NAEEH ITPOEKT HA INCEPTALIA
10 Hay4YHA CIIEIIUAIHOCT ,,KOMYyHHUKAIIMOHHU MPEXKH U CUCTEMHU ",
[Ipodecronanno HanpasaeHue: ,,KoMyHUKallMOHHA U KOMITIOThPHA
TEXHUKA”

IMpodaem: YcKopeHHAT MpexoJ KbM OOJa4yHH Cpely U MaiadupyemMu HHPPACTPYKTypH Hajara
BHE/PSIBAHETO Ha Pa3lIMuHM PEIICHUs 32 BUpTyaiu3anusra Ha MpexoBute QyHkuuu (Network
Functions Virtualization — NFV), upe3 kouto crienuanu3upanusi xapayep ce 3aMeHs C I'bBKaBH
copryepHu pemieHusi. OCHOBHUSAT MPOOJIEM IPU TO3U TPOLEC € CBbP3aH ¢ KOMIIPOMHCA MEXKIY
I'bBKABOCT M IMPOHM3BOMUTEIHOCT — BHUPTYAIU3UPAHUTE MPEXKOBU (DYHKIMH YECTO CTpagar oT
HOBUIICHO 3aKbCHEHHE, MPOOJIEMH C MPOIYCKATEIHATa CIOCOOHOCT M Hee()eKTUBHO YIPaBJICHHE
Ha PECypCUTE MpPU PE3KU MHUKOBE B HATOBAPBAHETO. TpalUIIMOHHUTE CTaTHYHH MEXAHU3MHU 3a
OpraHu3anys ¥ pasnpenessiHe Ha pecypcuTe B oOJlaka HE yCIsIBaT Aa OallaHCHpaT JHHAMUYHO
HAaTOBapBaHETO, KOSTO BOJM JI0 3a0aBsiHe Ha Tpaduka U HapylIaBaHe Ha KAueCTBOTO Ha yCIIyTHTE.
Bceuuko ToBa 00yciaBs HyKAaTa OT MPOBSKAAHETO HA M3CIICABAHMS, HACOUCHU KbM MO00psIBaHEe
Ha apXUTEKTYPHUTE 32 BUPTyaJIH3alUs Ha MPEKOBUTE QDYHKIINHU, ONITUMH3UPAHETO Ha coTyepHuUs
CTeK 3a 00paboTKa Ha MaKeTH 1 Pa3pabOTBAHETO HA MHTCIMICHTHH AJITOPUTMH 32 aBTOMATH3HPAHO

YIIpAaBJICHHUC HA MPCIKOBUA KAITAOIUTET B PEaJIHO BPEME.

PadotHo 3araaBue (Tema): M3crnensane u nogoOpsiBaHe Ha MEXAaHU3MUTE 3a BUPTYyaJIU3allus HA

MpPEKOBUTE (PYHKIIMH NPU UHPPACTPYKTYPUTE 32 00JJAUHU U3UUCIICHUS

OGexT Ha H3cjeaBaHe: BUpTyanu3aius Ha MpexxoBute pyukimu (NFV), obrxaunu uzuncnenus,

JMHAMHUYHO OalaHCHpaHe Ha HATOBapBaHETO, KauecTBO Ha ycayrure (Qo0S).

Hayunn psxoBoauTesn: npod. 1-p unx. I'. Xpucros u npod. n1-p unx. [1. 3axapuen
Bua Ha noxTopanTypara: per1oBHa

IMoTennuanen KaHAUAAT: 1A

H3rorBuiu uaeiiHus MPOeKT: 1. npod. n-p unx. I'. XpucroB ...

2. npod. n-p uwxk. [1. 3axapueB ...
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KOHCIIEKT

3a KOHKYPCEH M3IIUT 3a JOKTOPAaHTH 10 JOKTOPCKa Iporpama
“KoMyHHMKaIIMOHHU MPEXHU U CUCTEMU

Anpecupane Ha MpexuTe iocpeacTBoM IPv6 mpoTokona.

XapakTepucTuku 1 npeaumctsa Ha IPv6 nporokouna.

Crpykrypa u Teopus Ha IPV6 agpecure.

Bunose IPV6 anpecu. Cermentupane Ha IPv6 mpexu.

Mertonu 3a cermentupane Ha IPv4 mpexu. [Ipenumcrsa u nenocrarbiy Ha VLSM u FLSM
TEXHOJIOTUUTE 32 pa3JiesisiHe Ha a/IpeCHU IPOCTPAHCTBA.

Crpareruu 3a cbBMecTHa pabota u uHTerpanus Ha IPv6 u IPv4. Tynenupane Ha IPV6 BbpXy
cpiiectByBama IPv4 uadpacrpykrypa.

ITpunarane Ha NAT-PT mexanusbm 3a TpaHciaMpaHe Ha IPOTOKOJIM B MPEXKU € MOAJPHKKA
Ha IPV6 u IPv4.

JlocThIl 10 peHOoCcHaTa cpefa — GU3NIECKH KOMIIOHEHTH, METOIH 32 KOJMpaHe Ha CUTHAIIN
— Manchester, RTZ (Return to Zero), NRZ (Non retrun to zero), Bipolar xomupane,
CUTHAIIN3AIHSL.

Ethernet ctanaapt 3a LAN koMyHHKaIHH.

Fiber channel texnonorus. EnemenTu u apxurekrypa na fiber channel rexnonorusra.
IepcnekTrBu B passutueto Ha fiber channel Texuonorusra.

Mapmpyrusupane Ha ganau B IPV6 mpexurte. CTaTH4HO MapIIpyTH3UpaHe W JTUHAMUYHA
MapUIpyTU3UPALIH TPOTOKOJIH.

Metonu 3a koHurypupane Ha IPV6 agpecm W MpexOBHM HACTpOWKM Ha KpalHHUTE
notpedurencku ycrpoiictBa. Konnenmus u kondurypauus Ha SLAAC u DHCPV6 metonu
3a aBTOMaTU4YHO KOH(UTypUpaHe.

Ycnyru cbp3ani ¢ IP anpecupanero — DHCP, DNS, BOOTS, IPv6

CratnuHo MapuipyTu3upane Ha 1anuu B IPv4 u IPV6 mpexu.

BbBenenue B TeopusATa Ha MapuipyTU3MpaiiuTe npotokoinu. Teopus Ha rpadure u
AITOPUTMU 32 U3YUCIIIBaHE HA HAall — KbC TBT. JIBPBOBHIIHU CTPYKTYPH.

AnroputrbM Ha JDXKuiikcTpa 3a M3YMCIIABaHE HA Hail — KbC IBT B Tpau C MOJOKHUTEIHU
TETJIOBHU KOS(PHIIMEHTH Ha BHPXOBETE.

AnroputreM Ha benman — ®opp 3a U34KCIgBaHEe HAa Hall — KbC BT B Tpadu ¢ MOJT0KUTEITHU
Y OTPULIATEITHU TETJIOBHU KOS(PUIIMEHTH Ha BHPXOBETE.

ANropuT™MH 3a MapUIpyTH3MpaHE MOCPEICTBOM BEKTOp Ha pa3cTosiHueTro. CeMelcTBO
nporokonu 3a  Mapuipyrusupane RIP.  Xapakrepuctuku U 0ocoOeHOCTH  Ha
Mapuipyrusupanre nporokonu IGRP u EIGRP.

ANTOpUTMH 3a MapUIpyTU3UpaHE IOCPEICTBOM CIIEJICHE CBHCTOSHHETO Ha Bpb3KaTa.
Mapmpyruzupamu npotokonu OSPF u IS — IS.

Pasmmpenne na OSPF mpoTokorna 3a mpenaBane Ha HH(POPMAIMOHEH MOTOK KbM Tpyra OT
notpeoutenu (MOSPF).

[TpoTokomnu 3a mapmpyru3upane B IP MpexuTe OT ciieBaio MoKOJICHHE.

ITpoTokonu 3a MapupyTusupane Ha 1aHHU B IPV6 Mpesxku. OCHOBHH aJITOPUTMU U IPUHIUITN
Ha pabota Ha npotokosute RIPng, EIGRP for IPv6, OSPFv3, BGPv4 u ICMPV6.

OCHOBHM XapaKTEpUCTHKH Ha MPOTOKOJIUTE OCUTYPSIBAILlM NMPUOPUTETHO OOCITYXBaHE Ha
norouu B IP mpexure. RSVP u RTP nporokonu.

CrpykTypa Ha MapuipyTHuTe Tabnuiy. [lonera u atpubyTH Ha MapIIpyTHUTE TAOIUIH.
[Toxxoau 3a OTKpUBaHE M OTCTpaHsABAaHE HA HEM3MPABHOCTH B MpexH ¢ IP Mapuipyrusanus.
CurypHOCT B KOMYHHKAIIHOHHUTE MPEXKHU. YS3BUMU MeCTa B KOMYHUKAIIMOHHUTE MPEXKH,
BUJIOBE 3aIUIaXU U aTaku. 3JI0HaMepeHU cohTyepH.
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JIucty 3a KOHTPOJ Ha JocThna. CTaHIAapPTHY, Pa3LIUPEHU U KOHTEKCTHO Oa3upaHM JHCTH 3a
KOHTPOJI Ha JOCTBHIIA.

JIvctu 3a KOHTPOJI Ha AOCThIIA puiiaranu B IPV6 apxurektypu.

Buptyanuu nokanuu mpexu. Cermentupane Ha VLAN mpexxu. Metoau 3a npoektupasne u
3amuTta Ha VLAN mpexure.

Mapupyrusupasne Ha fanHu Mexay VLAN mpexu.

VLAN tynenen npotokon - VTP.

STP npotokonn.

IIponecu mno TpaHcnMpaHe Ha aapecH. XapakTepUCTHKM M BHUAOBE HpPOLENypH 3a
OCBILECTBSIBAHE Ha MPOLIECH 10 TPAHCINPAHE HA A/IPECH.

MpexoBu onepanuonHu cucremu. |OS omnepamuonHa cucreMa — OCHOBHM KOMaHIHM 32
KOH(UrypupaHe Ha MPEXXOBU YCTPOUCTBA.

ApPXUTEKTYpU Ha MpEXH OT HOBO mokojenune. SDN mpexu - nperien u 000CHOBKA.
ITapamerpn Ha npousBoautenHocrra B SDN mpexute. dakropu Biausemu BbpXY
npousBoautenHoctra Ha SDN mpexwure.

Crparerun 3a peanusupaHe Ha ynpasieHHeTo B CodTyepHO-nepUHUPAHUTE MPEXKH.
WuTerpupana KOHTpoIHA paBHUHA. [lapanenna KOHTpOIHA paBHUHA.

MecrononoxeHue Ha KOHTpoJiepa B yrpasisiBaiiara paBHuHa Ha SDN — ¢akrop Biusern
BBPXY MNPOU3BOAUTENHOCTTa. OTrpaHWUYEHHs TPH ONpPEIENTHE MECTOIMOJIOKEHHETO Ha
KOHTpoJIepa.

I'mo6aman komynukammu. WAN texnonmormu. Enkancynmupane Ha manaute B WAN
MpEXKHTE.

PPP nmpoTokon 3a TyHenupaHe Ha JaHHU B IVI00AJTHU MPEXKH.

Buptyanuu yacta mpexxku. Bunose VPN mpexu. GRE VPN — ocobenoct 1 HepocTaThLu.
IPsec — nepununuu, cerioacHo crannapra Ha |IETF.

Msrpaxmane Ha WAN mpexxu ¢ Frame Relay texnomorus. Meroau 3a naeHTUHKAIMS HA
Bupryanaure kanaimu /VC/.

WHuTepHeT Ha HelaTa — KOMyHUKAllMOHHM TexXHoIoruu. bexuunu nokann mpexu - IEEE
802.11 (b/g/n/ac/ad/ah Low-Power WiFi).

WuTepHer Ha HemaTta — koMyHuKaiuonHu texHosoruu - WPANs u WBANS mpexu — |IEEE
802.15 (ZigBee, 802.15.4, 802.15.6) cranmaptu.

OtnanedeH A0CTbI. MeToau U 0COOEHOCTH.

WuTepHeT Ha Hemara — MOOWITHE KOMyHUKamoHH TexHooruu - 3GPP — 3G, USPA, LTE,
LTE-A.

besxxuunu cenzopuu mpexu. Konnenmus Ha 10T 3a HHTETUTEHTEH JOM.

MpexoBa BupTyanuzanus. BupryanusupaHe Ha (YHKIMUTE Ha MPEXKOBHUTE YCTPOHCTBA
(NFV).

CnonensHe Ha nHpopManus Mexay cucteMu. O0IauHu CTPYKTYpH.

Jlureparypa

1. Almeroth, K. The Evolution of Multicast: From the Mbone to Interdomain Multicast to
Internet2 Deployment, IEEE Network, 2000
Ash, G. Dynamic Routing in Telecommunications Networks, McGraw Hill, NY, 1998.
Bertekas, D., and Gallager, R. Data Network. Englewood Cliffs, 1992
4. Bertsekas, D., R. Gallager. Data Networks (2nd ed), Prentice Hall, Englewood Cliffs,NJ,

1992.
5. Black, U. IP Routing protocols: RIP, OSPF, BGP, PNNI & Cisco Routing Protocols.
Prentice Hall 2000
Chartrand, G. Introdyctory Graph Theory. New York: Dover, 1979
7. Cormen, T. et. Al. Introduction to Algorithms. Cambridge, MIT Press 1990

wmn

o



10.
11.
12.

13.
14.
15.
16.
17.
18.
19.

20.
21.

22.

23.

24,
25.

26.
217.

28.

Deering, S. et al. Multicast Routing in Datagram Internetworks and Extended LANS,
ACM Transaction on Computer Systems, 1990

Deering, S. etal. The PIM Architecture for Wide — Area Multicast Routing, IEEE/ACM
Transaction on Networking, 1996

F. Baker & P. Savola, RFC 3704 March 2004

F. Baker, RFC 1812, June 1995

Gross, J., and Yellen, J. Graph Theory and Its Applications, Boca Raton, CRC Press
1999

Huitema, C. Routing in the Internet. Englewood Cliffs, New Jersey, Prentice Hall, 1995
Huitema, C. Routing in the Internet. Englewood Cliffs, New Jersey, Prentice Hall, 1995
Keshav, S. et al. Issues and Trends in Router Design. IEEE Communication Magazine
1998

L. Yang et al., RFC3746,April 2004

Moy, J. Multicast Routing Extension for OSPF, Communications of the ACM, 1994
Moy, J. OSPF: Anatomy of an Iternet Routing Protocol. Addison Wisley, 1998
Narvaez, P. et al. New Dynamic Algorithms for Shortest Path Tree Computation.
IEEE/ACM Transaction of Networking, 2000

Ore, O., and Wilson, R. Graphs and Their Uses. Washington, 1990

Perlman, R. Interconnections: Bridges, Routers, Switches, and Internetworking
Protocols, Addison Wisley 2000

R. K. Ahuja, T. L. Magnanti, and J. B. Orlin, Network flows:Theory, algorithms, and
applications, Prentice-Hall, Inc.,Upper Saddle River, NJ, 1993.

Rekhter, Y. Inter-Domain Routing Protocol (IDRP), Internetworking: Research and
Expirience, 1993

S. Halabi, S., Internet Routing Architectures, 2nd Ed ., Cisco Press, 2000.
Sahasrabuddhe, L. et al. Multicast Routing Algorithms and Protocols: A Tutorial, IEEE
Network, 2000

Sportack, M. IP Routing Fundamentals, Cisco Press 1999

Sezer, Sakir, et al. "Are we ready for SDN? Implementation challenges for software-
defined networks." IEEE Communications Magazine 51.7 (2013): 36-43.

Shin, Myung-Ki, Ki-Hyuk Nam, and Hyoung-Jun Kim. "Software-defined networking
(SDN): A reference architecture and open APIs." 2012 International Conference on ICT
Convergence (ICTC). IEEE, 2012.

N3rorsunu:.
/nipod. n-p I'eopru Xpuctos/

[npod. n-p [Tnamen 3axapues/
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