MOAYIH AeMyJIbTUIUIeKCHpoBanus: asf
(ASF nmemysnbTHILIeKcOp), avi (memynbTumuiekcop (aiinoBoro moroka AVI),
mp4 (Moxysb nemynbruiuiekcupoBanus MP4), mpeg (PS, TS u ap.) u playlist
(1711 UMIOpTa CIIMCKOB BOCIPOU3BEICHHUS ).

Mooyne  myabmunnexcuposanuss  (muxmodule) BeimonHseT padoTy,
00paTHYIO TOM, KOTOPYIO BBITOIHAET MOAYJIb AEMYIbTUILIEKCUPOBAHUS, TO €CTh
COEIMHSAET HECKOIBKO JJIEMEHTAPHBIX IIOTOKOB B OJHH ITOTOK OalWTOB IS
HIepeIayn 10 CETH MM MHBIM KaHalaM CBSI3H.

Mooyns  dexoouposanus(decoder) u xoouposanus(encoder) oOBYHO

npecTaBisieT co0ol enquHblid MOAyas (codecmodule), koToperit ocyriecTBIsET
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paboTy JEeKOAUPOBAHMS JIEMEHTAPHBIX TTOTOKOB B ChIpoit popmar (rawformat)
JUTS TIOCJICYFOIIEeH ero 00pabOTKH M KOJAMPOBAHUS WIIH COKATHUS B TOT WIIM HHON
dopmaT. Moayau qaHHOTO THITA BBITOJHSAIOT MAaTEMAaTHICCKYIO 9acTh MpoIiecca
BOCTIPOM3BEACHHS H/HIN TIPeoOpa3oBaHusl MYJbTUMEIHHHBIX MOTOKOB. OHU HE
CBSI3aHBI C MOAYJISIMU JIEMYJIbTUIUICKCUPOBAHUS U MYJIbTHILIEKCUpOBaHMsI. OHU
HC B3aMMOJCHUCTBYIOT HANMpPSIMYK C YCTPOMCTBAMH U  HCTOYHHKAMHU
MYJIBTUME/INA, @ PEATU3YIOT UCKIFOYUTEIBHO aJlTOPUTMBI.

PaGora Momyneil OCyIIECTBISCTCS B MOPSJAKE, IMPEACTABICHHOM Ha

puc.28.

Input

access H demux H decoder ]_
_.[ encoder ]_,[ mux ]_,[ access

Puc. 28. Tlopsinok pabotsl moayneit oudnuorexku VLC npu

Output

TPaHCKOAUPOBAHHUU MYHBTHMCHHﬁHOFO ITIOTOKAa

IHoaroroBka K aHAJIU3y CTPYKTYPbI MOAY el

Jlnst aHanmm3a WMCXOMHOTO KOAa HEOOXOAMMO OMNpENeTUuTh MOJYIIH,
3aJIeCTBOBaHHBIC B pa00OTE CUCTEMBI. J[JIsT 3TOr0 COBEPIININ TECTOBBIN MPOTOH
C OTJIaJIOYHOM TI€YATHIO.

Ilapamempur 3anycka cucmemol:

-vvwv -1 rc http://192.168.0.3:8080/chl

:sout=#transcode{vcodec=h264,fps=17,vb=512,scale=0,acodec=

mp4a,ab=128,channels=2,samplerate=44100,deinterlace}:udp{d

st=127.0.0.1:10010} :ttl=17 --extraintf=http:logger --
verbose=3 --file-logging --logfile=D:\vilc-log.txt

OtnanoyHas nedarh, MOJTYyYEHHAs MPU TECTOBOM IPOTroHE, MPUBE/ICHA B

[Ipunoxenun 2.
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B cootBercTBHE C JaHHBIMUA OTJ'I&I[O‘—IHOﬁ neyaTrtu, OnpeacisieMm
3aﬂeﬁCTBOBaHHBIe MOAYJIN A0CTYyIIA, ACMYJIbTUIINICKCUPOBAHUS,
ACKOAUPOBAHM, KOAUPOBAHUA U MYJIbTHIVICKCUPOBAHMA.

Ha ananu3 Obl1H BRIOpAHBI CIIEIYIONINE CTPOKH:

main debug: using sout access module "access_output_udp'
main debug: "http://192.168.0.3:8080/chl® gives access
“http® demux " path "192.168.0.3:8080/chl*

main debug: creating demux: access="http® demux=""*
path="192.168.0.3:8080/chl"

main debug: creating access "http*
path="192.168.0.3:8080/chl"

access_http debug: http: server="192.168.0.3" port=8080
file="/ch1-

access_http debug: protocol "HTTP®" answer code 200
access_http debug: Content-Type: application/octet-stream
main debug: using access module "access_ http"

main debug: using demux module "ts"

main debug: TIMER module need() : 151.000 ms - Total
151.000 ms /7 1 intvls (Avg 151.000 ms)

main debug: looking for packetizer module: 21 candidates
main debug: using packetizer module "mpeg_audio"

main debug: using packetizer module "packetizer_mpegvideo
mux_ts debug: shaping=200000 pcr=70000 dts_delay=400000
main debug: using sout mux module "mux_ts"

main debug: muxer support adding stream at any time

main debug: muxer prefers to wait for all ES before
starting to mux

stream_out_transcode debug: codec audio=mp4a 44100Hz 2
channels 128Kb/s

stream_out_transcode debug: codec video=h264 0x0 scaling:
0.000000 512kb/s

main debug: using decoder module "mpeg_audio"

avcodec debug: libavcodec initialized (interface 0x350500)

avcodec debug: found encoder MPEG AAC Audio
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main debug: using encoder module "avcodec"

avcodec debug: libavcodec already initialized

avcodec debug: trying to use direct rendering

avcodec debug: ffmpeg codec (MPEG-1/2 Video) started

main debug: using decoder module "avcodec"

X264 debug: version x264 0.115.X

main debug: using encoder module 'x264"

HUcxonss w3 aHanmu3a JaHHBIX CTPOK, OBUIM BBIJEIEHBI CIIEIYIOIINE
MOJYJIH:

Mooyau oocmyna:http, udp.

Mooynb demynomuniexcuposanus.ts.

Mooynu oexoouposanus:mpeg_audio (ayauo), avcodec(sumeo MPEG-
1/2).

Mooynu koouposanus:x264 (Buaeo), avcodec (ayano MPEGAAC).

Mooyns myremuniexcuposanus:SOUt_mux_ts.

AHaJIN3 CTPYKTYPbI MOAYJ1ei

Ananuz cmpyxmypoi Mooyneu 00cmyna
Monynu noctymna paboTaloT COCTPYKTYpPOH JTaHHBIX acCesS_t, onucaHHOM

B (haiisie 3aromoBka VIC_access.h.
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Puc 29. ®parmeHT auarpamMmbl B3aMMOICHCTBUS JII MOJTYJISL JOCTYIIA.
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Hcxonnslil KO paccMaTpUBAaEMBbIX MOAYJIEN npencrasieH B [Ipunoxennu

Monyne nmoctyna http omuceiBaercs B (haiinme http.c./laHHBIT MOMYIH
COIEPIKHT CICAYIONIHE METOIbI:

Open(), OpenWithCookies() — MeToabI OTKPBITHS MOTYJIS.

Close() — 3akpsITHEMOTYIIS.

ReadData(),ReadICY Meta(), Read(), ReadCompressed() -
METOBIYTCHHS.

Seek() — meTon ciBura Kypcopa aJis YTCHHUS.

Control() — MeTo yrpaBicHHsSI MOIYJIEM.

Connect() — merox st oTkpbiTUst HT TP-coennuenust.

Request() — merox s cozmanus u mockliku HT TP-3ampoca.

Disconnect() — meToapa3pbIiBacOCTUHEHHS.

cookie_get_content(), cookie_get_domain(), cookie_get_name(),
cookie_append() — MmeToaBIIIIPAOOTHICKYKH.

AuthReply(), AuthCheckReply() — meTonbl ayTeHTH)HUKAIIUH.

Monayne goctyma udp omwmceiBaeTcs B darne udp.c. JlaHHBIH MOmYIIb
COICPIKHT CICAYIOIIHE METOIBI:

Open() — MeToT OTKPBITHS MOYJIS.

Close() — 3axpsiTHe MOTYJIS.

Control() — MeTos 1 yIpaBICHUS MOIYJICM.

BlockUDP() — pa6ota ¢ 6;iokamu UDP.

AHanuz ucxo0Ho2o k00a Mooy OeMyIbMUNIEKCUPOBAHUSL

Mopaynu ReMylIbTHITICKCUPOBAaHUS PAa0OTAIOT CO CTPYKTYpPOH JaHHBIX

demux_t, onmcanHoit B daitne 3aronaoska vIic_demux.h.
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Puc 30. ®parmeHT AuarpaMmbl B3aUMOJICUCTBUS JIJIT MOTYJISI
JEMYIIbTUILUIEKCHPOBAHUSL.

Monyne nemynbTuruiekcupoBanus tS onuceiBaercs B (aitne tS.C. J[aHHbIiM
MOJIYJIb COMEPIKUT CIICAYIOIINE OCHOBHBIC METO/IBI:

Open()— MeToabl OTKPBITHS MOTYJISL.

Close() — 3akpbiTHE MOTYJIS.

Demux(), DemuxFile() — meToab! 1eMyIbTUIIICKCUPOBAHUS.

Control() — meToa ynpaBjcHHsSI MOZYJIEM.

Taxoke MaHHBI MOAYJB COAEPKUT MHOXKECTBO METOMOB Jisi PabOTHI C
DIIEMCHTAPHBIMH ITOTOKAMHU.

Hcxonnslil KO pacCMaTpUBAEMOr0 MOy NpencrasieH B [Ipuioxennn

AHanuz ucxo0Ho2o Ko0a mooynel KOOUPOBarusi U 0eKOOUPOBAHUS
B ocHoBe paboThl MOAyned KOAMPOBAHUS U JICKOJUPOBAHUS JIeKAT

CTPYKTYpHBI JaHHbIX encoder_t u decoder _t.
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Puc. 31. lnarpamMmma B3auMOACUCTBUS JJIsI CTPYKTYPhI KOJAUPOBIITUKA
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Puc. 32. ®parMeHT nuarpaMMbl B3auMOJICHCTBUS IS CTPYKTYPHI

JEKOIUPOBIIUKA

Monyne avcodec omuckiBaeTcs B (aitme avcodec/avcodec.C u comepKuT

CIICIIYFOIIIE OCHOBHBIC METO/IbI:
OpenDecoder() — oTKpbITHE JEKOAUPOBIIHKA.

CloseDecoder() — 3akpbITHE JEKOAUPOBIIHKA.

InitLibavcodec() — uannmanus kozaeka libav.
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ffmpeg_OpenCodec() — otkpriTre koaeka ffmpeg.

ffmpeg_CopyPicture(), ffmpeg_GetFrameBuf(),
ffmpeg_ReGetFrameBuf(), ffmpeg_ReleaseFrameBufl() - ¢yakmun mis
paboTHI C KaJpamH.

InitVideoDec(), DecodeVideo(), EndVideoDec() - nekomupoBaHue

BHUJIEO.

Moaynbe koneka X264 onuceiBaetcsi B (aitie X264.C U COAEPKUT
CJIETYIOINE OCHOBHBIC METO/IBI:

Open() — oTkpbITHE KOJIEKA.

Close() — 3akpsiTHe KOIEKA.

Encode() — kogupoBanue BUICO.

Ananuz ucxo0Ho2o ko0a MO0y Myl1bMUniIeKCUpo8aHus

Moayip MyIbTHILIEKCHPOBaHUS MpPeg-tS onucan B ¢aitie mpeg/ts.c.

JIaHHBII MOIYTTb COIEPIKUT CIICAYIOIINE OCHOBHBIC METOIBI:

Open() — MeTo1bl OTKPBITHS MOJTYJISL.

Close() — 3akpbiTHE MOTYJIS.

Control() — ynpaBiaenue Moaysem.

AddStream(), DelStream() —pa6ota ¢ morokamu.

Mux() — MyIbTHILUIEKCHPOBaHHE.

PEStoTS() —koHBepTHpYET 3JIEMEHTAPHBII ITOTOK B TPAHCIIOPTHBIH.

3. Pa3zpaGorka MeTOoJ0B M TNPHEMOB ONTHMHU3ALMU PadOTHI H

oOecreyeHUsI CTA0OUJIbLHOCTH CHCTEMbI

Kak 0110 cka3aHO, MPU TECTUPOBAHUU M aHAIH3E MPOTPAMMHBIX CHCTEM
ObUIM  BBISIBJICHBI HENOCTaTKW B paboTe, CBs3aHHbIE C O00OECleYeHueM
CTaOWIBHOCTH cucTeMbl. [ sddexTuBHOrO pemeHus TaHHBIX MPoOIeM
HE0OXOIUMO pa3paboTaTh CHCTEMY METOJOB M NPUEMOB [Jisi OOEcCreyYeHUs

CTaOMJIBHOCTH.
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Ilonck mporpaMMHBIX OMMOOK ¥ TPUYUH Cc00eB CHCTEMBI

TPAHCKOAUPOBAHMS

JIns moWcka MpOrpaMMHBIX OIMMOOK M MPHYUH IMPOrPAMMHBEIX CcOOEB
CHUCTEMBI TPAHCKOJIUPOBaHMs Obla MPOBEJCHA MporpaMMHas OTJIagKa MOYJICH
VLCc BeIBOIOM OTagouHOM HMH(pOpMaruu. B mporecce oriagku MoayJied u
aHaJu3a MCXOJHOT0 KoJia ObUTM HaWJeHbl MPOOJeMbI, a TaKKe YYacTKH KOja,
KOTOPBIE BO3MOYKHO MOAU(PHUIIUPOBATH, B CICIYIOITUX MOIYJISX:

MOJIYJb IEMYJIbTUILIICKCUPOBaHUS 1S,

MOJTYJIb JICKOIMPOBAHMS BH €0 avCodec,

MOJTyJIb KOAUPOBAHUS BUACO X264,

MOJTYJTh MYJIbTUIIEKCUPOBAHUSA {S.

OTtanounas wadopmarus moayiei VIc npusenena B [Tpunokenuu 2.

B wacTtHOCTH, B MOmyne JeMyJbTHIUICKHCpOBaHHMS (S u Momyne
KOAUPOBAHUA BHACO X264 HCHOIB30BAIMCH TJIOOAJIbHBIE ITIEPEMCHHBIC
MAaCCHUBOB, YTO MOXET OBITh IPUIMHON «YyTEUKH MaAMSITH.

Taxxke B Mmonysne X264 ObuIu HaWEeHBI TIEpEMEHHbBIC CCHUIOYHOI'O THIIA,
KOTOpbIC HE YHHUYTOXKAJIUCh.

B momyne mexomupoBaHus ObUTH HaWACHBI YYAaCTKU KOJA, BBHI3BIBAIOIIUE
cOO¥ TTpU BO3HUKHOBEHUH MCKIIOYEHUS B MOYJIE IEMYIbTUIIIICKCUPOBAHUS.

[Ipn amamm3e koma OBLIM BBISIBICHBI YYaCTKH KOJa THIIA «IUKI» U
«yCJIOBHE», KOTOPHIE MOXHO MOIU(PHUIIUPOBATH, TEM CAMBIM yCKOPUB PabOTy

MIPOrPAMMBbI U YMEHBIITUB BEPOSITHOCTh BOSHUKHOBEHUS OIITUOOK.

Pa3zpaborka MeTOH0B W mNpHeMOB olOecnedYeHHs] CTAOMJIBLHOCTH

CUCTEMBI BbIACJICHUA CIIYTHUKOBbLIX KaAHAJ0B

Ucxonss w3 aHamuza OBICTPOJAEHUCTBUST U CTAOMJIBHOCTH CHUCTEMBI
BBIJICJICHUSI CITyTHUKOBBIX KAaHAJOB, MPUIUIM K BBIBOAY, YTO CHUCTEMa B IJIAHE
OBICTPONICHCTBHSI HE HYXKIIA€TCS B peopraHu3anuu. B miaHe ke cTaOuiIbHOCTH

CUCTEMA HYXKJAeTCs B IOpPaOOTKE.
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Tak kak yacTtoTa cOOEB CHCTEMBI B CpelHEeM cocTapisieT 1 cOoit Ha 1.5
CYyTOK, TO BO3MOXXHBIM pEIICHHEM MPOOJIEMbI MOXKET CTaTh  MOHHTOPHHT
paboThl CHCTEMBI U TIEpe3almyCK B Cliydyae <«IaJieHus» CHCTeMbl. Bce 3To

peIIaeTcs C MOMOIIBI0 CUCTEMHBIX YTHIIHT OTNICPAIlMOHHON CHCTeMBI LinuX.

Pa3pa60TKa METOAOB H MNMPHEMOB OINTHMHU3AIHH paﬁoTbl Hu

o0ecreyeHHsl CTAOMJIbHOCTH CHCTEMBbI TPAHCKOIUPOBAHUA ITOTOKOB

Ha ocHoBe ananm3a mcxomgHoro koja oumoimorek VLC ObUIH BBISBICHBI
HEJI0YETHl B TMPOTPAMMHOM KOjAE€ MojayJiehd Oubmuoreku. Tem cambiM myTH
pereHns mpoOJeM €O CTAa0MIBHOCTBIO M ONTHUMHU3AIMeld pabOThI CBS3aHBI C
U3MEHEHHUEM MPOrPAaMMHOI0 KO/Ia MOYJIel JTaHHBIX OMOINOTEK.

Jlns Havyama OBLIM  BBIACICHBI Y4YaCTKH KOAQ, KOTOpPBIE HYXKHO
MOJIU(PHUITUPOBATE.

B xauecTBe MHCTpyMEHTa Jis pabOThI C UCXOIHBIM KOJIOM OHMOJIMOTEK Ha
si3pike C++ HCIONB30BaAJICS PEAAKTOp MPOrPaMMHOTO KOJa CPEIbl pa3pabOTKH
MicrosoftVisualStudio 2010.

B KO, B 4HaCTHOCTH, OBLIIM BHECEHBI CJICAYOMINEC N3MCHCHMU !

® U3MCHEHA BUAMMOCTh HEKOTOPBIX MEPEMEHHBIX C TI00aTbHBIX Ha
JIOKAJIBHBIE;

e 00aBJICHBI BBI30BBI IECTPYKTOPOB JJIsI HEKOTOPHIX TIEPEMEHHBIX;

® PpPEOPraHU30BAHBI LIUKIIbI,

e MOIU(UIIUPOBAHBI HEKOTOPHIE YCIOBHUS.

BuecenHble uaMeHenus npejacrasieHsl B [Ipunoxkennn 4.

4. PazpaﬁoTKa AOMOJIHUTECJIBbHOI'0 MpPOrpaMmMHOTO o0ecrnieyeHuUs! AJIA

o0ecneyeHHUs! yzloﬁcn;a NM0JIb30BAHNA CHCTEMOM NOTOKOBOI0 BellIaHUS

B kadecTBe OMOMHUTENBHBIX CPEACTB 3aIIUTHI OT MPOrPAMMHBIX COOEB
HEOOXOAMMO pa3paboTaTh CHCTEMY MOHHUTOPHHIA 32 COCTOSHUEM CHCTEMBbI

Bemanus. Takke [y ynoOCTBa  YOPABJICHHWS] BEIIAHHEM HEOOXOIMMO
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CIIPOEKTHPOBATH CUCTEMY aAMUHUCTPUPOBAHUS 151 yIpaBJICHUS

MYHLTHMGHHﬁHBIMH IIOTOKaMH.

CpeIICTBO MOHMTOPpHUHIA 32 COCTOAHUEM CUCTEMBI BCIIIAHUA

CpencTBoO MOHHTOPHHTA 33 COCTOSTHUEM CHUCTEMBI BEIAHUS TIPEICTABIISCT
coOoli mporpaMMHOe OOecredeHrue, KOTOpoe CIETUT 3a PaboTOCIOCOOHOCTHIO
CHUCTEMBI B IIEJIOM ITyTEM MOHHTOPHUHTA IMPOIECCOB KOIWPOBAHUS M BEIAHMS.
CpencTBo HammcaHO Ha S3BIKE MPOTPAMMHPOBAHUS BBICOKOTO YpoBHsI C# C
ucnonb3oBanueM TexHomorun .NET u SSH.

CpencTBo CmocoOHO CaMOCTOSTENBHO 3aIllyCKaTh MPOIIECC BEIIaHUs,
OTCIIeKHUBATH COCTOSIHHE MaMSsITH, 3aHUMaeMOM npoliieccaMmu
TPAHCKOAMPOBAHUS, TIEPE3aIMyCKaTh MPOIECCH KOAUPOBAHUSI IPU TIPOTPAMMHBIX

coosix (Puc. 33).

[ stream Manager mmsle=ali=le < ]

o s
L sw |

4692, 10584 KB
-wwv -l rc http://127.0.0.1:83080/ch 1 :sout=Hh
8176, 3964 KB
~vwv - dummy http://192.168.0.3:3080/ch2 :
5864, 9972 KB
-vvv - dummy http://192.168.0.3:3080/chd :
1536, 3976 KB
nww -| dummy hitp://192.168.0.3:8080/ch5 » .
4 [t g
(2] =
b
Mcnonesosanne GusMUeckol NamAaTH 100%

0% -

Puc. 33. CpeILCTBO MOHHUTOPHHI'A 3a COCTOAHHUCM CUCTCMbI BCITAHUA
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HcxonHplii Ko MporpaMMHOro oOecredeHuss JJisi MOHUTOPHMHIa 3a

COCTOAHHNECM CUCTCMbI BCITAHUA IIPUBCICH B HpHJ’IO)KGHI/II/I 4,

Cucrema AIMUHUCTPUPOBAHUA KOMILIECKCA BE€IIIaHUA

Jns aqMUHUCTPUPOBAHUS CHUCTEMBI BelllaHUs (3allycka M OCTaHOBKHU
KaHAJIOB,  paclpeielieHuss  JocTyna)  Opula  pa3paboTaHa  cucTeMa
aIMUHUCTPUPOBAHUSA, KOTOpas ObLla WHTETPUPOBAHA C aJIMUHUCTPATHBHOM
JaCThIO CHUCTEMBI TPEIOCTABICHUS JOCTyNMa K MYJIbTUMEIUHHOMY KOHTCHTY
Mytube.uz (puc. 34). Hdannas cuctema Obuta pa3paboTaHa C NMPUMCHCHHEM
texaoimorui ASP.NET u AJAX, s3wsika mporpammupoBanus C#, s3bika
pasmetkn HTML.Takxke Ha s3pIke Java ObLI HamMCaH OTACIbHBIA IIJIarUH K
cepBepy Bertanus WowzaMediaServer aiis peaiausaiiy yupaBieHUs BelaHHEM
C cepBepa.

JlanHasi cuctema MO3BOJISIET J00aBATh W yIAsATh KaHAbl, BHIOUpATh
dbopMaThl BENIaHMS, IONTY4YaTh CTATUCTHYECKUE JAaHHBIE O TOMKIIOYCHHSIX,

noiay4yath uHpOpMarmio o pabore cepBepa Bemianus \WowzaMediaServer.

Ucxonnsie koawl npuBeneHsl B [Ipunoxenuu 4.

ADMIN PANEL
s System Cont ement jac

Catalog & Users

45 man 2043 r. 16:45

w= Manage Channels

Create new channel > Senver
Kanan
Cawaprana TE
NySait Cnopt
FORUM-TV

1 kawan
Sport
CTC International

4Fun TV

4Fun_tv.stream - Update
aljazeera_sport.stream
forum_tv.stream
mir_tv.stream
pemnviy.stream
sts_international.stream
stv.stream
test. stream
test2.stream

Puc. 34. Cucrema aIMUHUCTPUPOBAHUS KOMIUIEKCA BEIIAHUA
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5. OnucaHue CTPYKTYPbI pa3padoOTAHHON CHCTEMBbI

Pa3zpaboTanHbIil anmapaTHO-MPOTPAMMHBIH KOMIUIEKC pPEaTnu30BaH I10
CIIeyIOIIEeH cXeMe.

Ha xoMnbproTep moja ynpaBlIEeHUEM CETEBOW ONEPALMOHHOW CUCTEMBI
Linux/UbuntuycranoBiena u HactpoeHa cmytHukoBas DVB-S2 mmara. C
NOMOIIBI0 OMOIHOTeKdVD-apPS ¥ yTHIUT BBIACHSIOTCS IH(POBBIE TOTOKH C
HECKOJIbKMX CIYTHUKOBBIX KaHAJOB. 3aTeM A3TH IMOTOKH MO JIOKAJIbHOH CETH
noBepx npotokosa HTTP B ¢popmare MPEG-2 mepenamnpaBistorcss Ha apyroi
KOMIIBIOTED IO yIpaBiieHneM omepanuonnoi cucrembr WindowsServer 2008.
Ha nmanHOM KOMIBIOTEpE TIPHU MOMOIIM IPOrPaMMHOTO 00ECIIeYeHHsI Ha OCHOBE
OTKpbITOro  mporpaMMuoro  koga  VideoLAN  moayueHHBIE — MOTOKH
npeobpazyrorcs u3 dopmata MPEG-2 B dopmar MPEG-4 AVC wu 1o
npotokony UDP Tpancnupyrorcs nHa meauacepsep WOwza, pa3BepHYTbI Ha
MOITHOM (PU3MYECKOM cepBepe MOJ YNpaBICHHEM OMEPAMOHHONW CHUCTEMBbI
Linux, ¢ KOTOpOro OCYIIECTBISICTCS TPAHCIANUS Toib3oBarensiM. Cucrema

MOXET OBITh yiydicHa IIyTEM I[O6aBJ'IeHI/I51 JOITIOJIHUTCIIBHBIX 3BCHLBCB B

CTpYKTYpY (puc. 35).

Puc. 35. CtpykTypa anmnapaTHO-IPOTPAMMHOT'0 KOMILIEKCA MYJIbTUMEIUHHOTO

BCIIaHUA
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PaGora cucTemMbl KOHTPOJHPYETCS NPOrpPaMMHBIM  OOECIEYEHUEM

HAITMCAaHHOM C UCIoJb30BanueM texHojoruii .NET u Java.

6. AHAJIM3 NMOJy4YeHHBIX Pe3yJabTATOB

B pesynprare paboThl CO3/laH anmapaTHO-IPOrPaMMHBIA KOMIUIEKC
NOTOKOBOI'O ~ MYJIbTUMEIMMHOIO  BELIAHUS, OTBEYANOIIHUA  TpeOOBaHUIM
CTaOMJIBHOCTU W ObICTpoaeicTBUs. JlaHHBIM KOMIUIEKC ObLI MPOTECTHPOBAH HA
0a3ze CyIIeCTBYIOUIEH CHCTEMBI MPEIOCTABICHUS JOCTYIa K MyJIbTUMEIUIHHOMY
koHTeHTY (moptan Mytube.uz). Komruieke uMeeT cieayromme TeXHUICCKUE
XapaKTePUCTHUKU:

Bxoonou nomox: DVB-S/S2 IMPEG-2 / 3M6um/c.

Bovixoonoti nomox.: RTPIRTSP/IMPEG-4 (H.264+AAC) / ~600 kbum/c.

JlaHHBI ~ KOMILJIEKC MOXET OBITh HCIOJNB30BAaH JJIs  BEUIaHUs
CIYTHUKOBBIX TEJIEBU3MOHHBIX KaHAJIOB B ceTu VHTepHET mpH YCIOBHUH
BBICOKOM MPOMYCKHOM CITOCOOHOCTH OT cepBepa J0 kiaueHTa (mopsiaka 5S00-600
KOHT/C).

TecTbl Ha CTAaOWJIBHOCTH CHUCTEMBlI TPHU [EPBOHAYAIBHBIX BXOAHBIX

napameTpax.Pe3ynpTaTel TECTHpOBAHUS MIPEACTABICHBI B Tabmmmax18 u 19.

Tabauma 18
Pe3y.]'II:TaTI>I TCCTUPOBAHUA CUCTCMbBI HA CTaOMILHOCTD
Bpewms 3amycka Bpemsi ocTaHOBKH Bpems padoTsl
05.03.2013 10:15:07 07.03.2013 02:35:51 | 40:20:44
07.03.2013 10:10:18 09.03.2013 09:34:25 | 47:24:07
09.03.2013 09:22:45 11.03.2013 08:56:36 | 47:33:51
11.03.2013 09:12:49 12.03.2013 13:10:22 | 27:57:33
12.03.2013 13:52:22 14.03.2013 04:32:51 | 38:40:29
14.03.2013 09:40:12 15.03.2013 16:06:22 | 30:26:10
15.03.2013 16:43:22 17.03.2013 14:14:09 | 45:30:47
18.03.2013 10:18:14 19.03.2013 20:49:18 | 34:31:04
19.03.2013 21:16:18 21.03.2013 11:01:50 | 37:45:32
25.03.2013 10:07:44 26.03.2013 10:45:08 | 24:37:24
26.03.2013 10:59:08 28.03.2013 00:22:09 | 37:23:01
28.03.2013 10:20:19 29.03.2013 14:10:09 | 27:49:50
29.03.2013 14:37:09 31.03.2013 06:25:21 | 39:48:12
Cpennee Bpemsi padoThl 36:54:31
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Tabmauma 19

Pe3ynbTarhl TECTUPOBAaHUS CUCTEMBI TPAHCKOAUPOBAHUS Ha MOTpeOIeHNE

CUCTCMHBIX PECYPCOB ITOCJIC BHCCCHUA W3MEHECHUH

Bpemsi padoTbl Pa3mep notpedasiemoii namsaTu (KOaiiT)
00:00:16 79129
00:00:44 79138
00:01:15 79308
00:02:01 79226
00:10:21 79517
00:30:04 79793
01:02:21 80535
02:00:58 81486
04:10:45 83879
48:00:00 B ] -
| m . s Llgcie
36:00:00 n = = * o
L | B MNocae
L | |
24:00:00 n — Lo
12:00:00 T
A
0:00:00 - T | - -
Ks 3)
160000 // ,HO
120000 / /
100000 — .
80000 Hocn—e Mocne
20000
0)

Puc. 36. CpaBauTENBHBIN Tpaduk

CTaOMIIBHOCTHU paOOThI CUCTEMHI (2) U

noTpeOJICHUs] CACTEMHBIX pecypcoB (0) 10 U MOC/Ie BHECCHUS N3MEHCHHMI.
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Pesynpratel  TecTupoBaHMA ~— KOMIUIEKCa  [OCIE€  MPUMEHEHHS
pa3pabOTaHHBIX METOJOB ONTHUMH3AIMH U OOecmedeHus CTaOUILHOCTH
MIOKa3aJId YBEJINMYEHUE MTOKa3aTelsl CTAOMIBHOCTH CUCTEMBI 10 9 pa3 — ¢ 4 10 36
gacoB OecriepeOoitHoi paboThl. JlanpHelmas OecriepeboiiHas padoTa CUCTEMBI
obecrieunBaeTcs JOMOJHUTEIbHBIM MPOTrpaMMHBIM oOernedeHueM. Takum
o0pa3oM, MOXKHO CcJelaTb BBIBOJ O TOM, YTO pa3padOTaHHBIE METOMIbBI
IOCTPOCHUSI  alMapaTHO-IPOrPAMMHOTO  KOMILJIEKCa, BKJIIOYash — METOAbI
ONTUMHU3AIMA M OOECTeYeHMs] CTAOMIBHOCTH, MUMEIOT XOpOIINE Pe3yiIbTaThl
NPUMEHEHUSI W MOTYT OBITh KCIONB30BaHBl IS AHAJOTHYHBIX CHCTEM C

BapbUPYIOIUMUCS XapaKTEPUCTUKAMH.

BriBoasbino riase |11

Merogonoruss  pa3pabOTKH  anmapaTHO-MPOrPAMMHOIO  KOMILIEKCa
MYJIbTUMEIUAHOTO  BEIIaHUS BKJIHOYaeT B ce0d METOAUKY BBIOOpa
IPOrpaMMHOI0 OOECIEUECHUS IS CHCTEMBbI MOTOKOBOTO MYJIbTUMEIUMHOTO
BEIIAHMS, METOJMKY aHaiau3a paboThl M CXOJHOrO0 KoOJa BBIOPAHHOIO
IpPOrpaMMHOr0 OOECIEUEHUs] Ha OCHOBE CTPYKTYPHOTO aHajiu3a, pa3paboTKy
METOJIOB W TIPUEMOB ONTUMH3AIUU PAOOTHI M O00eCIeueHuss CTaOUILHOCTH
CHUCTEMBI, pPa3pabOTKy IOMOJHHUTEIHLHOTO IPOrPAMMHOIO OOCSCIICUCHHS IS
obecrieueHus ya00CTBa MOJIb30BAHKS 1 MOHUTOPHUHTA 32 CUCTEMOM.

B naHHOM 3amade pemieHo Ha MEPBBIM IUIAH BBIHECTH MOAYJIBHOCTH, TO
€CTh pa30HMeHnEe CHCTEMBI Ha OTACIBHBIEMOIYIIN (ITOJACUCTEMBI), BBHITOIHSIONINC
pelieHre pa3IudHbIX 3a7ad, MPUYeM MOJYJIHM JOJKHBI padoTaTh HE3aBHUCHUMO
Ipyr OT JApYyra, B3aUMOJAEWUCTBYS NIPYr C JIPYroM IO CTaHAAPTU3UPOBAHHBIM
MIPOTOKOJIAM.

B pa3zpaborke mporpaMMHOro KOMIUIEKCA MYJbTUMEIUWHOTO BEIIaHUS
HEOOXOMMM KOMIUICKCHBIM Toaxon. KOMITIEKCHBIH TOAXO0M MpeArnoiaracT
aHAM3 BO3MOXHBIX TPOTPAMMHBIX TIPOAYKTOB U BBIJCIICHUE HamOoee

NOoAXOAIMUX HCXOAA M3 PC3YyJIbTAaTOB TCCTHUPOBAHMA Ha COBMCCTHMOCTD,
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Ka4yeCcTBO, MOTPEOICHNE CUCTEMHBIX PECypCOB, CTAOUIBHOCTh U CPABHUTEIHHON
OLIEHKH XapaKTEPUCTHK.

[Ipumenenue pa3zpaboOTaHHON METOMOJIOTHU BBIOOpPA MPOrPaAMMHOTO
o0OecrieueHusT HCCIENOBaHUS OBLIM BbIAETEHBI TNPOTPAaMMHBIE MPOAYKTHI,
HauOonee TMOAXOASIIME I TOCTaBIEHHBIX 3a7ady. OTO CIEAyolue
IpOrpaMMHbIE€ TPOAYKTHI: HAOOp MHCTPYMEHTOB MJisi pabOThl CO CIyTHUKOBOM
DVB-S «aproii dvb-apps, mnpemraraemeiii  mpoekrom LinuxTV; ©Habop
POTrpaMMHBIX oubIMoTeK IS KOJMPOBaHMUS, JCKOTUPOBAHHS,
MYJIbTUIUIEKCUPOBAHUSI M BeIIaHUs HUQPOBBIX MYJIBTUMEIUNHBIX TIOTOKOB
VLC, mpemnaraembrii poektrom VideoLAN; u mporpaMMHBIE KOMMEpYECKHIA
cepBep motokoBoro Bemanus \WowzaMediaServer, npemiaraeMblii KOMIaHUCH
WowzaMediaSystems.

Meroauka aHanu3a paboOThl CUCTEMBI TPAaHCKOAMPOBAHHS OCHOBAHAa Ha
aHaIM3€ WCXOJHOTO KoJla M TMPOrpaMMHOM OTJIaJKu Habopa OMOIHOTEK
KOAUPOBAaHUS,  JCKOAUPOBAHMS U  MYJBTUIUIEKCUPOBAHMUS  LHU(PPOBBIX
MYJbTUMEIUAHBIX MOTOKOB Ha OCHOBE OTKpHITOro koaa VLC, nanucanHoro Ha
A3bIKe porpammupoBanus C++.

B xonme ananuza pa®oTel Habopa MpOrpaMMHBIX OHOJIMOTEK ObLIN
HalJieHbl MPOOJIEMHBIE YYACTKH KO/a, TpeOyromue Moau(pUKauy 1 pa3padoTKu
JOTIOJTHUTENBHBIX METO/I0B 00eCTeYeHNs CTAOMIbHOCTH MPOTPAMMHON CUCTEMBI
MOTOKOBOTO BelaHus.B cooTBercTBUE ¢ 3THM, OBUIM pa3paboTaHbl METOABI U
OpUeMbl ONTHUMM3AIMK PabOThl M CTAOMJIBHOCTH CHUCTEMBI, OCHOBAaHHBIE Ha
BHECEHUM H3MEHEHUH B NPOrpaMMHBIM KOJ M CO3JaHMs JTOMOJIHUTEIBHOTO
IPOrpaMMHOT0 00ECTICUeHHsI, KOHTPOJIMPYIOLIEro COOU B pabOTe CUCTEMBI.

Taxxe ObUIO pa3pabOTaHO JOMOJHUTEIBLHOE MPOrpaMMHOE oOecrieueHne
s ynoOcTBa MOIB30BaHUS CHCTEMOW C HMCIIOJNIb30BAHMEM TEXHOJIOTHH Java u
.NET.Pa3zpabGoTtanHubiii KOMIUIEKC ObLII IPOTECTUPOBAH Ha 0a3e CyIIECTBYOIIEH
CHCTEMBI IPEJOCTABIICHUS JIOCTYNA K MyJIbTUMETUHHOMY KOHTeHTY MYytube.uz.

Hcxonst U3 aHanm3a MOJYyYEHHBIX PE3yIbTaTOB, MOXHO CJAENaTh BBIBOJ,

YTO  pa3paOOTaHHBIA  aMMapaTHO-MPOrPAMMHBIM  KOMIUIEKC  OTBEYaeT



98

MPEABSIBICHHBIM TPEOOBAHUSIM U MOXKET HCIIOIb30BaThCA B KaUeCTBE CPEICTBA
BEIaHUS CITYTHUKOBBIX KAaHAJIOB B Ce€Th VIHTEpHET mpu YCIOBUH 0OECTICUCHUS
HEOOXOIUMOW TMPOIMYCKHOM CHOCOOHOCTH KaHaja. B YacTHOCTH, JTaHHBIN

KOMIUIEKC MOIXOIUT UIs Berauus B cetu 1 AS-1X.
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3aK/JII04YeHue

HccnenoBanust B 00JaCTH TEXHOJOTMH MOTOKOBOI'O MYJIbTUMEAUHHOTO
BELIAHUS — 3TO OAHA M3 aKTyalbHbIX 3a7a4 c@epbl HHPOPMAIMOHHBIX
TEXHOJIOTMM M KOMIIBIOTEPHBIX KOMMYyHHKanui. Ha ceromHsmHui J1eHb
CyLUIECTBYET  MHOXECTBO  (OopMaToB  MpEACTaBICHUs U Mepenadyu
MYJIbTUMEIUHHOTO KOHTEHTa B UG POBOM BUJIE.

B pabore npuBenena knaccudukaius u aHaauz GopMm u (hopmMaros
Npe/CTaBlieHuss MYJIbTUMEIUUHbIX JaHHbIX.Mcxonst w3 aHanu3a ¢Gopmaros
Npe/ICTaBlIEHUs MYJIbTUMEAUNHBIX JaHHBIX, HauWOoJee MOAXOASIIMMH U
NEePCHEeKTUBHBIMU  (pOpMaMH  MPENCTABICHUS MYJIbTUMEIUNHBIX  JAHHBIX
apisitoresa popmarer MPEG-2 u MPEG-4. Ha cerogusimmauii neHs Ha ¢opMmate
MPEG-2 6Gasupyrorca cranmaptel mudpoBoro teneBuieHus u paauo (DVB,
ATSC, ISDB, DAB). Opnako naHHbII (opMaT HpPEeabsIBISET BBICOKHE
TpeOOBaHM K MPOITYCKHON CTIOCOOHOCTH CeTH Tepeaaun JaHHbIX (4-10 MouTt/c
Ha oauH TB kaHam), ceppe3HO OrpaHMYMBAET NPUMEHEHUE ATOro Qopmara B
paMKax MyJbTUMEIMMHOrO Bemanus. PemieHue npoOieM, CBS3aHHBIX C
TpeOOBaHUSIMHU K MPOMYCKHOW CIIOCOOHOCTH, JICKHUT B MPUMEHEHHH (opmara
MPEG-4, xotopeiii TpeOyeT Topa3fgo MEHBIIYK MPOMYCKHYI CIIOCOOHOCTH
kanana (0,5-3 Mowut/c).

Taxxe B paboTenana kiacCu(UKaAIMS AITOPUTMOB CHKATHS: TTIOTOKOBBIE U
CTaTUYECKUE QIFTOPUTMBI, AJTOPUTMBI CKaTUA C TOTEpsIMH U 0€3 MOoTepb
naHHbIX.  [IpeacTaBieHO  MaTeMaTHYeCKOe  ONPEAENIEHHE  JAMCKPETHOIrO
KOCUHYCHOTO M HWHBEPCHOI'O JHMCKPETHOTO KOCHHYCHOIO MpeoOpa3oBaHus,
JeXKAIUX B OCHOBE MHOMKECTBA QJITOPUTMOB KOMIIDECCHM W BHJIEO U
aynuojganubix.Ha mnpumepe cranmapra MPEG-2 paccmorpena cTpykTypa
AJIEMEHTAPHOTO TOTOKAa BUJEOAaHHBIX. [IOTOK BHUICONAHHBIX MPEACTABIISIET
co0Oll  MEepapXUYECKyl0 CTPYKTYpPY, DJJIEMEHThl KOTOpPOHl CTposATCAd W

OOBEIUHSIOTCS JPYyr C JAPYrOM B COOTBETCTBUM C  OINpPEIEICHHBIMU
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CUHTAKCUYECKUMHU M CEMaHTUYECKUMU MpaBUIaMU(BUICONOCIEI0BATEIbHOCTD,
rpymnna u300paxeHuii, u300pakeHue, cpe3, MaKpoOIIOK, OJIOK).

bein mpoBeneH aHalW3 TPOLIECCOB KOAUPOBAHUSA W JAEKOJUPOBAHUS
BUJICON300paKEHUs, KOTOPHIM IOKa3aJd, YTO B OCHOBE CXKATHsS BUIEOMOTOKA
JexaT JBa OCHOBHBIX [MPUHIMMNA: T[OJABJICHHE HECYIIECTBEHHBIX IS
BU3YaJIbHOTO BOCIIPUSITUSL MEJIKUX JIeTajell MPOCTPAHCTBEHHOT'O PaCIIpEIeIICHHUS
OTJIENbHBIX  KAaJpOB W  YCTPAaHEHHE  BpPEMEHHOW  H30BITOYHOCTH B
MOCJIEIOBATEIILHOCTH KaJIPOB.

OnHoi U3 NPUOPUTETHBIX 3a/1a4 B JaHHOU cepe UcCie0oBaHuM SIBISETCS
3a7la4a CO3JaHUs KOMILJIEKCOB TIOTOKOBOIO MYJIBTUMEIUMHOTO BEIaHUS.
OnHako (UHAHCOBBIE OTPAHUYCHUS U XapPaKTEPHbIE OCOOEHHOCTHU TOTOBBIX
OIO/DKETHBIX PEIISHUN MeNaloT 3Ty 3a7ady TPYAHOW JUIsi KOHKPETHOTO THIIA
VCTOYHUKA U PUEMHUKA MYJIbTUMEIUAHOTO KOHTEHTA.

Jns addexTuBHOrO perieHus JaHHOM 3aladd B pamMKax TpeOOBaHHM K
TEXHUYECKUM XapaKTEepPUCTUKAM u (UHAHCOBBIX OrpaHUYCHHI
HEOOXOJIMMKOMIUIEKCHBIM TIOJIXOJl, OCHOBAHHBIM Ha TIIATEILHOM aHaJU3e
BO3MOXKHBIX PHUCKOB, BBIOOpPE MOAXOANIEIO0 MPOrPAMMHOIO OOECIICUCHUS.
[IpyuueM BBIOOp TPOrpaMMHBIX MPOJYKTOB OCHOBBIBAETCSI Ha aHaIU3e
BO3MO>KHOCTEH, JOCTOMHCTB M HEJIOCTATKOB IPYMIIbI TPOTPAMMHBIX MPOYKTOB,
BBIJICJICHUU W3 HEE TEM CaMbIM MOATPYIIBI MPOIAYKTOB, KOTOPHIE COCTABAT
OCHOBY OYyIyIIIeH CUCTEMBI.

JlanbHeiimas paboTa B MOCTPOCHUH POTPAMMHON CHCTEMbI 3aKIF0UaCTCS
B TOM, YTO BBIOpaHHBIE MPOTPAMMHBIE TPOJIYKTHI HEOOXOJUMO TIIATEIHHO
U3Y4HTh, IPOAHATIU3UPOBATH UX CTPYKTYPY, BBISIBUTH MPOOJIEMbI BIUSIONINE HA
CTaOMIIBHOCTh CHUCTEMBI B lieJJoM. Ha OCHOBE 3THX pPe3ysbTaToB HEOOXOIUMO
NPEANPUHATh MEphl MO O00ECIEUCHUI0 CTAOWIBHOCTH W OBICTPOJCHCTBUS
CUCTEMBI.

Jlnst aToro B pabote pazpaboTaHa METOJMKa aHajlW3a MCXOAHOTO Kola U
MpOrpaMMHOM OTJIaJIKM HaOopa OMOJIMOTEK KOAUPOBAHUSI, JCKOAUPOBAHUS U

MYJIbTUIUVICKCUPOBAHUWA I_[I/I(prBBIX My.]'[BTHMCI[HﬁHBIX IIOTOKOB Ha OCHOBC
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OTKPBITOIO  KOJAAa, HANMCAHHOIO Ha s3bIKe nporpamMmmupoBanust C++.
Pa3paboTansl MeTOABI W TPUEMBI ONTHUMH3ANUU PAOOTHI W CTAOUIBLHOCTH
CUCTEMbl, OCHOBAaHHbICE Ha BHECEHHH W3MEHEHUW B NPOrpaMMHBIA KOI H
CO3aHMs JTOMOJHUTEIHLHOTO MPOTPAMMHOT0 00€CTIeUeHUs, KOHTPOIUPYIOIIETO
coou B pabore cucrembl.Takke ObUIO pa3pabOTaHO JOMOTHUTEIHHOE
OporpaMMHOe oOOecredueHre HJisi  YAoOCTBa TMOJb30BaHUA CHUCTEMOUM C
UCIIoJIb30BaHuEeM TexHosoruii Java u .NET.

PesynbraTom paboThI SIBISIETCS COBOKYITHOCTh METOIUK JIJISI TIOCTPOSHUS
KOMILJIEKCaA MTOTOKOBOT'0 MYJIbTUMEAUUHOIO BEIlaHuUs, HAIIEJICHHOTO Ha padoTy B
CeTSAX Mepeaavyu JaHHBIX CO CPeAHEN MPOMYCKHON CITIOCOOHOCTHIO.

[IpakTrueckuil pe3ynbTaT padOThl —POrpaMMHBIA KOMILIEKC CHCTEMBI
MYJIbTUMEIMIMHOTO TOTOKOBOI'O BEIIAHUSl CIIYTHUKOBBIX KaHaioB ¢ DVB-
Skaptel B ceTb MHTEpHET, B XO0/€ MOCTPOCHHUS KOTOPOTO HCIOJIb30BAIACH
METOAOJIOTHSl Pa3pabOTKH, ONTUMH3AIMU M OOECIedYeHUs CTaOMIBHOCTH,
pa3paboraHHass B JaHHOM pabore. Pa3paOoTaHHBI  KOMIUIEKC  OBLI
IPOTECTUPOBAH Ha 0a3ze CYIIECTBYIOIIEH CUCTEMBI MPEAOCTaBICHUS JOCTYyNa K
MyJIbTUMEIUHHOMY KoHTeHTy Mytube.uz. B xoxe TectupoBanus ObUTH C/ETaHbI
BBIBOJIbI, UTO pa3pa0OTaHHBIN anmapaTHO-MPOrPAMMHBIN KOMIUIEKC OTBEYaeT
IpEeAbsIBICHHBIM TPEOOBAHUSIM U MOXKET MCIOJIb30BAThCSl B KaUue€CTBE CPEACTBA
BEII[aHMSI CITyTHUKOBBIX KaHAJIOB B ceTh MHTepHET mpu ycioBUM oOecrieyeHus
HEOOXOIMMON TIPOITYCKHOM CIMOCOOHOCTH KaHajia, B YacTHOCTH B CETH

MMAPUHTOBOTO B3aUMOJICHCTBHS OIIEPATOPOB.
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