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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AkTtyaabHicTh TeMu. [lipunarosumu (Peer-to-peer: P2P) Ha3uBaroThCs 0JTHOpaHTOBI
OBEpJICIHI Mepexi, IpU3HaYeH] Il oOMiHY (aiiaaMu MPaKTUIHO OYIb-SIKHUX PO3MIpIB,
a)K JI0 JIECATKIB rira0air.

Jlo P2P mnanexxaTh MepexeBl TEIEKOMYHIKAIlIWHHI TEXHOJIOTi, 110 3a0e3MevyloTh
MOXJIUBICTh ~ OOMIHY  MYJIbTUMENIMHUMH,  OOYHCIIOBAIBHMMHU W  IHIIUMHU
iHbOpMallIHUMU pecypcaMl MDK JIeKUJIbKOMa pIBHOMPAaBHUMU KOPUCTYBayaMH,
MIIKITI0OYEHUMHU 710 [HTepHeTY.

Jlns BUpINICHHS 3a3HAUCHHMX 3aBJIaHb CTBOPIOETHCS OJHOpaHroBe (peer-to-peer)
00YHCITIOBANIEHE CEPENIOBUIIE, SIKE JI03BOJISIE OKPEMHUM €JIEMEHTaM MEPEKi B3a€EMOIISTH
6e3 gomomoru cepBepiB. KokeH KopucTyBad BHOCHUTH CBIM BKJIQJl Y BUIJISAL (ailiiB,
JMCKOBOTO MPOCTOPY, MPOILIECOPHOTO Yacy.

[Ipunun  «peer-to-peer»  J03BOJISIE  CTBOPIOBATH  CYTTEBI  OOUYMCIIOBAJIBbHI
MOTYKHOCTI, 00'€IHYyI0UN 031114 3BUYaliHUX MEPCOHATIBHUX KOMI'TOTEPIB.

3 mosiBoto B 1999 poiii npotokoy oOMiHy My3udHuMU ¢aittamu Napster 1 B8 2001
BitTorrent, mipuHrosi Mepexi HaOy/IM TOMYJISPHOCTI 1 BICBHEHO YTPUMYIOTh MEPILIICTh
3a o0caroMm Tpadiky, IO HepenaeTbcsi Mepexero IHrepHer. OcoOnMBe BHU3HAHHS
oTpuMaB 0OMiH BizeodaiiiaMu 1 repeaada MOTOKOBOTO Bifico. Benukoro koMepiiinHoro
ycmixy HaOymm npoektr Gnutella, PPLine, PPStream, 12P, JXTA Ta in.

MokHa BHIUTMTH JIBa OCHOBHMX TOKOJIIHHS (aitmooominaux Mepex (file—sharing).
[lepmie mokoyiHHS — 1€ TIOpUIHI KOHCTPYKIIi, IO TMOEAHYIOTH cepBepu 3 P2P-
Mapuipytuszaiieto. Jlpyre TOKOMIHHA — 1€ JACIEHTpali30BaHl apXiTeKTypH, sKi
OTpUMAJIi B 1€ Yac MPIOPUTETHHUIN pO3BUTOK. BogHOUYAC, MPOTITOM OCTaHHIX POKIB
3’BWJIMCS HOB1 HANpsSMKU aHOHiIMiI3oBaHuX P2P-mepex, Takux sik Freenet, I2P, ski
MOYTb OpraHi3yBaTHCSl B TPETE MOKOIIHHS.

B 0oCHOBI TeXHOJIOTIi JIEKUTh MPHUHLMI JIEHEeHTpati3alli: Bcl By3iau B mepexi P2P
pIBHOIpaBHI, 110 3a0e3reuye Taki nepeBaru texHousorii P2P nepexn kiieHT-cepBepHUX
MIIXOJ0M: BIIMOBOCTIMKICTh TpH BTpaTl 3B'A3KYy 3 JEKUIbKOMa BY3JaMH MEpEexi,
30UTBIIIEHHST MIBUJKOCTI OTPUMAaHHS JaHWUX 3a PaxyHOK KOIIOBAHHS OJIHOYACHO 3
JEKUTBKOX JKEpesl, MOXKJIMBICTh MOAUTY PECYpCiB 0€3 «IpUB'SI3KM» 10 KOHKpeTHUX IP-
ajipec, BeJIMUYe3Ha MOTYXHICTh MEpexi B IIioMy Ta 1H. Ha choronui B [HTepHeTi Oinblie
MOJIOBUHU BChOTO Tpadiky nmpumnanae Ha Tpadik gainooominaux P2P-mepex, a po3mipu
HaWOUIBIIMX 13 HUX TMOJOJAIA MEXY B MUIBMOH OAHOYACHO MPALOIOYUX BY3JIB, fKI
PO3NOAUIAIOTH MeTabaiTu 1H(opMalli. 3arajibHa KUIbKICTh 3apeeCTPOBAaHUX YYACHUKIB
¢aiinooominaux mepexk P2P y Bchomy cBiTi cknagae Outbiie 100 miH.
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Hapaszi P2P-mepexi B OCHOBHOMY BHKOPHCTOBYIOTHCSI HE TUIBKM JUIS po3Aaul
(aitniB, icHye 1mie 6arato 1HIIUX 00JacTel, /e aHalli30BaHA TEXHOJOTIS TEX YCHIITHO
3aCTOCOBYETHCS, — 1€ TeleOadeHHs ¥ ayal0TpaHCIALII, mapaielbHe MpOorpaMyBaHHS,
pO3MOJIJIEHE KEIIyBaHHA PECYpCiB Uil  PO3BaHTaXEHHS CEpBEPIB, PO3CHIIKA
NOBIAOMJICHb 1 cCTaTed, MIATPUMKA CHUCTEeMH JOMEHHUX I1MEH, I1HACKCYBaHHS
PO3MOAUICHUX PECcypciB 1 IX TMONIYK, pe3epBHA pEIUIKaIlis 1 CTBOPEHHS CTIHKHX
PO3MOAUICHUX CXOBUI JaHUX, OOMIH MOBIIOMJICHHSIMHU, CTBOPEHHS CHCTEM, CTIHKHUX JI0
aTak THUITy «B1JIMOBAa B OOCIYrOBYBaHHI», MOIIMPEHHS MPOTPaAMHUX MOJYJIB Ta 1H. €
3HaYHAa KUIBKICTh KIIEHTCHKUX TMporpaM mjisi oOciayroByBaHHs P2P-mepex sk
KOMEpIIMHUX, TaKk 1 3 BIAKpUTUM KojoM. IlocrtiitHo iae poGoTa 13 BIOCKOHAJCHHS
MPOTOKOMIB 1 30UIBIIECHHS (PYHKIIOHATBHOCTI cUCTeM. OUYeBHIHO, KOJU KIIEHTChKE
nporpamue 3a0e3nedeHHs aisi P2P Oyne iHTerpoBaHO 3 oOmnepamiiHUMH CUCTEMaMH,
3pocTe U JoAaTKOBA AKICTh. Tak, BXKE 3apa3 BEJMKI KOMIIaHIi BUSBISIOTH 1HTEpEC 0
P2P. Hanpuknaza, koMmadiss Sun po3po0Jisie IpOTOKOI ISl JOCTYIYy 10 OCHOBHUX P2P-
MEpexX 13 KUIIEHbKOBUX KOMIT'HOTEPIB 1 cMapTdoHiB, a koMmaHiss Microsoft ctBopuia
cBoi peam3atii P2P-nipotokoiniB Scribe 1 Pastry. 3 BupimeHHsIM mpo0aeMu MOKpaieHHs
TEXHOJIOT1M TIPUHTOBUX MEPEXK, 3 MOUIYKOM HOBHUX MPUKIATHUX PIIICHb MPaIIOIOTh
ChOT'OJIHI BEJIMKI KOJIKTHBH 1 BIJIOMI BY€HI, cepea skux ciig HazBatu B.CrommiHrea,
E.TanenbOayma, H.Uenmena i np.

HuHi icHye 0e3niy mporpam, COpsSMOBAHHUX $IK Ha CTBOPEHHS HOBUX METOIB
oprasizailii MpUHTOBUX MEPEX, TaK 1 MOAEpPHi3aliio Bxe Bimomux. [lopsa 3 uum icHye
BEJIMKA KIJTbKICTh BAKJIIMBUX 3aBIaHb, 10 BUMAralTh YBard, CEpel SKUX: MiABUIICHHS
SIKOCTI Ta JOCTOBIPHOCTI HAaJIaHOTO KOHTEHTY, 3aXHCT BiJl XaKEpPChKUX aTak, OOTiB,
BipyciB. Oco0JIMBY 3HAYMMICTh HaOyBa€ 3aja4ya MOIMIYKY MOTPIOHOTO KOHTEHTY, IIBUIKE
i edeKTUBHE 3HAXOPKCHHS HaWOLIbII PEJICBAHTHUX BIATYKIB HA 3alHUTH BiJl CHI-BY3JIiB
100 Bciel mepexi. KpiM 1MX TOJMOBHMX M€ MOIIYK HOBHUX PIIIEHb 1 JUISl CYMDKHHX
3aBaaHb. OAHIEIO 3 HAHOUIBII MpoOJEeMaTUYHUX € 3agada ¢parMeHTtaiii ¢aimis, gka
BIUTMBA€ Ha 3aTPUMKY HAJaHHSI TIOCAYr 1 3 SKOK IIOB’s3aHI BTpPaTH OKPEMHUX
(dbparMeHTis.

OTxe, TeMa qucepTaIiiitHol poOOTH € aKTYaIbHOIO Ta MPAKTHYHO BAXKJIHBOIO.

3B's130K po0OTH 3 HAYKOBHMHU NMpPOrpaMaMu, ImJjaHaMu, TeMamu. Jluceprariiiiini
JOCIIKEHHSI TIPOBOJAWIMCH BIAMOBIAHO JO HACTYMHUX MpOTpaM Ta HOPMATHUBHO-
MpaBoOBUX JOKyMeHTIB: 3akoH Ykpainu “IIpo OcHOBHI 3acaaiu  pO3BUTKY
iH(popmaliiiHoro cycniiberBa B Ykpaini Ha 2007-2015 poku™ Big 09.01.2007 p., Ne 537-
V, 3akon Ykpainu “Ilpo tenexomynikarii” Big 18.11.2003 p., Ne 1280-1V, JlepxaBHa
HAayKOBO-TeXHIYHA Tporpama «CTBOpEHHS TEPCICKTUBHUX TEICKOMYHIKAI[IHHUX
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CUCTEM 1 TEXHOJOT1i», TIaHIB HAYKOBO1, HAYKOBO-TEXHIYHOT AIsNIBHOCTI XapKiBCHKOTO
HaIlIOHAJILHOTO  YHIBEPCHUTETY PpaJloCNIeKTpOoHIKH. Marepianu jaucepraiii  Oyniu
BUKOPUCTaHl Yy 3BITI IpO HayKoBo-mochigHy podoty Ne 308 “Hurtka-3” HOMEp
nepxpeectpamii  0116U0000662. Kpim Toro, HampsiM JOCTIKEHb TOB'S3aHUM 13
IUTAaHAMU YHIBEPCUTETY Ta Kadeapu TEeNIeKOMYHIKalllHHUX CHUCTEM, JI€ BHUKOHYBajach
po0oTa, a TAKOK TEMATUKOIO HAYKOBO-IOCIIIHUX pOOIT 1i€i kadenpu.

Merta fgocaigkeHb: TABHILEHHS SKOCTI Ta AOCTOBIPHOCTI HaJaHHS KOHTEHTY B
daitnooOMinHux P2P-Mepexax.

3agayaMu QOCTiIKEHD €2

1. AHami3 IUHAMIYHOTO CTaHy MiPIHTOBUX MEPEXK MpH nepenadi ¢aiiiis.

2. Bubip HalOiIbII MEPCHEKTUBHUX TEXHOJIOTIM yHpaBiiHHS MiPIHTOBUMHU

MepeKaMu.
3. Po3poOka maTremMaTnyHUX MOJENel MIPIHTOBUX MEPEX B pekuMi GopMyBaHHS
(aiinis.

4. OOrpyHTyBaHHS METO/IIB BUPIIICHHS 3a7a4l ONTUMI3alli Ipolecy ¢pparMeHTarli

daiiis.
5. Bubip meToniB pileHHs 3aja4yi MiHIMI3allii KUIBKOCTI BilIOpaHuX (pparMeHTiB
Ha KOKHOMY 13 KPOKIB X (hOpMyBaHHS.

6. CuHTe3 1 aHami3 ONTHMAJIBHOI MpoLEAYpH MOOyHoBH (ailly Tpu pPi3HUX
MeTOo/ax iX )parMeHTalii.

7. TlopiBHANBHUI aHaJ3 METOIB ONTuUMI3alii (opmyBaHHs (ailliB Ha OCHOBI
JUHAMIYHOTO 1 I[IJIOUKUCENIBHOTO JIIHIHHOTO MPOTpaMyBaHHS.

AHami3 saKocTi (YHKIIOHYBaHHS alTOPUTMIB (parMeHTallli mpu pi3HOMAHITHUX
MeToJax IUIaHyBaHHS (hailJliB B yYMOBax pI3HOTO HABAHTAKEHHA 1 MPU PI3HUX
HIBUAKOCTSX Mepeaayl KOHTeHTA.

O0'ekT pgochaimxkeHHsi: Tpoiiec OOMIHY (¢almaMu B JICIIEHTPATI30BaHUX
HECTPYKTYpPOBAaHUX OBEPICHHUX MEpEKax.

IIpeaMer nociigkeHHsi: CHUHTE3 1 aHaii3 cTaHy ¢parMmeHTtarii QailiooOMIHHUX
MIPUHTOBUX MEPEXK 1 METO/IIB MO0 3a0€3MEUCHHS SIKOCT1 HaJaHHS MOCTYT.

Metoau pociaimkenb. [[ns  cuHTely Moxaemi ¢parmedTtamii  QaitmiB  Oyna
BUKOpPHCTaHA JWHAMIYHA PEKypPCHBHA JHUCKPETHO-HEMEpPepBHA MaTeMaTHYHAa MOJEIh
BUITAJIKOBOTO TIPOIIECY, 3a/JIaHOTO Ha IHTEpBalll ckadyBaHHS (aitmiB. Jjis BUpiIeHHS
3aay onTUMIi3arii OyJl0 BHUKOPHUCTAaHO METOAM TeOopii PO3KIaAiB, a TaKOX Teopii
JUHAMIYHOrO mporpamyBaHHsA. OnTuMizalliiiHl 3agadi  BHUPIMIEHO 3a JIONOMOTOIO
[JTOYMCIIOBOTO JIIHIHHOTO TIporpaMyBaHHs. J[Jig aHasi3zy NpoAyKTUBHOCTI MEpexi Oynu
BUKOpPUCTaHI 1HTErpo-gudepenHuiiai moaem. Jns moxem aHamizy sKocTi poOOTH
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MIPUHTOBOI MEPEXi 3aCTOCOBAHO METOAM aHAJI3y 1 CHHTE3Yy MU(EpEeHIIHHNX Mojeei
CKauyBaHHS 1 3aBaHTAXKEHHsSI KOHTEHTY. Jlns aHamizy SKOCTI IUTaHYBaHHS KOHTEHTY
3aiy4yeHo cranaaptHi metoauku P2PTV Sim3, SSSim.

HaykoBa HOBH3HA OTPMMaHUX pPe3yJIbTATIB:

3 BHUKOPUCTAaHHSAM JAOCTYMHUX 1H(POPMAIINHUX JDHKEpeN, YHCIEHHUX pe3yJbTaTiB
IHIMMX ~ JOCTIAHUKIB 1  OTPUMAHUX  OCOOMCTO  aBTOPOM  aAHANITHYHHX 1
EKCIIEPUMEHTAJIbHUX JaHUX, IS AMCEPTAIIMHUX OCHIIKeHb OOpaHO TEXHOJIOTIIO
BiIOOpPY 1 JOCTaBKM (parMeHTiB uepe3 IHTepHer Ha 06a3i JACLEHTPai30BaAHUX
HECTPYKTYpPOBaHUX  TMIpUHroBux  P2P-mepexx, 1mo  BOJOAIIOTH  OUIBIIOIO
MacIITa0OBaHICTIO 1 HQIMHICTIO IIOJI0 KIIIEHT-CEPBEPHUX CTPYKTYp B YMOBax
JUHAMIYHUX HaBaHTaXEHb. 3 aHaNI3y CTaHy IUX MEPEeX OTpUMaHl HACTYIHI
pe3yNbTaTH, K1 MPEACTABIICHI B IUCEPTALIiHIA POOOTI:

1. Bnepme mng mnpoueciB (parmeHTalli ckadyBaHUX (aijIiB 3ampOoNOHOBAHA
AMHAMIYHA JTUCKPETHO-HENEpepBHA MOJETh, IO JO03BOJIIE BPAaXOBYBAaTH CYTTEBI
BIIMIHHOCTI B JIMHaMIIll OBEpJIEIO, MOJIOKEHH1 ()parMeHTiB, B YMOBaX iX JOCTaBKH,
BUKIIMKAHUX HE3QJIEKHUM XapaKTepOM CHUI-PO3JaBajbHUX MipiB. 3 BUKOPUCTAHHSIM
JaHO1 MOJIeJIl BUpIIIeHA 3a/iadya ONTHUMI3aIllil MPOoIeAypH MOIIYKY 1 BIAOOPY Kpaliux i3
3aMpONOHOBAHUX (hParMeHTIB.

2. Bmepmie Ha OCHOBI PO3pOOJEHOI METOAUKH PO3IMOALTY PECYpCiB MIPUHTOBOI
MEpEeXi MPOBEJICHO aHaji3 MPOAYKTUBHOCTI BIIOMUX aJITOPUTMIB perutikaiii ¢GaiiB i
MOKa3aHo, 10 KUIBKICTh KPOKIB MOIIYKY MOTPIOHOIO pecypcy 0e3nocepeHbo 3aIeKHUTh
B1JI CITIBBIJIHOIIEHHS 3arajJbHOr0 YKMCJIA BY3JIB 1 3aTJIbHOTO JIJIsl MEPEX1 00CTY mam'sTi
it 30epiranns (aitniB. 3a pe3ysibTaTaMH JOCHIKEHb, OUIBI SAKICHUM, MOPIBHSHO 3
yH1()IKOBAaHUM 1 TIPOTIOPIIITHUM, BUSBUBCS AJITOPUTM PEIUTiKallii KBaJpaTHOTO KOPEHS.

3. Brmepiie po3po0ieHO AMHAMIYHY MOJIENbh OIHKH SKOCTI TMIPUHTOBOI MEPExi 1
METOJMKY aHalli3y yMOB (DYHKIIIOHYBAaHHS TP Pi3HIN CTpaTerii 3aBaHTAKEHHS MIPIB y
BUIJISIII HOPMOBAHOI'O CIIBBIJHOIICHHS IIBUAKOCTEH 3kauyBaHHs (download) 1
3aBaHTaxeHHs (upload) konteHTy. Ilokazano, MO B CTalllOHAPHUX YMOBAaX MOKa3HUK
AKOCT1 3pOCTa€ MPOMOPILINHO YUCITY aKTUBHUX MipiB. BogHoyac, B yMoBax 1HT€HCHUBHOI
JUHAMIKH, TIPU MAacOBOMY MIJKIIOYEHHI HOBUX IipiB, MOHOTOHHICTh 3POCTAHHS SIKOCT1
MepeKi MOT1PUIYEThCS, 110 BUMAarae 3acTOCyBaHHS 0OMEKYBaJIbHUX 3aX0/(1B. AKTUBHUM
mipaM pPEeKOMEHIYEThCS MIATPUMYBATH IIEAPY aJbTPYiCTUYHY CTpaTeriio, IO
BHUPAXKAETHCS B MIATPUMII BUCOKOTO TEMITY MPOMO3UIIINA HA 3aBaHTaKCHHS.

4. Bnepuie 3 BUKOPUCTaHHSIM 3alpONOHOBAHOI JUCKPETHO-HEMEPEPBHOI MOAEI
METOJIOM JMHAMIYHOI'O MPOTrpaMyBaHHs IOCTaBJICHA 1 BUpIIIEHA 3ajaya ONTHUMI3aIlli
npoiiecy ¢pparMeHTailii ckadyyBaHuX (DailyiiB Mo KpUTEPit0 MIHIMYMY BTpPAT, OB’ SI3aHUX
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3 YNOpPSIAKYBaHHAM ()parMeHTiB Ta iX 3aTPUMKOIO Ta OOMEKEHUM IMepeayBaHHSM, IO
3a0€3IMeUnII0 CKOPOUCHHS Yacy Ha (pOpMyBaHHS 1 IOCTaBKY (haiiB.

5. Brepiie 3 ypaxyBaHHSIM Me/iaJlaHUuX II0J0 aIrOPUTMIB KOAYBAaHHSA 1 CTPYKTYpH
BiJIcoKaApiB (Me11a0013HAHOCTI MEPEKi) 3 BUKOPHUCTAHHSAM METOJIB TEOpii pO3KIIAIIB
OTpUMAaHO pIIIeHHs 3ajadl (parMeHTarli, sike 3BOAUTHCA 10 3a7adl I[IIOYHCEIHHOTO
JIHIAHOTO TpPOTpaMyBaHHS 1 TMOKAa3aHO, IO MPH BUKOPHUCTAHHI KPITEPII0 MIHIMyMY
CEPEeIHBbO3BAKEHOTO Yacy CKauyBaHHS ISl 3aaHUX (paililiB BAAETHCS OTPUMATH OLITBII
AKICHUM pe3yabTaT B TMOPIBHSHHI 3 3arajJbHUM PIIIEHHSIM Ha OCHOBI JMHAMIYHOTO
IporpaMyBaHHs.

6. 3 Bukopucta"HsM cTtaHgapTHux Mmeroauk P2PTV SIM3 1 SSSIM mnpoeaeHo
aHaJli3 SIKOCTI B1IEO 3 ypaxXyBaHHSAM OCOOJIMBOCTEN IJIaHYBaHHS KOHTEHTY 3a CXEMOIO
LUc / RUc (ocTanHiii KopuCcHHI (pparMeHT; BUIIAJKOBUIM KOPUCHUH Mip). AHaI3 BTpat
(parMeHTiB MOKa3aB, IO 11 BTPaTH 3pOCTalOTh 31 30UIbIIEHHIM OiTpeiTy [MO/c] 1 pu
MEHIIUX 3aTpUMKax. JlOCHI/PKEHHsS SIKOCTI BIATBOPEHHS 3a KPUTEPISIMU IIKOBOTO
BinHomeHHs1 curHan/myM PSNR, cepennbokBamparnunoi moxubku MSE # iHgekcy
CTPYKTYpHOI MOAI0HOCTI SSim T03BOJISIFIOTH BHOpAaTH 1 BIOCKOHAJIMTH BIIIOBIIHUMA
pexxuM ctany Mepexi. [lokazaHo, 110 IpH IUIaHYBaHHI 3 ypaxyBaHHSM OCOOJIMBOCTEH
BIICOCTPYKTYpH  (Me1a-0013HAHOCTI ~ MEpeXki)  SKICTb  BIATBOPEHHS  3HAYHO
MOJTIMIIYETHCS.

IIpakT4HAa 3HAYMMICTh POOOTH IOJATAE B TOMY, IIO:

3aBASKH 3aIIPOMIOHOBAHNM METOo/IaM (hparMeHTaIlil BAAETHCS B TPU pa3l CKOPOTUTHU
caM mnpoiiec pparMeHTarii.

BukopucranHs 3ampornoHOBaHHUX METOMIB omnTumizaiii (GopmyBanHs (aiiiiB y
NIPUHTOBUX Mepekax JO3BOJIS€ MIJBULIUTH SKICTh IMOCIYT, 10 HAJAIOTHCS LUIIXOM
VIOPSAIKYBAaHHS TPOIIECY 3aBaHTAKEHHS (parMeHTiB. 3a paxyHOK CKOpOYEHHS B 2,2
pasu aucriepcii yacy uux GopMyBaHb, CKOPOUYEThCA KIIBKICTh BTpaueHUX (aiiiB, 110
MIJBUILYE ONEPATUBHICT A0CTymy. HagaeTbes KiJbKICHA OI[IHKA BBEJIEHOIO MOKAa3HUKA
AKOCTI POOOTH Mepexi B HECTAI[lOHApHUX yMoBax (YHKLUIOHYBaHHSA. BBoauThCs
MOKa3HUK “‘eroizMy’” abo “ainbTpyizMy’’ aKTUBHOTO Iipa, IKUM BIUIMBAE HA €PEKTUBHICTh
pobotu mepexi. JloBemeHo, mo TIaHyBaHHS (alIO0OMIHHUX TIPOIECIB JOIJIBHO
NPOBOAMTU 3 YpaxyBaHHSIM MEIIaCTPYKTyp, L0 NPHU3BOAUTH 10 3MEHILIEHHS BTpaT
(dbparmMeHTis.

HaykoBe 3HauyeHHsi: 3ampoONOHOBaHI B JHUCEpTaIlii MOJEIl Ta METOIU MPOIECY
(dparmenTailii 3a0e3neuyroTh MiJIBUILEHHS SKOCTI MPU HAJaHHI MOCIYr B MIPUHTOBUX
Mmepexax P2P nipu ckauyBanHi (aiiniB. Pe3ynbraT HAyKOBUX AOCTIIKEHb MOXKYTh OyTH
PEKOMEHIOBaH1 I BIOCKOHAJICHHS TEXHOJOTII Tepeaadl BiJCOKOHTEHTY B MEpEexi
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Intepuer. Jlo TOro » 1l pekoMeHJAlii MOXyThb OyTH MOLIMpeHI W Ha 1HOI
JEIEHTpaJII30BaHl MeEpexki, sKi 1HTCHCHUBHO TOIIUPIOIOTHCS, 30KpEeMa Ha MEPEKY
CJIIEKTPOHHMX pO3paxyHKiB Ditcoin. Marepianu aucepraiiiinoi poOOTH BHKOPUCTaHI B
HaBYaJIbHOMY TIpolieci Ha kadenpi iHpoxomyHikaiiiHoi iHxeHepii XHYPE B kypci
“OcHoBH TenebaueHHS Ta PaJlOMOBICHHS, a TaKOX pe3yJbTaTH TMPEACTABICHI B
HABYAJILHOMY MOCIOHUKY “MeTou HayKOBUX JOCIIKEHb B TeleKoMyHikalisax”’, Tom 1,
Xapki, Kommnanis Cmit, 2013 p., posain 10.7 npu aHainizi BUOOPY METO/IIB TUTAHYBaHHS,
JUT MiHIMi3aIlii BTpat ¢pparMeHTiB.

Oco0ucTuii BHecoOK 3100yBaya. YCi OCHOBHI HayKOBI pe3yJbTaTH MPEJCTaBICHI B
AMCepTaliiHiii poOOTI ¥ OTpHMaHI aBTOPOM CaMOCTiHHO. 30kpeMa, B poOoTi [7]
3allpONIOHOBAHO 1 MPOAHANI30BaHO Psii (PYHKLUIOHAIBHUX MaTeMAaTUYHUX MOJENe
MIPUHTOBUX MeEpex, y cTarTi [8] po3po0ieHO JBa BUAM MaTE€MaTUYHUX MOJEIeH
MIpUHTOBUX Mepex. [lepima Moaens Moxe OyTH BUKOPUCTaHA MPH MJIaHYBaHHI MEPEXKI.
Hpyra mMonens BiaoOpakae AUHAMIYHI BJIACTHBOCTI MIPUHTOBOI MEpPEXKI U Moxke OyTu
BUKOpUCTAaHAa i1 BIOOOpaKEHHS 1 oOpraHizamii KOHTPOJIO 3aBaHTAXXEHHS 1
Mepepo3MoalIy pecypciB Mepexi. Y crtarti [9] mpoaHamizoBaHi MOXIJIMBI BapiaHTH
TOMOJIOTII 1 MaTeMaTH4HI MOJIEJl MIPUHTOBUX Mepex. Y ctarTi [16] 3ampornoHoBaHO
KOMILJIEKCHUM KPUTEPi ONTUMAIBLHOCTI Tpoliecy dhparmeHTarlii Bizeodaiinis. ¥ crarti
[17] aBTOpOM poO3pOo0JICHO Ta MOCHIKCHO (DYHKIIOHAIBHY MOJICIbh YIPAaBIIHHI B
MIPUHTOBIN Mepexi. Y crarti [18] 3ampornoHoBaHO MeTOnA onTuMizalii (pparmeHTanii
TV-KOHTEHTY 3a JOTIOMOTOI0 TMHAMIYHOTO MTPOTpaMyBaHHS.

Anpobanisa. OCHOBHI pe3yJibTaTh JucepTallli nmpeacTabieHi Ta cxpayieHl Ha: XVIII
MixuapogHomy mMosioaikHoMy hopymi «Pagunosnektponnka u Mosnoaexb B XXI Bekey,
2014; Modern problems of radio engineering, telecommunications and computer
science, Proceedings of the XI1 th International Conference TCSET’ 2014, February 25 -
March 1, Slavske; 10-ii MikHapoAHiii MOJOADKHINA HayKOBO-TEXHIUHIA KOH(EpeHIi
PT-2014 «CoBpeMeHHbIE MpPOOJIEMbl PATUOTEXHHUKM M  TEIEKOMMYHUKALUI,
CeBacrononb, 12-17 wmas 2014; 3-it MikHapoaHiii HayKoBiii KoHpepeHIil
«Indpopwmarrisa, komyHikaiii, cycmiiabctBo 2014», 21-24 TpaBus, Cnasceke; |V
MixHapoHI HAyKOBO-TIPAKTUYHIN KOHGpepeH i “OyHnaMeHTalbHbIE U TPUKIaIHbIE
nayku cerogas”’, 20-21 oxtsa6ps 2014 r., North Charleston, USA; 2014 First
International Scientific-Practical Conference Problems of Infocommunications Science
and Technology (PIC S&T’2014), october 14-17,2014, Kharkiv, Ukraine.

IMyoaikamii. OCHOBHI TIOJIOKEHHS 1 pe3yJbTaTH AUCEPTAIIHHOI  poOOTU
ory0sikoBaHO y 21 HaykoBiH mpaii: 3 cTaTTi y 3aKOpAOHHUX (DaxoBUX KypHanax [6, 7,
9], 11 crateii y paxoBUX HAYKOBO-TEXHIYHHX KypHaIax Ta 30ipkax HayKOBHUX Iparlb [1-
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11]. AmpoOamist pe3ynpTariB gucepramii mpoxoamia B xoxai 10 momoBinmeit Ha
MDKHApOJIHUX HAyKOBO-TeXHIUHMX KoH(epeHmisax[12-21], 3 Hux ampobarii Ha
koHpepeniiax [14-16, 18, 20, 21], axi npoxoaunu mif erigoro IEEE Ta innexcyrorbes B
MIKHApOJHUX HaykoMeTpuuHuX O0azax Scopus ta IEEE Xplore Digital Library.

Crpykrypa Ta o0car aumcepramii. J[uceprariis ckiamaeTbCs 31 BCTYyMy, IIECTH
PO3ALTIB, BUCHOBKIB, CIIMCKY BUKOPHCTAHUX JUKepel, 1m0 BKiIovae 111 HalimeHyBaHb, 1
aBox nonatkiB. TekcT aucepranii BukiaaeHo Ha 164 cTopinkax, Bkitoyae 41 puCyHOK i
7 Tabmuie. Y mogatky Nel MiCTUThCS MaTeMaTWdHa MTOCTAHOBKA 33/1a4il MIJTIOYUCEITHHOTO
JHIAHOTO TporpamyBaHHA. Y noaatky No2 HaBeIeHO TEKCT MporpaMu JUisl Takera
Matlab, 3a g0omomMorow SKOTro BHpIIIEHA 3ajJada IUIOYHUCEIBHOTO JIHIMHOTO
porpamMyBaHHSI.

3MICT POBOTH

Y Berymi  OOIpYHTOBAaHO — aKTyajbHICTb TEMHM  JUCEpPTALliiHOI  poOoTH,
chopMylIbOBaHO METY 1 3aBJaHHA JOCHIKCHHs, BKa3aHO METOAM JOCHIIKEHHS,
HABEJICHO BIJOMOCTI MPO OCHOBHI pe3yJbTaTh pPOOOTHU, X NPAKTUYHY I[IHHICTb,
BIIPOBAKEHHS Ta anpooarliro.

VY nepmomy po3aijii 10BeACHO, 1110 Ha BIAMIHY BiJl IHIIUX OBEPJICHHUX MEPEXK, 0
HIATPUMYIOTh KJIIEHT-CEPBEPHY apXITEKTYpy, B MIPUHIOBUX MEpPEkKaX JEKUTh MPUHIUI
PIBHOIIPABHOCTI, TOOTO BUMOra HE TUIbKM 3aBaHTaXyBaTu (pailyu, ane i 0OOB'SI3KOBO
TUIMTHCS 3 1HIMMU mipaMu. Ha BiAMIHY BiJ BIJOMHUX MEPEX JOCTABKM KOHTEHTY 3
BUKOPUCTAaHHAM MepexeBoi 1H(pacTpykTypu CDN, TE€XHOJIOTiS IHTEPHET-MIPUHTY HE
CIupaeThes Ha 110 apxiTektypy. Kpim toro, mepexi gocraBku koHTeHTY CDN, OTT,
IPTV 3a0e3nedyioTh JOCTaBKY CTaTUYHOTO KOHTEHTY, B TOW dYac sk Mepexi P2P
3a0e3MeuyoTh JOCTaBKy JMHAMIYHOTO TOTOKOBOro Bifeo. Ha pwuc. 1 mpencraBneHi
NPUKIAIU PO3MOJUTY KOHTEHTY CY4acHHX MYJbTUMEIINHUX TexHojorii. Hespaxkarouu
Ha IIMPOKY TMONYJSIPHICTh (DaillIoOOMIHHMX MIPUHTOBUX MEPEX, B JaHUM Yac
3IMIIAETHCS HEJOCHIPKCHUM IIIJIUN psifi aJITOPUTMIB, CTPYKTYpP 1 TEXHOJOTIH, 10
BUKOPHUCTOBYIOTHCS B ITUX Mepekax. J[o uncia HalOoIbI 3HATYIIHX, Bifl SIKUX 3aJICKHUTh
yCHIHUN 0O0MiH iHpopMaLiiHuMK (ailiaMu, € psij 3aBAaHb YIOPaBIiHHS PO3MOALIOM
MIpiB Ta BiJIMOBITHOTO KOHTEHTY YIPABIIHHS CKauyBaHUMU (haiiiaMu 1 pparMeHTamu.
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Puc. 1. Cxema po3noairy KOHTEHTY

Y apyromy po3aiji npoaHanaizoBaHO OCHOBHI BiacTuBoOCTi P2P mepexi, 1 TUIOBY
CTPYKTYpy (puC. 2) Ta OCHOBHI CIEMCHTH apXiTEKTypH: MOJIYJb IUIaHYBaJbHHKA,

MOJTyJIb OBEPJICIO, KOHTPOJIBHUN MOAYIb (puc. 3).

cepeep Tpekep

Puc. 2. TunoBa mozens TeneBiziiinoi P2P mepexi
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Puc. 3. [liarpama y3arajgbHEHOI apXITEKTYpH MPOrpaMHOro 3a0e3neueHHs MipiB

Monayne miaHyBaibHUKA € sapoMm pgojgatka P2P. Bin BigmoBimae 3a mpuiioM 1
BIIMPaBKy (parMeHTIB 3/B 1HIII MIpU Yepe3 MEpexy, 1 3/B MicieBl '"Momydi
KopuctyBauiB". Bij ynopsakyBaHHS MOJENI TUIaHYBaJIbHUKA O€3MOCEPETHBO 3aTICKUTh
AKICTh HaJlaHHA MOoCayr. Moayiab KOpUCTyBada € OCHOBOIO, Ha SIKIM PO3MINIYETHCS
aNTOPHUTM IUTaHyBaHHS (pparMeHTa. BiH BU3Hauae, KOJIM MMOYMHATH Mepeaaqy pparMeHTa
B/3 1Hmoro mipy. IligcraBoro i mbporo pimieHHs € iHGopMallis MNpo HASIBHICTh
(parMeHTIiB y 1HIIMX YYaCHHKIB, fKa 30€piraerbcsi B aKTHBHIM 0a3i gaHux mipiB. Llg
iHdopMaIlisi OHOBIIOETHCS 32 JIONMOMOTOIO TOBIIOMJIEHH KapTu Oydepa, ska
HAJICUJIAETHCS HA PO3CY/l BIAMOBIHOTO TJIAHYBAJIbHUKA. 3aBJAHHSIM MOJYJIS OBEPJIICIO €
BUSIBJICHHS HOBUX TIIpIB Ta BCTAHOBJEHHS 3B'S3KYy 3 HHUMH, a TaKOX Iepeaaya
iHdopmarli npo HuUX iHmMUM Tipam. KoHTponbHHMI MOAYJh MPU3HAYCHUM IS 300py
iH(dopmanii. BiH mMae 1Ba OCHOBHI peXUMHU pOOOTH: KOHTPOJIb MACHBHUX BUMIPIOBAHb
CIIOCTEPEKYBAHUX IOBIJOMJICHb, SKUMU OOMIHIOIOTHCS JBa IpH, HANPUKIAA, IS
oOMiHYy BijeopparMeHTaMu a00 CHUTHAJBHOIO 1H(OpPMAIIE, 1 PEXKUM AKTUBHUX
BUMIPIOBaHb: KOHTPOJb CHEIiabHO COPMOBAHKX TOBIIOMIICHB NJIsi 30HAYBAaHHS, SK1
BIIMPABIISIOTHCS IHIIMM IMpaM Ha po3Ccyl Moayis. PiBeHp mepenadi MOBiIOMIICHB
BUKOpHUCTOBYE mpoTokosu cimerictBa TCP/IP 1 BiAMOBIZHUX TOYOK IOCTYIY HOCTYTH,
MIPOTIOHOBAH1 OTEPAIIHOI0 CUCTEMOIO, a TaKOX PO3MHPIOE iX (PyHKIIOHAIBHICTh. Ha
OCHOBI aHaJI13y BU3HAYAKOTHCS HATPSIMKHU JUCEPTALIAHUX JOCITIKEHb.
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Tpetiii po3ais1 mpucBsigeHO PO3pOOIIT MaTEMATUYHUX MOJENe (parMeHTaiii
MIPUHTOBUX Mepex 1 aHamizy ix craHiB. [Ipouiec gopmyBanHs (ainy siBisie co00r0
MOCTIZIOBHICTh HETMEPEPBHUX [IJISHOK, IO 3alOBHIOIOTH mpocTip Mik K 1 K+1-
cycigHiMu MeskaMu (hparMeHTiB (puc. 4).

M ¥ ¥ 374 ¥s
1 [ A7

%;1 | Fua N3 | e Ans |

| | | | |

| | | | |

| | | | |

k 1 2 3 4 5

Puc. 4. Ilpukinan peanizaiiii JUCKPETHO-HETIEPEPBHOTO MPOILIECY, IO CKIATAETHCA 3 5
(dbparMeHTiB

Mogens Takoro JHCKPETHO-HEMEPEPBHOTO TMPOIECY MA€ BUTIIAL YIPABISIEMOTO
pisaunieBoro piBHsHHA crany. X(K+1) = f(k,x(k),u(k)), ne kek=212,..k — kpok
(dbparmeHTarii.

Vrpasnines muM nporecoM XC(K) CIii posrisgaTd y BUIJIAAI IBOX OKPEMHX
(hYHKITIH:

U, (k) — ympaBmiiHHS AUCKPETHICTIO ()parMeHTiB,

u,(t) — ympasniHHS HenepepBHUM MOTOKOM JaHUX caMoro TV-KOHTEHTYy.

Jauuii riopuaauii nporuec X(K +1) € BUPOKEHUM, OCKIUIbKHA Ha CTHKY (parMeHTIB

MalTh MICIle PO3pWMBH. TakUM YHUHOM, YINPABIIHHA MOCTIJIOBHICTIO (parMeHTiB
MPEACTABISIEMO y BUTJISAI JUCKPETHOTO TMPOIECYy, a Mepeaady JaHuX 300pakeHHS SIK
KYCKOBO-TJIaIKUi Tiporiec. JlaHui kiac 3ajad BUPINIYEThCS 3a JOTOMOTOI0 Teopii
po3kianiB. Bigome 3aranmbHe pilleHHS, KOTpE MOXKe OYTH OTpUMaHE€ METOJ0M
y3araJbHEeHUX MHOXXHHKIB Jlarpamka. B cuity rpoMi3akoCTi pillieHHsI BUKOPUCTOBYBATH
HEJOIUIbHO. B sikocTi po6o4oi Momeni 3ampornoHOBAaHO BUKOPHCTOBYBATH MOJIEITh
0aratoareHTHUX MEpEX, KIHI[EBO-PI3HUIICBUI BapiaHT SIKOTO MAa€ BUTIIAL;

X (k+1) = x (k) —S_Zn: o (X; (k) = (k) + Bu(k) , 1)
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ne K — xkpok auckperusaiiii, HOMep 4eproBoro ckayyBaHoOTro KaJpy abo ¢parmMeHTa;

£>0 — KpokoBa MOCTIHA PI3HUIIEBOI CXEMH, IO OOMPAETHCS TUIAHYBAIBHUKOM 1
BU3HAYAE MIBUJIKICTh 301)KHOCTI MPOLIETYPH;

u(k) = K(x; (k) — x;(k)) — ynpaensrouuii BIUIUB, JTiHIHHO 3aI€XKHUHA Bij CTaHy | - IO
mipy, 3 ypaxXyBaHHIM 3aTPUMKH, TPOIYCKHOT CIIPOMO>KHOCTI Ta iH.

3 BUKOPHUCTAHHSM JIaHOI MOJIEJIl BUPIIICHO 3aBJaHHs Bi1I0OPY HANO1IBII MPUIATHUX
¢parMeHTiB 3 M - 3aMpPONOHOBAHUX. MaTeMaTHYHO 1€ BUPAKAETHCSA THM, 110 B SKOCTI
MOJIETIl  CIIOCTEPEXEHHS  NMPUHHATO  BHUIAJKOBUH  TpOIEC  aBTOperpecii  3i
CTpUOKOMOIOHO 3MIHIOBAHUMHU TapaMeTpaMH, sIKi BUOMPAIOTh B KOKEH MOMEHT 4acy

olHE 3 M BiIOMHX 3HaYeHL @f,..,¢<,0" , 1e k=1..,n. [Ipouec 3mMiHu mapamerpis
aBTOperpecii BiIMOBIIHUN 3MIHaM CTaHIB JpKepesia KPUBUX YIPABISIETHCS OJHOPIIHUM
MapKiBCHKUM TIpoliecoM N, skuié Mae M cTaHiB i sKi 0e3MOCepeHBO HE

criocTepiraroTbesi, 3 MaTpunero mnepeximamx WmosipHocteir P ={p, };l,k=1..,m.

Buauma cTpykTypHa KprBa Ma€ TaKMM YAHOM HACTYITHUUW BUTJIS:
X = o () +2 ¢ ()X +b(h)E, , ()
i-1

ne &, — BuOipka 3 raycoBoro oOisoro mymy, b(h,) — piBens mymy,

H,=h,h,,...,h, — crauum mnocaigoBHOCTEH, NPOMOHOBAHMUX JUIS CKadyBaHHS
BIJINOBIJIHUX ()parMeHTiB.

p(h,/h_)=q(h,h) — ymoBHa ¥iMOBipHicTH TIepexoay 3i ctany h,, B ctan h,,
enementn Matpuii nepexonis Q ={q(h_,,h)}.

B pe3ynbTaTi onTuMizallii, 3HaXOAUTLCSA OLIHKA CTaHIB JjIsi MaTpuill (parMeHTIB
I-AIiN = ﬁl, ﬁz,..., ﬁN. 3aBaHHs MoJsrae y BUOOpi BEKTOpa ﬁt Ha KO)KHOMY 3 | — KPOKIiB, 1

B1I0Op1 HAMOUIBII JOLIBHUX 3@ SAKICTIO 3alpPONOHOBAaHMX M — @parMeHTiB. 3
ypaxysauusm kpurepito Y (H,')=d,(h,)+> [o, (h) +o,(h ,,h)] i B npunmymensi
t=1

rayCoBOTO PO3MOJITY KOEQIIMIEHTIB aBTOpErpecii 3HAXOMUTHCS PIMICHHS MPOIEAYyPH
ONTUMAJIbHOI (hparMeHTaIlii 3 BHAUIEHHSAM M - Kpamux (parmentiB. OueBHUIIHO, 31
30UTBIIEHHSM KUTBKOCTI M 3alporoOHOBAaHUX (PparMeHTIB 3pOCTa€ MOXKIIMBICTh B1IOOPY
Kpamioro ()parMeHTa, OJJHOYACHO 3 IIUM TOCUIIIOETHCSI HAaBAaHTAKEHHS HA MEPEKy B M
pa3iB. Y 3B’S3Ky 3 LIMM JIOLIJIBHO MiHIMI3YBaTH iX KIUJIBKICTH 1 3/iiiCHIOBaTH BHOIp HE 3
M - MPOMOHOBaHMUX (PParMeHTiB, a 3 JBOX, IO TO3BOJIUTH CKOPOTUTH HABaHTAKCHHS Ha
Mepexy 1 3a0e3neunTh Burpamt Ha 17-20 1b mopiBHSIHO 3 OIMHUYHUM BUOOPOM.
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Jlani mpoBOAWTHCS aHal3 AMHAMIKH MIPUHTOBOI Mepexki. OueBHUIHO, 10 00’eM
nam’sITi Ha MOTOYHUN MOMEHT CKJIIaJa€ CyMmy I, AKTHBHHUX TMIpiB, Y SKHX € 3aIllpOLICHI

m
dparmentn R=>'r, xe M — KinbkicTs 3ampornoHoBaHux (aitais. CepeaHs KilbKiCTh
i=1
crpo6 MpH MONIyKY NOTPIOHUX (ailyliB BU3HAYAETHCS CTAHIAPTHOIO (DOPMYIIOIO :
m m P
— — I
N=2RN;=n)-"*. 3)
i=1 i-1 I
BusnaueHo cepenHiii po3mip MOIIYKY, SKUH 3aJI€KHUTh Bl alroputMy peruiikamii. Ha
puc. 5 mpencraBieHo rpadiky YHiGIKOBAHOTO 1 MPOMOPIIOHATBHOTO anroputMiB (1-1) i
IITOPUTM KBaJJpaTHOTO KOopeHs (2-2).

102 10° w0t

Puc. 5. I'padik cepeaaporo po3mipy MoIryKy 3ajeXHO Bij yucia 3asBieHux ¢aimis. 1-1
VYHi(ikoBaHUH 1 TPONOPIIAHUN aNTOPUTMHU, 2-2 aNTOPUTM KBAJAPATHOTO KOPEHS

AHamni3 TOKa3HUKAa SKOCTI Mepexi B YMOBaX CEpEIHbOrO CTAlllOHAPHOIO 1
JABUHHOTO HaBaHTaXeHHS. SIKICTh poOOTH MIPUHTOBOI MEpEeXi BU3HAYAETHCS

MOKa3HUKOM:
N(t)

Q(t):Ni(t) jSi (Mtyvdv, ne S(t)=V,(t)/V,(t) — cHoiBBigHOIIEHHS IIBUIKOCTEH
0

3aBaHTaXEHHS 1 CKadyBaHHS (ailmiB. Y pe3ynbrari AUQPEPEHIIIOBAHHS MOKa3HUKA
SAKOCT1 OJIEP’KaHO BUPA3:

dQ(t) ~ N'(t) 1 NOBS(t,v) N'(t)
e N(t)Q(t)+N(t)0j - dv+N(t)S(t,N(t)).

(4)
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[Tpu mocaikeHHI HAa MaKCUMYM T0OY10BaHO rpadik, /e BEpXHS KpHBa BiINOBIIA€E
BUTIAAKY CTAI[lOHAPHOTO pPeXUMY. B IbOMYy pexuMi SKiCTh MEpEXi POCTe 3 POCTOM

Q)N ()

KUTPKOCTI aKTHBHHX IIpiB. 3 ypaxyBaHHSM pocTy HaBaHTaxeHHs: Q(t)= N

nobynoBani rpadiku (puc.6). Ilpu naBUHHOMY pOCTI HaBaHTa)XEHHS, IO OyBa€ B
nepioy MoYaTKy MacoOBUX 3aXO[1B, CIIOPTUBHUX JEMOHCTpaIliil Ta iH. kpuBa Q pi3Ko

3HUXKYETBCS (puc. 6).
e 3HM>KeHHS HaAaml B Mipy HaOyTTs KOHTEHTY JJI 3aBaHTaKCHHS BUPIBHIOETHCA 1

AKICTh BIATBOPIOETHCS. Ha mpakTuii nmpu nepeBaHTaKEHHSIX MpPOBaiepu BIAIOTHCS 10

0OME>KEHHS P13KOTO 3pOCTAHHS 3aIUTIB.

i~
L — — — — :,.r-a—-"u-"m----—u-——l
- V.! = Vmax
Pr . ",
ra "‘v.‘ ) |
# h - V. =V
05l T |
AT T T T T T T T T T T T
! Y ", |
1] L L]
; R - |
v s h
1 ., e
: . Ve =Van -"1
| TTeens ||
| I b

10#

—_
=
b
—_
=
L

Puc. 6. I'padik 3a1exHOCTI TOKa3HUKA SKOCT1 B yMOBaX JAePIINUTY JUHAMIKH
3aBaHTAXCHHS 1 PU JJABUHHOMY ITOTIMTI HA KOHTEHT

YerBepTHil po3ail NPUCBSIYECHUN BUPILIEHHIO 3aJa4l ONTUMI3alil MpOLEeaypH
(bparmenTarii ganiis.

[Tporiec nocTaBKM MOCTITOBHOCTI ()parMEHTIB CIOXKMBAYEBl PO3TISIAETHCS SK
KOMIIOHEHT 3arajbHOro mporecy. BiH J1eXuTh B OCHOBI ()yHKIIIOHYBaHHS Mepexi P2P-
TV 1 sBasie c00010 TUCKPETHY MOJIENb YIPABIIIHHS, CTaH SKOi BU3HAYEHO Ha KOKHOMY 3
K - KpokiB.

[Ipouec ontumizaiii 3HAYHO CIPOLIYETHCS, SKIIO PO3IIISIAATH CYTO TUCKPETHY
Mojenb yrpasiuinHs. Ympasninas U, (t) - 3a0esnedye mporec (parmeHTarii: BUOIp
JTOBXHHHN (parMeHTiB, BIJIMOBIIHE 1X YHMOPSJIKYBaHHS Ta KOPEKTHE «GIIMBAHHS», 110
JI03BOJISIE CTIO’KMBAYEB1 CIIOCTEPITaTH HEMEPEPBHE TIIAKe 300paxeHHs. TakuM YHHOM,
NOTIK ()parMeHTIB CIiA PO3MIAJATH SIK HE3aJEKHUHA y CYKYMHOCTI moTik. CaMm MHOTIK
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ABlisie cOOOI0 YMNPAaBISIOYMN BUIAJKOBUN TOTIK OOCITYrOoBYBaHHS, a HE CYyTO
BUTMIQJAKOBUI, 110 BHKJIIOYAE MOXJIMBICTH BHUKOPHCTAaHHS TeOpii  MacoBOTO
o0cnyroByBaHHA. YTpaBiiHHA (PparMeHTaMu 3HAXOAUTHCS y BUIIISLAL QPYHKIIT Bl yCiX
MOMCHTIB HAJIXOJDKEHHsS 1- iX ¢QparmenTiB. B sKocTi KpUTEpit0 ONTUMAILHOCTI
BUKOPHUCTAHO (YHKITIOHA:

@(U>=g(m{6?<cpi,U)}+cm{6F (onU)D), (5)

e 6? (¢;,U) — BTpary, now'si3aHi 3 TUM, 110 | - il pparMeHT HAAIAIIOB paHille, HIX
3aBEpIIMIIOCS 3YMTYBaHHS | - TO ()parMeHTa;

8" (¢;,U) — BTpaTi nmpu 3aTpuMIli HAIXOMKEHHS | - ro (hparMeHTa, SKIIO 34UTyBay

MIPOCTOIOE.
Y pesynbraTi 3HaACHO (YHKIIO pPO3MOALTY Yacy OOCIyroByBaHHS | - TO
¢dbparmenTa:
@, (t) =P, <1), (6)
3HaxXOoAUThCs (QYHKIIISI PO3IOALTY KiHIl 0OCITyrOBYBaHHS | - o parmMeHTa:
F)= [R (t-0do, (1) ()
3a OMOMOror MiHiIMI3aIil CyMapHOro 4acy BTpatr OOCIyrOBYBaHHS Ha | - My
KpOLl 3HAXOJAUThCS (PYHKIIA BTPAT:
o t
fi (t, B (1) =m{t, ,}-t, +c j IFk—l(T)dTFkO ®). (8)

—00—00

[{s ¢yHKIiS BTpaT HA KOXKHOMY K - My Kpolli J03BOJIsIE BUKOPUCTOBYBATH METO]T
JTUHAMIYHOTO TIPOTpaMyBaHHS.
PosrnsayTo mpukiagu pos3B'sA3aHHS 3a7ad  IAHAMIYHOTO TIPOTpaMyBaHHS IPH
crpoieHHi piBHIHHS (8) B BUI (9).
f,(s)=min[ c, + f,,(})], n=1k, (©)
ne K — KUTBKICTh eTalmiB Ha NUIAXY 3 MOYaTKOBOI BEPIIMHU B KiHIIEBY;
C,; — BapTICTH 10 1y3i (S, ));
f.(S) — dynkuis, sxa mignsarae MiHiMI3alii, IO BIAMOBIAA€ cTpaTerii MiHIMATBHUX
BUTpPAT HA IIUIAXY 3 MYHKTY S, SIKIIO /10 KIHLIEBOTO IMyHKTY 3aJMIIMIIOCA N €TariB.;
], (S) — pitrenns, mo g03Bossie gocsrtu f, (S);
f —3HaYeHHs MITLOBOT QYHKIIIT;
S — 3HaYeHHs 3AJEKUTH BiJ CTaHy CHUCTEMH, 1HACKC N BKa3zye, CKUIbKH €TaIliB
3QITMIIAETHCS A0 KIHI MUIAXY.
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VY mpumymieHHi nNpo YMceNbHI 3HAYEHHS pOo3MIpiB ()parMeHTiB, 110 BU3HAYAIOTHCS
MaTpPHUIICIO TPUBAIOCTEH, OTPUMYEMO ONTHUMABHY IOCIIIOBHICTh CKadyBaHHs (ailiiB
i 3-x ¢parMeHTiB y BUIIISLAL giarpamu [anTTa (puc. 7).

o 1 2 i 4 5 & 7 8 % 10 11 12 13 14 15 16

Puc. 7. OntumanibHa MOCIIAOBHICTh CKaUyBaHUX (parMeHTiB 4 (aiisiiB, OTpUMAHUX
METOZ0OM JTUHAMIYHOTO IPOrPaMyBaHHS

Takum  ymHOM,  mWpolEeAypa  JIWHAMIYHOTO  TMPOTPaMyBaHHA  JIO3BOJISIE
BIIOPSIKOBYBATH TOCJIJIOBHICTh 3YUTYBaHHS ()parMeHTIB, IO 3abe3nedye TIIaJIKICTh
MpOrpaBaHHS.

II'aTuii po3min NpUCBAYEHUN BHUPIIMIEHHIO 3aJayl ONTHUMI3alli IMOCIITOBHOCTI
3UWTYBaHHA 1 TUIAHYBaHHS (DparMEHTIB, MPEJICTABICHUX KOHKpPETHUM QaitnoM. [lany
3aJ1avqy BAAJIOCS 3BECTH JI0 3aadi IIJIOYHCETHFHOTO JIHIHHOTO MPOTrpaMyBaHHSI.

BaxnuBum 0OMEXEHHSIM, W0 3yCTpidaeThcs B Mporeci (QyHKIIIOHYBaHHS
MIPUHTOBUX MEpEX, € HasIBHICTb IMepepHBaHb, BUKIMKAHUX TEXHOJIOTTYHUMHU
MPUYMHAMH TIpH OOCIYrOBYBaHHI B yMOBaX BEJIMKOTO HABAaHTAXKEHHsI, a00 3a PaxyHOK
BIUTMBIB OUJIBII IPIOPUTETHUX OOCITYTOBYBaHb.

PosrnsHyTo mpukiaag onTuMizailii  CepeAHBOTO  3BAKEHOTO 4Yacy IMOYaTKy
oOcnyroByBaHHs: B Mepexi P2P 3HaxonuTbcss m mipiB 1 OJMH KOPUCTYBau, SKUN
3anuTye N (parMeHTiB JUisl CKayyBaHHS 3 AaHUX MmipiB. TpuBamicTh OOCIYroBYBaHHS
MepeKer KOKHOTO (hparmeHTa Bimoma. HeoOximHo 3a0e3meunT MOpsIoK CKadvyBaHHS
(baiiB 3 MIHIMI3AITIEIO CEPETHBO3BAKEHOTO Yacy 00CITyrOByBaHHH.

3amaya [UIOYHUCETHFHOTO JIHIKHOTO MpOoTrpaMyBaHHS BKJIIOYa€e (HOPMYITIOBaHHS
ITHOBOT (PYHKITI.

MiHiMi3yBaTH HIJIbOBY (DYHKIIIIO:

IPU HACTYITHUX OOMEKEHHSX:
(M +t;,)- Y+t —tu) 2t (11)
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(M +t,)-L-Y,) + (Mt —ty) =t (12)
Zk: rijk(i_:ik +tik) < Zk: f (J +1)k£ik' (13)

3 BukopuctanHsMm mnakera MatLAB nns 3amaui ckauyBaHHS 4-X (parMeHTiB
OTPUMaHO ONTHUMAJIbHE PIIICHHS, MPEACTaBIeHE Ha prc. § aiarpamoro ['aHTTa y BUTIISAL
MOCIIJIOBHOCTI (pparmMeHTiB, oO0'eqHanux y (aiin. 3 gilarpaMu  BUIUTMBAE, IO
chopMoBaHmil (aiin siBase coOO0I IMIUIBHY MHOXHUHY, /1€ MEePEeCTAaHOBKM BHU3HAUYCHI
HasBHICTIO SIBUIIA TIEPETyBaHHS.

a L

Puc. 8. OntumainbHa MOCTIAOBHICTh 3YUTYBaHHS (hparMeHTIB

PosrasnyTo Takox 3agauy npy m =31 n =4,
Marpuus {r;, } posnoziny nporpam mo mipax npejcrabineHa y Burisai tabn. 1. B sxocri

TPUBAJIOCTI BUKOHAHHS 3YMTYBaHHS BuOepeMo Bumaakosi yucna Big 1 go 10. Matpuis
tpuBanocrei {t,} mpencrasieHa B Tab. 2.

Ta0muis 1 Ta0mmis 2
Martpuiis po3noiay nporpam o mipax Marpuust TpuBangocTeit
\j |1 2 3
k |[1]2]3|1[2[3]1]2]3 Wk |1 ]2 |3
1 [1]/ofofof1lofofo]1 1 12 |3 |1
2 |[olof1]1]ofo]o[1]0O 2 |3 |3 |3
3 |0j1|/0(0|O0O(2|1/0]0 3 2 1 2
4 (100010001 4 3 2 2

3 BukopuctaHHsMm maketa MatLAB oTpumMaHo onTumaibHE pIIMIEHHS, SKE
MIPEICTABJICHE 3a I0NOMOrolo fAiarpamu ["'anTTa Ha puc. 9.
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Puc. 9. OntumanbHa MOCTiOBHICTh 3UNTYBaHHS (hparMeHTIB 4-X (aiisiiB OTpUMaHUX
meronoM LIJIIT

Sk mokazaB aHami3 pe3ybTaTiB PIIICHHS 33/1a4l ABOMA METO/IaMH, PEACTABICHUMHU B 4,
5 posznainax, 3arajJbHHUI 9ac CKauyyBaHHS YOTUPHOX (PailliB 13 TPHOX MipiB BIAPIZHAETHCS
HecyTTeBO (1Ba vacoBi iHTepBayin). Ciif 3ayBakKUTH, IO PIMICHHS 3324l METOJIOM
[IJIOYHUCETTFHOTO JIHIHHOTO MpOrpaMyBaHHs BIAPIZHSAETHCS OLIBIIOID CKIAAHICTIO Ha
MIATOTOBYOMY €Tarli, KpiM TOr0, MpU OUIBIIIN KUIBKOCTI 3MIHHHX, PIIIEHHS TaHUM
METOJIOM € Oulblll TpynoMicTkuM. [lpu BHKOpHUCTaHHI METOAY JUHAMIYHOTO
MporpamMyBaHHs CKJIaJHICTh MpeACTaBisie 0€3M0CepeIHbO MPOorpamMHa peaisallisi, TOMy
BHOIp METOTY € HEOJHO3HAYHUM 1 BUBHAYAETHCS JIsI KO)KHOTO KOHKPETHOTO 3aBIaHHS.
Jl1ist o1iHKM e(PeKTUBHOCTI 3aIPOMOHOBAHOT MOJIETII OMTHUMI3AIli] Ipoliecy ¢pparMeHTaii
OyB MpoOBeIEeHUI MAIIMHHUK EKCIIepUMEHT i oaepxaHa BuOipka 06’emom N = 1000
HE3aICKHUX PO3paxyHKiB 4acy 3uutyBaHHS (puc. 10). s mopiBHsHHS, Ha puc. 11
JAl0ThCs BIAMOBIAHI fMaHi 0e3 omrumizaiii. [TopiBHSHHS &1ae micTaBU CTBEP/KYBAaTH,
10 MPHY ONTUMI3aIll] 3a0€3MeUyeThCSl CKOPOUCHHS Yacy 34YUTYBaHHS B 3 pasu, JUCHEpCis
IIpH 1IbOMY CKOpOUYyeThcs B 2,2 pasu. lle mo3Bonise mMigBUIUTH omnepaTHBHICTE P2P
MEpEeXi i CKOPOTUTHU KIJIBKICTh BTpaueHux (haiiiis.
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OueHka onTMManbHOro BpPeMeHN CHUTbIBaHUA (#BIZJ'IOB

i 4”||||‘l'| ﬂlmw | “1“ “f !‘lwll I If ¥'| l”“ H ””‘ hq“[ ||l||l“]| 1N lwly\ I!Il‘mllw’” i ‘vnw“u i MIM‘I
0 100 200 300 400 Bszﬁﬂ 600 700 800 900 1000
Puc. 10. Ouinka onTUMaJIbHOTO Yacy 3UUTyBaHHS (ailiiB
OueHKa BpeMEHU CUUTbIBaHMS (halinos
% 50 D “w “ ‘ ”“' ” A " ‘ HJ ‘l.‘l"‘ |‘H ‘M ‘\ N u‘t ‘ 'l h‘. '“ "“ | il “ AL‘ “ I
L WA il M H”w !

Bpewmsi

Puc. 11. Ouinka 4acy 3unTyBaHHs (aiiiiB 6e3 onTumizarlii

locTuii po3ain NMpuCBSIYEHO 3a7a4l aHAI3y SKOCTI BIATBOPEHHS KOHTEHTY IPHU
PI3HUX OOMEKEHHSIX.

VY npoanHalli3oBaHHUX HECTPYKTYpPOBaHUX Mepexkax P2P mponyKTUBHICTh 3aJ1€KUTh
BlJI aJITOPUTMY BUOOpY IMIpy, BU3HAUYECHOIO MJis 3aBAHTAXKEHHA oOpaHoro ¢aiiy, 110
kinacudikytorbesa sk Pull 1 Push 3anexxHo Bix Toro BianmpaBHUK YW OAEp)KyBay POOUTH
BUOIp mNpo BiAnpaBky ¢aina. SKicTb BIATBOPEHHS 3aJIEKUTh TaKOX BIJI 4HKCIa
BTpadeHUX (pparMeHTiB 1 3aTpuMOK BiaTBOpeHHs. Ha puc. 12 moxkasani pe3ynbTatu
aHamizy BTpaTu (parmeHTiB sk GyHKIIS OiTpeldta 1 3aTPUMKH  BiITBOPCHHS.
BuxopucroByeThcst MmeToguka SSSim. Ha puc. 13 mokaszaHni 3Ha4eHHS MIKOBUI cUTHAT /
ITyM BiJI IIBUJIKOCTI TIEpeaadi.
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Puc. 12. PiBenb BTpatu pparMeHTiB sK QyHKIIs OiTpelTa BiJIeo 1 3aTPUMKHU

BIITBOPCHHS
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Puc. 13. PSNR [ab] npu dparmenTaiiii 3 ypaxyBaHHSIM MeIIaCTPYKTypH 1 6€3 K
(GyHKITIS BUIKOCTI KOJYBAaHHS B1JI€O TIPH PI3HUX 3aTPUMKaAX BIATBOPEHHS

Ha puc. 13 nokazano PSNR mipu 3amaniii 1[iIb0Bi 3aTpUMII BIATBOPEHHS, 3aJI€KHO
B1J OITpelTy MediaJaHuX 1 3aCTOCOBaHOI cxeMu (parmeHTanli. Bel rpadiku nokasyroTh
akictb (PSNR) 6e3 Brpatu ¢parmeHTa (SKICTh KOAOBAHOTO MOTOKY B JIKEpEIl, SIKE €
(GYHKIIEO NaTYMKa 1 CAYXUTh TIIKUA AJIS TOBIOKK); SIKICTh, JOCSTHYTY 3a HasBHOCTI
dbparmenTiB 3 GOP posmipom (dbparmeHTariiss 3 ypaxyBaHHSIM CTPYKTypu Menia); i
AKICTh, JOCATHYTY O€3 ypaxyBaHHs CTpPYKTypu menia. Lle mo3Bossie 3po3yMiTH BIUIMB
CITIBBIJIHOIIIEHHS BTPAT Ha SIKICTh B1JI€O.
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Puc. 14. PiBens BTpaTu ¢pparMeHTIB 13 pi3HUMU IUIaHyBaJIbHUKaMH 1 pparMeHTamu 3
GOP po3Mmipamu siIK PyHKIIisl 3aTPUMKH BiJTBOPEHHS

Ha puc. 14 mnpexacraBineni pe3ynbTatv IUIaHyBaHHS (parMeHTIB 1 MipiB, WIO
MO3HAYAETHCS Ha AKOCTI BiJeo. [lokazaHa MBUIKICTh BTpaTH ()parMeHTiB, OTPUMAHHUX 13
pi3Hux a”HyBaybHUKIB (2 came LUc / RUp, LUc / ELp 1 DLc / ELp6).

Y nmomatky Ne 1 po3risigaeTbcss MaTeMaTHYHA TIOCTAHOBKA 3ajadvl  JIHIMHOTO
[IJIOYMCELHOTO MPOTPaMyBaHHS.

VY nonatky Ne 2 HaBOAMUTBCS TEKCT mporpamu Juist nakera Matlab, 3a 1onoMororo skoro
BUpIIIIEHA 3aJla4ya JIIHIMHOTO IJIOYMCENIBHOTO MPOTrpaMyBaHHS.

BUCHOBKM I10 POBOTI

1. IMipunrosi (aittooOOMiIHHI Mepexi € OBEpJECHHUMU MEPEKaMH 3 IepeAaydecto
KOHTEHTY uepe3 [nTepHeT. O0aacTh 3aCTOCYBaHHS MEpeX: MapajeabHe NporpaMyBaHHs,
KCIIyBaHHS JaHWX, PE3EpPBHE KOIIOBAHHA JaHUX. 3aBISKH BHCOKIH >KHBYUYOCTI,
B1JIMOBOCTIHKOCTI, MacIlITaOOBaHOCTI MIPUHTOBI MEPEXi € MEPCIIEKTUBHUM HAIPSIMKOM
PO3BUTKY, 1 3HAXOJSATh 3aCTOCYBAHHS B CUCTEMaX YIPABIIHHSI BUPOOHUIITBOM, HAJaHHS
MOCITYT CIIOYKMBa4yaM, 30KpeMa IpH fepeiadi BiICOKOHTEHTY, B cucTemax Bitcoin.

2. SIxicTh HamaHHS TOCIYT IO JOCTABIl 3asBICHUX (DaililiB 3aJeKUTh BiJl BEIUKOI
KITbKOCTI YHMHHHKIB, IO CYNMPOBOXKYIOTH Iied mporec. Cepen MHOKUHM 3ajad, SKi
HEOOX1JHO BHUpINIYBAaTH TIPH HAJaHHI TMOCIYyr 1O JOCTaBIll 3asBiIeHUX (aiJiB,
IEHTPAIBHOIO € 3aja4a (hparMeHTarlii, o B 3arajlbHOMY BUIJISIII TIPEICTABIIE COOOIO
MpOIIEypY YIOPSIAKYBaHHS pO3KJIany (parMeHTIiB 3 I1HTEPBAIBHOIO TPHUBATICTIO
oOcnyroByBaHHA. B sSIKOCTI MaTeMaTHYHOI MOJIeIi Tipoliecy (pparMeHTallli BUKOPUCTAHO
JUCKPETHO-HETIEPEPBHY MOJIENb 3 YIPABIIHHSAM Ha KOKHOMY KpOINl 1 3 OOMEXKEHHSIM
TepeTyBaHHS.

3. IlpoBeaeHo aHami3 SKOCTI (PYHKI[IOHYBaHHSI MIPUHTOBOI MEpPEX1 MpH Pi3HIN ii
nuHamini. IlokazaHo, 0 SKICTh MIPUHTOBOI MEPEXKi 3pOCTae 31 30UIBIICHHSM 4YHCIIa



21

aKTUBHUX 11 y4acHUKIB. BogHOouac mpu pi3komy 301IbIIEHH] KITBKOCTI YYACHUKIB MOXKE
CIIOCTEpITaTUCS 3HIKEHHS SKOCTi, LIO0 TMOB'S3aHO 3 BIJACYTHICTIO KOHTEHTY JUJIS
3aBAaHTAXKCHHS y IMOWHO MIIKIIOYEHUX TIPIB.

4. Po3po6ieHO METOAMKY aHallidy CTaHy KOHTEHTY Ha By3i1ax P2P wmepexi.
JloBeeHo, 110 yCHIITHE OTPUMAHHS 3a7aHOi MOCIYTH 3aJICKUTh Bl TOTO, HACKUIHKU
MIBUJKO 1 SKICHO BJIA€THCS BHSIBUTH HEOOXITHHMI KOHTEHT, IO 3HAXOJUTHCSA B IaM'dTi
MipiB JaHOi Mepexi. Perumikailis KOHTEHTY BHU3HAYAE€THhCS HASBHICTIO JTOCTAaTHBOI
KUTBKOCTI KOMii y Mepexi i mam'sti 11t 30epiranis KOHTEeHTY. OTpUMaHO 3aJIeKHICTh
CEepeIHbOI0 YMclia 3asBOK BIJ uucia 3asBieHux ¢ainiB. CepelHe YMCIO YCHIIIHO
BUKOHAHMX 3asiBOK TMPOMOpIiiiHE uMciy 3asBieHux ¢ainiB. BogHouac mpu
BUKOPUCTaHHI aJITOPUTMY peIUIiKaIlii KBaJpaTHOTO KOPEHs IS 3aJIe)KHICTh HEJiHiINHA,
110 poOUTS i OUTBII MPUBAOIMBOIO B YMOBaX 3HAUHUX HABAHTAXKEHb.

5. PosrasHyTo MeToau onTuUMi3alii Tpolecy 3aBaHTa)xxeHHs (GaiiliB, e
onTUMi3auli MIsrae BiAOIp Kpamoro (pparMeHTa cepel] HaJaHUX Ha KOXKHOMY KpOIi
JUCKPETHU3allil 1 BUPILIEHO 3aJady ONTHUMi3alli MPOLECiB YIOPSAKYBaHHS ()parMeHTIB
camoro (aiy 1S 3anucy Horo B 0ydep 3 METOIO TJIaJIKOT0 BIATBOPEHHS 0€3 3aTPUMKH.
CdopMyniboBaHO peKOMEHJalli o040 BUHOOPY Ha KOXXHOMY KpoIll JBOX 3 M -
npeacTaBieHux GparMeHTiB, mo Ha 17-20 nb nokpaiiye sIKicTh pillleHHs B OPIBHAHHI 3
OJIMHUYHUM BHOOPOM.

6. 3 BUKOpPHCTaHHSM METOAY AMHAMIYHOTO TMPOTPaMyBaHHS BHUPIIICHO 3a1ady
ONTHUMaJIbHOI (pparMeHTalii ckauyyBaHOro (paijia 3 BUKOPHUCTAHHSIM JHCKPETHO-
HEMepepBHOI MOJEIl NpH BIANOBIAHOMY YMPAaBIIHHI JUCKPETHICTIO MPOLECY, IO
3a0e3mnedye BIOPSIKOBAHE BIATBOPEHHS (PparMEHTIB MPHU Y3TOHKEHHI YEproBOCTI iX
HaJIXO/DKeHHS. B Xomi aHamidy BCTAHOBIICHO, IO MPHU ONTHMI3amii B 3 pasu
CKOPOYYETHCS YaC CKauyBaHHs, a BUOIPKOBA JUCTIEPCIs TIPU I[bOMY 3MEHIIYEThCS B 2,2
pasu. lle 3abe3nedye OUTBbIIY OMEPATUBHICTH HAJAHHS TOCIYT 1 MIHIMI3AIll0 BTpaT
(dbparMeHTiB.

7. 3 ypaxyBaHHSIM MEIIaCTPYKTypH BIJEOKOHTEHTY Ha OCHOBI LILJIOYHUCEIHbHOTO
JIHIAHOTO MporpaMyBaHHs OJEp’KaHO PIMIeHHS 3anayl (parMeHTamii sl pi3HUX
BIJIPI3KIB Yacy OOCIyroByBaHHs. AHali3 pe3yibTaTiB IOKa3aB, L0 3a JaHUX YMOB
BJIA€THCSA JICIIO CKOPOTUTH Yac Ha ¢opMmyBanHs ¢aitry Ha 10-15%.

8. IlpoBeneHo aHami3 IKOCTI HaJaHHA MOCTYT BiJIEO 3 ypaXyBaHHSAM OCOOJIUBOCTEN
MJIaHyBaHHs KOHTEHTY. [IpencraBneHi pe3ynbTaTtu 103BOJISIOTH 3pOOUTH BUCHOBOK, IO
(dparmMeHTallisi 3 ypaxyBaHHAM MeEia-CTPYKTypH 3a0e3nedye 3HAYHO BHUILY SKICTh
(PSNR i SSIM), ik ¢parmeHTariisi 6€3 Takoro ypaxyBaHHsS. AHaji3 KUIBKOCTI BTpar
(dbparMeHTiB 301IBIIYEThCS 3 OITPEHTOM, a OJHOYACHO 3 IIMM CHCTEMa PO3MOJLITY He
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MO’K€ 3aBXKIHM BIOPATUCS 31 30UIbLIEHHSIM 00CIry Tpadiky, OJHOYACHO MIATPUMYIOUH
00OMEKEHHS 3aTPUMKH BIJITBOPEHHSI.
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Homoscbka K. O. Meroau onrumizauii mpouecy ¢gparmeHTaumii KOHTEHTY B
NipUHIOBHX (pailjI000MIHHUX Mepe:xax. — Pykonuc.

Hucepramiss Ha 3400yTTS HAyKOBOIO CTYINEHS KaHAMJATa TEXHIYHUX HayK 3a
cnemianpHicTIO 05.12.02 — TenekoMyHIKAI[iiHI CUCTEMU Ta Mepexi. XapKiBChbKUI
HalllOHAJIBHUHN YHIBEPCUTET paJioesIeKTpoH1kH, XapkiB 2017.

Huceprariitna poOoTa MPUCBAYEHA BUPIMICHHIO aKTyaJbHOI HAyKOBOiI 3ajayi, IO
MoJIsira€ B ONTUMI3alIlT Mpoliecy ¢parMeHTalii 3anpoieHux (paiiniB AereHTpatiz0BaHol
nipuHroBoi Mepexi P2P 1 anamizy sikocti mpouecy ¢popmyBaHHs (ailyiiB Ipu pi3HOMY
peXuMI iX perulikalii 1 B yMOBaX CTalllOHAPHOCTI 1 HECTAI[IOHAPHOCTI POOOTH MEPEKI.
OnTtuMmizariisi 3abe3nedyye TMOKpaIEeHHS SIKOCTI HaJaHHS TMOCIyr TpU Tmepeaadi
MeqiakoHTeHTy. [{ns  BupimieHHsS 3amadi  po3poOsieHa  JUCKPETHO-HETepepBHA
MareMaThuyHa MojeNb (parmeHTaiii. 3 BUKOPUCTaHHSIM MYJbTUAr€HTHOI MOJENl
BUPIIIEHO 3aJjady ONTHUMI3aIlli BiAOOPY Kpamoro 3 M - 3amporoHOBaHUX (PparMeHTIB,
3aJady omTUMIZalli mpouecy ¢parmeHTanii 3 BUKOPUCTAHHSIM JUHAMIYHOTO
porpamMyBaHHs, 1 B JI€II0 CKOpPOYEHIA (opMi 3 BUKOPUCTAHHSAM 3ajadl JIHIHHOTO
nporpamyBaHHs. [IpencTaBieHo mpukiaad po3B's3aHHs JaHUX ONMTHUMI3AI[IHHUX 3a/ad,
MPOBE/ICHA TOPIBHSJIbHA XapaKTEPUCTUKA METOJIB MPU OJHUX 1 THX CaMUX yMOBax.
[Tokazano, 1o s KOHKpeTw3ailii (aiiyliB MeToi JIHIKHOTO TpOorpamMyBaHHS Ja€
Kpalui pe3yibTaT MpU MapajelbHOMY CKadyBaHHI JACKIIbKOX (parMeHTiB. OTpumaHa
CTaTUCTHKA TIPOIIeCY CKauyBaHHS ()parMeHTiB JJiI ONTHUMI30BaHOI cuTyalli 1 6e3 Hei.
3pobeHO BUCHOBOK, IO Yac CKadyyBaHHS B ONTHMI30BaHMX YMOBaxX Maike B TPHU pa3d
cKopouyeThcsi. OIHOYACHO 3 UM 3MEHIIYEThCS AMCIEPCis Yacy CKadyyBaHHS, IO
J03BOJISIE MIHIMI3yBaTh BTpaTH (parMeHTIB mpu ix perunkanii. IlpoBeneno ananis
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PI3HUX METOIB IJIaHyBaHHS (PparMeHTiB 1 MOKa3aHO, 110 BTPaTU ()parMeHTiB pOCTYTh
mpornopiiiHo O6iTpeiTy Tpadiky. Paszom 13 Tum, 111 BTpaTH MOXYTh OYTH MiHIMI30BaHi 3
ypaxyBaHHSIM MeJ1a0013HAHOCTI Mepeki Mpu OOJIKYy CTPYKTYpH BiJICOKOHTEHTY.
3anponoHOBaHi pIIMIEHHST MIOJI0 ONTHUMI3aIlli MPOLECY 3aBAHTAXKEHHS 3a0€3Me4yl0Th
MIHIMI3AI[I0 Yacy cKauyBaHHS 1 BTpaTy parMeHTiB B yMOBaX BETUKUX HABAaHTAKEHb.

KirouoBi ciioBa: mipiHroBi, (parMeHTaiis, CKayyBaHHs, peIUTiKallis, KOHTEHT,
¢aitno0OMiHHI MEpexKi.
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B IMPUHIOBBIX (Pail1000MEeHHBIX ceTaX. — Pykonuce.

Juccepranyss Ha COMCKAHHE YYEHOM CTENEHU KAHAMAATA TEXHUYECKHMX HAyK IIO
cneruanbHoctn 05.12.02 — TenekoOMMyHHUKAIIHOHHBIE CUCTEMBI U CETH. XapbKOBCKHIA
HallMOHAJIBHBIA YHUBEPCUTET PATUOIIIEKTPOHUKH, XapbKoB, 2017.

HuccepranonHass pa0oTa IOCBAIIEHA PEUICHUIO aKTyaJbHOW HAay4YHOW 3aJauH,
3aKIJIIOYaloLeicss B pa3pabOTKe AUCKPETHO-HENPEPHIBHOW MaTeMaTHYECKOM MOJIEIH
npouecca (¢parMeHTallMM CKauuBaeMbIX (ailyioB JELEHTPATM30BaHHOM NHPUHTOBOM
cetn P2P u amanmsy kadectBa mporecca GopmupoBaHus (HaiIoB TpHU Pa3IAIHOM
peXKUME UX PEIUIMKALKUUA U B YCIOBHUSAX CTAl[MOHAPHOCTH M HECTALMOHAPHOCTU PAOOTHI
cetn. C HMCNONB30BaHMEM MYJIBTHAr€HTHOW MOJENM PELICHbl 3aJadyd ONTUMHU3ALUN
oTOOpa Jy4lIero u3 M — MPeAJIOKEHHBIX (PparMeHTOB, pelleHa 3a/ada ONTUMU3ALUU
npouecca pparMeHTally ¢ UCHOJIb30BAHUEM JMHAMUUYECKOTO MPOrpaMMHUPOBAHUs, U B
HECKOJIBKO  PEeIyLMpOBaHHOM (opMe ¢ UCHOJIb30BaHUEM 3a/Jayd  JIMHEHHOTO
nporpammupoBanus. [IpeacraBieHsl NMpuUMepsl PELIEHUS JTAHHBIX ONTHUMH3ALMOHHBIX
3a/1a4, MIPOU3BEJCHA CPAaBHUTEIbHAS XapaKTEPUCTUKA METOJIOB IPU OJHUX U TEX XKe
ycioBusix. IlokazaHo, 4YTO TpM KOHKpeTHU3aluu (ailioB MeToJ  JIMHEHHOTO
[IPOTPAMMHUPOBAHUs [JaeT JyYIIHW pe3yJbTaT MpH NapaJUIEIbHOM CKa4MBaHUU
HECKOJBbKHUX (parmMeHToB. lloydeHa craTucTuka mpoliecca CKauyMBaHHsS (PparMEHTOB
JUIS ONITUMU3HUPOBAHHOM cuTyauuu u 6e3 TakoBoil. [lokazaHo, 4To Bpemsi CKauuBaHUs B
ONTHUMHU3UPOBAHHBIX YCJIOBHSAX IOYTH B TPU pa3a cokpamaercs. OJTHOBPEMEHHO € 3TUM
YMEHBIIAETCS AUCHEPCHS BPEMEHHM CKauMBaHUS, 4YTO IO3BOJIIET MHHMMHU3HUPOBATh
norepu (pparMeHTOB Mpu HX perumkaiuu. llpoBeaeH aHanmu3 pa3iaMYHBIX METOJOB
IJIAaHUPOBAHMS  (PparMEHTOB M  MOKa3aHO, YTO MOoTepu (GparMeHToB pPacTyT
MPONOPIIMOHANIBHO OuTpelty Tpaduka. Bmecte ¢ TemM 3TH TOTEPU MOTYT OBIThH
MHUHUMU3UPOBAHbl C YYETOM MEAWA OCBEJAOMIICHHOCTH CETH NIPU YYETE CTPYKTYPBI



26

BUJICOKOHTEHTA. [IpenoxkeHHble pemieHuss Mo ONTHMM3aluy IpoLecca CKauuBaHUs
o0ecneunBarOT MUMHUMHU3ALMIO BPEMEHU CKaYMBaHUS U NOTEPIO (PParMEeHTOB B YCIOBUSIX
0O0JIBIIKX HATPY3OK.
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ABSTRACT

Popovska Kateryna. Optimization methods of content fragmentation process in
peer-to-peer file-sharing networks. — The manuscript.

Dissertation for the degree of a candidate of technical sciences in specialty 05.12.02
— telecommunication systems and networks, — Kharkov National University of Radio
Electronics, — 2017.

The dissertation is devoted to the solution of the actual scientific problem, which
consists in the development of a discrete-continuous mathematical model for the process
of fragmentation of downloadable files in the decentralized P2P peer-to-peer network
and analysis of the quality of the process of file generation under different mode of
replication both under stationary conditions and non-stationary network operation. Using
the multiagent model, the problems of optimizing the selection of the best of the
proposed fragments are solved, the task of optimizing the fragmentation process using
dynamic programming is solved, and in a somewhat reduced form using the linear
programming problem. Examples of the solution of these optimization problems are
presented, the comparative characteristics of the methods under the same conditions are
made. It is shown that with the concretization of files, the linear programming method
gives the best result when several fragments are downloaded in parallel. The statistics of
the process of downloading fragments for an optimized situation and without it has been
obtained. It is shown that the download time in optimized conditions is almost three
times reduced. At the same time, the dispersion of the download time is reduced, which
allows to minimize the loss of fragments during their replication. The analysis of various
methods of fragment planning has been carried out and it is shown that the loss of
fragments grows in proportion to the bit rate of traffic. However, these losses can be
minimized taking into account the media awareness of the network when taking into
account the structure of video content. The proposed solutions for optimizing the
download process ensure the minimization of the download time and the loss of
fragments under conditions of high loads.

Key words: peer-to-peer, fragmentation, downloading, replication, content.
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