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NEPINAHWH

2Tn ouyxpovn €TTOXI OTNV OTTOIa Ol EQAPPOYEG, Ol UTTNPETIES KAl Ta dedopéva
ToUu AladIKTUOU au&davovTal eKBETIKA, padi pe TRV TTapdAANAn alténon 1600 Twv
XPNOTWV 000 KAl TWV OTTAITAOEWV Toug Ot Trapoxn uywnAnig [lloidtnrag
YTInpeoiag, ol TPEXOUOEG UTTOOONEG TwV OIKTUWVY YPHyopa £Qepav Tn OTIYMN
otnv omoia n {ATnon ¢&emépace Tnv  Tpoo@opd. Me  aAyopibuoug
OpopoAdynong 6mmwg o OSFP K.4., KaBwg Kal pe TNV TTAPOXH UTTNPECIWV HE
«BéATIOTN [lpooTrdBeia», Apxioe va TTapatTnpeital - Oxl MOvo  HeyAAn
utTToRABUIoN TNG TTOIOTNTAG TWV CUVOECEWV OAAG KaI N KOKWS KATAVEUNMEVN

XPNOIUOTIOINCN TWV TTOPWYV TWV JIKTUWV.

APKETEG TTPOOTIABEIEG KAl £PEUVEG £QEPAV OTO TTPOOKAVIO OAyopiBuoug Kal
OUCTHAMATO Ta OTToia TTPOCTIaBouv va EMAUCOUV C€ TOTIKO 1 KABOAIKO
ETTTEdO TA ONUAVTIKA QUTA NTHPATA, XPNOIKMOTTOIWVTAG TEXVIKEG PUBMIONG
TNG Kivnong, A0TUVOUEUONG TWV XAPAKTNPIOTIKWYV. TTOU TTPETTEI va TTAnpouvTal,
déopeuong CelEewv | OAOKANPWY PoVOTTaTIWY KAl GAAa. QOTO00, evOow £va
TMAMO  TNG  ETTIOTNUOVIKAG KOIVOTNTAG  €PEUVOUCE KAl EQPEUPIOKE TETOIEG
TTPAKTIKEG dnUIoUPYWVTAS TeEXVoAoyieg OTTwg ol IntServ kai DiffSevr, €va GAAo
oxediaoe Kal AVETTTUEE pia vEéa yop@r dIKTUWV n oTToia ouvOuddel Ta KaAUTEPQ

XapaktnpioTikG Twv ATM kar Tou FrameRelay : To MPLS.

Ovtag uBp1dikd dikTuo MeTaywyng ETikeTwv MoAAATTAWY TTPpWTOKOAAWY Kal
TTPOCPEPOVTAS TTPOCPOPO £BAPOG YIa TEXVOAOYIEG ATTO - AKPO - €IG - AKPO
dlaxeipiong kivnong kai  mopwv, 10 MPLS ypriyopa ouykévipwoe TO
ETTIOTNMOVIKSO VOIOPEPOV KAl CUVEBOAAE OTNV TTPOTUTTOTTOINCT KAl TNV £pEuva
KAIVOTOPWYV Kal KAlyakoUuevwy pebddwv oto Tredio Tou Traffic Engineering,
OTTWG 0 PNTOG TIPOODIOPICKUOG POVOTTATIWY, TA ETTITTEdA TTPOTEPAIOTNTAG, N
TOTTIKA KAl KABoAIK TTpooTacia {eugewv kal GAAa. MapdAAnAa, ovrag akoun
AVOIXTO O€ TTPOTACEIC KAl TTPOTUTTOTTOINCEIG, £PEPE OTO TTPOOKAVIO APKETOUG
véoug aAyopiBuoug Karavoung Kivnong kai Mépwyv, 1600 duvauikoug 600 Kal

offline TAnpwvTag pia A TepioodTEPES TTPOdIaypaPés Tou MPLS - TE.



2UveXiCovTag TO €PYy0 TWV EPEUVNTWY, OTNV TIPOKEIYEVN METATITUXIOKN
OIMAwpaTIKr diatpIfry oxediddeTal Kal avamTtuooeTal évag vEog aAyopiBuog
karavoung Kivnong kai Mépwv oe MPLS diktua Tou Future Internet, o otroiog
AapBaver utt' dyiv OAeg Tig attaitioelg Tou MPLS - TE kai katavéuel og offline
AEIToupyia Ta OUVOAQ TWV POWV EVTOG TOU OIKTUOU HE TPOTTO TETOIO WOTE va

ETTITUYXAVETAI N ICOPPOTINUEVN OPOMOAOYNON TWwV  TEAEUTAIWV Kal - N

MEYIOTOTTOINON TNG PONG.

Mo ouykekpipyéva, HETA Tnv evdeAex €peuva Tou MPLS - TE Trediou,
TTPONYOUNEVWY PEAETWYV OTOV idI0 TOPEQ KOBWG Kal TTPOTABEVTWY aAyopiOuwyv
oT0 Tredio Tou Flow Maximization, oxedidletalr ki avamrruooetal o TiReD :
évag Traffic - Resource Distribution aAyépiBuog, gutrveuouévog atmmdé Tov Max
Flow aAyopiBuo Ttou Dinic, 0 0OTT0i0g €1I0AYOVTAG VEEG EVVOIEG KAl TTOPAOOXEG
KATAVEUEl TO QOPTIO ICOPPOTINUEVA KOl Of €AAXIOTO QATTAITOUPEVO XPOVO
ekTéEAEONG TOOO O€ MIKPA, 600 Kal o€ peydAa/ TToAUTTAOKa dikTua, divovTag
Baon ox1 povo oTig ammaitioels Tou MPLS - TE kal Twv SLAs, aAAG kal Tnv

TTAPAAANAN KOTAVOWI TOU (POPTIOU YEVIKOTEPO KOl TWV POWV EIBIKOTEPQ.



ABSTRACT

During the last years, due to the exponential growth of the applications,
services and data from the Internet, along with the simultaneous increase of
both users and their demands for high quality services provision, the current
network infrastructure rapidly came to the point in which the demand
exceeded the supply. Using routing algorithms such as the OSPF and
providing services in a “Best Effort” way, a serious downgrading of
connections’ quality as well as an improper resource distribution has been

observed in the current Internet architecture.

Numerous efforts have brought into focus algorithms and systems that try to
solve, in a local or global manner, these important issues usigns techniques to
regulate traffic, police the requirements that must be met, bind links or routes
and more. However, while some part of the scientific community was
investigating and inventing such practices by creating technologies such as
the IntServ and the DiffServ, another part designed and developed a new type
of networks that combines the best features of the ATM and Frame Relay:
The MPLS.

Being a multiprotocol label switching hybrid network and giving the means to
facilitate technologies for end — to — end traffic and resources management,
MPLS quickly attracted the scientific interest and contributed to the research
and standardization of innovative and scalable methods in the field of Traffic
Engineering, such as the explicit routing, the priority levels, the local or global
links protection and more. Moreover, begin still open to suggestions and
prototyping, MPLS has brought to light several new algorithms for Traffic and
Resource Distribution that work not only in a dynamic but also in an offline

way, while meeting one or more of the MPLS — TE requirements.

Continuing the effort of the previous researchers, this postgraduate diploma
thesis designs and develops a new Traffic and Resource Distribution
algorithm for MPLS networks in the Future Internet, which takes into account

all the requirements of the MPLS —TE and distributes in an offline mode the
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sets of flows within a network in such a way as to achive both the balanced

routing and the flow maximization.

More specifically, after a thorough research in the MPLS — TE field, the
previous studies in the same area and the proposed algorithms in the field of
Flow Maximization, TiReD was designed and developed: a Traffic — Resource
Distribution Algorithm, inspired by the Dinic’ Max Flow algorithm, that
introduces new concepts and assumptions so as to distribute and balance of
the load within a network in a minimum execution time, for both small and
large/ complex networks, taking into consideration not only the requirements
of the MPLS — TE and the SLAs, as well as the balanced distribution of the

network load in general and the flows in particular.



EYXAPIZTIEZ

lMpwro kair Kupio Ba nbsAa va suxapioTnow péoa amd TNV Kapdid uou Tov KUpIo AguéaTixa

EUXAPIOTW Oepud TOU LOU EUTTIOTEUTNKE TO OCUYKEKPIUEVO Béua epyaagiag, Tmmou. ue- N
o10aokalia kai Tnv Kabodrynaon Tou pou OnuioUpynoE Kai Hou auénoe tnv aydrmn [Hou yia 10
medio Twv AIKTUWV Kai TOU OTTOIoU oI ETTIAOYECS, XwpIic Kav va 1o yvwpilel, karnubuvav m {wn
JOU OTO LIOVOTTATI TTOU TTAVTA OVEIPEUOUOUV.

Aeutepo, Ba nbeAa va euxapiotiow Tov kUpio Toaykdpn Kwaora, évav avBpwro mavra
mpo6uuo va Bonbrael, o omoiog drav 1irora arnv JIMMAwUATIKA O&v NOEAE va oulopewWOEi Kai
0 €YyKkEQPAAGC uou Kaiyorav, ue otnpile, UE OUMPBOUAEUE, LE NPEUOUCE KAl HOU TTPOCEQPEQE
TTOAUTIUES TUUPBOUAES Kal apwyn.

Ev ouvexeia, opeidw éva uéyiaro euxapioTw oTn untépa uou yia.1n Bonbesia kai 1n arnpién g
o€ 6Ao 10 diIdaTnua NG eKTTOVNONG 1NS O1aTPIBAC ou. Tnv guxapioTw yia TIC TTOAUAPIOUES
(POPEC TTOU LIE EAGQPUVE QTTO TIC UTTOXPEWTEIS [IOU TTPOKEIUEVOU va €xw xpovo yia didBaoua
Kal yia TiS ATEIPES WPES UTTOUOVAS NG OrTav. TNg- yKpiviada yia tnv eKAOTOTE LIOPYH TOU
aAyopiBuou pou Tou apvourav va CUVEPYAOTEI.

Emiong, xpworaw éva 1EpAEOTIO EUXAPIOTW OTOUS @IAOUS Hou, TToU O€ 6Ao autd 1o dlIaoTnua
ékavav utropovn, ue oupBouleuav kai pe otnpilav. Euxapiotw-tov MNwpyo TpiavrapuAlAidn yia
v karavonon kai 1I¢ Buaieg mou - ékave ‘OA0 -qurl Tov Kaipd yia uéva. Tov AAé€avdpo
21a86mouAo — AaummpéAAn, yia tnv moAUTIUn othpién, Bonéeia kai utrouyovr) Tou. Tov XpRaoro
KupiakdtrouAo yia tnv diktaropia tou 6Aa ekeiva ta amoyevuara mou diaBalaue uali ware va
ue emBAEmel Kai va pou amayopelel va kAvw SlaAgiypara (ki ag gixa va koiunbw uépeg!!l),
kaBwge kai yia tnv 16éa Tou “Network Randomizer” n omoia ueciwoe 10 xpovo mapaywyns
ATTOTEAEOUATWY ATTO AQPKETA XPOVIa OTOUS TPEIS UNVeS. Thv XpuooUAa MNMouAorrouAou n omoia
uou €bive Bappog, duvaun Kai n orroia e avdykaoe va oTauariow va «okaAilw» 1o «oxédio
TOU KaAUTEPOU aAyopiBuou Tou oUutTavioc» Kai va mapadwow T1n d1atpiBn oTnv TTPOKEIUEVN
Hopen 1g. To MeAioadki pou, (To KaAUTepo TAGOUQ TOU XWPOXPOVIKOU OUVEXOUS), TTOU
uacouAnace 1o diaypauua evog TTaAaidTepou. aAyopiBuou 1Tou gixa axediaoel, avaykalovids e
va 10 €MavaoxEOIGow, va-avakaAlww Ot givai AdBog, va tov dlaypdyw Kai va oxediaow
TEAIKG évav aAyopiBuo - 1o Kovid- o€ autdv TTou Trapoudialeral otnv gpyaaia. TéAog, éva
HEYAAO euxapioTw O OAOUS TOUS QIAOUC LOoU, YEVIKA, yid TNV KAravonon Toug otav n @paon
«Aev UTTOPW, EXW OITAWUATIKA» EYIVE TTAEOV Onla KaTaTebéy.

TéAog, emeidn kard maoa meavornta auth Ba civar n teAsutaia pou gpyacia ara Wneiakd
2uorthuara, 8a nleAa va ekppdow Eva axeTikG padliko, aAA@ €IAIKPIVES suxapiaTw uéoa amo 1a
Ba6n -Tn¢ kapdIGg ou yia Tous (vuv Kai TEwS) KaBnyntéC Tou TUAUATOS, TwWV OTTOiWV Ol
yvwaerg, 1o background, o yapakripag, n didackadia Kai 10 xIoUUoOp €Kavav 1a xpovia Twv
OTTOUdWY LIOU EUTUXIOUEVA, EVOIAQELOVTA Kal, TTavw ammd 6Aa, Twpwuéva : (LUe aApafnTikn
oeipa) Acuéorixac MNavayiwtng, Anuntpakdmouldog lMwpyog, Kavdrag ABavdoiog, Pouokag
Ayyedog, 2youpog Niknrag — Mapivog, 2taupouAdkn Bépa, Toaykdpns Kwortag. You rock._
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To Aiadiktuo, xdpn otnv Taxutarn 81ddoor) Tou KaBwg Kal 0TV €KOETIKA
aug¢non Tou TTapouciadel Ta TeAeuTaia Xpovia, Trailel TTAéov évav a1t TOUG
BaoikoTEPOUG POAOUG O€ KABE TOPED TNG KABNUEPIVAG CWNG. OEuaTa OTTWG N
avraAAayry TnG TTAnpo@opiag, n emKoIvwvida, n poépewaon, n diaxeipion Kai
AeiToupyia  piag  emixeipnong, n  dlaokédaon KAl N KOIVWVIKA - Cwn,
uttoBonBouvTal cuvexwg atrd TO Internet 1o oTToi0 €XEl Yivel, TTAéov, éva

AVOTTOOTTIOOTO KOMUATI TNG KABNUEPIVOTATAG O KABE TOPEA TNG AvOPWTTIVNG

Cwng.

Ta dedopéva TTou dlaKIvouvTal £V JECw Tou AIABIKTUOU OIOYKWVOVTAI CUVEXWG
ME TaxUuTaToug pUBUOUG: ATTO Tn Mia TTapaTtnpEital EKBETIKA auénon Tou UAIKOU
TToU dlaKiveiTal 0To AladikTuo TO00 aTTO OpPYyaVvIOUOUG (Talvieg, TTANPOYOpPIEG,
BiIBAia, Aoyiopikd K.4.) 600 Kal atrd Toug TEAIKOUG XPAOoTeG (BivTeo, €IKOVEG,
TTaIXvidla kal oUTw KaB’ €€ng). Atd tnv AAAn, augdvetal Kal 0 OYKOG TNG
METABIOOUEVNG  ETTIKOIVWVIAKAG  TTANPOQYOPIAg, N OTroid  €KTOGC  ATTO
TTapadooiokd péca OTTw¢ To chat, 1o e-mail kai TO instant messaging,
xpnoipotrolgi TTAéov audiovisual Tpdtroug petadoong 6TTwes n IP TnAspwvia Kal

10 Video/ audioconferencing.

Madi pe TNV TTApAAANAN aognon kal Tou TTARBOUG Twv XPNOTWV Ol OTTOIOI
XPNOIKOTTOIOUV TO UTTAPXOV UAIKO Kal aveBAldouv VEO, TaXEWGS EQPTACE N OTIYUN
otnv otoia n ZATnon &Emépace TNV TTPoo@opd. 210 POAO TNG «{ATNONG»
uttdyovtal dUo B€o€iC: oTh pia Bpiokovral o1 XPrioTeG Ol OTToiol aITouvTal
BEATIOTNG TTOIOTNTAG, YPNAYOPWV OUVOECEWV KAl  OOTUVOPEUONG  TWV
OUPQWVNTIKWVY Toug. 21NV GAAn BpiokovTal o1 TTapoxol oI OTToiol ETTIBUUOUV
TNV KOAUTEPN BIAXEIPION KAl TN MEYIOTN XPNOIYOTIOINON TwV JIKTUWV. 2T0 POAO
TNG TTPOCYOPAGS, g, UTTAyETAl N IPUTTOBOMN N OTToIa TTPOCYEPEI UTTNPETIEG ME
«BéATioTn MNpooTdBeia» Xwpig aoTuvépeuon Kal dlaxeipion TnG Kivnong Kai
TOU @opTiou. To TeAeutaio, pali pe Toug Shortest Path aAyopiBuoug
OPOUOAGYNONG CUVETTAYETAI OTI OAEG Ol KANOEIG YivovTal OEKTEG, XWPIG ATTO —
AKpo — €I¢ — AKPO aOTUVOMEUON Kal Olaxeipion Twv OUuvOECEWV, WE
atmmoTEAEOoUa a@’ evog KABe véa ouvdeon va yiveTal OEKTA PEIWVOVTAG ETOI TNV
TTOIOTNTA TWV AdN EYKATECTAMEVWY KOl AP’ ETEPOU DPOUOAOYWVTAG TNV Kivnon

OTA YOVOTTATIA PIKPOTEPOU UAKOUG QUEAVOVTAG £TOI TN CUNQOPNON O€ KATToIa
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onueia  Tou  OIKTUOU  €vwy  TTAPAAANAa  agrvovtag  AAAa  evieAwg

axpnoiJoTroinTa.

H avdaykn yia Tn Aqyn PETPWY TA OTTOIA va ETTIAUOUV TA OUCTWON TTOPATTAVW
(nTAuaTa  €yive ypriyopa eu®avig. MNMAnBwpa epeuvnTIKWY €PYOoIwyY Kal
TTPOOTTABEIY  £QPEPAV  OTO  TIPOCKNAVIO VEOUG  QAyopiOuoug yia TNV
aoTUVOUEUON TNG Kivnong, Tnv auf¢non Tng TaxutnTag Tng OIaKIVOUPEVNG
TTANPOPOPIag, TNV PEIWON KABUOTEPACEWYV Kal TwWV OIOKUPAVOEWY TNG, TNV
MeEiwon Twv ammwAeIwv Kal ouTw KB €¢AG. BEBaia, akoun Kai AEIToupywvTag
CUMUTTANPWHATIKA Kal OXI auToévopa, ol aAyoépiBuol dev KaTdgepav va
ETTIAUCOUV oucaIWdn ¢NTHUATA TTAPOXNAG TTOIOTNTAG UTTAPECIAG Kal dlaXEipIong
QOpTiOU Kal Kivnong ammo Aakpo ot Akpo. 'ETOl, n €PEUVNTIKA KoIvOTNTA
OTPAPNKE TTPOG TNV £PEUVA TTIO OAOKANPWUEVWY CUCTNUATWY Ta OTToia va
eyyuwvTal TN BEATIOTN attddoon Kal Xpron Twv SIKTUWYV TOoOo atrd TNV TTAsupd

TWV XPNOTWV G000 Kal atTd TNV TTAEUPG TWV TTAPOXWV.

O1 TTOIKIAEG, TTOAU ONPAVTIKEG TTPOOTIABEIES, ETTIOKIAOTNKAV TEAIKA aTTd Hia véa
APXITEKTOVIKA) OIKTUWV UTTO - TO0 Ovopa  «AikTua  Metaywyng ETIKETWV
MoAAaTmAwyv MpwTokOAAWV» Ta oTroia atroTeAoUv, OUCIAOTIKA, €va UBPIOIKO
oUOTNUA EVOWMPATWVOVTAG TA BEATIOTA XOPAKTNPIOTIKA TWV TTPONYOUMUEVWV
uttodopwy. Ta dikTua auTd, Ta OTIoIQ YTTOPOUV VA XOPAKTNPEIOCTOUV Oav
KAIJOKOUMEVOIL, QveEAPTNTOl  aTTO  TTPWTOKOAAQ  UNXAVIOUOI  PETOQOPAG
oedopévwy, €TTIAUOUV Ta TTOAAQTTAG TTPORANMATA OXETIKA WE TNV Kivnon, Tn
dlaxeipion €0poug Cwvng kKaBwg kal TO0 [P management Ta oTroia

XOPaKTNPiICOUV GAAEG TEXVOAOYIEG.

‘Exovtag, Aoitrov, €oTmidoel ota Oiktua Metaywyng ETikeTwv TMoAAaTTAWV
MpwTOKOAAWY, N ETTIOTNMOVIKI KOIVOTNTA OTPAPNKE OTO OUVEXH £AEYXO KAl TN
pUBUION TNG Kivnong e TO BEATIOTO TPOTTO €VIOC TWV TOTTOAOYIWV auToU TOU
TUTTOU. TvwoTh Kal. w¢g Alaxeipion Kivnong, n TexvoAoyia auth €xel oav
YEVIKOTEPO O0TOXO TN BeATIOTOTTOINON ATTéd00NG TWV JIKTUWV TTPOKEINEVOU TA
TEAEUTAIO va AeiIToupyouv Q&IOTTIOTA WE TNV TaAUTOXpovn BeATIOTOTTOINON
KOATOVOMNG TTOPWYV KAl KUKAOQOPIAKKG ETTIO00NG.

210 Tedio TNG Alaxeipiong Kivnong, 10 OT0i0 €ival akKOUn aQvoixXto O€
TIPOTACEIG KAl €PEUVA, OPKETEG QAEIONOYEG TTPOOTTABEIEG KAl PEAETEG €XOUV
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TTpaydaToTroIiNGei Ye OTOXO TNV KAAUTEPN KaTtavourn tng Kivnong kai Tou
dopriou evidg Twv dIKTUWYV MeTaywyng ETIKETWVY MNMoAAaTTAWY MpwToKOAAWY
ME TPOTTO TETOIO WOTE va €MMTUYXAVETAI GAAOTE TO linkkal GAAoTe TO path
optimization aAAd kal WOTE va TTANPoUVTAl Ol OTTAITHOEIG TOU TTPWTOKOAAOU

EITE PEPIKWG EITE OTO GUVOAOG TOUG.

2uvexidoviag Tnv TTPONyouuEvn TTPOOTIABEIO TNG E€PEUVNTIKAG  KOIVOTNTAG,
OKOTTIOG TNG TTPOKEIMEVNG OITTAWUATIKAG €pyaciag eival o oxedIOOUOG Kal N
avaTITUén €vog aAyopiBuou dlaxeipiong Kivnong Kal TTOpwyv, O OTT0iog va
KATOVEUEI PE BEATIOTO TPOTTO TO QOPTIO €VIOG TOU OIKTUOU OVTAG O€ TTANPN
oupQwvia pe TIG atraitioelig Tou MPLSkal va  €mITUYXAVEL TN HWEYIOTN

XPNOIYOTTOINON TNG EKACTOTE TOTTOAOYIAG.

210 KEQAAaia TTou akoAouBoulv, Ta oTToia cuyypd@nKav o€ CUPPWVIa PE TNV
pMeBodoAoyia TTOU akoAouBrBnke Katd Tnv. eKTTOVNON TNG TTPOKEINEVNG
dIaTPIBNAG, TTOPOUCIACETal KAl avaAUeTal 0€ AoyikA Bripata n €peguva TTou
TTPAYMATOTTOINONKE, O OPICUOG TOU BacikoU TTPORAANOTOG, 0 OXEBIOOUOG TOU
aAyopiBuou kKaBwg Kal Ta TENKA aTroTEAEOUATA TOU O€ TTAQioIa TTOIKIAAWY
ToTToAOYIWYV. MO CuyKeKPIPEVA, OTO OEUTEPO KEPAAQIO TTAPOUCIAdovTal Ol TTIO
ONUAVTIKEG TTPOOEYYIOEIG OoTNV KateuBuvaon Tng Alaxeipiong Kivnong kai
Mépwv pe otéxo TNV augnon tng Moidtnrag YTrnpeoiag. TexvoAoyieg Kal
APXITEKTOVIKEG OTIWG To MovtéAo Evotroinuévwy YTrnpeoiwy, 10 MovTtélo
AlagopoTtroiNuéEvwy YTINPeoiwy Kadbwg kal n Metaywyn ETikeTwyv MNMoAAaTTAWV
MpwTtokOAAWYV, avaAuovtal, CUYKpPivovTal Kal agloAoyouvtal wg TIPOG TOV

BaoIkOTEPO 0TOXO TTOU TEBNKE KATA TNV EKTTOVNON TNG EPYATiag.

270 TPITO KeQAAalo, TTapouolddeTal o€ PeyaAuTepn avaAuon n Alaxeipion
Kivnong kai [épwyv ato MPLS. AvaAuovTal evoeAEXWS OAEG O1 ATTAITACEIG TOU
MPLS Traffic Engineering o1 otroie¢ €xouv Tmrpodiaypa@ei OTa QvVTiIOTOIXO
RFCs, evw TTapdAAnAa dopeital n evvoloAoyIKA Kal BewpnTIKA UTTOO0OMN TTAVW
oTnVv otroia PacioTnke O TEAIKOG OAYOPIOPOG. 2T0 TENOG, €XOVTAG QVAAUOEI
TO00 TNV ApXITEKTOVIKA TG MPLS TeXVOAOYiag 600 Kal TIG TTPOdIaypagES TTOU
elonxenkav otov Topéa Tou MPLS - TE, mrapoucidalovral Kai agloAoyouvtal
TTPONYOUMEVEG €PEUVEG KAl TTPOTACEIS OTO B€ua TG dpopoAdynong Kai Tng

KATAVOMNG Tou @opTiou oTo MPLS.
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To TETAPTO KEQAAQIO QPIEPWVETAI OTOV OPICHO TOU PABNPATIKOU TTPORAAUATOG
NG dIaTpIPNG. ApxIKA OideTal n yeviKA BAoON TNG PABNUATIKAG TTPOCEYYIoNG,
EVW) OTN OUVEXEID TTAPOUCIACETAI N ETTEKTACT AUTHG CUPQWVA PE TNV Bewpia
Tou MPLS - TE 1rediou. Katdtv, €xovrag B€oel TN JaBnuaTiki BepeAiwon Tou
TTPORANPATOG TTPOG ETTIAUCH KOI OPUWHEVO €K TNG TTAPADdOXNS OTI GTOXOG gival
N MEYIOTOTTOINON TNG PONG, AVAAUETAlI TO YPOAUMIKO TTPORBANPG. TNG MEYIOTNG
pong KaoBwg Kkal TG €AAXIOTNG TOMNG. 2TO TEAOG, Trapoucidlovral,
OUYKpivovTal Kal aglohoyouvTtal Ol TTo yvwoToi aAyopiBuor oto 1edio TnG
MEyIoTOTTOINONG TNG PONAG TTAVW OTOUG OTToiouG BacioTnkKe n KUpla €peuva

KATA TO oXedIAoUO Tou TEAIKOU aAyopibuou.

2TO TTEPTITO KEPAAQIO, £XOVTAG OElI TOOO TIG TTPONYOUUEVEG EPEUVEG OCO KAl TN
MaOnuaTiky BgpeAiwon Tou TTPOBAAPATOG, OXEDIACETAl KAl QVOAUETAI O
aAyopiBuog TiReD. MNMapouoiddovTal Ta dedoEVA EI00O0U Kal £OO0U TOU EVW
TTAPAAANAQ  avaAuovTal eVOEAEXWG Ol OVIOTNTEG KOl Ol TTAPAdOXEC TTOU
AauBdavouv xwpa Katd Tnv e€kTEAEON Tou. Ev ouvexeia, pETA Tn BewpnTIKN
avaAuon Tou aAyopiBuou Kal Twv EVWWOIWYV TTOU auTdg l0dyel, TTapouciddovTal
ME weudoyAwooa ol @ACEIS Kal T BAuaTa TToU auTdG AKOAOUBEI. 2T0 TEAOG TOU
Ke@aAaiou dideTal Kal pia oxXnUaATIKA atrelkévion péow Activity Diagrams 1ng

PONG Tou aAyopibuou.

To €KTO KEQAAAIO ETTIOEIKVUEI TA ATTOTEAEOPATA OTTO TTOIKIAEG EKTEAETEIG TOU
aAyopiBuou o¢ TTAqicIa ava@opds MIKPWY, ATTAWY, PEYAAWV Kal OUVOETWY
TOTTOAOYIWV. APXIKA TTAPOUCIACOVTal Ol XPOVOl EKTEAEONG TOU aAyopiBuou Kai
eCeTdlovTal Ta OTOIKEIQ OTTO T OTTOIO AUTOI €¢apTwvTal. Kardtv, avaAugTal o
TPOTTOG PE TOV OTTOIO KATAVEUETAI TO YOPTIO 0€ dUO TTAICIa avapopdg : o€ éva
MIKPO Kal atTAd OiKTUO KaBWC Kal O €va PEYAAO CUMMETPIKO. ZTO TEAOG
eCetadetar n - KATaAvoun NG Kivnong, TTEPICCOTEPO ATTO TNV OKOTA TNG
TTOPEUPBOARG, oTa- idla TTAaiola avagopds ue Ta Tponyouueva. OAa Ta
ATTOTEAEOHATA TTAPOUCIAZOVTAI TOOO TTEPIYPAPIKA OCO KAl SIAYPAUMATIKA, EVW
TTapAAANAa dideTal Kal Pia OXETIKA oUYKPIoN TwV attoTeAeopdTwy Tou TiReD

aAyopiBuou Pe Ta avTioToIXa TTPONYOUMEVWV EPEUVIDV.

2170 £€BOopOo Kal TeAeuTaio Ke@AAalIo dideTal pia ouvtoun €TMIOKOTTNON TNG

€pyaciag Kal TTapouciafovTal Ta CUMTTEPACHATA aTTO TNV €épeuva TTou dIECHXON
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Kabwg kal atrd Ta amoTeAéopata TTou eARPOnoav Kal TTapoucidoTnKav oTo
TTponyoupevo Ke@aAaio. KAegivovtag, avagépovrial BEuaTa TTPOG TTEPAITEPW
MEAETN KABWG Kal KATTOIEG ATTO TIG dIEPYATiEG TTOU Ba TTPETTEI VA EKTEAECTOUV

O€ ETTOMEVN, EVOEXOUEVWG, EPYOATia.
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MONTEAA NAPOXHz NOIOTHTAZ

YMHPEZIAZ
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EIXAT'QI'H

H paydaia eEdmAwon Tou AIadIKTUOU Kal TNG ETMOTAPNG TNG TTANPOQOPIKNG
YEVIKOTEPA, £QPEPE OTO  TIPOOKNVIO  TIOIKIAOUG  TUTTOUG — EQAPUOYWY,
ONUIOUPYWVTAG, OUCIACTIKA, TPEIG TOUEIG UTTNPECIWV: TTAPAdOCIAKES (OTTWGS TO
FTP, o MNMaykdéouiog 10Td¢ Kal TO NAEKTPOVIKO TOXUOPOWEIO), ETTIXEIPNMATIKEG
(6mmwg Ta ERP, SCM kai CRM cuoTApaTa) Kal TTPAYHOTIKOU Xpovou (yia
TTapddeiyua  PBivreodiaokéwelg, [P TnAe@wvia,  nAeKTpoOVIKH  udABnon  Kai
TNAeoUVOEDEIG) [22]. To yeyovdg OTI O TTAPATTAVW UTTNPECIEG attaitouv 1P
OiKTUA, KAVEI TTPOQAVA TNV AavAyKn a@’ evog yia Tn OIA6e0r Toug €vTog
TTAaIciou UWPNARG atrédoong Kal TToI0TNTAG Kal ag’ €TEPOU TNV ATTaiTnon yia

TNV TTAPOXI ACQAAEING, EUTTIOTOOUVNG KAl TPOTTWYV DIAXEIPIOAG TOUG.

2TOXEUOVTAG TTPOG TNV KateuBuvon auth, n dnuioupyia Tng IP utrodoung
MTTOPE va XwpIoTei o€ TPEIS AOYIKEG (OXI aTTapaiTnTa XPOVIKEG) @aoels. H
TpwTtn @aon (2001 kol TIPIV) - XOPOKTNEIOTNKE Kupiwg atmd  HIKPN
TTOIKINOMOP@IO UTTNPECIWYV Ol OTTOIEG TTEPIOPICOVTAV O€ UTINPECIEG PETAPOPAG
OedOPEVWV UTTO HOP®N KEIMEVOU 1) €IKOVAG Kal TTapEXovTav HE «BEATIOTN
MpootdBeiao» (Best Effort) mou ofjuaive : kKapia TTpoRAeWn yia Tov €AeyX0 TNG
amoé AKpo €1G AKpo kKaBuoTépnong kai puBuatrdédoong, Kauia oploBEéTnon
dlokupdvoewyv KabuoTépnong (jitter), amTwAgiwy Kal puBuou ueTaddoong Kai
Kavévag £Aeyxog atrodoxng. Ta Trponyoupeva UTTOPOUV EUKOAA va Onuaivouv
OTI 0¢ éva @OpTwHEVO OiKTUO OTToI0dNTTOTE OUVdEon Ba yivel dekTrh, &€ Ba
TTAQICIWVETAl  aTTO  KavEva - TTEPIOPIOPSG  TTOIOTNTAG KOl Tautoxpova Oa

EMPRAPUVEI AVEEEAEYKTA TNV ATTOD0C0N TWV AdN EYKATECTNUEVWY OUVOECEWV.

21N 0elTEPN QAON £ylve TTPOCTTABEIO ETTIAUCNG TWV ABUVAMIWY TNG TTPWTNG
MéOw TNG evioxuong OuvaTtotTTwy eAéyxou TrpooPBacng kai diaxeipiong
OUVOEOEWY. 2UYKEKPIYEVA, APXIoav Vva UAOTTOIOUVTAl  UNXAVIOWOI  Kal
TEXVOAOYIEG yIa TNV €TTIAUCT TWV TTAPATTAVW TTPORANUATWY PE TA TTIO YVWOTA
TTapadeiygarta va aTroTeAOUV: N TTPOCWPIVA aTToBrnkeuon w¢ Alon yia TIg
dlakupAvoelig KaBuoTépnong, N HOPPOTTOINON Kivnong yia TNV eEOPNAAUVON Tou
Méoou puBpou petddoong Oedopévwy Kal Twv pPITTwV (1T.X. AAyopIOpog
Tputmou KouBd, Turner 1986 «kai AAyopiOuog KouPBd Koutroviwyv), o
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XPOVOTTPOYPANMPATIONOC TTOKETWY YIa TNV TTI0 «diKaIN» £TTEEEPYATia TOUG OTIG
oupég dpoporoyntwv (1r.x. Fair Queing, Nagle 1987 ka1 Weighted Fair
Queing) kalr GAAa. TlapdAAnAa, peydAn Trpoooxn dpxloe va divetalr OTnv
@INocoQia TNG BECUEUONG TTOPWYV OTOUG KOUBOUG Tou OIKTUOU, OTTWG KAl OTOV

€Aeyxo atmodoxngG.

Quoikd, o1 TEXVIKEG aAUTEG eV TTAPEXOUV QATTO WOVEG TOUG QTTOBOTIKI KOl
agloToTn ToIOTNTA UTTNPECIWV PE TO BEATIOTO TPOTIO, KOBWG n KABe pia
KOAUTITEl éva PIKPO TOPED OTO OUVOAIKO TTPOBANPa TG Trapoxng Moidtnrag
YTTNPEoIwV. Eivai oucoI1wodng, Aoitréy, n OUVOUAOTIKA Kal
AaAANAOCUNTTANPOUUEVN EQapPPOYA TOUuG o€ TTEPIBAAAOVTA OIKTUWVY. TTOU VA TIG
utToOTNPICOUV 1 Kal va TIG BEATIOTOTTOIOUV. ZUNQWVA PeE TO [8], 0 BACIKOG
TPOTTOGQ yIa TNV ETTiITEUEN QOS €gival n TTAPOXI SIOPOPOTIOINUEVWY UTTNPECIWV
oe ETTTedO TTAKETWV 1 OUVEDPIWY, ME OTOXO: TIPWTOV, TNV aTTOdO0N
uwnASTEPNG TTPOTEPAIOTNTAG O £vav. XPNOTN €VAVTI KATTOIOU GAAOU Kal
OeuTepoVv Tov €AeyXo TNG Xprnong bandwidth €11 woTe n TTOIGTNTA VO PTTOPEI
TTAéov va gyyunBei. 'ETo1, @Tavouue otnv Tpitn @Aon n otroia XapakTnpideTal
ammdé v dlaxeipion kivnong yia tnv. Tapoxn Moidtntag YTmnpeoiag péow
dlaQopPOoTToiNONG TWV UTTNPECIWY. Ta Bacikd PovTéEAa TTOu Kupidpxnoav oTn
@don auth, cival Tpia: To TpwTo, €ival BACIOPEVO O0E POEC Kal OKOAOUBEN Tn
@INOCOQIa TNG avayvwpiong Kal OE0PEUCNG TWV TTOPWYV TIPIV TNV €yKATAoTAoN
TNG ouvedpiag. To deUTEPO, TTOU BacifeTal O TALEIC TIPOKEIUEVOU VA ATTOPUYEI
TNV dé0opeuon TTIOPWV- ava por, OIAQOoPOTIoIEl TNV Kivnon Ot éva OUVOAO
KAGOEWV, avaBETovTag dIaQOPETIKOUG BaBuoug TTpoTepaldTNTAG OE KABE pia.
TéNog 1O TpiTO, €0TIAlEl OTNV TaXUTATN TTPOWONON TTOKETWV PECO Ot éva
TTAaiolo  [oiétnTag  YTrnpeoiwy, TTOAATTAWY  TTPWTOKOAWY  Kal  €UKOANG
dlaxelpionuotnTag. O Tmapatmdvw TTPOCEYYioel akoAouBouvtal ammd  Ta
povTéAa Evotroinuévwy YTrnpeoiwyv (IntServ), AilagopoTroinuévwy YTINPECIWY
(DiffServ) . ka1 Metaywyng ETtiketwv ToAamAwv MpwtokdAwv (MPLS),
QAVTIOTOIXO. 2TIG UTTOEVOTNTEG TTOU aKoAouBoUv, Ba eEETOOTOUV TA BACIKA TOUG
XOPAKTNPIOTIKA, €0TIAOVTAG KUupiwg OTIC duvartoTnTeg TTapoxng lMoidtnrtag

YTTNPECIWY TTOU QUTA TTPOCYPEPOUV.
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MONTEAO ENOIIOIHMENQN YIIHPEXIQN

Avaueoa oto 1995 kai To 1997, kataBAABNKavV PEYAAEG TTPOCTIABEIES VIO TNV
ETTIVONON Miag AapXITEKTOVIKAG N OTToid va UTTOPEI va UTTooTnpidel TNV ouvexn
porl ToAupéowv [1]. To yevik6 Oévoua Tng TIPOOTIABEIOG QUTAG Eival
«0AyopIBuol TTOU PBoaoifovial o€ PoEC» 1 «ONOKANPWUEVES  UTTNPECIEG»
(Integrated Services, IntServ) kai €xel wg OTOXO TOOO TIC EQPAPMOYEG
QATTOKAEIOTIKAG OIAVOUNG OO0 Kal TIG £QAPUOYEG TToOAudIavouns. To IntServ
opidel TTOAAATTAEG KaTnyopieg TNAETTIKOIVWVIAKNG Kivnong (traffic classes) ol
OTTOIEG €XOUV OIAQOPETIKEG ATTAITACEIG aTTO TO OIAdIKTUO OO0V apopd Tnv
TTOIOTNTA TNG UTTNPECIiag Kal BacifeTal oTnV TTPOKATABOAIKY) d€opeuon TTOPWV
ava por}, Kartd PAKOG TnG O1adpopng TnG TeAeutaiag. ‘ETol, €KTOG ammd Tnv
KAGon BéATioTng lMpooTtrdBeiag, n otmoia xapakTnpietal, OTTwg avapépinke
Mo TTavw, aTrd TNV atmmouacia otroloudnmoTe QoS TTEPIOPICUOU aPrvovTag TO
OIKTUO VO TTPOC@EPEI TNV KAAUTEPN duvaTh TToIoTNTA, opifovtal AAAEG dUo

kKAdoeig: n kKAdon Eyyunuévng Y1rnpeoiag kar n kAGon EAeyxouevou dopriou.

|KAAZH EFTYHMENHE YIMHPESIAS (GUARANTEED
| SERVICES)

H kAdon eyyunuévng UTTNEECIAG TTAPEXEI OTOUG XPNOTEG EYYUNUEVN TTOCOTNTA
eUpoug Cwvng, MNOEVIKEG ATTWAEIEG TIAKETWY OTIC OUPEG QAVAWOVAG Kal
oTaBepd Opla amd Akpo — €1I¢ — dkpo kabuoTtépnong. O1 TTapdueTPOl AUTOI
TTPOCUNQWVOUVTAI PETALU TOU UTTOAOYIOTH UTTNPEECIAG Kal Tou OIKTUOU Kal
MTTOPOUV va g£yyunBouv povo eav Tnpnbei opBa n cupwvia (yia Tapddeiyua,
€AV N TTNYN ATTOOTEAAEI TTAKETA PE TOV TTPOCUHMPWVNPEVO puBud 1 evTOC KOAG

OPICHEVWV TIHWV AVW Kal KATW opiou puBuou atrooTOANG).

ASYyWw TNG aTTAITNONG O€ POPPOTTOINON TNG Kivnong, TNV owaoTr TAPNOHA TNG Kal
TV €AaxioToTToinoNn TNG KabuoTépnong, N KAGon autr a@opd TTEPICOOTEPO

TTOAUUECIKEG UTTNPETIEG TTOU £XOUV TTOAU QUOTNPEG ATTAITACEIG AVAPOPIKA JE
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TOV OUVOAIKO Xpbdvo TTapadoong (1r.X. Hxog, Bivieo) kal n TTpoocwpivry TOUg

ATTOBAKEUOT] TOUG YIVETAI OE EVTAMNIEUTEG PIKPNG, OTABEPNS XWPNTIKOTNTAG.

|KAAXH EAEFXOMENOY ®OPTIOY (CONTROLLED LOAD
| CLASS)

H kAdon EAeyxopevou Doptiou eyyudtalr oToug Xpnoteg Ot Ba AdaBouv
uTTNPEoieg oe eTiTredo TTOIOTNTAG 00 PE autod TnG Best Effort kKAdong utrd
ouvOnkn xaunAoU dikTuakoU @opTou. Mapéxel Tnv idla TToIdTNTA TO00 KATW
UTTO OUVBNKES UTTEPPOPTWONG OIKTUOU OCO0 Kal KATW aTrd €Aa@pIid Kivnon,
eCalegipovrtag €101 TNV €modeivwon TNG TOIOTNTAG UTTNPECIWY AOYw augnong
TNG TNAETTIKOIVWVIOKAG Kivnong. Emmpdobeta, kpivetal KartaAAnAdTepn yia
TTOAUUECIKEG EQAPPOYEC TTOU  ATTAITOUV  BlaTnpouuevo pubud petddoong,
EXOUV OXETIK avox O€ QTTWAEIEG  TTOKETWY KAl KOABUOTEPAOEIC Kal
TTOPOUCIAJOUV TTPOCAPHOCTIKOTNTA O€ XOPAKTNPIOTIKA OTTWG N dlakuuavon

KabuoTépnong.

MapdAAnAa, OTTWG n TTponyouuevn, €101 KAl AUTH N KAAON QTTQITEN €K TWV
TTPOTEPWV CUPQWVIA HE TO OIKTUO aVO@OPIKA WE TA XOPAKTNPIOTIKA Kivhong
Kal T OE£OMEUCN TWV COTTATOUMEVWY TIOpwv atrd 10 TeAeutaio. Eav n
avapepbeioa diadikaoia OAOKANPpwOei pe emiTuyia kar dlatnpnBei Katd Tn
OIGpKEID TNG OuvedPIaG, n aitoUuuevn UTINPEoia Ba TTapéxetal oTnv idia

TTOIOTNTA AVEEAPTATA ATTO TA ETTITTEDO POPTIOU EVTOG TOU BIKTUOU.

MHXANIZMOI [TAPOXHZ [NOIOTHTAZ YINTHPEZIAZ

[MpokeIuévou N eKACTOTE QPXITEKTOVIKI OIABIKTUOU va UTTOPEI va UTTOOTNPIEE
TIG dUVATOTNTEG TOU IntServ, TTPETTEI va 10XUOUV TPEIG BACIKEG TTPOUTTOBECEIG:
MpwTov, TTPETTEI VA UTTAPXEI £VOG UNXAVIOUOG HECW TOU OTTOIOU Ol EQPAPUOYEG
Ba yvwaoToTroloUV OoTa oToIXEia Tou OIKTUOU TOUG TTEPIOPICHOUG TOUG KAl TIG
ATTAITAOEIS TOUG OE TTOIOTNTA UTINPEECIWV. AgUTEPOV, TA OTOIXEIO TOU OIKTUOU

Ba TTPETTEl va «aTTAVTAVE» OTIG ATTAITACEIG QUTEG, OUYKPIVOVTAG TOUG TTOPOUG
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TTOU JPTTopoUV va OlaB€éoouv Pe TOug TTIOPOUG TTou ¢nTouvTal Kal va
atrodEXOVTal 1 va ATTOPPITITOUV TIG KANOEIG. TpiTov, €Av O KANOEIG TUXOUV
atrodoxNG Kal OECUEUTOUV Ol TTOPOI, oI KOPBOoI Ba TTPETTEl va PITopouv va

EKTTANPWOOUV TIG UTTOOXETEIG TOUG, HECW PNXAVIOUWY EAEYXOU TTOIOTNTOG.

O €Aeyxog TNG TTOIOTNTOG TTPAYUATOTTOIEITAI KUPIWG OTOUG OPOUOAOYNTEG, Ol
OTTOiOoI avaAoya WPE TIC aTTaITACEIC KABE POAG, EQAPPOLOUV TOUG AVTIOTOIXOUG
MNXaVIOPOUG XPOVOTTPOYPAUMATIONOU, Taglvounong, Jop@oTroinong K.o.K. Ol
MNXQVIOPOi auToi, OI OTTOI0I EKTEAOUVTAI 0€ KABE dPOOAOYNTH Kal JTTOPOUV va
dlapépouv atmd KOUPo o€ KOUPO, eival yvwoToi ue Tov O0po «Per Hop
Behaviors» (PHBS) kal aTOX0G TOug €ival n Trapoxr «dikaing» eEutrnEETNONG
OTIG ouvedpieg Tou dlacyiCouv TO Oladiktuo. ETol, mapadeiyparog xapiv,
OTTOIOG KOl VO €ival O €KTEAOUUEVOG QAAYOPIOUOG TTPOYPOUUATIONOU  OfE
otrolovonToTe  dpopoAoynTr), TA TOKETA TNG - OUupd¢ avauovrg Oa
e€uTTNPETNOOUV CUPPWVA UE OEIPA TTPOTEPAIOTNTAC N OTToia egapTaTal aTrd
TNV KAGon oTnv oTroia autd avikouv 1 To BaBuod TNG atraIToUupevng TToIOTNTAG

UTTNPECIaC.

O éAeyxog TG atrodoxng, Og, OTTWG ava@EéPOBnKe TTIo TTAVW, €YKEITAl OTAV
amméQaon TNG atrodoxng fj TNG aoppPIYnS Hiag KARoNg n oTroia Baciletal oTnv
oUYKPION TwV OTOIXEiWV, TTou ¢NTA N por, ME TOug TTOPOUG TTOU dIABETEl O
ekdoToTte dpopoAoynTrS. To Ouykekpigévo CATNUA, av KAl PoIadsl oav uia
atrAf] ouykpion €Upoug Cwvng, XwPNTIKOTNTAOG EVTAMIEUTWY KAl KUKAWV
ETTECEPYQOT], €ival TTOAU TTIO TTEPITTAOKO Kall BUOKOAO. pETTEl va TOVIOTE OTI Ol
TTEPICOOTEPEG €QAPUOYEG OEV. YyVWPICOUV TIG OTTAITHOEIC TOUG O€ WVAPN A
KUKAOUG emre€epyaoTr). ETITTPOCOETA, O ATTAITAOEIS TOUG MUTTOPOUV VA PNV
a@opoUV POVO OTOUG ava@epBEvTEG TTOPOUG, OAAG Kal O€ XOPOKTNPIOTIKA
OTTWG 0 €mMOUPNTOS PUBPOG PETABOONG, O BABUOG avOXNAG O€ ATTWAEIEG KAl
kKabuoTepoeig Kal GAAa. 'ETol, To TTPORANUAa OUYKPIONG TOU «TTPOPIA» TNG
pongG MTTopei TEAIKG va avaAuBei oe TTapapéTpoug OTTwS O PuBudg Kal TO
MEYEBOC KOUBA KOUTTOVIWYV, O MEYIOTOG Kal EAAXIOTOC PUBPOG peTddoong, TO
MEYIOTO Kal EAAXIOTO PEYEDOG TWV TTAKETWY, TO TTOCOOTO AVOXNG O€ ATTWAEIEG

Kal oUTw Kab' €€AG.
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TENOG, yIa va UTTOPEI va Yivel N TTApPATTAVW CUYKPION TWV TTAPAPETPWY KAl KAT'
ETTEKTAON N OEOMEUON TWV TIOPWV N N ATTOPPIYN TNG KANONG, TTPETTEI va
UTTAPXE!I €VaG UNXAVIOPOG O OTToiog Ba TIG YETAPEPEI O€ OAOUG TOUG KOUPBOUG
METAGU TOU OTTOOTOAEQ Kal Tou TTAPAAATITN. A TNV UTTOOTAPIEN QUTAG TNG
arraitnong xpnoipotroigital 1o MNpwtokoAo Aéopeuong Tépwv 1 RSVP
(Resource ReserVation Protocol) To oTroio €ival, ouclaoTIKd, EVag UNXaviouog
onuarodooiag TTou OeCMEUEl TTOPOUG KOTA WAKOG Hiag  d1adpoung  Kai
utrooTnpiCel TNV TToAudlavopur], TNV aAAayry KavaMwy oTrd JEPOVWHEVOUG
XPAOTEG KABWG Kal TN METAROAN TWV TTAPAUETPWY TTOIOTNTAG UTTNPETIAG XWPIG
TNV KATApynon Kal ermaveykaraotaon powv. H Asitoupyia tou RSVP utropei

Va TTEPIYPAPET WG AKOAOUBWG:

O amooToAéag piag e@apuoyng otrooTéANAel PATH  pnvupata  oOToug
TTOPOAANTITEG, TA OTTOId TTEPIEXOUV TIG TIPOdIaypaés Kivnong Trou Oa
XpnoipoTtroinBouyv yia Tn 6éoueucn. Me Tov TPOTTO AUTOV, EVNUEPWVEI TOOO TO
OEKTN 000 KAl OAOUG TOUG £VOIANETOUG OPOPOAOYNTEG VIO TA XOPOKTNPIOTIKA

TNG Kivnong TTou Ba apxioel va EKTTEUTTEL.

KaBe dpopoloyntAg, mmou AauPdver 1o PATH uAvupa, trpayuartotrolei dUo
eAéyxoug: MpwTov, €€akpIBWVEl TNV. TAUTOTNTA TOU OEKTN Kal TA dIKAIWUATA
TOU VIO Trn OUYKEKPIPEVN déopeuon TTOpwy atod 1o diktuo (Policy Control) kai
OeuTEPOV, EAEYXEI AV UTTAPXOUV QPKETOI BIABETINOI ECWTEPIKOI TTOPOI yIa TNV
eCuttnpéTnon TNG ouykekpipévng déopeuong (Flow Admission Control). Edv
OTTOIOOBNATIOTE ATTO TOUG QU0 aUTOUG €AEYXOUG ATTOTUXEI, QTTOOTEAAETAI TO

KAataAANAo pivupa o@daApatog (RESV_ERR) otov ammooToAéa TNG EQAPUOYNG.

Edv o1 éAeyxol dwoouv BeTIKG aTToTEAECUA, TIOETAI O XPOVIOTAG ETTAVEKKIVNONG
yla TN oUuykekpipévn por. O XpovioTAG auTOG XPNOIYOTIOIEITAI, OUCIACTIKA, YIO
TN dla0PANION  TNG OWOTAG AsiToupyiog Tou OIKTUOU, £TOI WOTE O
dpopoAoynTig va gival TTAVTA EVAEPOG YIA TNV KATAOTACN TNG CUYKEKPIPEVNG
pong. MNa mapddeiyua, edv oe xpovikd didotnua AT o dpoporoynTtig O AdBel
MAVUMG avavéwong aTrd Tov TTOUTTO, PTTOPEl va Bewproel T 0 TEAEUTAIOg
OTANATNOE VA EKTTEPTTEI KivNOT KAl , APOU avATPEEEI OTIG AVTIOTOIXEG EYYPAPES
NG Paong Oedouévwy, va atmodeopeloel OAeG TIGC TTOPOUG TTOU  Eixav

OUOXETIOTEI e auTdv. MeTd TNV evnuépwaon TNG Jovadag xpovodpouoAdynong
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TTOKETWYV YIA TN vEQ porj, o dpopoAoynTig atmmooTEAAEl TO PATH uivuua otov

ETTOUEVO dpopoAoyNTh.

AtrooTohéag

Ewkova 1. RSVP - AvtaAAayr) PATH kat RESV pnvupdatwv

Otav 10 privupga PATH @T1doel oToug OEKTEG, O KABE évag atmd auToug Ba
atmravtioel ye €va pivupa RESV ot1o o1roio mpoodiopidel Toug TTOPOUG TTOU
emOBupei va deopevoel amd 1O diktuo. [lpémel va TovioTel €dw, Ot pia
EQApPHOYN A UTTNPETIa PITTOPEI va €XEI AVW TOU €VOG DEKTN, KABE £vag atrd Toug
OTTOIOUG  JTTOPEl va  €xel OIOQPOPETIKEG ATTATACEIC O OXEOn ME TOUG
UTTOAOITTOUG.  ZTnV. TIEPITTTWON auTH, O1 &vllduecol OpouoAoyntég Ba
ATTOOTEIAOUV OTOUG ETTOPEVOUG €Va JOVO purpvupa RESV atmmd 10 ouvoAo Twv
EYKUPWYV UTTOPXOVTWY PINVUUATWY, TOU OTTOIOU N TIPN YIa TO €UpOog Cwvng TTou

aTTauTEITAI Eival N PEYAAUTEPN.

To atmotéAecua TnG TTapatravw dladikaoiag eival (o€ TTEPITITWOEIS OiXwg
o@AAyata) n déopeuon OAwV Twv ATTOPAITNTWY TTOPWV yia Tn doBtica por
KaTé pikog Tng diadpopng mou autr) Ba akoAouBbroel. AgiCel va TovioTei 0TI N
avraAayry Twv PATH kai RESV pnvupdtwy dev TeAelwvel €dw, KaABwg o
aTTOOTOAEQG KOl O OEKTEG OUVEXICOUV va Ta ATTOOTEAAOUV TTEPIOBIKA yia va

QAVOVEWVOUV TNV KATAOTACN TWV TTOPWV.
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A=ZIOAOIrHZH TOY INTSERV (KAI RSVP)

To RSVP, pe TIG TpEIG KAAOEIC UTINPECIAG TTOU ava@épBnkav. TTapatTavw,
MTTOpEl va  TTapdoxel ammoAutn €yyunon UTTNPECIOG, TTaPAKOAOUBWVTOG
ouveEXWG KABE porl WOTE va ATTOTPETTETAI N KATAVAAWGON TTEPICCOTEPWV
TTOPWV ATTO AUTOUG TTOU €XOUV OEOMEUTEI APXIKA Kal va avTiopd GueEca O€
aAAayég TotToAoyiag Tou OIKTUOU 1 TNG CUUTTEPIPOPAS TWV - ATTOOTOAEWV/
OekTWwV. MapdAAnAa, OTTWG TTAPOUCIACTNKE, Bivel TN duvaATOTATA AETTTOUEPOUG
TTPOdIAYPAPNG TNG KATNYOPIag uTTnpeciag TTou. aitouv ol RSVP clients, oOxi
MOvVo a1Td TNV AtTown €UPoUG CwvNng, MVANNG KAl KUKAWV €TTECEPYAOTH, OAAG
KAl GAAWY ONUAVTIKWY TTAPAPETPWY OTTWG TA PAKN TWV TTAKETWY, TA AVWTATA
oOpla KaBuoTeprioewy, 0 BaBPOG avoxAG OTo jitter Kal TIG OTTWAEIEG TTAKETWV

Kal GAAQ.

EmmpdoBeTa, xpnoiyotroiei Ta AdN uttdpxovta TTPWTOKOAAa dpouoAdynong
yla Tov OpIoPO TOU JOVOTTATIOU TNG KABE PONG, PEIWVOVTAG TNV ATTAITNON YIA
oXeOIOOUO Kal avATITUEN VEWV OAYOPIBUWY ) HNXAVIOUWY YIa TO OKOTTO auTo,
evWw TTaPAAANAa Oev atraitei TNV, XPrion atmmokAEIoTIKG RSVP ovriotATwy
OIKTUOU, emITPETTOVTAG KAl o€ non — RSVP dpopoAoyntég va trpowbouv Ta
pnvopata PATH kar RESV. Zxedlaouévo va emtpemel 7000 unicast 600 Kai
multicast poég, emTpémel Ta RESV pnvupata 1Tou oxetiCovral pe €va PATH,
va ouvdudlovtal o€ pia pdévo aitnon oTa onueia ocuyxwveuong (n otroia
aTTeIKOVIEl TN PEYIOTN OTTAITNON TOU GUVOAOU TWV OTTAITHOEWYV), MEIWVOVTOG
ME auTtdv Tov TpOTTo To overhead Tou diIKTUOU TTOU Ba TTapouasialdTav Qv Ta

MNVUPOTa aTTooTEANOVTAV 0TO OUVOAD TOUG, O€ DIOPOPETIKA KavAAia.

Map' 6Ao, €vioUTOIG, TTOU Ta TTAEOVEKTHPATA TOU IntServ €ival onuavTikd, TO
MOVTEAO auTd €l0dyel Kai EEQIPETIKA UEIOVEKTAMATA Ta OTToia gV PUTTOPOUV Va
ayvonBouv. ‘Eva amd Ta kupidtepa gival 0 peydAog Oykog TTAnpogopiag Trou
ATTAITEITAI yIa TNV Katdotaon KaBe pong. H tTAnpogopia autr agopd Tov
TTPOCdIOPICKO KAl TNV  TAUTOTNTA TNG PONAG, TOUG TIOPOUG TIOU QUTAH
KATOVOAWVEL, TNV TTANPOQYOpPIa TNG aOTUVOUEUONG TNG Kivnong Kal Tou
TTPOYPAUMATIONOU TNG CUPPWVA WPE TIG UTTOXPEWOEIG TTOU TTPOKUTITOUV OTTO

TNV TTpoKaBopiopévn OEopeuon TTOPwWV Kal GAAa. Xg, OiIOAou aTTiBaveg,
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TTEPITITWOEIG TTOU Ba UTTAPXAV EKATOPMUPIO TETOIEG OUVOEDEIG, TO TTPOLBANUA
TOU OYKOU TNG QTTOBNKEUPEVNG TTANPOQOPIAG MTTOPEl va Yivel TTPOQAVEG.
EmimmAéov, n KatdoTaon yivetal akoua XeIpOTePN €AV avaAoyIOTEl KAVEIG OTI TO
MEYAAUTEPO PEPOG TNG TNAETTIKOIVWVIOKNG Kivnong OTTOTEAEITAI QTTO OUVEDPIES

MIKPAG DIAPKEIOG Kal AiywV OTTAITACEWY O€ TToI0TNTA.

‘Eva dAAO TTOAU onpavTiko TTpoBANPa Tou RSVP signaling pnxaviopou gival To
YEYOVOG OTI AEITOUPYEI €ITE ATTOKTWVTAG TTOPOUG 0€ OAOUG TOUG OPOUOAOYNTEG
TOU JOVOTTATIOU VIO Wid porj, €iTE ATTEYKABIOTWVTAG TEAEIWG TN OUVOEDH aKoua
Kal €av POvo évag dpopoAoynTtrig Oev €XEl TOUG QTTAPQITNTOUG TTOPOUG TN
OTIYUA TTOU TTPAYPATOTTOINONKE N aitnon. Akoua, &€, Kai av ol TTOpol Yivouv
O10B£01u0I auEoWG PETA, N déopeuon Oev yiveTal AtTodeKTH Kal 0 XPrRoTng (A 1o
oUOoTNUA TOU AKPou) deV TTANPOYOPEITAI OUTE YIA QUTO TO YEYOVOG, OUTE Kal yia
TNV BOavr) PeEAAOVTIKA O1aBecIud™TNTA Twv TTOPWY, WOTE va MPTTOPEI va
UTTOAOYIOE€I TOV XPOVO OTOV OTTOI0 UTTOPEI va TTpooTTabnoel Eavd. € ouvOnKeg
MeydAou @opTou, auTO PTTOPEl VO 0dNynRoel o€ OAAETTAAANAEG TTPOOTTABEIES
déoueuong TTOPWYV aTTd TNV TTAEUPA Tou XPNoTn, auédvovtag To overhead Tou
OIKTUOU aTTd Atrown TTANBOUG TTAKETWY Kol QOPTOU €TTEEEPYATiOG auTwy. To
YEYOVOG, MGAIOTa, OT Ta signaling pnvopata  €Xouv  PEYOAUTEPEG
TTPOTEPAIOTNTEG, ONUAiVEl OTI N augnor Toug utropei va diatapdéel onuavTika

TIG GAAEG UTTNPETIEG.

MNa 10 TPORANUA autd, TTPoTABNKE N Aucon Twv AvaBepAnuévwv Aeopeloewy
[17] o1 otT0ieg divouv Tn duvaTdTNTA OTOUG dpOopoAoyNnNTEG va avaBaAlouv Tnv
pn atrodoxn Miag 6éopeuong OTav dev UTTAPXOUV QPKETOI atmd AKPO — OE —
akpo Topol. ‘Etol, evw TUTIK& TO €Upog {wvng piag {eugng MTTopEi va
BpiokeTal ge deoueupévn 11 EAeUBePn KATAOTACHN, O TIPOTABEV aAyOpPIBUOG
TTPOCOETEL Kal - Wia  TpiTh, TNV «mpokpatnuévn». H Tmepiodog avaBoAng
uttoAoyiceTal atrd Toug dpopoAoynTéG AauBdvovtag utr owiv TNV dIaBEaIun
yvwaon NG Katdotaong Tou JIKTUOU, €V 0 OEKTNG TNG UTTNPECIAG PTTOPEI va
opioel, TTAéov, Kal TO PEYIOTO XPOVIKO BIAoTNUa OTO OTToio gival diaTeBeIuévog
va TTOPAMEIVEI O «avapovi». Ta TTEIPAPOTIKA OTTOTEAECUATA TG EQAPPOYAS
TOU €V AOYW pNXaviopou £8€igav OTi N xpnoiyotroinon Twv (eUgewyv UTTOPEi va
augnBei pExP! Kal U0 POPEG, VW TTAPAAANAQ PEYIOTOTTOIEITAI ONUAVTIKA KAl N
mlavoTnTa amodoxng diag kAnong. Emmpdobera, map' O6Ao Tou uTio
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OUVOAKEG QTTOOTOAAG PITTWV YIa HEYAAQ XPOVIKA dBIaoTAuATa, n TroioTnTa
UTTNPECIaG u@ioTatal OXETIK UTTORABUION, AUTA €ival ONUAVTIKA HIKPOTEEN
ammo ekeivn TTou Ba TTapatnpouvtav o€ pn — AvapeBAnuéveg Asopeuloeld.
TéNog, agiCel va TovioTel OTI O TTPOTABEV aAyOpPIBUOG TTAPOUCIACEl ECAIPETIKA
ATTOTEAEOUATA O€ OUVONKES JEYAAOU OPTOU POWV OTO BIKTUO, TTPOCPEPOVTAG

duvaToTNTEG KAIJAKWONG.

EvrouToig, €dv kai 1o TPORANPa Tou «A OAa 1 TITTOTA» TTOU ava@EPONKE
TaPATTAVW, @aiveTal va OExeTar AUon, Ta JEIOVEKTAPATA TOu IntServ
TTOPAPEVOUV AKOUO apKETA. O TPOTTOG AEITOUPYIOG TOU TO KABIOTA QVETTITPETTTO
o€ epIB&GAAovTa TTOAAWY ouvdEoEwyY | o€ ueydAa dikTua KaBwg aP' evog dev
TTPOOPEPEI KAia duvatoTnTa KAIMAKWONG Kal a@' €Tépou ol aAAayEG TTou
amaiTouvTal  OTOV  KWOIKA Twv OpPOodOAOYNTWY  TTPOKEIMEVOU VA  TO
UTTOOTNPIEOUV €ival TTOAU ONUAVTIKEG KAl CUVETTWG OKPIRES KAl XPOVOPROPEG.
Q¢ amdvrnon, AoITTdv, OTOUG avaPePBEVTES TTEPIOPIOHUOUG Tou IntServ/IRSVP,
n IETF emvénoe pia amrAouoTepn TTPOCEYYION . WG TIPOG TNV TTOIOTNTA
UTTNPECIWY, N OTToia PTTOPEl va uAoTroinBei eUKoAa o€ KABe dpopoAoynTtn
XWPIG TNV €K TWV TTPOTEPWYV OIEUBETNON Kal XWPIG va EUTTAEKETAI OTO OUVOAS
NG N diadpoun Twv TTAKETWV. H TEXVOAoyia auTr gival Baciouévn o€ TALEIC (O€
avTIdIaoTOAN uE TO Bacigpévo o€ poég IntServ) Kai gival yvwoTh e TO dvoua

«AlagpopoTtroinuéveg Yrnpeoieo» (Differentiated Services).

MONTEAO AIADPOPOIIOIHMENQN
YIIHPEXIQN

H apxitektovikr — Ala@opoTroiNUEVWY  YTTNPECIWY  OXeDIAOTNKE yIia TNV
UTTOOTAPIEN ~ TTOIOTNTAG  uTTnpeciag  ToTKA o€ KABe  dpopoloynTi,
ATTOQEUYOVTAG TNV €K TWV TIPOTEPWV OELOUEUCN TTOPWV KATA MAKOG TNG
d10dpouNG KABE porg Kal Treplypdgetal ota éyypaga RFC 2474, 2475 kai
TTOAG GAAa. ‘ET01, evw TO IntServ TTpoo@épel eyyunoeig ava por, 1o DiffServ

akoAouBei TNV @IAocogia TNG aBpoiong TTOAATTAWY POWV O€ PEPIKA ETTITTEDA
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UTTNPECIAG TTPOCPEPOVTAG KAAUTEPN OUvVATOTNTA KAIMAKWONG dIaTNPWVTAG,

A0V, TNV TTANPOPOpPIa KATAoTAONG ava KAAon Kai 6x1 ava por).

H Baoik @iIAocogia tiow amd 10 DiffServ umropei va Treplypa@ei TTOAU
OUVOTITIKA wg €&NG: ‘Eva auvolo dpopoloynTwyv oxnuatiCel yia dIaXEIPIOTIKN
mepioxn (m.x. ISP). H diaxeipioTiky apxr, opifel éva ouvolo TACEWV
UTTNPECIWY, ME TNV KABE TAEN VO £XEl OUYKEKPIPMEVOUG KAVOVEG TTpowBnong
(®nAadr, OUYKEKPIMEVOUG dnXaviopoug 1n  Ttumtoug PHBs avda  T14gn).
MapdAAnAa, Ta TTOKETA €VOG TTEAATN TTOU ETTIOUMEI va XPNOIYOTTOINCEI TIG
OlOQOPOTIOINUEVEG  UTTNPETIEG, dla@opoTTolouvTal - atrd To Tedio. TuTTou
Ymnpeoiag (Type Of Service, ToS) mou @épouv. ‘ET0l, TTakKéTa e TUTTO
uTTNPEECiag uwnAdTepng TAENG, Ba TuyxAvouv KOAUTEPNGS €EUTTNEETNONG OTTO
GAAa xapnAdTePNG.

To ToS 1redio, 10 otroio ToTroBETEITAI OTNV IP. €TTIKEQAAiIdQ, £X€l uRKog 1 byte
Kal atroTeAgiTal a1rd dUO TUANATA: TO TTPWTO THAMA, UAKOUG 6 bits atroTeAei TO
Differentiated Service Code Point (DSCP) kai gival autd 1TTou dIaQOpOTIOoIEi TA
TTAKETA WG TIPOG TIG KAGOEIG. To OeUTEPO TUNAUA, MPAKOUG 2 bits, pével
ayxpnoigotrointo. A va KATOOKEUAOTEl, AoITTOv, €vag TUTTOG UTINPECIAG,

akoAouBeital n Aoyikr) d0o BnudTwv TTOU CUVOWYICETAl WG AKOAOUBWG:

1. Ta dkpa Tou dIKTUOU KaBopifouv Kal Kataxwpouv Tnv Tiu Tou DSCP
1ediou. OuoiaoTikd, dnAadr], pHapkdpouv Ta TTAKETA, PaCIOuéEva OTIG
ATTAITACEIG KAl TOUG KAVOVEC KABE uttnpeoiag, Kabwg kal oTto Service
Level Agreement (SLA) TTou £xel TTpOOUM@WVNOEi PETALU TOU TTEAATN

Kal Tou OIKTUOU

2. Or gvdiaueool KopPol xpnoipoTtrololv 1o TTedIo yIa va aTToQacioouv wg

TTPOG TOV TPOTTO TTPOWONONG TWV TTAKETWVY

2uvemmw¢ 10 DiffServ emtuyxdvetar pe tnv avriotoixnon tou DSCP o¢
OUVYKEKPIPEVEG METAXEIPIOEIC A ZupTTEPIPOPEG MNpowBnong Ava-KouBo (PHBS),
o€ KABe kOuBo diIKTUOU KaTA pNAKOG TNG dladpoung. MNa va utrooTnpixbouv Ta
TTapaTTavw, AoImmov, o010 YoviéAo autd opifovtal Tpelg KAaoelg,  PHBs: H
KAdon BéAtiotng lMpoomdbeiag (Best Effort), n KAdon «Eotreucpévne»
TTpowbnong (Expedited Forwarding, EF) kai n kAdon «EEaoc@ahiopévne»
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TTpowbnong  (Assured Forwarding, AF) , ol oTtoie¢ Ba TepIypagouv

TTAPAKATW.

KAAZH EZAZPANIZMENHZ [IPOQOHZHX

H KAdon E¢aoc@aliopévng Mpowbnong trepiypdetal oto RFC 2597 kai
KaBopilel TEooePIC KAAOEIG TTPOTEPAIOTATAG, KME TNV KABE pia va atraiTei Toug
OIKOUG TNG OUYKeKPIMEVOUG TTOpouG. MNapdAAnAa; opilel kKal TPEIG TTIBAVOTNTEG
amoppIYns (XapnAf, Peoaia, uywnAr) yia Ta TTOKETA TTOU QVTIMETWTTICOUV
ouvOnkeg oupeopnong. To HOPKAPIoUA TWV TTAKETWY YIA va UTTooTnpifouv Ta
TTapaTmdvw  yivetal w¢ €ENG: Ta  Tpia TpwTta bits TG emKepaAidag,
arreikoviCouv TNV KAAO, Ta 2 eTopeva kabopifouv Tnv mOavoTnTa atrdéppIYns
Kal To TeAeuTaio agrivetal TTAvTa pndevikd. Me Tov TpOTTO QuTO, TEAIKA,

TTpoodiopiovTal 12 TUTTOI UTTNPECTWV.

‘Evag amd Toug TBavoug TPOTIOUG  ETTECEPYOOIAC TwV TIAKETWY OTNV

eCao@aliopévn TTpowONOoN WTTOPEI va TTEPIYPaPEi ws €EAC:

1. Tagivéunon Twv TOKETWV O Mia ommd TIGC TEOOEPIC TAEEIG
TTPOTEPAIOTNTAG. TO BAMA QUTO PTTOPEI va EKTEAEOTEI OTOV UTTOAOYIOTH
uTTNPECIag atmmooToAnG | oto dpouoAoynTh €106dou 0TO dikTuo. TO
TTAEOVEKTNUA  TNG €KTEAEONG TNG TaAgIvOUNONG OTOV  UTTOAOYIOTH)
UTTNPEDIag atTooTOAAG gival OTI EKEl UTTAPXOUV TTEPICTOTEPES DIOBETIUES

TTANPOQPOPIEG OXETIKA PE TA TTOKETA TTOU QVAKOUV 0€ KABE poN.

2. EmoAuavon Twv TokETwvV avdAoya pe TV TAEN TOUG (OnAadn,

MOPKAPIOUA TNG ETTIKEPAAIDAG).
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‘Eheyyog yiato av n kivnon
OUPPUVET € TO TIPOGiA MéTpI]CF r]

N

MAKETO Tuf,lVOI-If]UI] ’ I Mupxuplouu Mopgomoinan

l | TeS

»

Ewkova 2. Eneepyacia MNakétwv-oto DiffServ

3. MNépaoua Twv TTAKETWYV ATTo £€va QIATPO PHop@oTToinonG / attdéppIyns, TO
OTTOI0 MUTTOPEI va KaBuoTeEPEI 1 va ATToppITITEl PEPIKA aTTO auTd £TOI
WOTE VA POPQPOTIOINCEl TIG TEOOEPIG POEG OE QTTOOEKTEG HOPPEG —
XPNOIUOTTOIWVTAG aAyopiBuoug OTTwGg 0 TPUTTIOG KOUBAg 1 0 KOupdag
KOUTTOVIWV. AV UTTApXouVv TTdpa TTOAAG TTOKETA, MEPIKA aTTO QUTA
MTTOpOUV VO QTTOPPITITOVIalI OTO Onueio autd, avdloya e ThV
KATNyopia amoppiyns oTnv otoia avikouv. Eival etriong mBavég Kal
Mo ouUvOeTeg PEBOSOI, O OTToiEG CUUTTEPIAANPBAVOUV METPNOEIS N
avadpaon, O0TTwG o aAyopiBuog Random Early Detection (Jacobson,

1993) ka1 Random Early Detection with In or Out.

To mToU Ba ekteAouvtal Ta Tpia TTapammdvw Bruata ecival Aoy Tou
oxedlaoTA Tou dIKTUOU. AgiCel, woTdOO, VO ONUEIWOEI OTI UTTAPXEI HEYOAUTEPO
TTAEOVEKTNUA TNG €KTEAEONG TNG TASIVOUNONG OTOV UTTOAOYIOTH UTTNPECIag
QTTOOTOANG, KABWG, OTTWG NAdN ava@EéPBnKe, AUTOG KATEXEI TTEPICOOTEPEG
O10B€0IuEG TTANPOPOPIEC OXETIKA WE TA TTOKETO TTOU AVAKOUV Ot KABE pon.
BéBaia, o1 evépyeleg auTEG PTTOPOUV va eKTEAOUVTAI Kal aTTO €10IKO AOYIOUIKO
OIKTUOU n aKOUN Kal atrd 1o A&IToupyikd oUoTNUaA, €101 WOTE va PN XPEIAZETaI

Va Yivouv aAAQYEG OTIG UTTAPXOUCEG EQAPUOYEG.
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KAAZH EZTIEYZMENHZ lTPOQOHZHX

H eotreuopévn mpowBnon €ival n atrAouoTepn TAEN, TOU CUVOAOU TWV TAEEWY
TTou €xel kaBopioel n IETF, kai repiypd@etal oto RFC 3246. H 16éa tricw atrd
TNV €0TTEUOHEVN TTpowBNnon eival atrAf. AlatiBevral dU0 TAEEIS UTTNPECIWV:
atmAf Kal eotreucpévn. H ouvTpITITiKA TTAElown@ia Tng Kivnong avauéveral va
gival atrAn, JE éva PIKPO TTOOOOTO TWV TTOKETWY VA €ival EOTTEUOUEVA. Ta
E0TTEUOPEVA TTOKETA Ba TTPETTEI va UTTOPOUV va d1acXi(ouv TO UTTOQIKTUO oav
va unv utrpxav mapovia dAAa mmakéra. H 1agn autr, AoItrov, UAoTToIEl Hia
UTTNPECIa TTOU €XEI OUYKEKPIYEVO MEYIOTO €Upo¢ Cwvns (peakbit — rate),
XOUNAEGC KaBuoTepAoelg Kai jitter, acAPaAvIn AVAPOVI] OTIC OUPEC TwV
dpopoAoynTwy Kal atropgovwon. ‘Evag 1pé1mog uAoTroinong tng oTpaTnyikng

QUTAG €ival 0 €ENG:

1. 'Evag edge router, O OT0OIOG MEOW  KATTOIOU  TTPWTOKOAAOU
OonNUATodooiag €ival EVAPEPWHPEVOG VIO OAEG TIGC POEC TTAKETWYV TTOU
EMOUPOUV €Va OUYKEKPIYEVO ETTITTEDO UTTNPETIAC, EAEYXEI T TTAKETA VIO
TN OUPPOPQPWOT) TOUG PE TO TTPOYIA TNG Kivnong TNG OUYKEKPIYEVNG
PONG Kal papkdpel Ta TTakETa wg Expedited 4 Assured avaloya pe Tnv
KAGON TOUG. ZTnV TIEPITITWON TTOU TO TTOKETO OEV CUPQWVEI PE TO
Tpo@iA (Out of Profile), €ite dev 1o yapkdpel kabBodAou €iTe To avayel o€

KAdon BEATIOTNG MNpooTrdBelag.

2. O dpopoAoyntrig, O OTIOIOG £xel BUO OUPEC €EOOOU ava €EEPXOMEVN
YPOUMN (pia yia Ta E0TTEUCPEVA Kal Hia yia Ta aTTAG TTAKETA), TOTTOOETEI
TO EI0EPYXOMEVO TTAKETO OTNV KATAAANAN oupd. ZNUAVTIKO TTAEOVEKTNUA
TNG TIPOCEYYIONG AUTAG aTToTEAEI TO yeyovog OTI N oupd UWNANG
TTPOTEPAIOTATAG OEV TTPOKEITAI VA UTTEPXEIAIOEI TTOTE, APOU O apIBPOG
Twv Expedited Class TakéTwy eAéyxeTal pPe auoTnpd KPITAPIA OTnV
€i00d0 kKataAapBdavovrag TavTa éva KAAOUA Tou €Upoug Tou dlaUuAou.
To utmohoiTto €upog, Og, ptropei va d0Bei OoTIg KAAOEIG XapunAdTeEPNGS
TTPOTEPAIOTNTAG.
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3. Edv 10 péyebog oupdc trepdoel Eva O00Ev KATW@AI TOTE eKTEAEITAI O
MNXAVIOPOG aTroppIwPnsg TwV TTAKETWY OUPQWVA PE TV KAAon oTnv
OTTOIO AVAKOUV. ZUYKEKPIUEVA, TTPWTA atroppiTrtovial ta Best Effort
TTOKETA KAl KATOTIV Ta TTakéTa Tng Eyyunuévng KAGong, cUpgwva
TTavta pe 1o 1edio NG MNMpoTtepaidTNTAg ATTOPPIYNG TTOU EUPAVICETAI OTO
DSCP.

4. TMapdAAnAa pe Ta Tapatravw, £vag Meoitng Eupoucg Zwvng (Bandwidth
Broker, BB) uAoTroigi pnxaviopoug atrodoxhG KANOEWY, apXIKOTTOIEI TO
oToixeia Tou OIKTUOU, OIac@aAifel Toug TIOPOUG OTO  IKTUO Kal
TIPOOTATEUEI TIG YPAUUEG TWV YEITOVIKWYV. TTAPOXWV. 'ETOI, TTPOKEINEVOU
€vag aTTOOTOAEAG VA EYKATACTHOEI Jid OUVOEDN, TTPWTA ETTIKOIVWVEI JE
Tov BB 0 oOT10i0¢ €@apPOlovTas  TTPOKABOPIOUEVEG  TTONITIKEG
eCakpIBwvel TNV yvnoiotTNTa Tou XPAOTN Kal €QapUOCEl UNXAVIOPOUG
eAéyxou armmodoxng. Edv o €Aeyxog TrpayuaToTroindei €mTUXWS, N
aiTnon Tou XpAHoTN TTPoWOEITal OTOV YEITOVIKO BB 0 0TT0i0¢ e Tn oe1pd
TOU TNV emmegepyddetal Kal TNV TTpowdei oTov emrdépevo BB (A oTov
TTapaAnTTn). NMapdAAnAa, o kaBe BB puBpilel Toug dpouoloynTtég TnNG
TTEPIOXNG TOU, WOTE VO UTTOOTNPIEEl TO {nTOUPEVO TTEPIYPOUMA

uttnpeoiag (service profile).

A=IONOlrHzH TOY DIFFSERV

O1mwg ndn avaeépbnke, ato DiffServ poviéAo n mTAnpogopia kardotaong
dlarnpeital ava kKAaon kal Oyl ava pory. Autd onuaivel 0Tl evw OTo IntServ ol
OpopoAoynTéG  atmmoBnkeuouv OXeTIKG Oedopéva yia Tnv KABe pory Trou
avaAauBavouv, To DiffServ 10 kavel yia kK&dBe kKAGon. AiatnpwvTag 10 TTARB0C
TWV OIAPOPETIKWY KAACEWV UIKPO, PEIWVEI TN ONUATODOC0IA KOI CUVETTWG KAl TO
overhead Tou OIKTUOU, Trapoucliafoviag €10l €CAIPETIKA  KAIHAKwonN.
EmBaAovTag, &g, AciToupyieg eAEyXou TTONITIKWV OTA AKPA KAl TTAPEXOVTAG
ATTA] PETAXEIPION OUOOWPEUPEVWY OEDOUEVWY OTOV TTUPHvVa Tou OIKTUOU,

dlao@aliel véeg uTttnpeaieg IP xwpig uttEpBOAIKN atToBrkeuon TTANpo@opiag

35



KataoTaong f oakpiBwv ammo@Acewy TTpowdnong oToug dpouoAoynTéG TOU

OIKTUOU TTUPRVA.

To yeyovog 011 N uEB0dOG auTh dev ATTAITEI OUTE €K TWV TTPOTEPWV dlEUBETNON,
ouTe OEOpEUCN TTOPWYV, OUTE XPOVOPROPES OIATTPAYHATEUCEIG OTTO AKPO EIG
Aakpo yia KaBe pon (6mmwg oupBaivel oTic ONOKANPWHEVEG YTTNPETIES), KAVEI
TIG OIOPOPOTIOINKEVEG UTTNPETCIEG OXETIKA €UKOAEG OTNV- UAOTTOINON KAl TN
dlaxeipion. Emmpoobétwg, Ta PrAparta ektéAeong Tou DiffServ unxaviopou
MTTOPOUV va €KTEAEOTOUV TOCO aTTO €I0IKO AoyIOMIKO OIKTUOU 600 Kal aTTd
AEITOUPYIKA OUCTAUATA, EAAXICTOTTOIWVTAG £TCI TNV OTTAITOUPEVN TTPOCTTIABEI

Kl TO KOOTOG TNOavwyVv aAAaywyv oTnv uttdpxouoa dIKTUAKH UTTOOOWN.

TéNOG, €KTOC aTTO TNV TTOIOTATA TTOU atToAAPBA&vVOoUV 01 TEAIKOI XPNOTEG, MEYAAO
TTAEOVEKTNUA BivETAI KAl OTOUG TTAPOXOUG UTINPECIWY, KOBWS auToi TTAEov
MTTOPOUV va e@apuolouv dIAPOPES TTONITIKEG XPEwoNng yia Tnv KABe KAdon
UTTNPECIAG XPEWVOVTAG, YIA TIAPAdEIYUA, TTEPICOOTEPO VIO KABE TTAKETO
AuEONG €EUTTNPETNONG TTOU UETAQEPEL | eTITPETTOVTAG PEXP! N TETOIA TTAKETA

TO HAva évavTi KATTOI0U 0TABEPOU TTPOCBETOU pNVvIaiou TTO00U.

BéBaia, 600 onuavTtikd kai TTOANG Ki av €ival Ta TTAEOVEKTHUATA TOU UTTO
avaAuon PovTéAou, TTPETTEL va An@BoUv UTT OWIv KAl TO PEIOVEKTAUATA TOU.
‘Eva atré Ta mo Baoikd gival n diaxeipion. MNap' 6Ao mou n TAnpogopia, OTTwg
0 pUBUGG TWV TTAKETWY, €ival dIaBéoiun péow TNG Paciouévng o€ TageIg Bdon
AlaxeipioTiknG - MNAnpogopiag (Management Information Base, MIB), ol
AeIToupyieg xpEwang Kai EAEyXOU gival akOun dUOKOAEG, €18IKG €&v AngBei uTr'
owiv o1 o pbélog Tou Bandwidth Broker Bpioketal akdun uttd PeEAETN Kal

TUTTOTTOINON.

EmmpdoBeTa, dAAO €va eAdtTwpa Tou DiffServ éxel va kdvel pge 1o OTI N
onuatodooia ekTeAsiTal EEXWPIOTA aTTd TOV PNXaviopo dpopoAdynong. ‘ETol,
Oev eival apeAntéa n mOavotnTa va uttdpxel dia diadpoun (1.X. OSPF,
EIGPR) oT10 8iKTUO n OTroia va JTTOPEl va TTPOCEPEPEI TOUG ATTOPAITNTOUG

TTOpoug, aAAd 1o DiffServ va unv Karta@EpPEr va TNV EVTOTTIOEL.

AtiCel va TovioTei, BEBaia, OTI TOUAGXIOTOovV 0€ OUyKpion ME To IntServ, Ta

pelovekTAuaTa Tou DiffServ gival eAdxioTa Kal oXeTIKA €mAUCINa. QoTéo0, TO
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YEYOVOG OTI autd AauBAvel YEPIKMVA YIO TNV TTAPEXOUEVN TTOIOTATA UTTNPECIAG
TOTTIKA 0€ KABE KOUPBO Kal Ol aT1rd AKPO — €I — AKPO, OtV To APnoe TEAIKA va
ETMKPATAOCEI KAl €TMOKIAOTNKE oT1rd TNV Metaywyrp ETikeTwv TToAAaTTAWY

MPpwWTOKOAAWV TTOU Ba £EETOOTEI OTNV EVOTNTA TTOU OKOAOUBEI.

METATI'QrH ETIKETQN INOAAATIANQN
IIPQTOKOAAQN

Tnv wpa 1mou n IETF douAcue TTAvw oTa povTéAa IntServ kKai DiffServ, TToAANoi
KATOOKEUAOTEG dpopoAoynTwy eg€Talav  KaAUTEPEG PeEBOdOUG TTpOWBNONG
TTPOKEIMEVOU VA ATTOPUYOUV TIG OUOXEPEIEG TNG TTAPAdOCIAKAG OPOUOAdYNONG
n omoia: Bacietal otnv hop — by — hop TTpowdNoN evdg TTakéTou BAcel TNG
d1evBbuvong TTPoOoPICHOU Tou, avaykAlel KABe dpopoAoynT KATA PAKOG Tou
MOVOTTATIOU VO €KTEAEI TTPWTOKOAAA eowTEPIKWY TTUAWVY (Interior Gateway
Protocols, IGPs) émmwg 10 RIP kai 1o OSPF 1] TTpwTOKOAANG £EWTEPIKWV TTUAWV
(Exterior Gateway Protocols, EGPs) o6mw¢ 10 BGP[16] kai audvel
TOIOUTOTPOTIWG TNV aTTG  AKPO — €1 — AKPO KaBuoTépnon Kal TV TTBavoTnTa

oupeOPNONG.

H doul&id Toug, AoITTOV, EUTIVEUOHEVN KUPIWG atrd TNV apXITEKTOVIKA ATM
OIKTUWV, €0TIAOTNKE OTNV TTPOCONKN Miag ETIKETAG TTPIV ATTO KABE TTAKETO KAl
TNV OpouoAdynon Tou TeAeutaiou PAcel QUTAG, aTToPeUyovTIag £TOl TIC
XPOVoBOpes avalnTACEIG O€ TTIVAKEG dPOUOAGYNONG KAl TIG ATTOPACEIS YIa TV
TTpowOnon Tou TrakéTou oO¢ KABe kOpPBo. ApyoTepa, TO MPOVTEAO aQuTod
uI0BeTABNKE atmd Tnv IETF, ovopdalovtdag 1o «Metaywyr) ETikeTwv MoAAaTTAwyY
MpwTtokOAAwv» (Multiprotocol Label Switching, MPLS, [RFC 3031 kai dAAq])
Kal  &ekivnoe n  TPOTUTTOTTOINOT} Tou  OuvdudldovTag Ta  KOAUTEPQ
XOPAKTNPIOTIKA TWV AEITOUPYIWV UETAYWYAG TTOU €KTEAOUVTAI OTOV TTUPHvVA
TOU OIKTUOU, UE TIG WPEAEIEG TWV IP TEXVOAOYILWV OPOUOAOYNONG TTOU TPEXOUV

ota akpa. Mg o ammAd Adyia, autd TTOU APXIOE VA TTPOTUTTOTIOIEITAI ATAV,
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OUCIOOTIKA, 1N  evoTroinon  TwV  KOAUTEPWV  XAPAKTNPIOTIKWY  TWV
TTaPAdOCIOKWY TEXVOAOYIWV €mMITTEOOU 2 Kal 3, TTapdayovrag éva uBpidikod
OUVOAO TTPWTOKOAAWY Kal OI1adIKACIWY TO OTTOIO ETTITPETTEI  OTIG YPRYOPES
duvatoTnTeG hETaywynG Tou ATM kai Tou Frame Relay va xpnoigotroiouvral

atro IP dikTua.

To MPLS, AoItdv, JTTOpEi va XOPOKTNPEIOTEI Oav . €vag KAIJOKOUUEVOG,
aveEdpTNTOG ATTO TTPWTOKOAAD PNXaVIOUOG PETa®OPAs dedopévwy [23]. Ol
aTToQAcelg TTPowbnong TTAKETWY Pacifovral AaTTOKAEIOTIKG OTO TTEPIEXOUEVO
TNG ETIKETAG, TTPAYMA TTOU ETTITPETTEI TNV ONMIOUPYia ATTO AKPO — €I — AKPO
KUKAWUATWY JECW OTTOIOUBNTIOTE PEOCOU Kal OTTOIOUDATIOTE TTPWTOKOAAOU.
270 Béua autd, TO TTPWTAPXIKO TTAEOVEKTNUA EYKEITAI OTNV. €EAAEIPN TNG
€€APTNONG ATTO OUYKEKPIUEVEG TEXVOAOYIEG €mITTEdOU ZeuEng Aedopévwy,
OTTwG 10 ATM, n peTaywyn Tmakétwy, To SONET 1 1o Ethernet kai n atraloign
TNG avAaykng vyia TTOANQTTAG  dikTua €mITTEdOU 2 yia TNV UTTOOTAPIEN

OIOPOPETIKWV TUTTWV Kivnong.

Xpnoigotroiwvtag ATM pPETAYWYEIG, O OTToIOI NTav TTOAU ypnyopoOTEPOI ATTO
Toug OpopoAoyntég Tou IP- TTpwToKOAANOU, N MPLS apXITEKTOVIKA ETTIAUEI
TTPOBAAPATA OXETIKA PE TNV Kivnon, Tn dlaxeipion €upoug Cwvng kal 1o IP
management, Ta oToia xapokTnpidouv AANeg TexvoAloyieg [10]. Tia
TTapadelypya, 1o MPLS e€aleipel TIG TTOAUTTAOKEG digpyaaieg dlaxeipiong
Eikovikwv [8iwTikwv - AikTowy (Virtual Private Networks, VPN) o1 oTtroieg
paoTiCouv TN HETAYWYN TTAQICIWY, KAVOVTOG TTIO €UKOAN Tnv OlaxEipion Tou
eupoug Cwvng TnG CeuEng TTPOCROONG KAl ETTITPETTOVTAG TTIO EUEAIKTN TTAPOXN
bandwidth. Mpétrer va TovioTei OTI N atTAoTToIinuévn dlaxeipion YETAPPALETAl O€
Aiyétepa AGOn, Aiyotepn TrpooTrddeia Kal uwnAdTepn aglommioTia. MapdAAnAa,
TTPOOPEPEl  EYYUNOEIG OTABEPAG XWPNTIKOTNTAG VIO OUYKEKPIMEVEG POEG,
e€ao@alifel XwpnTIKOTNTA YIO QWVr Kal €AEyXEl TNV KOBUOTEPNON KAl TIG
Olakupavoelig TnG.  Aivovtag, 0g, OuvatdTNTEG TTAPOXNSG OUYKEKPIMEVWV,
EYYUNMEVWY KOl TTOOOTIKOTTOINUEVWY SLAS, OleuBetei TTOIKIAOUG BaBuoucg

TTOIOTNTAG UTTNEECIAG VI TTOAAATTAOUG TTEAGTEG.

Ta TTOAG kKal onuavtika TtTAcovekThpata Tou MPLS 1600 WG TPOog Tnv

TaXUTOTn OPOMOASYNON TWV TTAKETWY OCO0 WG Kal TTPOG TIG OUVATOTNTEG
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TTAPOXNG EYYUNMUEVWY ETTITTEOWV TTOIOTNTAG UTTNPECIWY, CUYKEVTPWOAV TEAIKA
TNV TTPOCOXNA TNG ETTIOTNUOVIKAG KOIVOTNTAG Kal ETTIOKiacav o€ KATTo10 Babud
TIG TTPONYOUUEVEG TeXVOAoyieg Twv IntServ kai DiffServ. 2Ti¢ TTapakaTw
evoTnteg, Aoitrdv, Ba TTapouciacTouv Ta PACIKA XOPAKTNPEIOTIKA. TOU UTTO
avaluon povtéAlou, €oTIAlovTag KUupiwg O€ BEUATa  QPXITEKTOVIKAG - KAl
AgiIToupyiag Ta otroia Ba BonBricouv Tnv Kartavonon Twv BepdTwy MoidTnTag

YT1npeoiwv 1Tou Ba e¢eTaocTouv oTo Tpito KepdaAalo.

APXITEKTONIKH TOY MPLS

Mo TNV €UKOAOGTEPN KATAVONGON TTOAAWY EVVOIWV KAl AEITOUPYIWV TToU Ba
avoQepBouv o€ E€TTOPEVEG E€VOTNTEG, OKOTTIUN KPIVETAI N TTEPIYPAPH TWV
Baoikwyv ocuoTaTiIKwWV TNG MPLS ApXITEKTOVIKAG, O€ €va OXETIKA uywnAod
eiTedo agaipeons. ZntHuara Tou 6 Ba ammacXoArpoouv 1600 TNV TTapouca
epyacia, 6TTwG 0 akpPIPNS TPOTIOG TTPOWBNONG TWV TTAKETWY ] TO NPWTOKOAANO
Karavoung ETikeTwv, Ba 1meplypa@ouv OuvomTIKA OTIC TTapaypApoug TTou
akoAouBouv. AAN\a Béuarta, Og, OTTWG n TTAPOoXA TTOIOTNTAG UTINEECIWY, N
KOTaoKeun povotratiwyv dlopéow evog MPLS touéa K.T.A., 8¢ Ba avagpepBouv
edWw, aPAvovTag TNV avaAuor TOUG YIA TO ETTOPEVO KEQAAAIO TTOU QPIEPUVETAI

otnv Moiétnta Ytrnpeoiwv Tou MPLS.

KAAZH IZOAYNAMHZ NMPOQOHZHZ

Mia KAdon looduvaung MpowBnong (Forwarding Equivalence Class, FEC)
gival éva oUvoAo TTOKETWYV TTOU TTpowBouvTal Pe Tov idlIo TPOTTO €viOG TOU
OIkTUou. Mia FEC pmropei va trepihaufavel, yia apddeiyua, OAa Ta TTAKETA
Twv omoiwv n O1eubuvon TTPOOPICHOU TaIpIdlel Pe €va OuyKekpIpévo IP
TTpéOepa (prefix) A Ta TOKETA TA OTTOI0 AVAKOUV O€ KATTOIO OUYKEKPIMEVN
epappoyn. O FECs ouvnBwg dnuioupyouvTal e TN Xpron TG TTANPoeopiag
TTou Trapéxouv ol IGP Texvohoyieg (6mwg 170 OSPF kai 10 RIP). Mo
OUYKEKPIPEVA, OTaV Eva TTOKETO eloépxeTal o€ éva MPLS diktuo, o MPLS edge

router 10 €€eTACEl yia va €¢ayel TTAnpoopia OTTwg ol diguBuvelg TTNyNG/

39



TTPOOPICHOU, TO interface aTrd TO OTTOI0 £QTACE, OI ATTAITAOEIG TOU O€ TTOIOTNTA
utTnpeoiag kal GAAa. Baoioupévog ota mapatrdvw, TO TagIvouei Ot pia
OuyKekpIévn KAaon looduvaung MNpowbnong kal 1o TTpowdei ato diktuo. To
TTaPATTAVW onuaivel 61 OAa Ta TTOKETA TTOU AVAKOUV OTnv idla kAdon Ba

akoAouBouv 10 610 dpopoAdyio Kal Ba uTToAGAAOVTal OTNV idIa HETAXEIPION.

ETIKETA

H eTikéta eival éva PIKpO, OoTABEPOU PNKOUG, CUVEXOMEVO QvayVWPIOTIKO TO
OTT0iO XpnoldoTIoIEiTal YIa TNV avayvwpion piag FEC kal TrepiAauavel 6An Tnv
TTANpo@opia TTou XpPeIGdeTal yia TV TTpowelnon Tou TTakETOU. O ETIKETEG
dnuioupyouvTal Kal avaTiBevral ota IP TToKETA, BACIOPEVEG OTNV TTANpoQopia
TTOU TTAPATEONKE TTPONYOUMEVWG Kal €XOUV CuvhBwG TOTTIKY onuacia /
eMBEAEI0. To pEyeBOS Toug eivanl 32 bits kal atroteAouvTal ammd Ta TTAPAKATW

Tedia:

» Tiwwd ETikérac: KataAaupavel ta mpwta 20 bits kai rpoadiopilel TV

FEC, 6TTwg TTEpIypA@nKE TTI0 TTAVW

= Experimental Range: KatoAauBdvel ta emouyeva 3 bits kai gival

deopeUPévn YIO TTEIPAPATIKA XPAON, OTTWG YIa TNV TTANPoQopia Twv
AlagopoTtroinuévwy Ytnpeoiwv (11.X. KAdon Ytnpeaoiag) i yia 1i¢ PHBs
odnyieg.

= S: Medio pAkoug 1 bit, xpnoiyotroigital yia Tnv uttodeIEn Tou €dv n
oToiBa eTikeTwyv (label stack) eival TTapouoa ) 6x1. Eav n eTikéTa gival n

povn uttdpyxouaca, 1 €ival n teAeutaia oTn oToifa, To TTEdI0 AapBdvel

TIMA «1%», aANIWG «0.

= Time To Live: 8-bit 1edio, XpnolyoTroigiTal yia TNV UTTOdEIEN Tou

apiBuou Twv MPLS kéuBwv Toug OTT0iouG £l dIAOYXiOEl TO TTAKETO VIO
va PTACEI OTOV TTPOOPICHO Tou. To medio TTL Aauaver pia apxIkn TiuA
oTnv apxn ™S OPOoPOoAdYNONG TOU Kal UTTOPEI va TTPOCdIoPIoTEl TOOO
atmo €vav dpopoAoynTh yia Adyoug eAéyxou TTpowBnong, 600 Kal atrod
TNV id1a TNV €@apuoyn yia Adyoug TTEPIoPIoUOU TwV hops i Tou Xpdvou
TTOPAPOVAG TOU TTOKETOU OTO OIKTUO (WG GANOG €vag TTEPIOPICHOG
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TT0I0TNTAG). KdBe emmoéuevog OpouoAoyntig TTou Ba TTapaAdBel 1o
TTOKETO, Ba peiwoel TV TiuA TTL katd €va. ‘ETol, €dv n TP @Td0El OTO
0 aAAG TO TTAKETO BeV £xEl PTACEI OTOV TTPOOPICUO Tou, Ba ATTOPPIPBOEI.
‘Evag atmmd Toug BacikoTepoug AOYyoug TnG TTapaTTavw TTPOCEyyIong,
EYKEITAI OTNV aTToQuUYN loops Tou TTAKETOU 1 TNG POAS KAGONG KaBwg
Kal oTOV €AEYXO TOU OUVOAIKOU XpOVOU HETAOOCNG TOU OIAUECW TOU
MPLS Topéq, peiwvovtag €101 TRV MBOAvOTNTa oUd@OpnoNngG  €KTOG

XPOVOU TTapadoonG TOU TTAKETOU.

H 0éon mig eTkéTag ( oToiBag, OTTWG Ba TTEPIYpaAPEi TTAPAKATW) PPICKETAI
META Tnv emKePaAida Tou emmmeédou Olaouvdeons oedopévwy (Data Link
Layer, DLL) kai 1rpiv Tnv €mmKe@aAida Tou emmrédou diktuou (Network Layer,
NL). Edv uttdpxel oToifa eTIKETWY, TOTE N KOPUGA NG (dnAadr n TTPWTN
ETIKETA) €ival n 1Mo KOVTIVI] oTnV €TIKEQPAAIda Tou DLL. Mapadeiyuata tng
Béong TTou uTTopei va KataAdBel n eTkETa atroteAouv 1o Tedio VPI/VCI Tou

ATM Header, 1o medio DLCI oto FrameRelay kai GAAa.

'ZTOIBA ETIKETQN

KdBe TtrakéTo Ogv  €Xel KAT avAaykn MOvo udia eTIKETA, AAANG& JTTOpEl VO
repIhauBavel pia otoifa eTiketwyv (Label Stack), opyavwpuéveg cav pia oupd
LIFO, divovtag €101 TN duvatoTnTa IEpapXIkAg dpouoAdynong oto MPLS. H
emegepyaoia Twv ETIKETWV AauBAvel xwpa TTAVIa OTO avWTEPO ETTITTEDO TNG
oToiBag Kal emMTPETEN TN ouvdBpoion LSPs oe éva povadikd LSP yia éva
TUAMA TG dladpoung (eTiIdxvovTag, €101, €va ) TTEPIcCOTEPA tunnels, avadAoya

ME TOV apIBPO ETIKETWV TNG OTOIRAG).

H diaxeipion tng OTOIBOG ETIKETWV €ival ATTAR KAl PTTOPEI va TTEPIYPAPEI WG
akoAoUBbwc: ‘EoTw 6T éva TTakéTo dpopoAoyeital oto MPLS kai TrapouaidleTal
n avaykn yia tv mpowOnon tou péoa amd éva tunnel. Mpiv €10€ABel 0TO
TTPWTO tunnel, TO TTAKETO €ival POPKAPIOUEVO ME TNV ETIKETA A n oTroia
TTpoodiopiCel Tnv eyyevy FEC Ttou. Ztnv apxn tou tunnel, o LSR Ba Ttou
TTpooBéoel (push) pia dla@opeTik €TIKETA, €0Tw B, pe atrotéAeopa OAa Ta

TTOKETA TTOU €lo0épxovTal oTo tunnel va Tuyxdvouv idlag peTaxeipiong. 210
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TEAOG TOU tunnel, évag dAAog LSR Ba BydaAel (pop) Tnv €TIKETA TNG KOPUPRAG Kal
Ba ouvexioel TNV TTPpowBNCN ToU TTAKETOU XPNOIKMOTIOIWVTAG TNV ETTOMEVN, OTN

oToiBa, eTIKETA, dnAadr) Tnv A.

LIB
Interface | Label |Interface| Label
in In Qut Out

) 1 I
Interface | Interface |
in out

FEC

Ingress
LER

‘LabeI|Exp s|rr|.‘

Ewova 3. Apxitektoviky MPLS

'MPLS APOMOAOTHTES

O1 dpouoAoyntéc oto MPLS Aeitoupyolv cav PETAYWYEIG Kal XwpifovTal o€
U0 TUTTOUG avAAoya PE TV TOTTOBECIa KAl Ta KABNKOVTA TOUG. ZUYKEKPIPEVA,
ol dpopoAoynTEG — PETAYWYEIG, yvwoToi wg Label Switching Routers (LSRS)
BpiokovTal 010 €0WTEPIKO VOGS MPLS TOp£a Kal EKTEAOUV TIG BACIOUEVEG OTAV
eTIKETA Aeiroupyieg TTpowBnong makéTwy. O1 ApopoAloyntég ETikéTag Akpou
(Label Edge Routers, LERS) €ival peTaywyeic Tou TOTTOBETOUVTAI OTA AKPO
Tou MPLS domain kai e€ival Ikavoi va xpnoldoTroioUv Tnv TTAnpogopia
OpOoPOAOYNONG TTPOKEINEVOU VA AVOBECOUV ETIKETEG OTA TTOKETA KAl KATOTTIV va
Ta TTpowdrioouv oto MPLS diktuo. Oi1 LERS, pe Tn o€1ipd TOUG, KaTAvEUOVTAI

o€ Ingress kal Egress LERS, pe Toug TTpwToug va BpiokovTal oTnv €icodo Tou
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TOpéQ TOTTOBETWVTAG (push) pia €TIKETO OTa €I0EPXOUEVA TTOKETA KAl TOUG

deUTEPOUG va TOTTOBETOUVTAI OTNV £€€000 ATTOMAKPUVOVTAG TNV (pop).

éI'IPQTOKO/\/\O KATANOMHZ ETIKETQN

Map' 6Ao 1Tou autd kaB' autd 10 MPwWTOKOANO Katavoung ETikeTwyv € Ba
ATTacXOARCEl TNV TTapouca epyaoia, Ba Treplypa@ei o€ uPnAd eTTiTTedo
agaipeong yia Adyoug ouvoxig. MNpokeipyévou, Aoitréy, €vag LSR va yvwpidel
O€ TTOI0 ONnUEIoO va ATTOOTEIAEl TO EKAOTOTE TTAKETO, XWPEIG va XPEIAeTal va
atmmo@acilel yia/ uttoAoyilel TNV O1adpouny €K Twv TIPOTEPWYV, TIPETTEI vd
UTTAPXE! £VAG INXAVIOPOG O OTTOI0G AP’ EVOG VA TOU ETTITPETTEI VO HETAYAYEI TNV
ETIKETA aAAGCovVTaG TRV TTAAIG TIMA TNG KAl TOTTOBETWVTAG TAG Mia Kalvoupia n
oTroia va €xel TNV idia Tiun yia KABe TTakETo TNGS idlag KAAoNG, Kal ag' ETEpou va
TOU UTTOOEIKVUEI TOV TTPOOPICHO OTOV OTTOI0 QUTO TTPETTEI va TTpowBnBei. Na Tto
AOyo autd kdBe LSR diatnpei pia Baon - FAnpogopiwv ETiKETag (Label
Information Base, LIB) n omoia TrepIAQUBAVEL TIG QVTIOTOIXIOEIG «EICEPXOPEVO
ONUEI0O  TIPOCOPHUOYAG —  TIUAR  ETIKETAGY  TTPOG  «ELEPYXOMEVO  ONUEIo

TTPOCOPUOYNG — TIUN ETIKETAG.

O pnxaviouog o oTT0iog, OUCIAoTIKA, «yepiler» Tn LIB ovopaletal MpwTdkoAAo
Kartavoung Etiketwyv (Label Distribution Protocol, LDP) kai TpokeiTal yia éva
OUVOAO dIadIKOCIWY Ol OTTOIEG TTPWTOV, ETTITPETTOUV OTOUG YEITOVIKOUG LSRS
va avTaAAGOOUV. TTANPOPOPIEC OXETIKEG UE TIG ETTIAEYUEVEG ETIKETEG TOUG KOl
OeuTepOV, xpnoidotroloUvTal atmmd TOuG TEAEUTAIOUG yia Tnv oTr' euBeiag
avTioToiXIoN TNG TTANPo@opiag OpopoAdynong emTrédou OIKTUOU HE TA
MOVOTTATIO HETAYWYNGS Tou ITTEdOU (eugng dedouévwy. Agilel, oe autd TO
onueio, va TovioTel 0TI TO TTPWTOKOAANO LDP etmiTpétrel TNV aviaAAayn €TIKETWV
ME kaTeuBuvon avtiBetn amd autr) Tng pong dedopévwy (0 KABe upstream
KOUBOG EVNUEPWVEI TOV YEITOVIKO downstream Tou) Kal UTTOPEI VO EKTEAEOTET E
OUO TPOTTOUG: QUTOKANTA (évag LSR eKTTEUTTEI TIG OUVOEDENEVESG HE KABE FEC
ETIKETEG TOU) 1 KOT' atraitnon (évag LSR aitei atmd £vav dAAov opdTipo LSR va

MABeg!I TNV TIPM TTOU AuToG £XEl avTioTolxnoel o€ pia FEC).
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[MpoKeIHEVOU VA EKTEAECTOUV ME ETTITUXIO OI TTOPATTAVW AEIToupyieg, To LDP

TTPOCPEPEI TEOTEPA €idN INVUUATWY Ta OTTOI0 oUVOWIlovTal WG aKOAOUBWG:
»  Mnvuuata Avixveuong (Discovery Messages)

XpnolgoTroiouvTal  yia TV avayyeAia kal  Tn - dlatnenon 1ng

TTapouciag evog LSR.
» Mnvuuata Zuvedpiag/ leirviaong (Session/ Adjacency Messages)

XpnolgoTrolouvTal yia TNV €yKAtaoTaon, Tn Olartpnon Kal Tov

TEPMATIONO OUVEDPIWY aVAPETO o€ OPOTIHOUG LSRs.
»  Mnvuuata Alapnpiong (Advertisement Messages)

XpnoigoTrolouvTal yia Tn dnuioupyia, tTnv aAAayn kai tn diaypagn

QAVTIOTOIXIOEWV ETIKETWV .
=  Eidotmoinmikd Mnvupata (Notification Messages)

XpNOIYOTTOIOUVTAI - YIG TNV TTAPOXH OUUBOUAEUTIKAG TTANpo®opiag

Kal TN onNUaTodosia OQAAPATWY.

éMONOI‘IATI METAIQIFIMO.ME ETIKETEXZ

Q¢ Label Switched Path (LSP) opiletal T0 pyovotrdr mou akoAoubeital atrd
éva TTaKETO, EVIOG Tou MPLS Topéa. O amo@daoeig TTou AapavovTal Katd Tov
TTPOCdIOPICPO TOU, KABWGS KAl 0 aKPIPNSG TPOTTOG KATAOKEUNG TOU Ba avaAubei

oTa KEQAAQIQ TTOU aKoAouBouv.
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AEITOYPIIA TOY MPLS

2TnVv evoTnTa autr) Ba 600¢i pia cuvrToun TTEQIYPA®R TNG AEITOUpPYiag Tou
MPLS o010 yevikd TTAQicIo e@appoyAg Tou. @a atro@euxbei n avaAuon Twv
O100IKAOIWY KAl TWV ATTOPACEWV TTou  AauBAavovTal - TTPOKEINEVOU  va
uTTOoOTNPIXOEI N dlaxeipion TTOPwWV Kal Kivnong, KabBwg Kar Ta XapakKTnpIoTIKA
Twv MPLS OVTOTATWY TIOU CUMMETEXOUV OE QUTEG, €MPEVOVTAG OE TTIO
KABOMNIKEG Dlepyaaieg Kal aQrivovTag Ta TEAEUTAIA yia HEYAAUTEPN avAAuon OTO

ETTOMEVO KEPAAQIO.

H diadikacia Asitoupyiag Tou MPLS, Aoitrdy, &ekivaer otav évag Ingress LER
TTapaAappavel €va Takéro. OTmwg Kal otny [P apXITEKTOVIKE, TO TTPWTO TTOU
KAvel €ival va 1o €CeTOEl WG TTPOG TA XOPAKTNPIOTIKA Tou. 'ETol, €€dvyel
TTANpo@opiec OTTwG n d1elBuvon TOU TIPOOPICPOU, N MAoka OIKTUOU, N
d1evbuvon TnG OIETTAPNG aTrd TNV oTmroia €@Tace, To TTedio DS kal GAAa.
Baoliopévo og autd, uttoAoyicel Tn BEATIOTN S10OPOMN TOU XPNOIUOTTOIWVTAG
utTdpxovTa TTPWTOKOAAa (T1.X. OSFP). ETrépevo Bripa ival n evnuépwaon Tou
TTivaka dpouoAdynon¢ Tou. Evwy oto 1P TTpwTOKOANO, OAOI oI dpouoAoynTES
dlatnpouv €vav Trivaka pe Tredia OTTwe n dieubuvon TTpoopiouol/ pdokag/
OIETTAPAG/ TTUANG, N METPIKN, TO TTPWTOKOAAO TOU TTAKETOU K.0.K. KAl avadntouv
TO €TTOMEVO PBripa Baoiopévol o€ autd, oto MPLS n diadikacia atrAoTrolgital
OnNUAvTIKA, Pe Tov Ingress LER va mrpétrel ammAd va avTioToixioel pia TIun

ETIKETAG OTN ouyKekpIuévn FEC.

‘ET01, Aoitdy, agou e¢axBei n FEC yia 1o TakéTo, o Ingress LER, 61Twg kai ol
utTOAoITTOI dPOMOAOYNTEG KATA WAKOG TOU poOvOoTTaTiou, Ba TTpETTeEl va Tng
avaB£oOoUV [ia TIPA ETIKETAG TTPOKEIMEVOU va TNV avayvwpifouv. Map' 6Ao tTou
yIa TO OKOTTO QuTOV £XOUV TTPOTABEI APKETA TTPWTOKOAAG KOATAVOUNAG ETIKETWV
ME OIaPOPETIKES TTPOCEYYIOEIC Kal UAOTTOINCEIG, €dW Ba TTaPOUCIACTE JOVO TO
BaOIKO OKETTIKO ATTOPEUYOVTAG AETTTOPEPEIEG TTOU  OXETICOVTOI WE TNV
ETTIKOIVWVIiQ, TIG OVTOTATEG KAI TO NVUPATA TTOU YTTOPEI VO CUPMPETEXOUV OTNV
KaBe uAotroinon. Zuveyxiovrag, Aoitov, o Ingress LER Ba atrooTteiAel oTov
Egress LER éva aitnua eTikétag (Label Request), 10 oT0i0 PTTOPEI VA

TrepIAauBavel, yia TTapadelyua, tnv dieuBuvon Trpoopiopou Tng FEC. O Egress
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LER Tou Oa Ad&Bel 10 aitnua, Ba avaBéoel pia TR ETIKETAG YIO TN
ouykekpipgévn FEC, evnuepwvovtag ta mmedia «AieuBuvon Mpoopiopous» Kai
«ETikéETa EE6O0U» TNG LIB TOUu Kal Ba atrooTeilel TNV TIUAR TNG ETIKETAG TTPOG
TNV avTiBeTn KareuBbuvon (upstream). KaBe dpopoAoyntrig KATd WPAKOG TOu
gJovotratiou, Aoittév, Tou Ba  AauPdvel amd  TOV  TTPONYOUMEVO TOU
TTANPOPOPIEC OXETIKEG YE TN BIEUBUVON TNG DIETTAPAG ATTO TNV OTToI Ba YTACEI
TO TTOKETO, KABWG KAl TNV TIMA TNG ETIKETAG TTOU AUTO Ba €XEl, Ba TTapayel pia
GAAN TIPN €TIKETAG yIa TN ouykekpipyévn FEC kal Ba cupTrAnpwvEl avTioToixa
TNV LIB Tou. 'ET01, 010 TEAOG TNG dladikaaoiag 6Aol o1 dpopoAoynTég Ba givai
EVNUEPWMEVOI WG TTPOG TO «TTOIA VEQ ETIKETA E2 va avaBéoouv oTo TTaKETO P
TTOU €I0€pXETaI ATTO TN dIETTAP A €xovtag €TIKETA E1» Kal 10 «TToU va Thv

TTPOWONCOoUV».

LABEL REQUEST LABEL REQUEST
451.1.1 45.1.1.1

ﬁ q
FEC Intf In Intf Out Label Dest. Intf In Label In Intf Out Label Out Dest [ (72" Intf In Label In Intf Out Dest
a 1 2 30 45444 LABEL 1 30 2 90  45.1.1.1 1 9 2 45444
— 30 0
‘ .‘—
2 1 @ 2 1 2
———
1P Header | Payload MPLS Label | Payload

Ingress
LER

Egress
LER

1. ESaywyn mipng ETikérag
2. Avalfiten oy LIB yia Tn véa ETikéra
3. Meraywyn (swap) Emikétag

1. Ta§ivopnan makérou og FEC
2. Avnigroixnon FEC ot Enikéra
3. Amobrikeuon SeSopévuwy v LIB
4, NpooBnkn (push) ETikérag

1, ESaywyn mipng eTikétag
2. AvagiTnon omv LIB Tou Témou Tpoopioyiol
3. Agaipzon (pop) eTikéTag

Ewkova 4. Aetrtoupyia tou MPLS

A@ou kartaveunBouv o1 eTIkETEG, O Ingress LER Ba €iodyel Tnv €TIKETQ OTO
TTOKETO, Ba evnuepwaoel Ta utrdAoimra Tredia (6mwg 10 TTL) Ko Ba 1O
dpopoAoynoel. Kadbe dpouoAloyntiic Katd PAKog Tng O1adpoung, Ba eeTdoel

TNV €TIKETA yIa va €¢Ayel atmd autiv TV TIuA TTL kai Ba Tn peiwoer (m.x. Katd

46



éva, €dv 1o TTL armreikoviCel To pEyIoTo TTARB0G KOUPBWYVY aTtTd Toug oTToioug Ba
TTPETTEl va TTEPACEl TO TTAKETO). Edv 1o TTL cival undév kai o ekdotote LSR
O¢ev gival 0 KOUPBOG TTPOOPICHUOU, Ba ATTOPPIYE! TO TTOKETO. ZTNV TTEPITITWON,
O¢, TTou O¢gv gival uNdEVIKO, 0 dpopoAoynTnG YeE BACEI TNV TIPA TNG ETIKETAG KAl
TN SIETTAQN ATTO TNV ATTO TNV OTToIa £PTACE TO TTAKETO, Ba avalntroel otnv LIB
TN véa eTIKETA (ETIKETA EEGOOU) TNV oTT0ia £XEI AVTIOTOIXOEI OTN OUYKEKPIKMEVN
TIMA ETIKETAG KAl Ba avTikataoTAoEl (Switch) TV TTOAIA TIPA e TR vEa. KaTéTiv,
Ba 1o TTpowBnoel oTn dieTTaPr OO0V TTOU avaPEPETal oTOV TTivaka. Agilel va
avaepBOei 611 avd FEC ptropouv va TTpocdiopioTouV Kal GUYKEKPIPEVEG PHBS,
ME artroTéAeopa o1 evdidueool dpopoAoynTéG va  etmegepydlovial 1 va

TTPOWOOUV PE CUYKEKPIPEVO TPOTTO (TT.X. O€Ipd ) To KABE TTaKETO (ava FEC).

Ortav 10 TTOKETO PTACEI TEAKA O0TOV Egress LER, autég Ba e€etdoel TNV TIPA
TNG ETIKETAG TOU Kal Ba €€ayel atrd Tov TTivaka LIB tn digragr otnv otroia Ba
TPETTEl va TOo TTpowdnoel. MNvwpifovtag Ot €ival kKOuPog atmdAnéng, Oa
aQaIpECEl TNV €TIKETA (POP), YUPVWVTAG TO TTOKETO OTNV KAVOVIKA TOU HOP®N
(T7.X. ME TNV IP €mmKEQOAIdO va QaAiVETAI KOVOVIKA) Kal Ba To TTpowbroel O0TO
YEIToVIKO (UTTo)dikTUo. ATTO TO ONnuEio auTtd Kal PETA, TO TTOKETO Ba ouveyioel

KAvoVvIKA T d1adpoun Tou JEXP! VA PTACEI OTOV TEAIKO TOU TTPOOPICHO.

2YNOWH

O1rw¢ dn mapouaciacTnKe, Tpia Bacikd PyovréAa Kupidpxnoav oTov TOUED TNG
MoidTnTag Y1npeoiwyv: ol OAokAnpwuéveg YTTNPETiEG, O AlOQOPOTTOINPEVES
Ytnpeoieg kal N Metaywyr ETikeTwv MNMoAAaTTAWY MpwTOKOAAWYV. To TTpwTO,
€oTIO(OPEVO  OTNV  Trapoxn TroIdTNTOGC avd pPor), TTPOCQPEPEl dUVATOTNTEG
AeTITOMEPOUG TTPOBIAYPAPAG TNG TTOIOTNTOG UTINPECIiag TTou emOuuEl évag
Client ka1 amd dGkpo 0©€ AKPO OQOTUVOPEUCH Kol TAPNON Twv
TTPOCUNQWVNUEVWY  TTAPAPETPWY  TToIdTNTag  Kal  kKivnong.  QoTdoo0,
dlaTnpwvTag Pey@Ao Oyko dedouévwy avda por) KaBioTatal atmmoTPETITIKO yia
OikTUa peydAou peyEBoug KaBwg Oev TTPOCPEPEI OUVATOTNTEG KAIHAKWONG EVW
TauTOXpOova duvaTtal VA UTTEPPOPTWOEl Ta TeAeuTaia pe TTOAAATTAG signaling

pnvouara.
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Q¢ amavinon oTta TTPORAARUATA TOU TTPWTOU, TO BEUTEPO MOVTEAO QTTOPEUYEI
TNV TTapoxr ToIdTNTAg avd por] dedoUEVWV Kal OTPEPETAI 0TV ouvaBpoion
TWV TEAEUTAIWV EVTOG KOAG opIiopévwy TACewV uTTnpeoiag. 'ETol, dilatnpwvTtag
oedopéva ava TaEn, TAfov, Kkal Ox1 avad porj, MEIWVEL OPACTIKA TOV
ammaiTouuevo Oyko dedouévwy KaBwg Kal To overhead TTou TTPOCBETOUV Ol
OAokAnpwpéveg YTnpeoieg. MapdAAnAa, pnv amairwvTag €K TWV. TIPOTEPWY
O1eubETNON Kal XpovoRoOpeg diatTpayuateloels amd AKPo €16 AKpo ava por),
KabioTartal OXETIKA EUKOAO OTnv UAOTTOINON Kal TN dlaxeipion evw Oivel KAl TN
duvaToTNTA EQAPPOYNG, ME TTOAU TTIO EUKOAO TPOTTO, OIAQOPETIKWY TTONITIKWYV

XPEWONG ava KAAon.

Evroutoig, 10 yeyovog OTI Kal Ta OUO HOVTEAQ €QaApPPOlouV XPovoROpES
TTONITIKEG Kal avalnTroelg o€ KABe KOPPo, evw TTapdAAnAa Bacifovtal o€ TTOAU
MeydAo PBabud oTic ndn umdpxouoes Texvoloyieg (1m.X. OSFP) yia 1n
OpopoAdyNnon Twv TTOKETWY, TTPAYMA TTOU onuaivel 611 n diadpouny TTou Ba
ETTIAEYEI PTTOPEI QQ' EVOG VA ATTAITACEI ONUAVTIKOUG XPOVIKOUG TTOPOUG YIa TNV
avadnTnon TNG evw ag' ETEPOU Va PNV Eival N «BEATIOTN» TTOIOTIKA, €dWOE TNV
wonon yia TNV TEAIKA €TTIOKIAON TWV TTPONYOUNEVWY HOVTEAWV attd To MPLS.
To povrého Metaywyng ETiKETag MoAAaTTAWY TTpwToKOAAWY, OTTWG dNAWVEI
Kal To 6vopd Tou, BaacifeTal 0Tn dnuIoupyia KUKAWPATWY avaBETOVTAG ETIKETEG
avda por, VW TAUTOXPOVA €ival aveEaPTNTO ATTO TA BIAPOPETIKA TTPWTOKOAAQ

emTTEOWV Zeugng Aedopévwy kal AIKTUOU.

2uvOUAdovTaG Ta KOAUTEPO XAPOKTNPIOTIKA TWV AEITOUPYIWV PETAYWYNG TTOU
eKTEAOUVTAI OTOV TTUPAVA €VOG OIKTUOU HE TIGC WQEAEIEG TwV IP TEXVOAOYIWY
OpopoAdyNoNgG TTou TPEXOUV OTA AKPA, PTTOPEI VA XOPAKTNPIOTEI oav €va
TaXUTOTO KOl €EQIPETIKA KAIHakoUuevo UBpIdIKG povTédo. Ta TToAAaTTAG
TTAEOVEKTAUATA  TOU QiKaIO CUYKEVTPWOAV TNV TTPOCOXHN TNG ETTIOTANOVIKAG
KOIVOTNTOG N OTroia TTAE0V, EKTOG OTTO TNV €KUETAAAEUCT} TOU yIO TNV TaXEiQ
OpopoAdyNon TTOKETWY, €XEl EEKIVAOEI TNV TTPOTUTTOTTOINCN Kal TNV €UPECN
MNXAVIOPWY Kal TeEXVOAoylwv TIpog Trapoxn [lloidtntag YTrnpeoiwy Kai
Alaxeipiong Kivnong.

270 KeEQAAalio TTou akoAouBei, Aoitdv, Ba TTpayuartotroinBei eufdBuvon oTa

TeAeuTaia autd CnTApoTa, Oivovtag apxikG uia KABOAIKr) TTEpIypa@r Tou
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TTpoBARparog  Alaxeipiong Kivnong kai Mépwv, n otoia katotmmyv  Oa
OUYKEKPIPEVOTTOINOEI PE T ATTAITOUMEVA XAPAKTNPIOTIKA TToU €10dyel n MPLS
TEXVoAoyia oTo Bfua autd. Oa TTapouciacTei, ME AANa Adyia, Ti €ival n
Alaxeipion Kivnong kai Mépwv, KaBwg kal 10 TTWG TIPETTEL ] UTTOPED va
uAotroinBei péow Tou MPLS. Ev ouvexeia, Ba Adpel xwpa yia avagopd o€
KATTOIEG  TEXVOAOYIEG Kal aAyopiBuoug Tou €xouv  TTpoTaBei  yia TO
OUYKEKPIPEVO TTPORANUA, £0TIACOVTAG TOOO OTOV TPOTIO AEITOUPYIOG TOUG OO0
Kal oTo BoBud eKPETAAAEUOTG TOUG TwWV OUVATOTATWY KAl ATTAITHOEWY TOU

MovTEAOU.
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AIAXEIPIZH KINHZHz KAI MOPQN 2TO

MPLS
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EIXAT'QI'H

To ke@AaAaio autd oTpépeTal yUpw aTrd To TTPORANUa TNG Alaxeipiong Kivnong
Kal Mépwv eoTidloviag oTov OpIoPO autoUu KOBWG Kal TwV XAPAKTNPIOTIKWY
TToU TIPETTEl va  €xel TO MOvTEAO MeTtaywyng ETikeTwv - [MoAAatTAwyv
[MPWTOKOAAWYV TTPOKEIMEVOU VA TO UTTOOTNPICEI 0pBd. ApXIKA, AoITTOv, Ba d0BEi
0 opIou6GS Tou uTTd avaAuon TTPORANUATOS O OTToioG Ba dlaIpedEi TTEPAITEPW
WG TIPOG T CUCTATIKA TOU OTOIXEiIA, OTTwWG N dlavoun Twv TTANPOPOpIWYV

CeUEewv, 0 UTTOAOYIONOG TWV DIOQPONWY KAl N ONUATOd0CI TWV TEAEUTAIWV.

2uvexiovtag, Ba egeTaoTOUV 01 apxéG TTou glodyel To MPLS povtéAo yia tnv
UTTOOTAPIEN TWV TTapaTTavw. Me GAAa Adyia, Ba TTapoucIacToUV Ol ATTAITACEIG
Tou MPLS kaBwg¢ kai o1 duvatdtnTeEG TTOU QUTO TTPOCEPEPE! YIa TNV TTAPOXN
MoidtnTag YTrnpeoiwv Kal Alaxeipiong NG KUkAogopiag, atrod Akpo — €Ig —
dkpo. MapaAAnAa, Ba d0B¢i pia 1o AETTTOUEPAS QTTEIKOVION TWV AEITOUPYIWV
1600 TOU MPLS OUVOAIKG OCO KAl TwV  €TTIHEPOUG OVTOTATWY TIOU TO

atroTeAoUV, Y€ KATEUBUVON TTAVTA TO avaQePBEV TTPORANUA.

‘ExovTtag avaAuoel 1o TpoBAnua Alaxeipiong Kivnong kai Mépwyv, kabBwg Kai
TIG ATTAITOUPEVEG KOl TIPOTEIVOUEVEG ApPXEG yia TNV €TTiAucH Tou oto MPLS, Ba
TTOPOUCIACTOUV TEXVIKEG Kal aAyOpIBuol TTou €xouv TTPOTABE yia TO €v AOyw
(NTnua. ‘ETol, Aoimmdy, oTnv TEAEUTAia evOTNTA TOU TTOPOVTOG KEPAAaiou Ba
eCeTaoTOUV OIAQOPEG TTPOOEYYIoEIG yia Tn Alaxeipion Tng Kivnong kal Twv
Mépwv oto MPLS, amd tnv okomid Twv OTOXWV TTOU QUTEG BETOUvV, TOu
TPOTTOU TNG AEITOUPYIag TOUG KABWG Kal Tou BaBuol CUPPOPPWONG TOUG HE TIG

ATTAITAOEIG KAl TO XOPAKTAPIOTIKA TOU JOVTEAOU.

2T0 OnMEIO QUTO, OKOTTIPN KPIVETAI N avag@opd KATTOIWV TTaPadOXWV TTou
eAQ@Onoav OTIC  €vOTNTEG TTOU OKOAouBoUv. Mg Tov OpO  «TTAKETOY,
avagépovTtal Ta TTakETa TTAnpogopiag ota dikTua Metaywyng Makétou, 6TTwg
1a IP. EvTouToig, atrd 10 onueio autd Kal JETA, JE TOV OPO «TTAKETO» Ba yiveTal
ava@opd oTo OTTOIOdNTTOTE TUAMA dedopévwyY avTaAAdooeTal | TTpowOeiTal
METAEU BUO SIKTUOKWY OVTOTATWY, OTTWG TO dedouevoypd@nua, To TTAdiolo, To

KUKAWMO Kal oUTWw KaB' €¢AG.

51



EmmpdoBeTa, o 6pog «por» Ba ava@épeTal otnv ouvdbpolon TTOKETWY TNG
idlag kKAdong utnpeciag n otroia dpouoAoyeital atrd 1o id1o LSP. Koivwg, pia
por] Ba xpnoipoTrolsital wg €va traffic trunk TTOAAQTTAWY pOWV TTOKETWY, TTOU

avrikouv oTnv idla FEC o€ pia 6edopuévn XpovIKA OTIyu.

AIAXEIPIYH KINHYHY KAI IIOPQN

H paydaia diadoon tou AIOdIKTUOU, N OTTOI0 XOPAKTNPICETAl OTTO TNV aUgnon
TOU TTABoUG XpPNOTWyV, Tov TIOAAATTAQCIQONO TWV E€QAPUOYWYV Kal TNV
ETEPOYEVEIA TWV TEXVOAOYIWYV, OUVTEAEI O€ HEYAAEG OIOKUUAVOEIG TNG DIKTUOKNG
Kivnong 1600 YEWYPAPIKA, MEOW TNG METATOTTIONG TNG KUKAOQOPIAg o€
OIOQOPETIKA YEWYPAPIKN TTEPIOXN), 000 KAl XPOVIKA, HECW EKPNKTIKWV KOl
NPEPWYV TTEPIOdWYV. Z€ €va TOOO ETEPOYEVEG Kal AKAVOVIOTO TTEPIBAAAOV, N
atrodOTIKA KATAVOUN KOl EKMETAAAEUO TWV TTOPWYV Eival oxedov aduvarn [21].
ATTapaiTnTog, AOITTOV, €ival 0 OUVEXNG EAEYXOG KAl N pUBUION TNG Kivnong YE TO
BEATIOTO TPOTTO. H TEXVOAOYia TTOU QOXOAEITAI hME TO {ATANO AUTO AVOQEPETAI
oTtn BiIBAIoypagia wg Alaxeipion Kivnong (Traffic Engineering, TE) kai €xe1 oav

YEVIKOTEPO OTOXO TNV BEATIOTOTTOINON ATTOS00NGS TWV BIKTUWV.

O1  Texvoloyieg - Alaxeipiong  Kivnong, XpnoIYOTIOIOUV  TEXVOAOYIKEG  Kal
ETTIOTNMOVIKEG APXES YIA TN PETPNON, TN MOVTEAOTTOINON, TO XAPOKTNPIOUS KAl
TOV €AEYXO TNG TNAETTIKOIVWVIOKNG KUKAOQOPIAG TTPOKEINEVOU VA TTETUXOUV TO
Baoikd oTOX0: TNV a1odoTiK Kal agliomoTn Asitoupyia OIKTUOU HE TNV
TauTOXPOVN BEATIOTOTIOINOTN KATAVOUNG TTOPWYV Kal KUKAOQOPIOKAGS £TTiIdO0NG.
O avTIKeIpeVIKOG 0TOX0G TNG TE, OUVETTWG, UTTOPEI va XwpIoTel o€ dUO TOMEIG:

TOV Baciopévo TNV KUKAOQPOPIa Kal TOV BOCICUEVO OTOUG TTOPOUG.

To Baoiopévo oTnv Kivnon TTPORANua BEATIOTOTTOINONG €XEl VO KAVEI PE TNV
eAaXIOTOTTOINON ATTWAEIWV TTOKETWY, TNV €AaxIoToTToiNON TNG KaBuoTépnong,
TNV peyloTotroinon g O1éAeuong oTo OIKTUO Kal TNV 0opBry epapuoyn Twv
SLAs. oAU onuavtikG ¢ATnua, TO oTtroio AapBdverar utr' owiv atrd TNV

Alaxeipion Kivnong, cival BéRaia kar n oup@dépnon Twv OIKTUWV. ZTO
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[RFC2702] avayvwpifovtal dUo XpOoVIKoi TUTTOI CUPPOPNOoNG: N Bpaxupia, TTou
MTTOPEI VO TTPOKANBEI 0€ PIKPES TTEPIODOUG EKPNKTIKOTNTAG KAI N TTAPATETAPEVN
n oTfroia MPTTOPEI va TTOPOUCIACTEl UTTO KATAOTACEIS QVETTAPKWY, YIA TO
EKAOTOTE @OPTIO, TTOpWV nf/Kal Otav o1 PoEG KUKAOQOPIAG KaTavéuovTal
AVOTTOTEAEOUATIKA O OX£ON ME TOUG BlaBEéaiyoug TTopougs. To TTPoRANuUa TNG
oupEOpPNOoNG AOyw QVETTAPKEIAS TTOPWYV PTTOPET va AUBEi hE TEXVOAOYIEG OTTWG
TO KUAIOPEVO TTAPABUPO, O TTEPIOPIOUOG TOU PpuBuOU aTTOOTOAAG Kal GAAQ. H
AviOon KATavour Tou QOopTiou TTAVW OTOUG dIaBECIUOUG TTOPOUG, OE, ATTACXOAEI
TNV TE kai ytropei va emAuBei péow tng E¢iocoppoétTnong Poptiou, 0TOXOG TNG
oTToiag  €ival N €AaXIOTOTTIOINCN TNG Oud@opnong. N TG MEYIOTNG
XPNOIMOTToINONG TwV TTOPWV. A&iCEl va TOVIOTEI OTI N YEIWON TNG CUPEOPNONG
MéOw TNG aTTOdOTIKAG KATAVOUNAG TIOPWY  CUVETTAYETAI TN MEIWon TNG
amwAelag TTakéTwy f/ Kal TNG KabuoTépnong, HE atmoTéAeoua Oyl PHovo va
augaveral n diEAeuon oTo BiKTUO AAAG va TTPOCQPEPETAI KAl €YYUAOIKN TTOIOTATA

OTIG UTTNPECTIEG.

H Baociopévn oToug TTOpoug dlaxeipion Kivnong, B€tel oav TpwTapXIkd oTdx0
TNV BeATIOTOTTOINON TNG XPAONG TTOPWY. Aedopévou OTI 0 BACIKOTEPOG TTOPOG
(Gpa kai peyoAuTePn TINYA KOOTOUG yia Toug ISPS) eival to @dopa [19],
TTPOYAVNG YiVETAI N avaykn yia TNV BEATIOTN KOl ATTOOOTIKOTEPN KATAVOWI TOU
€TOI WOTE VA TIAPEXETAI ETTAPKEG €Upog (wvng o€ 600 TO OUvVATOV
TTEPICOOTEPOUG XPNOTESG (OUVOPOUNTEG). MEBODOI Kal TTPOKTIKEG yIid TNV
epapuoynn EAéyxou Kivnong UTTAPXOUV OPKETEG, TTOANEG QTTO TIG OTIOIEG
ATTOTEAOUV ETTEKTACEIC TWV NON UTTAPXOVTWY TEXVOAOYIWV KAl TTPWTOKOAAWY
kal Trepiypagovtal ota RFCs 3630, 3970, 5543, 5329, 4105 kai dGAAa.
QoTt6o0, OTTWG AdN €xel avagepBei, Ta TeEAeuTaia Xpdvia n ETICTNHOVIKA
KOIVOTNTA €XEI OTPEWEI TNV TTPOCOXN TNG OTIG duvatoTNTEG TOU MPLS, TO OTT0i0
TTapouCIAlel eEQIPETIKES BUVATOTNTES KAl TTPOOTITIKES VIO TOV ATTOSOTIKO £AEYXO
NG Kivnong kar Tnv opBr} karavouy Tou @opTtiou. H Trpotiunon otnv
OUYKEKPIPEVN TEXVOAOyia, OTTwg avagépetal kal oto RFC 2702, utropei va

atmodoBei o€ APKETOUG TTAPAYOVTEG OTTWG:

= H duvardtnta pnTou TTPOCcdIoPICHOU HOVOTTATIWY
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H €UkoAn avrtiotoixion powv o€ LSPS Kal n AtmoTeAeOuaTiKA

dlaxeipion Toug

* H duvardtnta atmmdédoong OCUYKEKPINEVWY XAPAKTNPIOTIKWY OTIG

POEG, 01 OTTOIEG UTTOPOUV VA KABOPICOUV TIG CUPTTEPIPOPES TOUG

= H duvardétnTta T6oo cuvdbpoliong 600 Kal dlaxwpIopoU Kivnong (o€
avtiBeon pe TNV IP  dpopoAdynon TTOu  ETTITPETTEL POVO Th

OUCOWPEUCH POWV)

» To onuavTikd xaunAdtepo overhead TTou TTOPAYEl, OE OUYKPION ME

AAAeg TexvoAoyieg EAEyxou Kivnong, kai GAAa

MapoAo 1ou 1O Bépa Tou MPLS - TE egpeuvdtal akoOun, o€ OIAPOPES
dlaoTdoelg Kal emiTeda, ol BACIKOTEPES AEITOUPYIEG TTOU AUTO TTPETTEI va
EKTEAETEI TTPOKEIYEVOU VA PABEI, va UTTOAOYIOEI KOl VO aTTOQaCioEl TO TTwG Ba
XEIPIOTEI TO POPTIO TWV POWV TTOU €l0€pxovTal oTov MPLS Touéa £€xouv, Aiyo —
TTOAU, opioTei. O1  Aeiroupyieg autég atroteAouvial atrd T dlAvoun
TTAnpo@opiag CeuEewy,  Tov UTTOAOYIONO Twv Oladpopwyv kKal Tnv LSP

onpatodoaoia Kal Ba TTeEpIypaouyV, Xwpig 1I81aiTepn AETTTOPEPEIA, TTAPAKATW.

AIANOMH NMAHPO®OPIA2 ZEY=EQN

210 ouyxpova Trapadooiakd dikTua n TTAnpogopia Twv feUewv dlavEUETal
MEow TTPWTOKOAAWYV OTTwg To OSPF Kai IS — IS Kal ekTeAEiTal cuVBWG TTPIV
TNV AQPIEN OTTOIoUBATIOTE TTAKETOU | o€ TTEPITTTWOEIS BAaBwyv oTo dikTuo. Q¢
aTmmoTEAEOUA, KABe OpOPOAOYNTAG MTTOPEI va €XEl Mia OXETIKA OTATIKNA
ateikévion TG TotroAoyiag Tou SIKTUOU Kal va yvwpilel OAa Tta KOOt (TT.X.
apiBud Pnudtwy) yia TN OPOPOAOYNON €VOG TTOKETOU HE OTTOIOVORTIOTE

TTPOOPIOUO.

210 MPLS, woTtd00, n diavour NG TTANPO®OpIag Twv CeUEWV PTTOPEI VA YiVEl
Kal Kot aitnorn, O€ OTToIadATIOTE XPOVIKA OTIyul atrd  OTTolovOnTIoTE

LSR(ouvABwg, BEPRaila, n aitnon exkiveital atrd Tov Ingress LER) kai va a@opd
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TO0 KOOTOG yia T dpopoAdynon evog TTakéTou () POAG) OXI aTTapaiTnTa TTPOG
OTTOIOVONTIOTE, AAAG TTPOG OUYKEKPIMEVO TTPOOPIoPO. H TTAnpogopia auth,
OTOUG TTEPIOOOTEPOUG TTPOTABEVTEG aAyOPiBUOUG apopd ouvhBwg Tov apIiBud
TwV Bnudatwv kalr 10 dlaBéoiyo eupog Cwvng oTIG Ceugelg. Evroutoig,
ETTEKTACEIG TWV UTTAPXOVTWYV TTPWTOKOAAWY, O0TTws 10 OSPF — TE kai 10 IS —
IS — TE duvaral va diaveigouy pia TTOAU PeyaAUuTepn AiOTA XAPOKTNPIOTIKWY N
otroia TEANIKA dTTOPEi va xpnolgotroinBei amd Ttov airouvia LSR yia va
utTOAOYiOEI TO BEATIOTO, CUPQWVA PE CUYKEKPIUEVOUG TTEPIOPICHOUG, JOVOTTATI

yia pia FEC. Mapadeiypara TETOIWV XapaKTNPIOTIKWY atroTeAouyv [13]:

= H dievBuvon 1ng diemagng: IP dietBuvon tng dieTragrg (interface)
TNG {eung Tou TpExXovToG LSR

= Alg0Buvon yeitova: IP digeuBuvon NG OIETTAQPG TOU YEITOVIKOU

dpouoAoynti

» Méyioto bandwidth Ceuéng: H Trpaypatikl xwpnmkotnta eugng,

OTNV KATEUBUVON TOU YEITOVIKOU OPONOAOYNTH

=  AloBéoipo bandwidth Ceuéng : H péyiotn XxwpenTikOTNTA TTOU PTTOPEI

va OEOUEUTEl, OTNV KATEUBUVON TOU YEITOVIKOU dpopoAoynTh

=  AloBéoipo bandwidth kAdong: AiaBéoipo bandwidth og kd0e pia atrd

TIG 8 KAAOEIg TTpoTEPAIOTNTAG (BA. TTAPAKATW)
» TE petpikA: Metpikn eugng yia Tn Alaxeipion Kivnong

= AloiknTikr) opdda: TiEG TTou xapakTnpifouv pia Celén wg TTPOG TO
av Ba Tpémmel va OupTTEPIAN®OEi 11 va atTokA€ioTel KaTd TOV

UTTOAOYIONO TNG BIadpoung

2UVOUACOVTOG TTEPICCOTEPEG METPIKEG, Evag LSR PTTOpEi va KATAoKEUAoeEl Eva
MOVOTTATI TO OTToio OEV TTEPIOPICETAI JOVO OTO PAKOG TOU AAAG TTPOCQEPE! TTIO

TTOIOTIKA, A&IOTTIOTN KOl EAEYXOUEVN HETAPOPA DEDOUEVWV.
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YNOAOrIZEMOz AIAAPOMHZ

O utroAoyiopog ™G Aladpoung €ykerral otnv  avalnTnon €Keivou Tou
MOVOTTATIOU TO OTIOI0 VA CUPQWVEI PE TOUG TTEPIOPICUOUG POPTIOU KAl
TT0I0TNTAG TTOU OpiCel To MPLS — TE kai 10 ekdoTtote SLA. OTTwg avagEpbnke
MO TTAvw, OEV QATTAITEI TOV €K TWV TTPOTEPWYV UTTOAOYIOUG Ol1adpOouwWVY  aTrd
KAOe TTNyA TTPOg KABE TTPOOPICHO, AAAG PTTOPET va EKTEAEOTEI Kal KAT' aitTnon

ME TTI0 SUVANIKO XAPAKTAPA.

Evw, Aoimov, ota Tapadooiakd dikTua o UTTOAOYIOUOG TNG BIadPOMNS apopd
TOV UTTOAOYIOUO TOU POVOTTATIOU PE Ta AiyOTEPA BAPATA, XPNOIMOTIOIWVTOG Hia
atrAf Baon TotroAoyiag, oto MPLS — TE diveTtal n duvaTtdTnTa €UPECNG EKEIVOU
TOU MOVOTIATIOU TO OTIoi0 va  BEATIOTOTIOIE  TTIO  OUYKEKPIMEVOUS  Kal
TTEPICOOTEPOUG  OTOXOUG ATTO  EKEIVOV. TNG  OCUVTOPOTEPNS  OIAdPOMNG.
Mapadeiypata TETOIWV  OTOXWV - PTTOPEI - va - €ival  n  PeyloToTToINON  TNG
OIEAeuONG, N EAaXIOTOTTOINCN TNG XPNOIMOTIOINONG TwV CeUEEWYV, N hEIWOoN TNG
KaBuoTtépnong A TNG dIAKUPAVONG TNG, N BEATIOTN KaI ICOPPOTINKEVN KATAVOUN

TOU QopPTiou Kal GAAQ.

O uTtroAoyIopOG TNG OIOOPOMNG EKKIVEITAI, OTTWG TTAPOUCIACTNKE TTIO TTAvVWw,
ato évav Ingress LER. H ekTéAeor| TOU, WOTOCO, UTTOPEI VA YivEl OTTOUDNTTOTE.
2UXVA, TIPOKEINEVOU Vva - EAAPPUVOUV TOuG OpouoAoynTéG attdANgnG ato
dlepyaoieg ol oTToieg amraITouy 0eBacTO KOTIO Kal XPOVO, Ol JIAXEIPIOTEG
OIKTUWV TTPOTIHOUV va BETouv O€ AeiIToupyia €1I0IKOUG €CUTTNPETNTEG OI OTTOIOI
ekTeAOUV TETOIEG AciToupyies. ‘ETal, évag LSR avti va utroAoyilel uévog Tou 10
EKAOTOTE MOVOTTATI KAl va dIATnEEi TTOIKIAEG TTANpOQOpPiEG TOTTOAOYIaG OTN
MVAMN, MTTOPEI aTTAG va atrooTeiAel pia aitnon uttoAoyiopoU e Ta KatdAAnAa
Oedouéva €10000U O€ £vav eEUTTNPETNTH, O OTTOIOG Ba EKTEAETEI TOV QVTIOTOIXO
UTTOAOYIONO Kal Ba Tou eoTPEWEN TNV aKPIPH diadpoun f €va OUVOAO EQIKTWV
povotraTiwv. Agilel va TovioTei, BERaia, 0TI n KABe AUon KpUPEl TIG BIKES TNG
aduvayics. Na mapddeyua, evw o uttoAoyioudg diadpoung otov Ingress LER,
OTTWG avaEéPBNnKe, ATTAITEl TTOPOUG ATTO ATTOWN KUKAWV ETTECEPYOOTH Kal
MVAMNG, N avAdBeon Tou UTTOAOYIONOU O€ £vav €CUTTNPETNTH UTTOPEI va QUENOEl

TNV aTTaIToupevn onuarodooia (dpa kal 1o avtioToixo overhead) oto dikTUO
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KAl aTTaITEN TOV KABOPIOPO Kal TNV THPENON KOA& oplouévou TTPWTOKOAAOU yia

TNV ETTIKOIVWVIA TwV dUO PEPWV.

MepioodTEPA TTAVW OTOV UTTOAOYIOPO TWV OIAOPOPWY Kal TNV ETTIAOYR TwV
OTOXWV TTPOG BEATIOTOTTOINCN Ba TTAPOUCIOOTOUV O€ TTAPAKATW EVOTNTA OTNV
oTroia Ba €geTa0TOUV TTOIKIAOI TTPOTABEVTEG OAYOPIBUOI KAl N CUPPBOA TOUg

oTnV BEATIOTN TTAPOXK] TTOIOTATAG UTTNPEECIWYV Kal dlIaXEipIong QopTiou.

LSPZHMATOAOZIA

Tov uttoAoyiopd TG d1adpoung dIadEXETAI N EYKATACTAON TOU UOVOTTATIOU, N
otroia v yével TepIAaPBAvel TNV Olavour €TIKETWY Kal T OECPEUCN TwV
Topwv. MNap' Ao TTou €xouv TTPOTABEI dIAPOopPOI TPOTIOI VIO TNV EKTEAECN TNG
O1001KaCiag AQUTAG, oav TTIO «KOUWN» TTPOCEYYION ETTIKPATNCE N ETTEKTACH TOU
RSVP yia 1n onuatodooia Twv LSPs, 010 o1moio TTpooTéldnkav Trévie vEQ

avTiKeipeva [4]:
= LABEL_REQUEST

Xpnoiyotroigital e Ta RSVPPATH pnvipata yia va aitnei n déoueuon

Miag eTIKETAG, 0€ KABE KOWPO.
= LABEL

AVTIKEINEVO TTOU XpnoldoTrolEiTal amd Ta RSVP unvuuara, yadi e 1o
LABEL REQUEST yia Tnv KaTavoun Tng €TIKETAG.

= EXPLICIT_ROUTE

To EXPLICIT_ROUTE avrikeipevo TrepIAaupavel pia Aiota Bnudtwv

(hops) n otroia aTreIkoviel TO ETTIAEXBEV HOVOTTATI
= RECORD_ROUTE
To RECORD _ROUTE avTikeiyevo GuUAAéyel Tnv TTANPO®OpPIa TwV

CeUEeWV Kal TWV ETIKETWYV, KATA PRKOG TNG S10dPONN S onuaTodoaiag
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= SESSION_ATTRIBUTE

To SESSION_ATTRIBUTE arreikovidel TIG atTaITACEIS yia TO LSP, 61Twg

TNV TTPOTEPAIOTNTA, TNV TTPOOTACIA KAl AAAQ.

Ta RSVPPATH pnvipara, OTTwg Kal oTnv TTponyoulevn UAOTIoiNGr Tou
RSVP, TtpowBouvtal ammd Tov KOPPo TTNYRS TTPOG Tov KOUBO TTPpOoopIcoU,
padi pe pia OUANOYH QVTIKEIEVWY, TECOEPIG ATTO TIG OTTOIEG AVTIOTOIXOUV OTO
MPLSTE (EXPLICIT_ROUTE, LABEL_REQUEST, SESSION_ATTRIBUTE,
RECORD_ROUTE). Ta RESV unvopara, atd TRV dAAn, atrooTéAAovTal TTPOG
Ta oW, TTAvw oTNV ¢eugn avodou Kal TrepIAapBavouy Ta avrikeiyeva LABEL
kai RECORD_ROUTE. H avraAAayr auTtwyv TwV PNVUUATWY avaPecoa OTOUG
OpopoAoynTéG oAokAnpwvel, ws éva Babud, tnv Alaxeipion tng Kivnong, e
TOUG TEAEUTAIOUG VA EKTEAOUV EAEYXOUG QTTOOOXNG, VO KATaokeudalouv Ti¢ LSP
Forwarding Bases (LFIB) kai va KAtavéuouv. TIG QVTIOTOIXEG ETIKETEG yIa TNV

ETTEPXOMEVN TTPOWONCN TWV TTAKETWV.

OEMATA YXEAIAXMOY AIAXEIPIYXHY
KINHYHY KAI [IOPQN

Mpokeiyévou va utrooTtnpiel Tnv Alaxeipion Kivnong kai Mépwv, to MPLS,
oTTwg OeixBnke - Tapatdvw, eTrektddOnke oto MPLS — TE opifovrag
OUYKEKPIPEVEG QTTQITACEIG TTOU TTPETTEI va TNPOUVTAI KATA TNV TTPOKEIUEVN
dladIkaoia, KabBwg KAl Ta XapaKTNPIOTIKA TTOU TTPETTEl i} dUvaTal va £XOUV Ta
ouoTaTIKG pépn Kail o1 ovioTnTeg evoc MPLS Ttopéa. Ta Béuatra autd Ba
TIPETTEL, OTO OUVOAO TOUG N MEPIKWG, va Aaufdavovtalr ut’ Oyiv Katd To
OXEQIAONO UNXAVIOPWYV Kal aAyopiBuwy TTou €Xouv O0TOXO TNV £TTIAUCH TOU &V
Aoyw TpoPAAuaTog Kal  TTEpIAAPPBAvouv  {nTApata OTTwg: ol duvaToi
TTEPIOPICMOI ~ Kivnong TTOU  UTTOPOUV  va  TTPOCOdIopIoTOUV, O  PNTOG
TTPOCSIOPICHOC KAl N ETTAVAREATIOTOTTOINGN TWV SIAdPOUWY, Ol ATTAITACEIC WG
TTPOG TNV KATAVOUA TwV TEAEUTAIWY, Ol TTPOCOIOPICPEVEG KAAOEIG Kal Ta

ETTITTEdA TTPOTEPAIOTNTAG TTOU UTTOPOUV va OPIOTOUV, Ol ATTAITACEIS VIO TNV
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TIPOOTOCIA KAl TNV OOTUVOPEUCHN TWV POWV, O TPOTIOG EKTEAEONG TWV &V

AgiIToupyia aAyopiBuwy yia Tnv utté avaAuon diadikacia Kal GAAQ.

MAPAMETPOI KINHZHZ KAI NMEPIOPIZMOI

O1 TrapdueTpol Kivnong ava@épovTtal oTa €mMOUPNTA. XOPAKTNPIOTIKA TTou
TTPETTEl Va €xel N ekdaoToTe FEC Kai utropouv va TrepIAaUBAvouV TTANPOQPOPIES
OTTWG O WMEYIOTOG Kal PEOOG PUuBPOG peTddoong, Ta ETmiTrEdA AVOXNG O€
ATTWAEIEG, N KaBuoTépnon Kal n dlakuuavon kKabuoTépnong, Ta MEYEDN
TTOKETWYV Kal GAAa. O1 TTapdueTpol Kivnong, OUCIACTIKA, OTTEIKOVICOUV TIG
ATTAITACEISC TIOU  €XEl N €KAOTOTE pPOr O€ TIOPOUG KAl UTTOPOUV va
XPNoIhoTToINBoUV o€ AsiToupyieg dECUEUONG TTOPWY, ATTOPUYNS CUPPOPNONG
Kal TTpOPAewns atraitoupevou eupoug Cwvng. Agiel va TovioTel OTI O
UTTOAOYIONOG TNG PBEATIOTNG BIadPOUAG CUH@WYA PE BUO 1 TTEPIOTOTEPOUG
aBpoioTikoug (6TTwg kaBuoTépnon) A TTOAATTAACIAOTIKOUG (OTTwg AdYOG
ATTWAEIAG) TTEPIOPIOUOUG UTTOPEI va avaxBei o€ NP - complete (TToOAUwVUUIKOU
XpPovou) TTpoRAnua. Qotdoo, N avakTnan aKPIBWY TIMWV TWV PETPIKWY OTTWG
n kaBuoTtépnon i n dlakuuavon Tng, €ivalr QUOKOAN. ‘ETOl, N YEVIKN TTPAKTIKNA
ouvioTaTal 0Tn PETATPOTTH) ABPOICTIKWY Kal TTOAATTAACIOOTIKWY PETPIKWY OF

bandwidth atraitnon.

PHTOZ MMPOZAIOPIZMOZ AIAAPOMQN

To MPLS 1poc@épel dUO YeVIKOUG TPOTTOUG KOATOOKEUNG MOVOTTOTIWV: TOV
QUTOPATO, O OTIOI0G PTTOPEI VO XPNOIKOTTOINCEI UTTAPXOVTA [ ETTEKTETAPEVA
TTPWTOKOAAQ dpopoAdynong kai aAyopiBuoug yia va utroloyioel Tn BEATIOTN
dladpoun, Kal To pnTod, O oTroiog divel Tn duvatdTnTa O€ KOPBOUG Kal
OlaXEIPIOTEG OIKTUOU va TTPo0dIopi(ouv TURUATa 1} OAOKANPEN TN dIadPOPN Hiag
pong. O pnTd¢ TTPOCSIOPICPOS HOVOTTIOTIWV — PTTOPEI VO XWPIOTEI O€ TPEIG

KATNYOPIEG:
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1. AlaxeipioTIKG TTPoodiopiouéveg dladpoués: MTTopouv va kaboplioTouv
ato évav dIaxeIpIoTr SIKTUOU JE PEPIKO (THARMaTa - CEUEEIC) 1 KABOAIKO
(a1rdé GKpo - €IG - Akpo) TPOTTo. O TTPOCdIoPICUOS Hiag PONG UTTOPED va
TepINaUBavel  CeUCEIG/KOUPOUG  TTOU  TTPETTEL  UTTOXPEWTIKA  va

akoAouBnaoel 1) va atro@uyel hia por.

2. lepapxikég diadpopég: Mpoadiopifovral atrod Evav -dIaxeIpIoTH OIKTUOU
KAl JMTTOPOUV VO ATTEIKOVIOOUV €va OUVOAO «ETTIBUUNTWY» OIadPONWY,
Ceugewv f/kal KOPPBwWV TO OTTOIO Ba TTPETTEI VA DIACYKIOE! 1} va ATTOPUYEI
Mia porj. To ouvoAo autd pTTopEi va TUXEl IEPAPXNONG, £TOI WOTE N
emAoyn va gekivdel TTAvTa atmmd TO TTO TTPOTINNTEO KOl OE TTEPITITWON
armoTuyiag (.. Mn €Upeon €@IKTOU povoTTaTiou  de  O0BEvTES

TTEPIOPICPOUG) VA ECETACETAI N ETTOUEVN OE OEIPA TTPOTIMNONG IAdPOMT).

3. Aladpopéc Baoiopéveg oe TOpous: MTropouv va TTpoadiopioTolv TO00
atro dlaxeIPIoT 600 Kal atrd Toug LSRs kal atrelkovi(ouv EKEIVOUG TOUG
TTOPOUG (| TUTTOUG/KAGCEIG TTEPIOPICHWY KOl TTOPWYV) TTOU TTPETTEl va

XPNOIKoTToINB0oUV ) va aTToPeUXB0oUV.

EMMANABEATIZTOIIOIHEZH AIAAPOMQN

H apxitektovikp Tou MPLS  emtpémel 0 poEg  va  TuyXAavouv
emavaBeATioToToinong, €' 6oov n 1816TNTa auTr) opiletal pnTd atmd 1o SLA N
GAeg  peTPIKEG. - Tlio  Ouykekpiyéva, €Av  [ia  porp  €mMTPETTEl TNV
ETTAVARBEATIOTOTTOINON TOTE OTNV TTEPITITWON KATAPPEUONG KATTOIOU BIKTUOU A
EMPAVIONG KOAUTEPNG eVAAAQKTIKNAG O1adpoung, Ba uttoAoyioTel €k véou TO
BEATIOTO povoTTaTI KAl n pory Ba avakaTeuBuvBei TTPog auTd. ZTnVv avtiBeTn
TepiTTwaon (dnAadn, eav dgv opIoTel pNTA), N POK OUCIACTIKA ATTAyOPEUEl TV
avakaTteuBuvon Kal BEATIOTOTTOINCN TOU MOVOTIATIOU TNG UTTG OTTOIadNTTOTE

aAAayn Tng TotToAoyiag Tou dIKTUOU.
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KATANOMH AIAAPOMQN

2TIG TTEPITITWOEIG TTOU Mia pOvo Ceugn Ogv PTTOPEI va UTTOOTNPIGEL TO QOPTIO
Miag FEC, oKOTuog €ival o Olauolpacudg Tou O OUO N TTEPIOCOTEPES
TTAaPAAANAeG dladpouég. To MPLS, yia 10 oKOoTTo auTtd, divel Tn duvarotnta
TPOOCJIOPICPYOU  TOU  TTOCOCTOU  TNG  TNAETTIKOIVWVIOKAG ~KivAong - TNG
OUYKEKPIPEVNG PONAG TToU Ba akoAouBAoel TO eKACTOTE TTAPAAANAO HOVOTTATI
(yia TTapadeiypa, PTTopEi va KaBopIoTel OTI O€ TTEPITITWOEIG oUPPOPNONG 1
EANEIYNG TTOPWV, Mia porp A pTTopEl va XwploTei oTig poég Al kal A2 e
1TT0000TO QopTiou 40% Kkal 60% avTioToIXa WG TTPOG TO APXIKO PEYEBOG, Kal va
KateubuvBei pEow TTapAAANAwy povotraTiwy). Agilel va onueiwBei oTo onueio
auto OTl gival €mMBUPNTO TTOKETA TTOU AVAKOUV OTNV idla PJEPOVWUEVN pon
(idieg dieuBUvoEIC TTNYAG/TTPOOPICHOU Kal apIBPOS BUpag) aAAd akoAouBouv
OIOQOPETIKA povoTTdTia, va un Xdavouv Ttnv Tagivounon Toug. (Mpémer va
TovioTel BEBaia, OTI AANEG TTNYEG BIAQOPOTTOIOUV. TNV CUYKEKPIYEVN OTTAITNON,
opiovTag OTI Ol HEPMOVWHEVES POEC TTAKETWY BEV ETITPETTETAI VA dlayXwpifovTal
aAAG TTpétrel TTavTa va akoAouBouv Tnv idla diadpoun. ‘ETol, eav X gival pia
OUCOWPEUON TTOKETWY Kal Y pia peovwUEVN por) OUYKEKPIPEVNG BleuBuvong
Kal BUpag TTNyAGS Kal TTPOOPICHOU N OTToia avhkel oTnv X, TOTE : N X PTTOPEI va
dlaxwploTel o€ Z POvOTIATia Je TPOTTO TETOIO WOTE TA TTAKETA TNG Y va

akoAouBrjoouv €va povadiKO POVOTTATI. )

TEKAAZEIZ KAI ETINEAA NTPOTEPAIOTHTAZ

210 MPLS, Ta 0UVOAQ TWV POWV PTTOPOUV VO XaPaKTNPIOTOUV aTTd TE KAAGOEIG
ol oTtroieg amoTreAoUvTal amdé Tov Tumo Tng KAdong kai 1o ETmiTedo
[MpotepaidTnTag ava kAdon [9]. ‘Eva LSP, dnAadr, TTou PETAQEPEI POPTIO
ouykekpigévou Tuotmrou KAAong uJtmopei va  xpnolgotroioel 1o ETTitredo
MpoTepaIOTNTAG yIA VO OPioEl TNV TTPOTEPAIOTNTA £yKaTAdoTaong A/Kal Thv
TTpoTEPAIOTNTA dlaTHPNONG Miag pong. MNa TIg TE KAGOEIG JTTOpoUV va 1I0XU0UV

Ta akoAouba: Poég ouykekpipévng TE KAGong, TTou avrikouv oTov idlo TuTro
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KAGong, d1a@épouv wg TTPOG TNV TTPOTEPAIOTNTA TOUG. AVTiOTOIXA, POEC TNG
idlag TE kKA&ong, he Tov id10 BaBPO TTPOTEPAIOTNTAG, TTPETTEI VA DIAPEPOUV WG

TTPpOG Tov TUTTo TG KAGoNG TOuG.

Ta emimeda TpoTEPAIOTNTAG 0TO MPLS €ival 7 : apiBuouvtal amd 10 0 £wg T0
7, Me 1O emiTredo O va eival deOPEUPEVO yIa JENAOVTIKN 1} EPEUVNTIKA XpHon.
KaBe etmitredo atreikovifel To BaBud TnNG TTPOTEPAIOTNTAG TTOU £XEI Wi por): 600
MO MIKPO TO £TTITTEDO (0 aU&wv apIBuoGg) T6CO0 UYWNASTEPN N TTPOTEPAIOTNTA.
Autd onuaivel OTi: €av N TTPOTEPAIOTNTA AVAPEPETAI OTNV. EYKATACTAON, TOTE
POEG PE UWNAOTEPO ETTITTEDO TTPOTEPAIOTNTAG (XAUNAOG AUEWYV apIBUOG) TTPETTEI
va eykaraoTabouv TIpiv amrd TIGC XapnAdtepou emmrédou.  Edv, O¢g, n
TTPOTEPAIOTATA AVAPEPETAlI OTNV OlATAPNON TNG PONG, QUTO onuaivel OTI O€
KATOOTACEIG OUP@OPNONG 1N QVETTAPKWY TIopwyv, Hia porp uywnAoTepng

TTPOTEPAIOTATAG PTTOPEI VO OECUEUCEI TOUG TTOPOUG POWV XANNASTEPNG.

Ta eTiTreda TPOTEPAIOTNTAG DIATAPNONG PTTOPOUV VA dNUIOUPYHOOUV TECTEPIG
TUTTOUG powvV: 1. Por TTou €xel dikaiwpa va KataAdBel pia GAAn, 2. Por tTou
Oev €xel To dIKaiwpa va KoaTaAaBel pia GAAn, 3. Por) 1Tou ptropei va TUxel
KaraAnywng kai 4. Por) Tou dgv ptropei va TOxel kataAnyng. ‘Etal, Aoimmov, ta
etTieda dlatipnong kKabopiouv KavVOVEG: yia TTAapAdEIyud, Hia pory JTTopPEi va
OIOKOTTEI JOVO €AV AVAKEI OTOV TUTTO 3 Kal €Av N por TTou AITEl T SIOKOTTA TNG
gival T0tTou 1. ‘ET1ol1, o1 mBavoi cuvduaouoi (CUP@WVa PE TOUG TTAPATTAVW

TUTTOUG) TTOU EITRETETAI Vva UAoTToINBouv eivai: (1, 3), (1, 4), (2, 3) kai (2, 4).

AapBdavovtag Ut Oyiv Ta TTapaTrdvw, dia aitnon eykardotaong LSP ptropei
va €xel, TTAéov, dUO onPAVTIKES TTApauETPoUG: To bandwidth kal To eTTiTrEdO
TTPOTEPAIOTNTAG. To oUVOAO Twv LSPs tou duvartal va TUxeEl KAataAnywng,
MTTOPEI va €TTIAEYEI YE TNV BEATIOTOTTOINGN MiAG QAVTIKEIPEVIKAG OUVAPTNONG N
oTroia aTtreikovidel Toug dU0 auToUg TTEPIOPIOUOUS KaBWC Kal To TTARBog LSPs
TTOU PTTOPOUV Vo KATaAn@Bouv. 0 CUYKEKPIPEVA, Hia TETOIO QVTIKEIMEVIKA
ouvdapTnNOon MTTOPEI va OToxXeUEl OTNV KATAANWN Twv LSPSs pe 10 XapnAdTePO
EMTTESO TTPOTEPAIOTNTAG, OTNV €AAXIOTOTTOINON TOU TTARBOUG KATEIANUUEVWYV
LSPs, otnv KatdAnyn Tou €Aayiotou ocuvoAikou bandwidth To oTToio va uTropei
va uttooTnpi€el TNV véa atraitnon, oTnv eAaxioToTroinon Tng mmeavotnTag

ATTOKAEIOPOU piag dlakeKoPpEVNG POAG, 0TNV €AaxIoTOoTToinon Tou cascading
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(®nAadn, Tou TTANBOUG TwV ETTOPEVWYV POWV TTOU BIaKOTITOVTal Kal Xpri{ouv
ETTAVEYKATAOTAONG, AOYW TNG £yKATAOTAONG Miag pOAS UWNAOGTEPOU ETTITTEOOU)

Kal oUTW Kab' €¢AG.

NMPOXTAZIA KAl EYEAI=ZIA

H 1©&16TnTa TG €ueAigiag (3  TTPOCAPHOCTIKOTNTAG) - TIPOOdIOPICEL TNV
OUMTTEPIPOPA HiaG PONG UTTO OUVOAKESG ouueopnong 1 Katappeuong Hiag
ovToTNTAG KATAd WRKog TNG LSP Tng. MapoAo 1Trou €xouv TTPOoTaBEi TTOIKIAOI
MNXaviouoi QAVTIMETWTTIONG TETOIWV TTEPITITWOEWY (61TTWG MN
eTavadpopoAdynon TG PoNg, UTTOAOYIOHOG OIOPOPETIKOU HOVOTIATIOU €AV
UTTAPXOUV Ol aTTapaiTATOlI TTOPOI, UTTOAOYIOUOG OIadPOMNG OKOUA KOl av Oev
ETTAPKOUV Ol TTOPOI K.0.K.), QUTO TTOU QaiveTal va ETMKPATNOE €ival n évvolia

Twv «backup» dladpouwv.

Mo ouykekpiyéva, 10 MPLS ptropei  va Trpoo@épel  dUO  TUTTOUG
atmmokatrdoTtaong: MNMpooTtacia amd akpo — €16 — AKPO Kal TOTTIKA TTpooTacia. O
TTPWTOG TUTTOG EYKEITAI OTNV €K TWV TIPOTEPWV EYKATAOTACN EPEDPIKOU
povotratiou atmd tov LSR Trnyng 1mpog tov LSR TTpoopiopou, yia 1O KUPIo
LSP. Ed&v mapouciaoTei BAGBN, o LSR 1nyng Ba Tpétrel va evnuepwoOEi
OXETIKWG ATTO KATToIOV €VOIAPNECO OpOoPOoAoyNTA, VA OTTEYKATOOTACEI TNV
XpnoigoTtroloupevn ouvdeon (LSR) kal va TTpowBAocel Ta TTakéTa otnv Backup

oladpoun.

H totmikr TTpooTacia, atmmd TNV AAAN, UTTOPEN va XwpPIOoTE o€ TTpooTacia (euéng
Kal TpooTacia kéupou. Eival yvwoth wg MPLS Fast Reroute kal TrpooTaTtevel
ME EQESPIKA POVOTTATIO TA OTOIXEIQ TOU BIKTUOU (OTTwg KOUROo ) euén). lMNivetal
TTPOPAVEG, AOITTOV, atmd Ta TTAPATTAvw, OTI évag aAyopiBuog Alaxeipiong
Kivnong Ba tpétrel va AdBelr ut' Owiv Tnv avdykn yia TTPOCTOoia TwV
Oladpouwy Kal Twv {eUEewV Kal va PEPIMVAOEI TOOO YyIa TOV UTTOAOYIGNO TOU
BEATIOTOU TTPWTEUOVTOG POVOTTATIOU OCO KAl yia TNV KATAoKeur Tou backup

TOU.
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AZTYNOMEYZH

H aoTtuvopeuon Trpoodiopilel TIG EVEPYEIEG OTIG OTroieg Oa  TIPETTEl va
utToBANBoUV o1 out of profile poég kal utropei va kaBopioTei 1600 aTTd £vav
OlaxeIpIoTh OIKTUOU 600 Kal atrd TIG ovTOTNTEG Tou TeAeuTaiou. ‘ETol, av pia
por] 6€ CUPPWVEI PJE TO TTpooUP@WVNUEVO SLA TOTE, ava@Aoya PE TNV 1IB16TNTA
QuUTH, MTTOPEI Va TUXEI ETTECEPYATiag (TT.X. MOPPOTTOINaN), va atroppIPOei i va
MNV uttoBANBEi O€ Kapia AtTo TIG TTPONYOUUEVEG EVEPYEIEG. ZNUAVTIKO gival va
TOVIOTEI OTI €ival yevIKA €mIOuuNTH N eKTEAEON BIABIKOCIWV A0TUVOUEUONG OTOV
Ingress kKOUPBo TOU OIKTUOU (TTPOKEINEVOU VO TTPOOCDIOPIOTEI TO €Av n pon
oup@wvei A 6x1 pe To SLA TTpIv TNV dpopoAdynar] TnNG) Kai N EAAXIOTOTTIOINOT)
TNG OTOV KOPHUO (EKTOG aTTO OUOUEVEIG TTEPITTTWOEIG OTTWG N CUPPOPNON, N
oTroia PtTopEi va odnynoel évav dpouoAoynTr) OTO va POPE@OTIOINCEl 1 va

ATTOPPIYEl TTAKETA)

ONLINE / OFFLINEAPOMOAOIrHZH

O1 aAyopiBuor Alaxeipiong Kivnong utropouv va XapaktnpioTtouv aav online n
offline, avadAoya pe 10 TTAQiOI0O TNG €@apuoyns Tous. H online dpopoAdynon
EMAUEl TO TTPOPRANUA TNG OUVOUIKAG €YKATAOTAONG MOVOTTATIWV VIO KAOe
arraitnon T1ou @Tavel o¢ €évav Ingress LSR. H offline eykardotaon
MOVOTTaTIWYV, - OE, QOXOAEITAl PE TOV €K TWV TIPOTEPWY UTTOAOYIOUO TWV
O10dPOUWV YIa YVWOoTA Celyn TTNYNAS Kal TTpoopIiopou. lNa tnv eTTiAucn auTtou
Tou TTPOBANPATOG aTraiTeital OAo 1 PEPOG TOU TTAQICIOU TwV ATTAITACEWV
(SLASs, TTpo@iA dIKTUOU, OTATIOTIKEG UETPNOEIG rfi/Kal TTPORAEWEIG) TO OTTOIO va
TTEPIYPAPEI PE AETTTOUEPEIA 1Y/KAI TIPOOEYYIOTIKA TO TTOOO TWV OEOOPEVWY TTOU
Ba petadobei avaueoa o€ kA Ceuyoc Ingress kal EgressLER. O Baoikdtepog
o1oxog Tn¢g offline dpopoAdynong eival, Aoimmév, n PeATioToTmoinon NG
XPNOIKOTTOINONG TWV BIKTUOKWY TTOPWYV, UE XPAON TTPONYOUNEVNG YVWONG TOU

TNAETTIKOIVWVIOKOU (POPTIOU.

64



AAT'OPIOMOI APOMOAOTIHYHY KAI
KATANOMHY ®OPTIOY

O1Tw¢ ava@épBnKe TTI0 TTAVW, OI AKPIREIG UAOTTOIRCEIS INXAVIOPWY KATAVOUNAS
QopTiou KAl OpopoAdynong, TOOO WG TIPOG TNV  TIPOCEYYION  TNG
BeATioTOTTOINONG OCO KAl WG TTPOG TIG TTAPAPETPOUG TTOU Ba AngBouv utr odyiv
KAaTa Tnv €KTEAEON TWV OIAQOPWY ATTOPACEWY Kal ETTIAOYWYV, OV €XOUV
TTPOTUTTOTTOINBEI AAAG €ival avoiXTEG o€ TTPOTAOEIS Kal €peuva. O1 TTpoTaBEioES
TTPOCEYYIOEIG EivVal APKETEG KAl TUXVA PTTOPOUV va TTepIAaUBavouy OXI Vo TO
MPLS auTto ka8’ autd, aAAG Kal cuvduaoTIKEG Auoelg 0TTwg MPLS e DiffSery,
MPLS pe RSVP kai dAAa. O Tran Cong Hung[18] atnv gpyacia Tou diaxwpilel
QUTEC TIG TTpOOEyyioelg o€ OUO TUTTOUG: TIC POCICUEVEG OTNV TTOIOTNTA

UTTNPECIAG Kal TIS BACIOPEVEG OTO QOPTIO.

H QoS based routing, Baciletal otnv. 8popoAdyncn Twv TTOKETWY PE TPOTTO
TETOIO WOTE VA IKAVOTTOIOUVTAI Ol ATTAITHOEIG O€ TTOIOTNTA UTTNPECIAG avaueoa
OTO XPAOTN KAl TOov TTIApoxo OIkTuou. O1 aTmmaITACEIS QUTEG, WG €T TwV
TTAEIOTWY, TTPOCUPPWVOUVTAlI avAPEca oTa OUO PEAN péow SLAS 1a oTtroia
MTTOpOUV va XPnoIhotroinBoUlv. w¢ METPIKEG yia Tnv €mBuunt) ToIdétnTa
uTTNPEECIag  Kal — duvartal - va.  TTEPIAAUPAVOUV  TTAPAUETPOUG  OTTWG N
KabuoTépnon, 0 BAaBPOS avoxAg o€ dlakupavon KabuoTépnong Kal atTWAEIAG,
TO0 KOOTOG TTou TTPOTIBeTal va diaBéoel o XproTng kal dAAa. Baoiouévog ota
TTAPOTTAVW, O  QAVTIKEIMEVIKOG OTOXOG Tng Paciopévng oTtnv  1moIdtnTa
dpopoAdynong, AoImmov, gival n €upeon TwWV BEATIOTWY HOVOTTATIWV KAl N
TTpowBOnonN Tou @OPTIOU HE TPOTIO TETOI0O WOTE ATMO TR Mia TTAeupd va
IKAVOTTOIOUVTAI OI ATTAITACEIS TOU XPAOTN OTTWG AUTEG TTPOOdIopIovTal ATTo TO
ekaoToTe SLA, kai ammd Tnv GAAN n TTapoxr Twv TTOpwv Tou SIKTUOU va YiveTal
ME BEATIOTO TPOTTO ATTOPEUYOVTAG XOPAKTNPIOTIKA OTTWG N Avion KATAVOWN
TOPWY, N OuPEOpPnoNn A N HMN CUPQWvVia OTToIoUdNTIOTE MEAOUG HE TO

TTPOCUNQWVNUEVO SLA.

21n BiBAIoypagia TTapatnpouvTal dUO KUPIEG KATEUBUVOEIG yIa TNV ETTITEUEN

TWV TTAPATTAVW OTOXWV, Ol OTToiEg Eexwpifouv atrd 1o PEYEBOG Tou TTAQICiOU
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epapuoynig Toug: n link optimization routing kai n path optimization routing. H
TTPWTN TTPOCEYYION OTPEPEI TNV TTPOCOXI TNG OTOUG TTEPIOPICHUOUG TWV links
Kal avayel 10 TPOBAnua Alaxeipiong Kivnong otnv €Upeon €KEIVOU TOU
MOVOTTATIOU TO OTI0I0 va PBEATIOTOTTOIEITAI OTIG CEULEIG UE  TTEPIOPIOPEVN
XwpnNTKOTNTA 11 Xwpo atmmobikeuong. Aedopévou Ot TéTolEG  CEUCEIS
(bottlenecks) au&avouv Tov Kivduvo TNG ouu@OPNONG, PACIKOI OTOXOI TWV EV
AOYW TTPOOEYYIOEWV MTTOPEI va €ival O UTTOAOYIONOG TNG dIAdPOMNG TTou
BeAtioToTrolciTal oTa bottlenecks 1 n avixveuon ekeivng NG dIAdPOUNG OTNV

oTroia Ta bottlenecks cup@wvoUV e TTPOKABOPICHEVOUG TTEPIOPICHOUG.

H deutepn Tpooéyyion, n oToia cuvavTtatal 1o ouxvad otn PiBAioypagia,
AauBavel UTT' OWIV KATTOIEG 1] OAEG TIG METPIKEG OAWV TwV CEUEEWV KATA PRKOG
TNG O10dPOMNG Kal avayel TO TTPORBANPA BEATIOTOTIOINONG OTNV EUPECN EKEIVOU
TOU POVOTIATIOU TO OTI0I0 VO CUPQWVEI PE TOUG ATTO AKPO — O€ — AKPO
TTEPIOPIOPOUG. ALiCel va ava@epBei OTI o1 TTEPIOTOTEPES TTPOTACEIS AauBAvouv
Kal TIG dU0 TTPoOoEyyYioeIg UTr' oYiv, TTapouclialoviag aAyopiBuoug ol oTToiol
uttoAoyiCouv dIadPOUES TTOU OXI JOVO BEATIOTOTTOIOUV TNV KOTAVOUFR TTOPWV
amdé Akpo — €1 — AKpo, aAA& Aaufdavouv Ut OWIV KOl TOUG €EKAOCTOTE
TTEPIOPIOPOUG o€ bottleneck yia va augrioouv tn d1€Aeuon Kail va PEIWOOUV TV

MOAvVOTNTA ATTWAEIWV KAl CUUPOPNOoNG.

Agdopévou 0TI o1 TTEPICOOTEPEG TTPOTACEIG Eival OUVOUAOTIKEG, Ol TTPOTOBEVTEG
aAyopiBuol ptropoulv va diaipeBolv- 0 dUO KATNYOPIEG: aUTOUG TTOU €XOUV
AUonN evidg TTOAUWVUIKOU XPOVOU Kal auToUg TToU deV UTTOPOUV va AuBouv pe
TTOAUWVUHIKO Xpovo (NonPolynomial, NP). H mpwTtn opdda oaAyopiOuwv
TpwTa €mMAUEl 1O TIPORANUa TG OpopoAdynong oe Tedio  CeUuewv
(BeATtioToTroinONn CeUéNg i TEpIOPIOHOI  CeUEEwV) KaATaAyovTag o€ €vav
MIKPOTEPO apIBUO €@IKTWY links. ‘ETeiTa, epapudlel AUoeig BeATioToTroinoNg A
TTEPIOPICKOU - TOU POVOTTATIOU Yia va uTtrtoAoyioel tnv TeAIK diadpopur. H
OeuTepn opada aAyopiBuwyv, n otroia acyoAeitalr ye oAdkAnpn Tn diadpoun,
OTO TTIPWTO Prjua cuAAéyel 6Aa Ta duvatd POVOTTATIa aTTd TV TNy OTOov
TTPOOPIOHO, KOl OTO OEUTEPO PAUA EQAPHOLEI OAEC TIG ETPIKES (BIAOPOUAG KAl
CeUEewV) yIa va eVTOTTIOEI EKEIVO TTOU CUPQWVEI e auTéC. Baoikd pelovéKTnua
TNG OeUTEPNG TIPOOEYYIONG QTIOTEAEI TO yeyovog OT 1O TTPORAnua
BeATioToTroinONG  MTTOPEl va €TMAUBEl O0€ €KBETIKO Xpovo (avaloya pE TO
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TTARBOC Twv KOPPwWV) Kal duvatal va TTapdgel Hia OXETIKA TTPOOEVYIOTIKN

BEATIOTN AUON.

EmoTtpépoviag oTi¢ dUO KupIOTEPEG KaATEUBUVOEIG dPOPOAdYNONG, KPIveTal
OKOTTIJO va TTapouciacTouv ol otoxol Tng Traffic Based Routing. H
OpopoAdynon ue BAoel To QopTio, AOITTOV, acXoAsital pe Tn BeATIoTOTTOINON
TWV TTOPWV OIKTUOU OXI MOVO YIa TIG TPEXOUOEG AAAG Kal YIA TIG JEAANOVTIKEG
ATTAITACEIS TTPOPRAETTOVTAG €KEIVEG TIGC CEUCEIC OTIC OTIOIEG €VOEXETAI VA
TTOPOUCIACTEI CUPQPOPNOCN KAl ATTOTPETTOVTOG 1 MEIWVOVTAG Th OPOPOAdYNon
QopTiou TTPOG aUTEG. MNa TNV 0pBr) UAOTTOINCN TNG TTPOCEYYIONG AUTAG UTTOPEI
va ¥pnoigoTroinBei kal To «TTPO@iIA» Tou OIKTUOU, TO OTIOI0 ATTOTEAEITAI
oucoIaoTIK& oTTd OTATIOTIKEG R/KAl TTPOCUMPWVNUEVES - TTANPOPOPIEG TTOU

a@OpPOoUV TO QOPTIO KAl TIG EKACTOTE ATTAITHOEIG.

H tpéxouca TTAnpo@opia dIKTUOU UTTOPEI va- XpNnoldoTToindei yia Tnv eUpeon
EKEIVWV TWV CEUCEWV TTOU Ba PEILOOUV TN PEYIOTN ETITPETTTA TIUA dIEAEUONG
oT10 OikTUO. 'Evag TpOTTOC €TTITEUENG TOU AVTIKEIPEVIKOU autoU OTOXOU Eival o
UTTOAOYIONOG (BAoEl XwpNTIKOTNTAG) OAWYV TWV POVOTTOTIWV PETAEU TTNYNAG Kal
TIPOOPICPOU, TA OTIOId TTPOCPEPOUV PEYIOTN OIEAEUON KOl PETA aQaipeon
ekeivwyv TTou TTEPIAaUBAvVOUV CeUEEIG o1 OTToiEG dUvaTal VA TN PEIWOOUV (TT.X.
CeueIg pe MIKPA BIABECIYN XwPENTIKOTATA EVTAUIEUTWYV TTOU, OTTWG Eival Aoyikod,
au¢dvouv Tnv TMmOAVOTATA QTTOPPIYNG MEIWVOVTASC TNV TIUA TNG MEYIOTNG
O1€Aeuong). AAAoI TPOTTOIN, TTIO ATTAOI, UTTOPOUV va TTEPIAQUBAVOUV TNV YETPNON
TWV powv Tou OdlaoyiCouv TIG ekAoTOTE CEUEEIG, XPNOIMOTTOIWVTAG TIG
UTTOAOYIOMEVEG TIMEG 0OV «KOOTOG» 0€ évav SPF aAyopiBuo. ‘ETol, oav Auon
Ba emMOTPAPOUV eKEiVES 01 Dl1adpouES o1 oTToieg TTEPIAaPBAVOUV TIG CeUEEIG e
TO MIKPOTEPO QPIBPO  EYKATECTNUEVWY OCUVOECEWY, HEIWVOVTAG £TCl TNV

mOAVOTNTA CUPPOPNONG.

Mapdho, BéPaia, Tou o1 Trpooeyyioelg Alaxeipiong Kivnong kai Poptiou
dlaipouvTal AoyIka OTIG dUO KATEUBUVOEIG TTOU TTapaTédnkav, ol TTEPICOOTEPOI
TTPOTaBEVTEG aAyOpIBUOI cuvioTavTal OTNV EvoTToinon Twv dU0 OTOXWV. OTTwg
Ba TTAPOUCIaOTEl TTOPAKATW, N KOIVA TTPOKTIKI) TOUG E£YKEITAI, OAV TTPWTN
@daon, otnv BEATIOTN KaTAvOUr TNG Kivnong PE OTOXO TNV MPEYIOTOTTOINCN TNG

d1éAeuong oTo BIKTUO Kal, oav deUTEPN GAon, TNV BEATIOTOTTOINCN TS XPAONG
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KAl KATOVOUNAG TTOPWYV. 2UVEVWVOVTAG TOUG OUO QVTIKEIMEVIKOUG OTOXOUG O€
€vav, KAata@EéPouVv TOIOUTOTPOTIWG VA £QPAPUOCOUV TTPOKTIKEG KAl ATTOQPACEIG

yia TN BEATIOTN KATAVOUN TOU QOPTIOU TOOO TTOCOTIKA OCO0 KAl TTOIOTIKA.

‘Evag atmd Toug TTIo yvwoToug TéToloug aAyopiBuoug cival o MIRA (Minimum
Interference Routing Algorithm), o otroiog Trepiypagetal oto [12] kal BacideTal
oTnv €TmAoyr TETOIWV OIOdPOPWY TTOU va TTapeUPAAAovTal 600 TO duvaTov
AyOTEPO HE AAAEG DIadpOouES. H KalvoTodia Tou, EvavTl GAAwV UTTaPXOVTWY KAl
TTPOTABEVTWYV aAyopiBuwY, atToppEel atTd TO yeyovog 6T O AapBaver utr’ oyiv
MOVO TNV TOTTOAOYIa TOU OIKTUOU KABOAIKA, OAAG €CETACEI KA TNV OXETIKN BEon
Twv Ingress kai Egress LERs. [llio ouykekpiyéva, otnv epyacia [12]
atrodeIKVUETAI TO Yeyovog OTI TexXvoAoyieg ommwg n OSPF duvatar va
OPOMPOAOYNOOUV APKETEG POEG BEDOUEVWY TTAVW aTTd TNV idia eugn n oTroia
VO QVAKEl OTIG OUVTONOTEPEG OIAOPOPES Avw Tou €vOG Ceuyoug Ingress —
Egress LERs. 'Eva Tpo@avég eAATTWUA piag TETOIAG TTPOCEYYIONG E€ival N
Meiwon TNG d1aBE0IuNG XwPNTIKOTNTAG TNG OUYKEKPIMEVNG Ceuéng, Adyw Tng
aug¢nong Tou OpopoAoynuévou MPECW QUTAG QOPTIOU, Kal n €TTAKOAoudn
emdeivwon TNG TIPOCQPEPOUEVNG  TTOIOTNTAG  UTINPEECIiag  yia  TIC ndn
EVKOTEOTNUEVEG POEC. ZEUEEIC PE TETOIA XOAPAKTNPIOTIKA ava@Eépovtal OThv
EPYOOia WG «KPIioIUEG CeUEEIS» Kal opifovTal wg «eUEEIG TETOIEG Ol OTTOIEG AV
Mia por] dpopoAoynBei diapéow autwy, Ba peiwbei N péyiotn dIEAEUon €vOg N

TTEPICOOTEPWYV CeUYWV Ingess — Egress LERs».

Ewkova 5. Kpiowpeg Zev€erg Baost MIRA

H €vvoia Tng «kpioiung Ceugng» PTTopEi va yivel TTOAU eUKOAQ KatavonTr) atro
TO TTAPAdEIyUa TToU TTapoucialetal otnv Eikéva 5. ‘EoTw duo poég f1(S1, T1)

kal f2(S2, T2) mrou TTpéTrel va diaoyioouv 1o TTapatrévw TuAPa SIKTUOU, YE TNV
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KABe pon va £xel atraitnon ion pe Tn povada (X1 = X2 = 1). Emiong, é0Tw OTI
KABe link Tou OIKTUOU €£€xel €AeUBepn XwpnTIKOTNTA OKPIBWS ion pe 1.
E@apudlovrag otov mapatrdvw ypdgo Evav OSFP aAyopiBuo, diatmoTwyveTal
OTI TA ETTIOTPEPOUEVA HOVOTTATIA YIa TIG poEG f1 Kai f2 Ba civar avrioToixa P1 =
[S1, 2, 4, T1] ka1 P2 = [S2, 2, 4, T2], repiéxovtag 10 eAdxioTo duvatd TTARB0oG
hops (] KOPBWV).

EvrouToig, €dv €TIXEIPAOEl KAVEIC va TTpowdnoel TIG Tapatmdvw poég, Ba
JIaTTIOTWOElI OTI OPOPOAOYWVTAG TNV (OTTOIAdATTOTE) TTPWTN, Ba 0dNnNyACEl OTOV
KOPEOoUO TNG Ceuéng (2, 4) e atmmoTéAeopa n OeUTEPN PO va PNV PITOPEI va
utrooTnpixBei. Paivetal, Aoimmov, Om n (2, 4) eivalr pia «kpioiun» {euén oTo
OUYKEKPIPEVO TTAPAdEIYHA, KABwG dpouoAoywvtag dlapécw QUTAG dia pon,
MEIWVETAI (OTO TTPOKEIMEVO TTAPAdEIYUA, PNdevideTal) N péyioTtn dIEAEUCN YIA TO
Ceuyog LERs 1ng deutepng pong. ‘ETOI, yia TO OUYKEKPIUEVO TTapdadelyua, Ba
ATav TTPOTIOTEPN N £TTIAOYN Twv dladpouwyv P1 = [S1, 2, 4, T1] ka1 P2 = [S2,

1, 3,5, T2] rap’ 6Ao 1TOoU TO BEUTEPO MOVOTTATI OEV Eival TO EAAXIOTO.

Baoi{ouevog OTIG «KPioINEG» CEUEEIC KAl €XOVTAS WG KUPIO OTOXO TNV aTTOPUYN
TOUg, 0 aAyopiBuog MIRA utropei va TTepiypagei we €€AG: ZT0 TTPWTO Briua
utroAoyidovtal OAeG o1 Ceugels (i, J) Twv oTToiwv n dIaBEaiun/ UTTOAEITTOPEVN
XWPNTIKOTATA €ival JeyaAUTEPN 1 ioN TNG ATTAITOUPEVNG VIO Wi CUYKEKPIPEVN
por). AT TO UTTOdIKTUO TTOU TTAPAYETAI OTO TIPWTO PBriua avixveluovtal ol
Kpiolueg CeUEEIC OTIC OTTOIEG £XEI AVATEDEI KOOTOG TETOIO TTOU VO QTTEIKOVICEI TO
600 Ba peiwBei N TIPA TAG MEYIoTNG OlEAeuong €av pia pory dpopoAoynBei
MéOow autwyv. TEAOG, XPNOIMOTTOIWVTAG TEXVIKEG OTTWG O aAydpiOuog Tou
Dijkstra ; Twv Bellman = Ford, utroAoyiletal T0 TEAIKO BEATIOTO pOVOTIATI YIO
Ta uttoAoyiopéva Bdon, mapdyovtag TeAIKA ekeivn Tn diadpoun yia dobeica

por] n oTroia Ba eAaxICTOTTOINCEl TN PEiWON TNG MEYIOTNG diEAeuonG.

Ta TreipapaTiKG atroteAéopara Tou €€AXOnoav ammdé Tnv €Qapuoyn Tou
aAyopiBuou o€ ouykpion hE GAAOUG uTTAPXOVTEG (OTTWG 0 OSPF), £deigav OT11 0
MIRA trapdyel eAGXIoTn PEiwon Twv dSIABECINWY PJOVOTTATIWY Kal TTOAU Aiyeg
ATTOPPIYEIS KAAOEWY, VW TAUTOXPOVA aUEAvel TNV OUVOAIKN DIEAEUCN Kal TO
006 TNG dIaBECIUNG XWPENTIKOTNTAG, TOOO UTTO KAVOVIKEG OUVOAKEG 60O Kal

utmté KataoTdoelg emmavadpouoAdynong. Me Tov TpOTTO  auTdv, AOITTOV,
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TTpooEyyilel TOUG OTOXOUG TOOO TNG Baciouévng 0TNV KUKAo@opia 600 Kal TnNG
Baoiopévng oTtoug Tépoug Alaxeipion Kivnong kai Moépwv. EvrouToig, otnv
epyacia Twv [15] atrodeIKVUETAl OTI O OUYKEKPIUEVOG OAYOPIBUOG €XEl KOl OUO

TTOAU BACIKEG OdUVAIEG:

H 1TpwTn €xe&l va KAvel PE TN PEYAAN TTOAUTTAOKOTNTA TOu, TTPAYUA TTOU
onuaivel T ATTAITEI ONUAVTIKOUG XPOVIKOUG TTOPOUG YIa TRV ETTITUXI EKTEAEOH
TOU KOl OUVETTWG OEV UTTOPEI va UTTooTnpigEl online, SuvaUIKA EKTEAEON yia TNV
oTroia €ixe oxedlaoTei. AeUTEPOV, TO JABNUATIKO TTPOPANPA TTOU TTPOCTTaBEI va
EMAUCEl UTTOPEI va 0dNnyNo€l C€ AvICOPPOTTia TNG XPNOIKOTToINONG TOU
OIKTUoUu. To 0OeUTEPO pdTTOPEl va yivel MO - Karavontod €av.  An@Bei, yia
TTapddelyua, éva Ceuyog Ingress — Egress LERsS pe dUo €@QIKTG povoTTATIA
avapeod Toug: 6tav oTov Ingress LER @tdoel pia atmaitnon, autdég Ba
OpopoAoyroel TTAvw atmd TO TIPWTO - JOVOTTATI, - APAVOVTOG TO OEUTEPO
EAEUBEPO TTPOKEIYEVOU VA EAQXIOTOTTOHIOEI TO PAIVOUEVO TNG TTAPENPBOANG TTOU
e€etaotnke Tmapatrdvw. Me autév 1oV TPOTTO, OUWG, TO OEUTEPO HOVOTIATI
oTnV E€TTOMEVN €KTEAEON TOu aAyopiBuou, Ba XapakTnPIoTEl Ooav «KPIioIUoY,
Kabwg edv pia porp dpouoAoynBei dlauéow autou TOTE Ba pEIWBE N
XWPNTIKOTATA TOU, MEIWVOVTAG KAl TN HEYIOTN OIEAEUCN AvAPECO OTOUG OUO
LERs. ‘E1ol, geTd aTrd PEPIKES ETTAVAANWEIG TOU aAyopiOUouU, TO éva JOVOTTATI
Ba TTapoucidoel cuheopnon evw To GAAo Ba TTapapével AdEI0, 0dNYWVTOG

oTnNV TEAIKA Avion KATavour Twv TTOpWV.

2¢ ammavrnon oTig aduvapieg Tou MIRA, oTnv idla epyaoia ([15]), TpoTddnke
10 £€10¢ 2002 o DORA (Dynamic Online Routing Algorithm) o otroiog
oxedIdoTnNKe yia online ekTEAeon, OTTWG ONAWVEI KAl TO OVOPA TOU, €VW
Baagiletal oTnV TpEXouoa ToTToAOYia SIKTUOU yia va atro@uyel (eUEEIC Ol OTTOIES
€Xouv: peyaAuTepn mOavoTnTa cuueoépnong. Eav kai @aivoueviké TTapouolol,
N Kupla dla@opd PeTagUu Twv dUO aAyopiBuwv €ykertal oto 6T evw o MIRA
BacgileTal oTnv peyioTOoTTOINON TNG O1EAEUONG PMEOW aTTOPUYNG CeUewy TTOU
OlaoyiCovtal atrd TIG ekdaToTe PoéS, o DORA AauBdver utt” Owiv 1o TTARBOG
TWV POVOTTaTIWV (TT.X. XWPIG Kavéva @OpTiO va Ta XPENOIYOTIOIEI) TTou
dlaoxiCouv éva link kal atmmo@elyel TIG CeUEIC PE TO MEYOAUTEPO TTANBOG
duvaTtwyv dIadPOPWY HEIWVOVTAG £T01 dia TBavr) HEAAOVTIKR) oupgopnon. Me
o atmAd Aoyia, €dv yia Tov MIRA pia kpioun Ceugn cival ekeivn atmd tnv
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OTTOi0 OPOPOAOYOUVTAI APKETEG POEG ME ATTOTEAECHA VA PEIWVETAI N MEYIOTN
TiuR d1éAeuong, yia Tov DORA pia tétoia Ceuén Ba cival ekeivn tnv otroia
OlooXiCOUV OPKETA EQIKTA MOVOTIATIA TA OTToid dUvaTal VA Qugroouv Tnv

mOAVOTNTA CUPPOPNONG €AV XPNOIUoTToINBoUV yia TN dpOUOoAdYNoN YOpTIOU.

MNa TNV €miTUX EKTEAEON TOU TTOPATTAVW OKETITIKOU, 0 DORA ocav 1TpwTo
Briua utroAoyiCel OAa Ta aveEdpTNTA POVOTTATIO QVAUECSO O€ KABe {euyog
TTNYAS Kal TTpoopIouou. ‘Exoviag 6A0 T0 GUVOAO TWV £QIKTWYV OIAdPOPWY, TO
XPNOIYOTIOIET yIa va uttoAoyioel To TTARB0G Twv POVOTTATIWY TToU dlacyi(ouv
TNV KABe Ceugn Tou BIKTUOU, TO OTTOIO IooUTAl PE TN d1a@OpPA Tou TTABOUG TWV
Oladpouwyv ToU dlacxiCouv Tn OUYKeEKPIWEVN CeUEn  Kal - avAKOuUV O€
Ola@opeTIkG (euyog Ingress — Egress LERs peiov 10 TARB0G Twv diadpopwv
TTou dlaoyxiCouv Tn CeUén Kal avAKouv OTo €geTalduevo Celyog Ingress —
Egress LERs. Ta BAuata autd, AoImmov, KAvouv yvwoTd OAa T1a Tmlavda
MOVOTTATIO YIa OTTOIOOATTIOTE TTNYI KOl OTTOIOVONTIOTE TTEPIOPIOHO, KABWS Kal TO
BAapog kdABe CeuEng TO OTTOIO EKPPACETAl PECW TWV MOVOTIATIWV TTOU TN

XPNOIUOTTOIOUV.

A6 1O BeBapuppévo UTTOYPAQPO TTOU TTPOKUTITEI, A@AIPOUVTAl EKEIVEG Ol
Ceutelic Twv oToiwv N dIaBEoIun  XwpnTIKOTNTA  €ival  PIKPOTEPN  TNG
ATTAITOUMEVNG KAl OTO TTAPAXBEV UTTOOUVOAO @apuOleTal hia véa ocuvapTnon
BApoug n oToia TTPOEPXETAl QTTO TO OUVOUQOHWO TOU TTPONYOUMEVWG
uttoAoyiopévou TTANBouUG Twv diladpopwy TTou diacyifouv Tnv ekaoToTte Ceugn,
ME Tn O1aBéoiuyn xwpnmkoTNTa TnG. AgiCel va avoeepBei OTI evwy OTNnV
uAotroinon Tou MIRA n d1aBéoiun xwpenTIKOTATA AQUPBAVETAI OTATIKA CQV TNV
dla@opd TNG deapeupévng atmd Tnv ovopaoTiky, o DORA uTtroAoyilel pia 1o
duvapIkA atreikévior TNG AauBdavovTag utr” OYIv TRV OVOUAOTIKR XwenTIKOTNTA
NG Ceuéng Kkar TNV TIYR OlaB8€oiung XwpnTiKOTNTAG TNG AIYOTEPO KAl TNG
TTEPICCOTEPO - POPTWHEVNG Celéng oTn doBcica xpovikny oTiyur. Exovrag,
AoIttév, KatadAAnAa TTpocapuoouéva Bapn, e@apudlel Tov ahyopiBuo Dijkstra
Kal TTapdyel TN BEATIOTN Sladpoun n oTroia TrEPIEXEl TO AIlyOTEPO POVOTTATIO
dla@opeTIKWY Ceuywv Ingress — Egress LSRs, emmapkeic dlaBéoipoug Tépoug

Kal OUVTEAEI OTNV KOAN KATAVOMI TOU QOPTiOU.
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H ekTéAeon TOu TTpOKEiuEVOU aAyopiBuou, o€ ouykpion PeE AGANOUG OTTWG O
MIRA ka1 o OSPF, trapfiyayav apkeTrd BeTIKG atroTeAéouaTa Ta oTroia £€0€1Eav
o1t o DORA atroppitrtel onuavtika AlyoTepeg KAROEIG Kal atrd Toug OUo
avapepBEVTEG, V) O XPOVOG ekTEAEONG Tou TTANCIGlel autov Tou OSFP oe
TTEPITITWOEIG apalwy aAAaywv Tng ToTToAoyiag Tou OIKTUou. [apdAAnAa, o
DORA atraitei Aiyétepa JOVOTTATIO VA ETTAVAOPOOAOYOUVTAl (O€ TTEPITITWOEIG
oupeopnonNg 1 €Upeong  KAAUTEPNG  OIAdPOMNG) -~ TTPAYHa  Aoyikd  €Qv

QVOAOYIOTEI KAVEIG OTI O POEG KATAVEUOVTAI ICOPPOTTNHEVA.

QoT1600, 0 PaOIKOG OTOXOG TOU OAyopiBuoU autoUu HTTOPEI  TEAIKA va
ATTOTEAETEI KAl TO CNPAVTIKOTEPO TPWTO TOoU onueio. OTTwG AdN ava@épbnke, o
DORA emAéyel ekeiveg TIC OIOOPOMUESG Ol OTTOIEG TTPWTOV- ATTOTEAOUVTAI ATTO
Ceuteig TG otroieg dlaoyiCel TO €AAXIOTO TTANBOG EQIKTWYV HOVOTTATIWV KOl
QeUTEPOV, Ol OTTOIEG UTTOPOUV VA UTTOOTNPIEOUV ICOPPOTTNHEVA TO ATTAITOUUEVO
@opTio. To deUTeEPO OKEAOG TOU OTOXOU Eival TTPOPAVWG €TOUUNTO, O€
OTTOIAONATTOTE TTEPITITWAN OIKTUOU 1) TEXVOAoYiag. To TTpwTO, WOTOCO, PTTOPEI
va BewpnBei un ammapaitnto, £€WG Kal TTapaTTaviolo, av Angeouv utr” dyiv Ta
MPLS Oiktua. 10 ouykekpipéva: eTTIAEYovVTAG DIOOPOUES TETOIEG Ol OTTOIEG VO
atmmoteAouvTal atmd (euelc TTou  gugavidovral oTta  AiyoTEPA  UOVOTTATIA,
KATavéPovTag, TTAapAAANAQ, 1I00pPOTINUEVA TO QOPTIO OTO OIKTUO, QUTO TTOU
ehayioToTrolgiTal TEMKA OV gival TOOO N cup@dpnon oTIG CeUEEIG, OO0 Ol OUPEG

AVOUOVIG 0TOUG KOUBOUG.

Me Tautéonuoug TTapPAYoVvTEG QOPTioU O€ OTTOINdATTOTE (EUEN TOU POPTIOU,
TTOU onuaivel 611 Kal 0 AOyog cup@opnong OAwv Twv (eutewv Ba gival o id1og
(oTnv BEATIOTN, UTTOBETIKN TTEPITITWON), TO €MOMEVO CATNPA TTIBavou Adyou
oupEOPNONG, ETTOMEVWG, Eival N UTTEPXEIAION TWV OUPWV AVANOVAG. 2ZUVETTWG,
KATrolo¢ Ba ptropouoce va Bewprioel 0TI TO TTPWTO Kal BACIKOTEPO OKEAOG TOU
oT1oxou Tou DORA, emoKIalOuevo TTPOPAVWG ATTO TO OEUTEPO TTOU KATAVEEI
ME BEATIOTO TPOTTO TO OTTAITOUPEVO QOPTIO OTO OikTuo, Oev €ival 1600 n
atmmoQuyr cupeopnong Twy links 6co n atroguyr} dpopoAdynong auavouevou
TTARBOUG TTOKETWY TTPOG CUYKEKPIPMEVOUG, «KPIOINOUG» KOUPBoUS. Ouwg, O1Twg
TTOPOUCIACTNKE OTa TTponyoupeva Ke@AAaia, ol Asitoupyieg Twv LSRs eival
eENAXIOTEG KAl EKTEAOUVTAI O€ TAXUTATO XPOVO KaBWG Pacifovral kaBapd oTn
METAywWYN ETIKETAG KAl OEV EKTEAOUV XpovoRopeg dladikaoieg avalrntnong Kai
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UTTOAOYIOMOU Tou €TTOPEVOU Bripatog. MapdAAnAa, Xdapiv otn ouvexn €CEAIEN
TNG TEXVOAOYIAG, Ol onUEPIVOi OPOUOAOYNTEG UTTOPOUV VA XAPOAKTNPIOTOUV oAV
TAXUTOTEG, MEYAANG XWPNTIKOTNTAG EVTAMIEUTWYV PNXAVEG Ol OTTOIEG TTAéoV Oev
TTeplopiCovTal TOOO CNPAVTIKA OCO0 Ol TTAAAIOTEPOI routers w¢ TTPOG TOUG
KUKAOUG etre€epyaoTtry 1 T OlaB€0Iun  PvAMN.  ZUVETTWG, Mia - 1600
eTTavaAnTITIKY d1adikacia 6TTwS AuTH TOU UTTOAOYIOHOU TWV «KPIgIwY» (BACEI
ToU opiopou Tou DORA) CeUgewv, n otroia TEAIKA eAA@PUVEL TTI0 TTOAU TOUG
KOUPBouUG TTapd Tig CeUEEIG aTTO TO AUEAVOUEVO POPTIO, UTTOPEI va BewpnBEi un
avaykaia. Mg Toug ouyxpovoug dpopoAoynTES N TBaVOTNTA UTTEPXEIAIONG TwV
EVTAMIEUTWV €VOG BIKTUOU HE £CI00PPOTTNMEVO POPTIO €ival TTOAU MIKPN] YIa va
ANBei Ut OYIv péow TOOO eTTaVOANTITIKAG OladIKACIOG, OTIOTE UTTOPEI vVa

BewpnOBei o1 TO TTpwWTO PéPOG Tou DORA €ival, oucIaoTIKA, PN oaTTapaitnTa

XPOVOROpO.

Atropeuyovtag Tnv Trapatmmdvw aduvapia tou DORA kai eomidlovrag oTo
BaoikoTepo TPOPAnua Tou MIRA, oxedidotnke o MIH (Minimum Interference
Hybrid) aAyopiBuog [11]. Mo CUYKEKPIPEVA, OTTWG TTAPOUCIACTNKE TTIO TTAVW,
o MIRA TtrpooTraB¢ei va BeATIOTOTIOINOEI TOV TTAPAYOVTA TNG TTAPEUPOAAG, ME
atmmoTéAegua va uttoonBd pev aTnv €yKATtAoTaAoN TTEPICCOTEPWY CUVOECEWV,
aAAG xwpic va Aaupavel utr' Owiv TN xpnoigotroinon Twv {eugewyv, yeyovog
TTou PTTOPEI va odnyAoel oe ouppopnon. O DORA, atravtdel otnv aduvapia
QuTr BEATIOTOTTOILVTAG TTPWTA TOV TTAPAYOVTA TNG TTAPEPPOAAG Kal ETTEITA
KATAVEUOVTAG  TO @QOPTIO €VIOC Tou OIKTUOU yia va €EI00PPOTINOEl TN
xpnoipotroinan. O MIH, até Tnv dAAn, ouvexifovrag 10 okeTTikKO Twv MIRA
kai DORA, trpooTrafei va BeATIOTOTTOINCEI TPEIS TTAPAYOVTEG: TOV OPIONO TwV
Bnudtwy, TNV Xpnoigotroinon Twv CeUewv Kal TNV TTAPEPPOAN. H PETPIKA
TTOU  XPNOIPOTToIEl OUVOUAClel Tnv TpEXouod XENOoIhoTToinon diag {eugng o€
oxéon ME TN MEYIOTN TIUAG TNG, KABWC Kal To Babud TTapepPOAnG TTou PTTopEi
VO TTapouciaoTel amd T xpron 1S Ceué¢nc autris. MapdAAnAa, 1O TTIO
OnNUavTikG €ival OTI €l0ayel TNV évvola TNG «puBuiong» TTPocBETOoVTag
TTapAyovTeG BApoug oTa dUO AUTA OTOIXEID, TOUG OTTOIOUG €vag BIaXEIPIOTAG
OIKTUOU WTTOPEl va puBuilel TTpokeIgEvou va dnNAwaoel Tn onuacia Tou KABe
mapdyovra. MNa mapddeypa, pia miyhp T1 = 10 wg TOANATTAQCIAOTAG TNG

Xpnoigotroinong NG Ceugng kai T2 = 5 yia Tnv KPICIMOTATA TwV CeUgewv
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onAwvel 6T N augnon piag povadag oTn PEyIoTn XpnolyoTroinon icoutal e 10

QOpPEC augnon otn xpnoigotroinon Tng CeléNg Kal 2 @QopéG auinon oTnv
KPIOIUOTNTA TNG TEAEUTAIAG.

2¢ avtiBeon pe Tov DORA 0 0110i0G EEKIVAEI JE TOV UTTOAOYIOUO TWV KPICIUWV
CeUCewV Kal o€ ETTOUEVO Pripa €GETACEI TN XPNOIKOTTOINON auTwy, 0 MIH eKKIVEi
uttoAoyifovtag Tnv TIWAR TNG MEyIoTNG OléAeuong yid KABE POVOTIATI TOU
OIKTUOU, gvToTTiCovTag TTapAAANAa TO oUVOAO TWV KpioIpwy (eugewv o KABE
éva atrd autd. 'ETol, oTO0 TTpWTO Briua yvwpilel OxI JOVO Ta JOVOTTATIA TA
oTroia aug¢davouv Tn dIEAEUCT), OAAG KAl TV KPICIWOTATA Twv CeUEEwyY TTOU TA
atmraptiCouv. Katdmiv, uttoAoyifel TNV TIUA TNG - KPICIMOTATAG KAl TNG
XpPnoipoTtroinong KAabe eléNg yia va egdyel Ta PEYIOTA TouG. 'ExovTag OAEG TIG
TTOPATTAVW TTANPOPOPIES, EQapudlel ouvapTnon Bdapoug o€ kKABe link n otroia
pali ue TOug TTapdAyovteg puBuIoNg TTOU  avagEépbnkav  TTapattavw,
QAVTIKATOTITPICEI TOUG AOYOUG (1) UEYIOTNG TTPOG TPEXOUTAG KPICINOTNTAG Kai (2)
MEYIOTNG TTPOG TPEXOUOOG XPNOlWoTToinonG. TEAOG, epapudlel Tov alyopiBuo
Tou Dijkstra yia va uttoAoyioel TO BEATIOTO POVOTTATI yIa TNV EKACTOTE PO, TO
OTToi0  €xel TO €AGXI0TO, KATAAANAQ pubpiopévo KOOTOG aTTd  ATTOoWwn
KPIOIUOTNTAG KOl XPNOIPOTToinong, odnywvtag TeAIKA oOTnv auénon Tng

OIEAEUONG TWV POWV.

ATtrodeikvUovTag OTI N BEATIOTN TTAPOUETPOTTOINON yia TOV  TTAPATTAVW
aAyopiBuo ptropei va pubuioTei ota T1 = 8 yia Tnv Xpnoipotroinon kai T2 = 4
yia TNV KPICIYOTNTA - TwV. CeUEEWY, TA TTEIPAPOTIKA ATTOTEAEOUATA  TNG
EQAPUOYAG Tou o€ oUyKpion e GAAoug aAyopiBuoug €deicav 611 o MIH
EMTUYXAVEl  TTOAU  pIKPOTEPEG  (OxedOV 01O pIoG Tou MIRA)  TIUEG
xpnoigotroinong. O MIH,  Aoitdv, atmmo@elyel OTTOTEAEOUATIKA EKEIVEG TIG
Ceugelg o1 oTToieG a@' evog duvatal va ETIPEPOUV CUUPOPNON ATTO TNV ATToWn
€AEUBEPNG XWPNTIKOTNTAG Kal a@' ETEPOU dUVATAI VO XOPAKTNPIOTOUV KPIOIPES
(ue Baoel Tov opiopd Tou MIRA) o€ PHEANOVTIKEG OTTAITACEIG, ETTITUYXAVOVTOG
€TO1 dia TTOAU KOAR 100ppOoTTia JETOEU TWV TPIWV PETPIKWY TTOU ava@épinkav
o TTavw. AgiCel va avagepBei, yia xapiv ouykpiong, 61t o MIH o€ kataoTdoeig
ICOPPOTTNHEVA KATAVEUNMEVOU POPTIOU PTTOPET va BEATILWOEI T ATTOTEAECUATO
Tou DORA KaBwg, 6TTWG QAVNKE TTAPATTAVW, O TEAEUTAIOG TTPWTA UTTOAOYICEI

TNV KPIOIWOTNTA KOl BOCIOUEVOG O€ AUTHV EVTOTTICEl TO PMOVOTTATIO TTOU Ba
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MEIWOOUV TN XPNOIPOTToIiNaN, ME atToTEAEOUa DOBEVTOC VOGS 1I00PPOTTNHUEVOU
TTAaiciou, TO TPWTO PAPA Vva Egival Pn  amapaitnto  amdé  dmown
BeAtioToTroinong Tou atroteAéoparog. O MIH, dg, TpwTta BEATIOTOTIOIEI TNV
OIEAEUCN KAl KATOTTIV TTPOCAPHOLEI TO ATTOTEAECHUA £TOI WOTE VA E€PXETAl O€
OuP@WVia JE TNV aTraiTnon vyia TIG Kpiolueg Ceutelg. 'ETol, 10 deuTePO Bripa
BonBdsl oTn PEATIOTOTTOINGN TOU QVTIKEIMEVIKOU OTOXOU, XWPIG VO UTTOTTEPTEI

o€ MOAVEG AVWPEAES ETTAVAARWEIG.

OTmwg  eUKOAQ  MPTTOPEI  va  TTAPATNPNOEl  KAVEIG, Ol - aAyOplOpol TTou
TTEPIYPAPNKAV TTIO TTAVW PaiveTal va Bewpouv T0 MPLS povTéAo TT10 TTOAU WG
MEOO yIO TNV €QAPUOYR TOUG Kal AlYOTEPO WG TIPOOCDIOPICPEVO TTAQICIO
ATTAITACEWY, AVAYKWY KOl XAPOKTNPIOTIKWY YIa TNV €TTiTeUén NG Alaxeipiong
®oprtiou kal Moépwv. Evw, dnAadr, otoxelouv oTnv BEATIOTN KATAVOWI TOU
QopTiOU Kal TWV OIKTUOKWY TTOpwvV, O&v Aaufdavouv utr™ oyiv Ta BEuata
oXedlaouoU TToU avaAuBnkav TTapaTrdvw  PE oTToTéAeopa Tmap’ OAo TTou
oxedidotnkav yia 10 MPLS, va pnv  eKPETOAAEUOVTAl TIC ONPAVTIKEG
duvatoTNTEG TOU KAl VA  OTTOQEUYOUV TNV  CUPUOPQPWON) TOUG HE TIG
KOBOPIOUEVEG aPXEG KAl EVVOIEG TTOU £¢eTAOTNKAV. 'ETOI, apKETO evdiapépov
TTapoucidlel o aAyopIBUOG TTOU TTEPIYPAPETAl OTO [2] O OTT0I0OG OTOXEUEI OTNV
peyioToTroinon TnG diEAeuong oTo BikTUuo, AauBAvel UTT OWIV KATTOIEG ATTO TIG
ammaitioelg Tou MPLS yia Toug aAyopiBuoug Odiaxeipiong Topwy, v

TTaPAAANAQ €10AYEl VEEG EVVOIEG KOl TTAPADOXEG YIa TO OXEOIAOUO TOU.

2av TTPWTO PBAMA, O TIPOKEIUEVOG OAYOPIOUOG TAGIVOMEI TIG ATTAITACEIG
oupewva pe kamolieg TTapadoxés. Map’ dAo Tmou de AauBdvel utr OWiv TNV
MpotepaidTnTa EyKaTdoTaong mou €EETAOTNKE OTNV TTPONYOUMEVN €vOTNTA,
TOTTOBETEI TIC QATTQITAOEIC 0€ CEIPA WE BAcn Tnv UTTOPEN €K TWV TTPOTEPWV
TTPOCdIoPICPEVWY. CeUtewyY, TNV avaykn yia backup LSPs, Tnv amaitouuevn
XWPNTIKOTATA KAl TOV UTTOAOYIOPEVO aplBud BnuATwY TNG OUVTOUOTEPNG
O100pouAG atTrd TNV TTNYR MEXPI TOV TTPOOPIOHO TNG EKACTOTE TPEXOUOAG,
e€etaloduevng amaitnong. Ooov agopd TNV ATTAITOUMEVN XWPENTIKOTNTA, AUTH
uttoAoyieTal wg 1o GBpoIoua TNG XWPENTIKATNTAG TOU TTPWTEUOVTOG KAl TOU
backup LSP (v uttdpxel), evw Bewpeital cav pia aitnon TNG OTToiag T0 PAKOG

TNG dIadPOUNG I00UTAI JE TN MIKPOTEPN €K TwV dUO.
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‘ExovTag TagIivounoel TIG TPEXOUOEG OTTAITHOEIG, apyiel va eEutTnpeTei TNV KABE
Mia TTpwTa Bpiokovtag OAEG TIG €QIKTEG DIOOPOMES ATTO TNV TTNYN MEXPI TOV
TTPOOPICPO TNG Kal ETTEITA BEATIOTOTTOIWVTOG TNV ETTIAEXOEICA QVTIKEIYEVIKNA
ouvapTnon yia KABe POVOTTATI KATOAAYOVTOG TEAIKA OTO BEATIOTO aTTO QUTA.
MNa 10 TTPWTO PBAMA, TTPOTEIVETAI Wia TTPOCEYYIOTIKA, OUVAMIKN OuvapTnOon
KOOTOUG Twv (Ceuewv oav €icodog yia Tov aAyoépiBuo Dijkstra n otroia
AauBdaver ut” Owiv TO TIPAYMATIKO @OPTIO TNG CEUENG, TNV. OUVOAIKN
XWPENTIKOTATA TNG KABWG KAl TV ATTAITOUPEVN XWPENTIKOTNTA TNG ETTOUEVNG
atraitnong. H ouvaptnon K6oToug, TEAIKA, TTAPAYEl EKEIVA TA JOVOTTATIO TTOU
TepIAauBavouy a@evog To eAAxIoTo TTAABOG KOPPBWYVY YEVIKOTEPA Kal aQ’
ETEPOU TOV PIKPOTEPO OPIBPO OXETIKA TTIO QOPTWHEVWY CEUEEWV €10IKOTEPA. TO
UTTOOIKTUO TwV CEUEEWV TTOU TTAPAYETAI ATTO TO TTPWTO PBripa, €EETACETAI WG
TTPOG TOUG UTTOAOITTOUG QVTIKEIMEVIKOUG OTOXOUG Ol OTToiolI TTpooTTadouv va
BeATioTOTTOINOOUV  TO TEAIKO QATTOTEAEOMA. 2ZUYKEKPIMEVA, MEOA  aTTd
TTaPAdOXEG, TTEIPAUATIKEG TTPOCEYYIOEIG KOl KAVOVIKOTTOINOEIG (01 OTToieg O Ba
TTOPOUCIACTOUV €0W), ETTIAEYETAlI TEAIKA €EKEIVO - TO HOVOTIATI TO OTIOIO

TepIAapBavel Ta Aiyotepa BApATa Kal ATTOPEUYEL TIG TTEPIOPIOTIKES CEUEEIC.

Autd TOU TTOPOUCIAlel evOla@EéPOV - €ival N @IAocogia Tricw atmd TNV
ATTOOECTPEUC TWV POVOTTATIWY KAl TV TTPOCTTABEIa €0pECNS TTPWTEUOVTOG KAl
backup LSP. Ocov agopd Tnv OT1TOOEC0HPEUCN, N OTToia EKTEAEITAI OTNV
TTEPITITWON TIOU O aAyOpIBpog Oev KATagEPEl va BeATIOTOTTOINCEI TNV
QVTIKEIMEVIKI] OuvAPTNON, MEYAAN onuacia divetar OTnv  €TMAOYR  Twv
uTToWN@iwV povotTatiwy. Mo ouykekpIéva, TA UTTOWN@PIA PJOVOTTATIO TTPOG
atmmodéopeuon  emMAEyovTal - va  gival  €keiva Twv oOToiwv n  dlaBéoiun
XwPNTIKOTATA  CeUENG €ival PIKPOTEPN TNG aTTAITOUMEVNG Kal OeUTEPOV N
amoéoTaon Toug aTrd CeUCEIC PE ETTAPKN XwpenTiKOTNTA €ival n eAdxiotn. H
atreAeuBEépwan Sladpopwy atmd (eUEEIC JE TA TTPONYOUUEVA XAPOKTNPIOTIKA,
gival TTOAU mBavov va odnyrael oTnv KAAUTEPN EYKATACTACT TOUG O€ ETTOUEVO
Bripa. To TARBog, O¢, TWV TTPOG ATTEYKATACTACT dIadPOowWV UTTOAOYIZETAl WG
AVAAOYO ME TIG ATTOTUXNMEVES ETTAVOAAWEIG TOU aAyopiBuouU, KATA TIG OTTOIEG N
QVTIKEIMEVIKI] ouvApTnon Oev £TUXE PEATIOTOTTOINONG, ME ATTOTEAECHA N
EMTUXWG dPONOAOYNUEVN XwPNTIKOTNTA (TIA TpExouoag dIEAEUONG) va gival

avTIoTPOPWS avdaAoyn ME TO OUVOAO Twv uttoywn@iwv diadpopwy. Akoua
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MEYaAUTEPO evdIa@épov oTo BEua autd TTapoucidlel n €AoYy Twv €V
TTPOKEIEVW povoTTaTiwy. Ag&iCel va avagepBei 011 10 20% Twv uTToWn@iwv
ETMAEyoOVTAl PE TuXaio TPOTTO, evw atrd 1o UTTOAoITTO 80% TO POVOTTATIO
EMAEYOVTAl ATTO TO «XEIPOTEPO» TIPOG TO «KOAUTEPO», ME TN METPIKA TOU
«XeipioTou» va egaptaTtal amoé Tn Ola@opd Tou OIKOU TOU MIKOUG MHE TO
eNAXI0TO PAKOG MovoTraTioU OTO OiKTUO, KOBWGS Kal aT1rd ThV. aTraIToUuEvn
XWPNTIKOTATA TOUG. 2T0 TEAOG TNG TTAPATTAvW d10dIKACIAg, TO JOVOTTATIA QUTA

gI0€pXovTal OTNV AiOTA TWV «ATTAITACEWVY» UE PEYIOTN OEIPA TTPOTEPAIOTNTAG.

Ooov agopd Ta backup povotrdria, autd BswpouvTal oav pia amaitnon YE Ta
TTPpWTEUOVTA Toug. QoTd00, o1 OUo OladpopéG uTToAoyiovTal EVTEAWG
avetdptnra. [Mpwta utoAoyiletal n  TTpwTevouca  O1adpoury Kal  PETA,
MapkapovTag TIG CeUEEIC TG TTPWTEUOUCAG CAV «ATTAYOPEUTIKEG UTTOAOYICETAl
170 backup. H amAf aut) pébodog, BERala, PTTOPE va PNV KATa@EPEl va
KAaTtaAnEel O €QIKTA MOVOTIATIO. 2€ TETOIEG TTEPITITWOEIG, UTTOAOYIETOI
OIOPOPETIKO JOVOTTATI YIA TNV TTPWTEUOUCA dIadpOour Kal ETTEITA AVIXVEUETAI TO
backup povotrdr. Edv kai n dsutepn péEBOdOG aATTOTUXEI, TOTE O OAYOPIOPOG
aAAGlel TN ogipd uTTOAOYIOPOU KOl TTPWTA TTPOCTTABE! va Bpel JOVOTTATI yia TV

backup diadpopr] Kal KATOTTIV yIa TNV KAVOVIKI).

Méow TTPAYHATIKWY TTEIPAPATWY KAl TTPOCONOIWCEWY, OTTOOEIKVUETAI OTO [2]
0TI 0 utmé oulATnon aAyopiBuog atrogépel Ta BEATIOTA (Ewg Kai 100%)
atmmoTeAéopata o€ TTAQIOIO €QAPPOYAS ME MEYAAO apIBUO KOUBWVY Kal HIKPN
apxIKA TTo0OTNTA BECPEUPEVNG XWPNTIKOTATOG (eUEewy, TOOO atTd AtTown TNG
OUVOAIKNG BIEAeuong 60O Kal OTTd T OKOTTIA TOU OTTAITOUPEVOU XPOVOU yia
TOUG  TTAPATTAVW ~ UTTOAOYIOUOUG  TTAPOUCIAlOVTOG,  £T01,  EKTTANKTIKEG
ouvatoTNTEG KAIHAKWONG. TlapdAAnAa, av kal TTpooeyyIoTIKA, n Auon TTou
uttoAoyicetal - TTANCIAZel  TTdpa TTOAU Tn BewpnTikr) XApPIV OTIG TTOIKIAAEG
TTAPAPETPOUG  TTOU  CcuvuTToAoyiovTal OTIG OUVAPTAOCEIG Kal Ol  OTTOiEG
EKTINABNKaV gupnaoTikd. QoT1do0, éva a1rd TA MO BACIKA HEIOVEKTAUATA TOU
aAyopiBuou €ykeital oTo yeyovog OTI 0 TeAeuTaiog divel peyaAlTepn onuacia
oTnNV €UPECN TOU OUVTOPOTEPOU HOVOTTATIOU TTapd OTnVv €glooppdTTNON TOU
@opTiou. O1 gpeuvnTég, BEPaIa, TTpoTEIiVOUV AUON yia Tnv aduvauia auTr, KaTtd
TNV oTroia KABe €CETACOPEVO MOVOTTIATI BEATIOTOTIOIEITAI ETTAVAANTITIKA ME

XPAoN TNG MEPIKWG BEATIOTNG TIUAG TTOU €¢AXON aTTO KABE TTPONYOUNEVN
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eQapuoyn, HEXP!I VO @TAcEl 0TO €mBUUNTO EAAXIOTO aAAG N AUon auTh, €10IKG
av  UTTOAOYIOTOUV Ol ETTAVOANTITIKEG KOl  QVOOPOMIKEG OIAdIKACIEG TwV
UTTOAOITTWV BNUATWYV, augdvel oNPAvTIKA TNV TTOAUTTAOKOTATA TOU aAyopiBuou.
EmmpdoBeta, o aAyopiBuog Aaupavel utt” OYiv TOUG OXETIKOUG PE TO PAKOG
TOU MOVOTTATIOU KOl TRV aTTAITOUPEVN/DIaBE0IUN XWwPNTIKOTNTA TTEPIOPICHUOUG.
MapoAo 1mou kal GAAoI TTEPIOPICUOI Ba PTTOpOUCAV VA £QAPUOCTOUV YIA VO
OWOOUV TIIO OUYKEKPIPEVN TTOPAMETPIKA AUCn, N  €@apuoyr) Toug Ba
aTTaITOUCAV OKOPA TTEPICOOTEPO XPOVO KABWG KATI TETOI0 Ba afjuaive akoua
MEYOAUTEPN OUCKOAIQ OTOUG UTTOAOYIOPOUG Kal  PEYOAUTEPN - avaykn Via

ETTAVOANTITIKY €TTAVABEATIOTOTTOINON KABE duvaTiS S1adPONNG.

H teAeuTaia aduvapia Tou uttd avaAuon aAyopiBuou atroppEel aTrd TO YEYOVOG
OTI N aUgnon Twv TTAPAUETPWY aTTOPACNG KAl TWV TTEPIOPICPWY o€ éva NP —
hard TTpOBANUA, CuveTTAyeTal TNV EKOETIKI AUENON TNG TTOAUTTAOKOTNTAG KAl
TOU QTTQITOUPEVOU XPOvou eKTEAEOTC Tou. BEPRaia, OTTWG €UKOAQ UTTOPE va
TTOPATNPEAOCEI KAVEIG, N TTPOCTIABEIA aviXVEUONG TWV BEATIOTWV POVOTTATIWV
Baoel Aiywv povo TrEpIOpIOPWY,  OEV gival  adUVANO OnuEio POvo Tng
TTPONYOUNEVNG TTPOCEYYIoNG. OuunBeite 61t 0 MIRA TTepIOpideTal OTIG KPIOIWES
Ceuteig, o DORA oTig kpiotueg Ceugelg kai Tn oup@oépnon, o MIH TTpoaBérel Tov
apIBud PnUATWY Kol TN PUBPION  TWV TTAPOUETPWY, €VW O TEAEUTAIOG
TTEPIOPICETAI OTO PAKOG - TwV povotraTiwv Kal Tn diEAeuon. Or duvaTtég
ATTAITACEIS KAl Of TTEPIOPIOPOI, WOTOCO, Oev €ival KAT avAykn POVO aAuToi.
O1mrwg €xel ndn avaeepBei, Teplopiopoi 0TTwWG 10 bandwidth, Ta etiTreda
TTPOTEPAIOTNTAG, O OlIAPopeS 1010TNTEGC  Twv  CeUgewv, n  €AeUBepn
XWPNTIKOTATA, Ol TTPOO0BIOPICHEVOlI CUVOEOHOI Kal GAAa gival €TTiong €QIKTOI
Xapiv otnv MPLS TtexvoAoyia.

‘Evag TToAU evdia@épov aAyopIOUOoG 0 OTToiog UTToPEi va AGBEI TOUG TTapATTavVW
(ka1 TTEPICOOTEPOUG)  TTEPIOPIOHUOUG,  €VW  TAUTOXPOvA  €XEl  MIKPA
TTOAUTTAOKOTNTA KAl €UKOAIQ oTnv uAotroinon, eival o CSPF (Constrained
Shorterst Path First) [13].H @iAocogia Tou €ival TTOAU QTTAr] KOl UTTOPE va
TTEPIYPOQPEI WG €EAG: EV apxn TAEIVOUED TIG aTTAITHOEIC CUPPWVA PE TO ETTITTEDO
TNG TTPOTEPAIOTNTAG EYKATACTAONG TTOU AUTA KaTéXouv. Edv dUo atraithoEelg
EXouv Tnv idla TpoTeEPaIOTNTA, ETTIAEYEI EKEIVN PE TO PEYAAUTEPO ATTAITOUNEVO
bandwidth. Kartomv, apyifel va «a@aipegi» CeUgelig amod TV TpéXouoa
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ToTToAOYia. AvAAoya HE TIC EKAOTOTE ATTAITACEIS «KOBE» ATTO TNV TOTTOAOYia
€KeiveG TIG CeUeEIC TTOU BEV €XOUV TNV ATTAITOUMEVN XWPENTIKOTNTA, TTOU O&V
MTTOPOUV va odnyioouv oe explicit links, TTou £xouv XapaKTNEIOTEI OAV «TTPOG
aTroQuUYN» Kal ouTw KABeEAG. TENOG, éxovtag agaipEoel OAeG TIG CEULEIG TTOU
OEV OUPQWVOUV HE TIG APXIKEG ATTAITACEIC KAl TTEPIOPIOUOUG, £QAPUOLEl TOV
aAy6piBuo cuvTopoTEPNGS BIadPOUAG OTO EVOTTOMEIVAV UTTOBIKTUO Kal £EAYEI
€101 TO0 BEATIOTO povoTTaTl. AgiCel va avagepBei 6T map’ 6Ao 1mou n CSPF
TEXVIKA Oev eyyudTal 100% BEATIOTN KATAVOUNR TNG TRAETTIKOIVWVIAKNAG Kivhong
TTAVW OTOUG TTOPOUG Tou OIKTUOU, BewpeiTal YEVIKA Mia TTOAU E€TTAPKAG

TTPOCEyyIon.

YYMIIEPAYXMATA

O1mwg ndn mapouaoidotnke, n Alaxeipion Kivnong kai Mépwv €oTidlel otnv
atrodoTIKA Kal agIoTmoTn Asitoupyia Twv OIKTOWV PE TNV TTAPAAANAN, BEATIOTN
KATAVOMN TWV TTOPWV Kal TNG KUKAOQOPIOKAG £TTidoong. H apxXITEKTOVIK TOU
MPLS, pe TIG ONUAVTIKEG OUVATOTNTEG KAl TO XAPOAKTNPIOTIKA TnG, duvaTtal va
TTPO0dWOEl TTOAU 10XUPA BEPENID yIa TNV ETTITUXT ETTIAUCT) TOU €V TTPOKEIPEVW
TTPOBANHATOG TTPOCPEPOVTAG dUVATOTNTEG PNTOU TTPOCBIOPICHOU PHOVOTTATIWY,
atmoTEAEOUATIKAG  dlaxeipiong  Twv  powyv, duvatotnTeG  TTPOCOIOPIoHUOU
TTOIKIAAWV TTEPIOPITPWV YIO TO EKAOTOTE JOVOTTATI, TTPOOTACIA TWV dIAdPOUWV

OUVOAIKG 1 TV CeUEEWV/KOUPWY EIBIKOTEPA KAl AAAEG.

Map’ 6Ao Trou n Alaxeipion Kivnong kai MNépwv diaxwpidel To YeEVIKO TTPORANUO
o€ OUO AOYIKOUG TOWEIG, TOV BAcIOPEéVO OTNV Kivnon Kal Tov BAacIoPévo OTOUG
TTOpoUG, N TAslown@ia Twv aAyopiBuwv TToU £€xouv OXedIAOTEN yia TO
TTPOKEIMEVO BEPa TTpOooTTAB0UV va uTtoAoyioouv pia BEATIOTN AUon n oTroia va
TTpoaeyyiel Kai Ta dUo autd padi. H ouvning TakTIKn, €ival 0 UTTOAOYIOUOG TwvV
MOVOTTATIWV PE TPOTTO TETOIO WOTE AP’ EVOG VA PEYIOTOTTOIEITAI N BIEAEUC EVW
a@’ €TEPOU va €AAXICTOTTIOIEITAI N XPNOIJoTToinon Twv TTépwyv oTo diktuo. O

KABe aAyopiBuog pTTOpEl va TTPOOEYYioEl OIAPOPETIKA TO Bfua auTo,
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avaBEéTovrag 1o TTPORANPA OTNV KPIoIMOTATA TWV (eUEEwy, 0T ouueodpPNon,

oTnNV €AeUBEPN XWPNTIKOTNTA, OTOV APIOPO TwV BNPATWY Kal oUTw KB’ €ENG.

EvTouToig, o1 TepIcodTEPOI aAYOpIBUOI QaiveTal va xpnolpotrololv 1o MPLS
TTEPICOOTEPO WG £va PECO €QAPUOYNG, TTAPA WG Mia KOAG opliopévn,
TTEPIOPIOTIKY) TEXVOAOYIA yia TNV E€TTTEUEN TOOO TNG TAXUTATNG METAOOONG
TTOKETWY 000 Kal TNG BEATIOTNG dlaxeipiong Twv TTOPWV Kal TNG Kivnong.
O¢uata OTTwG 0 aTTAGG Kal IEPAPXIKOG TTPOCOIOPICNOG Twv (eUEEwWV, N
TTPOOTACIA, Ol TIPOTEPAIOTATEG EYKATACTAONG Kal dlaTApNon ThG oUVOEONG, Ol
BaBuoi TrpoTiunong o€ évav TTEPIOPICPO €vavTl evOg GAAOU, KaBWGS Kal O
KaBopIouOS TTOAAATTAWY, OIOPOPETIKWY ATTAITACEWY - av& ponl QaiveTal va
atro@euyovTal 1 atTAd va UTTOVOOUVTAl WG «ETTIONG EPIKTOI» OTN CUVTPITITIKA

TTASIOYPN@Ia TV TTPOTABEVTWY AAYOPIBUWV.

ATT6 TOuG aAyopiBuoug TTou €€eTAOTNKAV OTNV TTPONYOUUEVN £VOTNTA, JOVO O
CSPF ka1 o aAyopiBuog TTou TrepIypa®eTal oTo [2] @aiveTal va Aaupavouv utr
oyiv kKatrola atréd Ta BEuata oxXedIaouoU TTOU TTPOCdIoPIioTNKAV TTAPATTAVW, ME
TOV TpWTO va €10dyel TR OuvatoTnTa  TTPOCDIOPICHOU  TTOAAATTAWY
TTEPIOPICPWYV, TTPOTEPAIOTATWY KAl TTPOOTOCIAG POVOTTATIWV QUEAVOVTAG £TOI
TNV ammokAion atrd TN BEATIOTN TIPA TNG QVTIKEIMEVIKAG CUVAPTNONG KAl TOV
OeUTEPO  va  TTPOCOIOPICEl  KATOTTIV. - TTOPAdOXWY TNV  TTPOTEPAIOTNTA
eykardotaong, TG - backup dladpopéc kabwg kar TNV duvaroTnTa
aTTEYKATAOTOONG KAl ETTAVOKABOPIOPOU HOVOTIATIWY OTNV  TTEPITITWON [N
ETMTUXWV ETTAVOAAWEWY TOU aAyopiBuou, auédvovtag £€Tal TNV TTOAUTTAOKOTNTA

TOU TEAEUTQIOU.

‘Eva emtpdoBeTo onuavTikd onueio PTTopEi va atroTeAETEN KAl TO YEYOVOG OTI
ol TTEPITCOTEPOI aAYOpIBuoI BaailovTal oTnv Tpéxouoa ToTToAoyia Tou SIKTUOU,
KOBWG Kal OTIG TPEXOUOEG ATTAITAOEIG, MN AauBdvovTtag utr Oyiv To TTPOQPIA
TOU OIKTUOU KQI TIG TTPOCUNQWVNPEVESG PpoEC TTou Ba To dlaoXioouv. Av Kal
AOYIKO yia aAyopiBuoug TTou avAkouv oTtnv online karnyopia, 6mmwg o1 MIRA,
DORA kai MIH, gival éva oxeTIKG (Ewg onuUavTIKA) TTEPIOPIOTIKG ATNHA KOBWG
N BEATIOTN KaTavoury Tou @opTiou TO0O0 atrd ATTown Kivnong 600 Kal atrd Tn
OKOTTIA TOU QopTiou dUvartal va UTTOAOYIOTE TTIO ATTOTEAECHATIKA €dv OAO TO

OUVOAO TWV aTTAITACEWV €ival yvwoTo. Me GAAa Adyia, doBéviog dAou Tou
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OUVOAOU TWV aTTAITACEWYV TTOU eVOEXETAI va dpouoAoynBouv oTo OiKTUO O€
OTTOIOONATIOTE  XPOVIKA  TTEPIodO, 1N KATAvOodry autwv  Oduvaral  va
TTPAYMATOTTOINOEI KOAUTEPO MIOG KAl Ba €ival yVWOTOI €K TWV TTPOTEPWYV OAOI Ol
TTOPAYOVTEG YIA TNV ETTIAOYK OTTOIOUONTTOTE JOVOTTATIOU (OTTWG TTPONYOUEVEG,

NON EYKOTEOTNUEVEG POEC | HEANOVTIKA, €V avaUOVI QOPTIA).

MNa va utropei va payuatoTroinBei 1o Tapatmdvw, dU0 TTPOCEYYIoEIS €ival
ouvatéc: (1) n dlathpnon OTATIOTIKWY TTANPOPOPIWY KAl TTPOQPiA Tou. SIKTUOU
Kai (2) n epapuoyny evog offline  aAyopibuyou pe  €icodo  OAeg  TIg
TTPOCUPQPWVNUEVEG  ATTAITACEIS KAl TO  XOPOKTAPIOTIKA TOUG yia  €va
OUYKEKPIPEVO XPOoVIKO didoTnua. Agilel va avagepBei OTI EKTOG TOU TTPOPAVOUG
TTAEOVEKTAUATOG yia Tnv BEATIOTN KaTAvOPrR Tou @opTiou, n OeUTEPN
TTPOCEYYION WTTOPEI VA €1I0AyEl KAl évav onPavtiko BaBud xaAdpwong otnv
atmraiToupevn TTOAUTTAOKOTNTA TOu aAyopiBuou. [0 cuykekpiyéva, €dv Kal
AiyoTEPO TTOAUTTAOKEG AUCEIG €ival TTIO TTPOTIUNTEES, €1I0IKA OE online TTAaioia
EQPAPMOYNAG, KATI TETOIO Oev €ival atrapaitnTa TTEPIOPIOTIKO yia évav offline
aAyopiBuo kabwg autdg Ba epapuooTEl TIPIV. TNV AQIEN OTTOIOUBNTTOTE
TTOKETOU, XWPIG va dIOKOTITEI A va KABUOTEPEI OTTOIAdNTIOTE ATTAITNON KAl £T0I
O¢ev gival T6o0 ouo1wdng n TaxuTaTn Kar atmmAfl ektéAeon) Tou. MahioTa, offline
aAyopiBuol TTou ocuvavtwvtal otn BIBAIoypagia pmmopolv va @TAVOUV Kal TIG
10 — 15 wpeg ekTéAeong, kAT PECO OPO, TTAPAYOVTAG WOTOCO BeauaTIKA

atmmoTeAéEouaTa.

AauBdavovtag utr owilv OAa Ta TTapatrdvw, OTO Onueio autd JTTopPEl va
TTPoodIoPIOTEN TTAEOV O OTOXOG TNG TTPOKEIUEVNG £pyaciag. To BEua oTo OTToIo
eoTidleTal autr), AoITrév, €ival o oxedlaouog aAyopiBuou diaxeipiong Topwv
Kal Kivnong, o oTroiog péoa oTo Trpokabopiopévo TTAaiolo Tou MPLS kai o€
offine  kardotaon  epappoyAg  Oa  KaTaveiNeEl  TO  ATTAITOUMEVO,
TTPOCUPQPWVNUEVO- QOPTIO KATA TPOTTO TETOIO WOTE VA MEYIOTOTIOIEITAI N
OlEAeUOn €V TAUTOXPOVA IKAvVOTToIoUVTal Ta Bfuata kal ol aTmmaITAoEIg
oxedlaouou OTTwe autd opifovral oto [RFC 2702] kai GAAa. To paBnuartiko
MovTéNO, o1 TTapadoxéc KaBWwG Kal Ta e€pyaAcia yia Tnv €mmiTeuén Tou &V

TTPOKEINEVW OTOXOU, Ba £EETAOTOUV EVOEAEXWG OTO KEQAAQIO TTOU AKOAOUBEI.
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EIXAT'QI'H

To KeQAAQIO QUTO, OPHWHEVO €K TwV BOEUATWV TIOU EEETAOTNKAV OTIG
TTPONYOUMEVEG €VOTNTEG, TTAPOUCIAlel TO uaBNuatikd TTPORANPA Tou UTIO
oxedlaouOTEaAyopiBuou. Ze TTpwTn @QACH, A TTAPOUCIOCTEI N YEVIKOTEPN
TTPOCEYYION TOU TIPOG €TTIAUCH TTPORANPATOG, TTAPOUCIAlOVTAG TIG YEVIKEG
TITUXEG KAl TOUG TTEPIOPICHOUG TOU Kal £EETACOVTAG AVAAUTIKA TOOO Ta BEépaTa
TOU OUVOAIKOU UTTORABpou, OTTWG TO SIKTUO Kal TIG ATTAITOUMEVES POEG, OCO KAl

Ta {NTAMATA TWV TTEPIOPICUWYV OTOUG OTTOIOUG UTTOKEITAI AUTO.

‘Exovrag opicel To paBnuatikdé TPOPANUa, akoAouBei n elcaywyr Twv
(NTNUATWY TTOU TTPOOdIoPICel TO MPLS. 21 OgUTeEPn QACN TOU KEPAAQiou
autou, Aoimdv, Ba TpocodiopioTouv Ta BEuata TTou Ba An@Bouv utr” owly,
OTTWG N TTPOCTACIA TWV POVOTIATIWY, O TTPOCOIOPIOUOS Twv dladpouwy, Ol
KAQOEIG TTPOTEPAIOTNTAG K.T.A., HECW MABNUATIKWY TUTTWV Kal TTAPAdOXWV.
‘ET01, oI dUO €TTOPEVEG £vOTNTEG Ba OpPicOUV- TO OUVOAIKO TTAQICIO TOU UTTO
oxedlaoud aAyopiBuou yia v - eTTiAucn Tou TETTPOBAANOTOG €VIOG TWV
MPLSTONEWV.

Agdopévou 611 TO uTtd €tTiAucn TTPOPRANUA, atmd TN OUVOAIKA) TOU OKOTTId,
OTPEPETAI OTNV PEYIOTOTTOINON TNG OIEAEUONG, OKOTTIMN KPIVETAI N MEAETN TNG
Bewpiag TNG peyloTOTTOINONG TNG PONG o€ dikTUa pETaPOPAS. 'ETol, otnv
TETOPTN €voTNTA Ba TTapouciacTei To padnuarikd TpdBAnua tng MaxFlow
Bewpiag e¢etdloviag 1O TTPWTEUOV Kal TO OUIKO TNG YPAUMIKO TTpoRAnua. H
avaluon auth Ba kdvel TeEPIcoOTEPO KaTtavonTd Ta CnTAMaTa TTou Ba
emMAUBOUY, KaBwg Ba Tpoodwaoel TIGC BACEIC KAl TO KATAAANAO BewpnTIKO

uTTORaBpO.

TéNoG, €xovTag O€l TO TTPOBANUA KATAVOMNG TOU (POPTIOU KAl TWV TTOPWYV aTTd
TN MOBNnuatik kKol BewpnTikA TTAeUpd, Ba efeTacToUV OI TTIO  YVWOTOI
aAy6piBuol yia Tnv emiduon Twv Max — FlowmpoBAnuaTwy TTOU €XOUV
TTpoTabei oTn PiBAIoypagia. H avdAuory Toug duvatal va pigel TTEPIOTOTEPO
QWG OTOUG TPOTTOUG, TIG TEXVIKEG KAl TA EPYOAEIQ yia TOV UTTOAOYIONO TWV

BEATIOTWYV povoTTATIWV PE OTOXO TNV augnon Tng diEAeuong (1 Tn Meiwon TNG
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oupEOpNOoNG) Kal Ba atroTeAECEl TOV aKpoywviaio AiBo, og ouvOUACUO PE TNV
TTponyoupevn Bewpia, TOUu TEAIKOU OXeOIOOUOU TOou aAyopiBuou TN

TTPOKEINEVNG EPYATiaG.

OPIXMOX [IPOBAHMATOY ('ENIKH
IIPOYEITIYH)

BAZIKO lAAIZIO

‘EOTW ouvekTIKO KaTeuBuvouevo ypdenua G = (V, E, C) TTou avTITTPOCWTTEUEI
Mia TotroAoyia dIkTUOU, OTNV OoTToia V. €ival To oUvoAo Twv KOPBwV (LSRS), E
TO oUVOAO TwV akpwv (links) kal C TO CUOXETIOPEVO PE KABE akur BApog, PE
C eR*, 10 omoio OnAwvel TV XwpnTikdéTnTa (capacity) kai A&AAoug
TTEPIOPICPOUG Tou link. O1 akpég TTpoodiopidovTal atrd TNV KATEUBUVON TOug,
pe pia akpn e=(, j)li, JEV va £xel yia apxIki Kopupn Tov KOuRo i Kal yia
TEPMATIKA KOpuPn TOV. KOUPO j. AU0 akuég (ig, i1), (i1, i2) €ival ouvdedepéveg edv
N TEPMATIKA KOpuPn TNG Miag (edwip) atroTeAei TNV apxiki TNG GAANG. To dikTuo
G €xel vonua €dv 10 TTARBOG Twyv KOuPwv eival |V| = 2 (Ingress kal Egress
LERS),evw dev uttdpxel TTEPIOPIOUOS oTo TTAABOG Twv evOldueowv LSRS, ue
évav LERva pmmopei va ouvdéetal amr’ euBeiag pe €vav dAAov akéun kal v o
TTPWTOG aTTOTEAEI anuEio €10000U evw 0 BeUTEPOC onuEio e€6GdoOU TOu BIKTUOU

(TrepiTITWON OXEOOV atTiBavn aAAd €ykupn).

‘EoTw D = {dy, ..., di}, k € N T0 oUvoAo Twv atmraitioewyv (demands) ue d; = {s;,
ti, bi} 610U S; €ivanl n TTNyR (Source/lngress LER) Tou d;, tj €ival o Tpoopioudg
Tou (Target/Egress LSR) kai b;cival n atraitnon Tou TeAeutaiou oe bandwidth.
Mapakdtw Ba @avei 6T éva demand d; ptmopei va XOpOKTNPEIOTEN HE
TTEPICOOTEPEG TTAPAUETPOUG, OUUPWVES PE TIG aTraithoelig Tou MPLS — TE.
QoT1o600, TTPOg TO TTAPOV, Ba €CeTaOTEI N MO YyeVIKA TTEPITTTWON. MNa KABe
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arraitnon dopifeTal N pon TNG wg fik ET01 WOTE 0€ OTTOINBATIOTE XPOVIKH OTIYMN
AT kai og otmoladnTToTE AKMN (i, j)N TTOoOTNTA fik va UTTOONAWVEI TO TURMA TNG
OUVOAIKNG aTtraitTnong din otroia diaoxicel Tnv ekaoTote akun. ‘Etol, €dv ¢
AneBei n pon fij wg 10 TTOCOOTO, AAAG WG TO TUAUA TNG TTPWTEUOUCAG PONG,

MTTOPEI va opIoTE OTI:

fiwe=b; (1)
k
2€ €va KATEUBUVOPEVO ypA@nua, Eva JOVOTTATI OpICETal WG Pia akoAouBia atrd
ouvOEedEUEVEG OKUEG. 'Eva atTAG HovOTTATI OVOUACZETAl EKEIVO TTOU OEV: TTEPIEXEI
TNV id1a akur U0 1 TTEPICCOTEPEG POPEG, EVWD XAPAKTNPICETAI WG OTOIXEIWOES
€av dev ouvavtd Tnv idia Kopuen TTavw atro pia gopd. ‘ETol, £éoTw PTo 0UVOAO
TWV OTOIXEIWOWYV PovoTTaTiwy Tou ypdgou Gotrou P = (Py,..., Py, teNTue P; =
{Go, 11), (i1, i2), ..., (ix, iy)}, 1€V, (i, JEE. O Baoikég OTOXOG TOU TTAPOVTOG
TTPORANPATOC €ival 0 TTPOCBIOPIOUOS TWV BEATIOTWY povoTTaTiwvy OPCP, £T0l
woTe 10 demand dx va akoAouBgi 1o povotrdar OPy TTou UTTOKEITAI OTOUG
TTEPIOPIOPOUG KOl  BEATIOTOTIOIEI TRV QVTIKEIYEVIKI] ouvaptnon T1ou  Ba

TTOPOUCIACTEI TTAPAKATW.

NNEPIOPIZMOZ XQOPHTIKOTHTAZ

Eioayetal n TapapETpog amopacng X{‘j n otroia deixvel €av T0 povoTTaT OPy
Tou demand di d1aoyiCel Tov KORoO (i, J)€TOI WOTE :
g

1 eqv to demandd; ypnowuomnotei to link i,j , i,j € V, dy €D
= , (2)
0, aAdlwg

2€ ouvdUaOouO e To atmmaitoupevo bandwidth by kGBe atraitnong dg , TO QopTiIo
Miag akunig opileTal wg 1o GBpoIcua OAWV TwV TUNUATWY POWV EKEIVWV TWV
aTITACEWY TToU TN dlacyifouv. 'ETOI TIPOKUTITEl OTI €dv Ijjeival To @opTio
(deopeupévn XxwpenTiKOTNTA) TNG OKMNG (i, j) TOTE

D |D|
1 ..
L = X{;fkm xi’;bk,z,] EV (3
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To OUVvOAIKO @opTio TTOU JTTOPEl va uTtrooTnpitel pia otroiadhtroTe akun (i,
j) € Edev emTpETTETAl VO UTTEPPRAIVEI TNV OVOMPOOTIK  XWPENTIKOTNTA  TNG

TeEAeuTaiag. ‘ETO1 TTpOKUTITEI OTI:

Cj=l; , Lj€EV, ij €E4

|AIATHPHEH ®OPTIOY

Ewova 6. Atatipnon @optiou

To @opTio OTTOI0CONTIOTE PONG TTPETTEI VA dIATNPEITAI KAl VA PNV UTTOKEITAI O€
ammwAeieg. Me TOAU atrAd Adyia, O,TI EI0EPXETAlI O€ €vav KOUPBO Ba TTpETTel va
eCEpyeTal ammd autév. 'EoTw, AoImrdy, €vag oTToloodNTTOTE EVOIAUECOG KOUPBOG
N. Ztov NmpooTritiTouv éva r mepiloooTepa links (m, n)ue m, neV, m¢g N,
NENKal eKTTITITOUV €va 1 TepioooTepa links (n, 0) ye neEN, o€ N, n,0€V. lNa
€UKOAIa, opiCovtal dUo UTTOOUVOAQ Nin, Noywt €V, Ta oTtroia utTodNAWVOUV
EKEIVOUG TOUG KOUPBOUG €K TWV OTTOIWV TTPOCTTITITOUV OTOV/ EKTTITITOUV ATTO TOV
Nol TTapatmdvw akuég. ‘ETol, yia tn diatipnon Tou QopTiou PTTopEi va AexBei
OTI TO ABpPoICUO TWV QOPTIWV OTTOIOVONTIOTE POWV TTOU EICEPXOVTAl OTOV
KOUBO NTpETTel va 1coUTal JE TO ABPOIoHA TWV QOPTIWV TWV iBIWV POWV TTOU
eCEpyxovtar atrd autév. Me 10 QOPTIO OAWV TWV POWV HIaG OKUAG va €xEl

opIoTEl atrd TNV £€iowaon (3), TTPOKUTITEI OTI:

lyvn= Lo .M E Nip,0 € Nyye, n €N (5)

MNa va 1oxvel n egiowon (5), 6a TPETTEl TO QOPTIO va PNV UTTOKEITAI O€
ATTWAEIEG OAAG 0UTE Kal PETAROAEC. ZuveTtwg, €av n (5) eival aAndbng, ToTE

XWPIG PAGPN TNG YEVIKOTNTAG PTTOPEI VA UETATPATTEI OTNV :

lypn = —lym nMEN,,,nEN (6)
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, N oTToia OUCIACTIKA dNAWVEI OTI TO EEPXOPEVO POPTIO I00UTAI UE TNV GAAQYN
KATeUOUVONG TOU EI0EPXOMEVOU. ZUVETTWG, TO QOPTIO TTAPAMPEVEI 00, OTTWG

opicel o TTEPIOPICPOG (5) aAAG n KATEUBUVOT TOU €ival N avTioTPo®N.

H(6), BéBaia, 10xUEl yia OTTOIOVOATTOTE EVOIANECO KOUPBO O OTT0IOG AauBAavel Kal
TTpowbei TO @OPTIO OTTOIACOATIOTE PONG. 2TOUG  KOWBOUG TTNYNG  Kal
TTPOOPIOHOU, OUWG, dev I0XUEI KATI TETOI0. 10 CUYKEKPIUEVA, BEwpEiTal 0TI O
KOUPOG TINYAG UTTOPEI MOVO va TTAPAEEl QOPTIO EVW O KOPBOC TTPOOPICHOU
MTTOpPEI JOVo va To KaTavaAwaoel. ‘ETol, 1ox0el 0Tl : TO €I0EPXOUEVO POPTIO TOU
KOUPBOU TTNYAG Kal TO £EEPXOUEVO POPTIO TOU KOPPBOU TTPOOPICUOU I00UVTAI UE
pNdév. MeviketovTag, Aoimmdv, Tnv (6) yia k&Be KOPPBO oTo dIKTUO TTPOKUTITEI OTI

yia Tn d1aTtripNon TOU QOPTIOU TTPETTEI VA IOXUEI :

ll-]-av = ti
lij - lji = -, ljiav [, S (7)
0, adAiwg

MEPIOPIZMOZ MONOTIATIOY

[MpoKeINEVOU va QTTOTPATTEI N TTEPITITWON €va HOVOTTATI va dIaoxilel Eva ypago
atéppova, OKOTIIMOG €ival 0 TTEPIOPIOPOS Twv Bnudatwyv (hops) TTou autd
MTTOPEI va ekTEAEDEL. ‘ETO1, N aviowon (8) uttodnAwvel 0TI Eéva HOVOTTATI JITTOPEI

va diaoyioel TOooug KOpPBoug 6001 UTTApXOoUV OTO BIKTUO Kal X1 TTaPATTAVW

X <v -1 (8

i,j €EE,dx€D

MapdAAnAa, kdBe demandtpémel va akoAouBei €va povadikd POVOTTATI,
TTPOKEIJEVOU TO QOPTIO TOU va un diaxwpiletal. Autd onuaivel 0Tl Qv TO TUARMA
pong fkm TNG atraitnong di diacxicel Eva link (i, j), 161 6A0 TO POpPTIO TOU by B

TIPETTEl VA EUPIOKETAI KATA TNG AKUNAG. AnAadn:
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k
JremXij
m

by, eav to dy, ypnowomorel v akun i,j , Vij €Ed, €D

- 0, aAdig ©)

2YM®POPHZH AIKTYOY

‘Evag ammd TOoUG BaCIKOTEPOUG OTOXOUG PeATIOTOTTOINONG OIKTUWY TTOU
ouvavtdral otn BiBAloypagia, eival autdg TNG MeyloTotToinong TnG PONG.
N'vwotd wg «max — flow» TPSPANUa, €xel oav OKOTTO TV aug¢non Tng
Ol€éAeuong Kal UTTOAOYiCEl, OUCIAOTIKA, Tn MEYIOTN TIP TOou ZzETOI WOTE
TOUAdXIOTOV TO z% KA&Be porng va. Ptropei va €10éABel oTo BikTuO. ATTAG
aAAdlovtag Tnv TeAeuTaia dNAwaon, To TTPORANUA PTTOPEI va dIATUTTWOET Kal wg
«UTTOAOYIONOG TOU Z€TOI WOTE TO TTOAU 100 — z% oT1r01000ATTOTE PONG VA
atroppiTrteTal atmmd 10 dikTuo». Mpoaveg gival 6T 01 dUo dNAWOEIS gival idIEG,
Kabwg n peyiototroinon TG OIEAEuoNnG  onuaivel  €AaxioTotroinon NG

ammoppIYnGS KAl TO AVTIOTPOYO.

O1 Aoyol yia va atroppi@Bei pia pory utmopouv va TrolkiAouv (TT.X. uNn
OUPPOpQWOoN HE TO- SLA, avéQIkTeG explicitCeUgelc /i YOVOTTATIO, ATTOTUXIES
eEAEYXWV AOTUVOUEUONG K.0.K.) KAl Ol TTEPICCOTEPOI dUvVATAl VA ATTOPEUXBOUV
MEOW aANaywv OTa  CUMQWVNTIKA, OI0pOBWOEWY AOYIOUIKOU, TOTTIKWV
EYKATOOTACEWV UAIKOU Kal GAAa. O Tmo onuavTtikog Adyog, woTdoo, yia TV
amoppIyn Hiag KARoNg, Kal Tautdéxpova o Tro OUOKOAOG WG TIPOG TNV
atmmoQuyn, €ival N ouu@opnon Tou OIKTUOU. Aegdopévou OTI KABe linkExel
oTABEPT) OVOPAOTIKA XWPENTIKOTNTA, EUKOAQ yiveTal avTIANTITO OTI akOPa Kal O€
éva OikTUO Xwpig TTpoAfuaTa kai BAGREG, N aug¢non TnG diEAeuoNG POWV TTOU
10 OlooxiCouv uTTopei va kataAngel otn oup@oépnon CeUéewv Kal OTn

OUVETTAYOMEVN OTTOPPIYN TWV ETTOPEVWYV KANOEWV.

ATIO T TTAPATTAVW, TTPOKUTITEl OTI €AV N PEYIOTOTTOINOTN TNG OIEAEUONG OTTAITET
TV €AAXIOTOTTOINON TNG ATTOPPIYNG TOTE KAl N TEAEUTaia, PeE TN O€Ipd TNG,

aTraITel TNV €AaxIoTOTToiNON TNG oUuPépPNoNG. H ouvetTaywyr Twv dNAWOEWV

88



auTtwy, PeTaTpétrel To «max — flowy» TTpOBANUa oe «min — congestion». ‘ETaol,
€0Tw U € R o PBaBuoég ouppopnong piag Tuxaiag akung (i, j) € E. Ao Tov

opIopo Tou link congestion, 10XUEl OTI:
Uj = i (10)

,TTOU onuaivel o1 yia Cjj apetaBAnTO, 600 M0 TTOAU QUGAVETAI TO POPTIO OF Eva
link (au¢non porig) 1600 O TTOAU augdveTal O OEIKTNG OUPEPOPNONG Kal
OUVETTWG, augaveTal Kai n meavoTnta amoppiyns piag pons. H 1o mpogavig
AUon yia TNV eAaxioToTToinon TG oup@opnoNng ival, atrAd, n EAaxIoToTToinon
NG Pong. Ouwg, KATI TETOIO €ival a’ evOG AVTIBETO UE TOV TTPWTAPXIKO OTOXO
Kal agp’ €Tépou atmrapddekTo atrd TNV TTAEUpd Twv ISPskal Twv xpnotwv. H
(10) eAaxiaToTroieital TTARPWG 6T1aV u;; = 0 = [;; = 0 TTOU anaivel 0TI TO diKTUO
0¢ xpnoldoTrolEiTal KOBOAOU Kal CUVETTWG Oev UTTAPXEI KAV vonua oTnv

otTapér Tou.

Mpokeiyévou, Aoimdv, va utrooTnpiletar n - e€utnpéTnon 6co 10 duvaTtdv
TTEPICOOTEPWY POWV ATTOPPITITOVIASE OC0 TO QUVATOV AIYOTEPEG ATTO QAUTEG
AOYW oupeOPNONG, 0 OTOXOG Eival N eAaXIOTOTTOINCN TOoUu MPEyIoTOU Babuou
oupeOpNOoNG £T01 WOTE OTTOIAdNTTOTE ATTAITNON dkva PTTOPEI va €CUTTNPETNOEI.

AnAadn, edv
u=Max u; , i,j €E (11)
, TOTE

kak <uCij (=4 ll] < ucC

e i, de€D, ij €E (12)

Mapatnpeitar 6T n (12) cival 1o0xupdTeEPn aviowon amd v (4), kabwg T0
TTPOPANUa TToU TiBeTal €yKeEITal OTNV  EAAXIOTOTTOINON TNG QVTIKEIMEVIKAG
ouvapTnong evw To atrotéAeopa Tng (12) civar pikpdtepo ¢ (4). ‘ETol, o
TTEPIOPIOPOG (4) PTTOPEl va apaipedEei EVTEAWG.
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[TPOBAHMA BEATIZTOIOIHZHZ

ATIO TG (1) - (12) TTPOKUTITEI TO TTAPAKATW TTPORANUA BEATIOTOTTOINONG:
Min(u)

Ortav :

lij— Li=1l;, i=1¢t, Vd, €D

lij— li==l;, i=s5;, Vd €D

lij— Li;=10, i+ t,s;, Vd, €D

lij < uC

i, dy €D, i,j €E

fumXl& = by, XS5 =1V ij €Ed, €D

m

fimXls =0, X5 =0Vij €Ed, €D

m

k
Xt < v -1
i,J] €E,dgx€D

X{; € [0,1]

V=2
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EIIEKTAYH BAYIKHY IIPOYEITIYHY

NMPOZAIOPIZMOZ AIAAPOMQN

To MPLS — TEJivel Tn duvatdtnTa Tou pntou TTPocdIopIoUoU OAGKANPNG N
TMAMATOG Miag dIadpPOoPnG, ETITPETTOVIOS TOV KABOPIOPO OTOIXEIWY OTTWG O
MEYIOTOG apIBUOG hopsTOU €KAOTOTE POVOTTATIOU, Ta €mOuuntd linkskai ol
KOuPol Toug otroioug Ba TpéTTel Wia ponry va dlaoxioel N va amo@uyel. lNa
AOyoug gukoAiag, atrd €dw Kal TTEpa Ba ovopAaleTal «TTPOKABOPIoUEVN» Hia
akun (4 évav K6UPo) n otroia £Xel TTIPOCDIOPIOTEI TAV KATTATOUPEVN» ] «TTPOG

ATTOQUYH», VIO va aTToPeuxOei 0 cuveXAG BUADIKOG XAPOKTNPIOUO TNG.

‘Evag TTpokaBopIopéVog KOUBOG UTTOPE VO XAPAKTNPIOTEI JECW TOU OUVOAOU
TWV OKJWY TTOU TTPOCTTITITOUV O€ / EKTTITITOUV aTTO auTOV. ‘Evag UTTOXPEWTIKOG
KOUPOG yia éva povotrati Pj, Aoitrdy, €ival €Keivog Tou oTToiou n yia (Tuxaia A
Mn) aKuf XPNOIYOTTOIEITAl UTTOXPEWTIKG atmd To demand d;. Emeidr, opwg, n
TTPooEyyion auTh augdvel To BaBud TTOAUTTAOKOTNTAG YIa TAV ATTOQACN TNG
TENIKNG €TTIAOYAG TOU HMOVOTTATIOU yIa Wia otroladnimrote por, B8a ayvonbei o
pNTOC TTPOCdIoPIoUOS TWV KOUPBwWY Kal Ba T1eBei KaBapd o KaBopIouds Twv

AKMWV.

MNa KABe akur o010 YPAPO, opiovTal TPEIG XOPAKTNPIOKOI TOUG OTTOIOUG QUTA
MTTOpEl  va AdBel;  atmmayopeupévn, ATTA] KAl UTTOXPEWTIKA. Mia  akuni
XAPOKTNPIOUEVN CAV «OTTAYOPEUMEVNY OPICETAI WG EKEIVN N AKUN TNV OTTOIa N
EKAOTOTE POIN TIPETTEI VA ATTOPUYEL. ZAV KUTTOXPEWTIKI» OPIfETAl N QKU TNV
OTTOia UTTOXPEWTIKG TTPETTEI va dlaoXioel yia porj, evw oav «atTAny opileTal
OTTOIAONTTOTE AKUA OEV UTTAYETAI OTIG TTAPATTAVW (gival TTpo@avES OTI Wia por)
pTTOPEl Vva AdBel akpiBws évav xapaktnpiopd avd demand). Edv, Aoimmév, M
€ival TO OUVOAO TWV TTAPATTAVW XOPAKTNPEICPWY, opifovTal OEiKTEC M £T0I
woTE
—1, av n akun elvat anayopevuévn

m= 1, av n akun elvat vmoypewtikn (13)
0, aAdiwg
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, M€ atToTéAeopa pia akun (i, j)va prropei va diatuttwBei TTAéov wg (i, [)m.

AauBdavovrag utr” Oyiv Ta TTapatmmdvw, N TTOPAPETPOG ETTIAOYAG XL-"]- TTOU
opicaue otnv ¢icwan (2) 1oxUel, TTAEoV, WG €EAG:

1 eav to dy ypnowonotei to link(i, j)m, i,j €V,d, € D,m € [0,1]

kK _
Xij = 0, AL

(14)

MNa 1oV TTPOCBIOPICUO TWV TTPOKABOPIOUEVWY AKPWY, OpICeTal £€va aUVOAO
TIVAKwV HE Tov KABe Trivaka va OxeTiCeTal e Mia  amaitnon : Zaw =
{z.,,....zX,} dk€D. KaBe otrAn Tou Trivaka TrepiAapBavel £va oUvolo atro
links (i, )mg M € {-1, 1} evw kd&Be ypauun TPOCdIOPICEl TO PaBud
TIPOTEPAIOTATAG TWV TIPOCOIOPIOUEVWV OKPWY, £TO1 WOTE yIa 1< 02N
TPOTIUNGN OTO (i, J)mq, EivVal HEYOAUTEPN QTTO TNV TIPOTIUNGN YIA TO (i,)mq, -
MapdAAnAa, n ocipd e TRV oTToia dNAWVOVTAl OI TTPOKOBOPIOUEVEG AKUEG O€
Mia ypauu oev €xel kapia onuaocia, kaBwg Aaupavovral Uttt OWIiv oav
MEMOVWHEVEG CEUEEIG, AYVOWVTAG OTTOIOdATTOTE TTIBavY) oUvOEon avApeod TOug
KATA TN OIAPKEIA TWV UTTOAOYICHWV.

(i'j)moo (i'j)mOb

k -
Zaxb =

(L Dmay = (L)) may,

H onuacia Twv ypauuwy Tou TTivaka, YTTopEi EUKOAA va yivel avTIAnTIT €av
BewpnBei évag Trivakag zX ., pe a> 1 (dnhadn Tivakag pe TOUAAxIoToV 2
YPOUMEG). To yeyovog OTI n TpwTtn ypapun (a = 0)xapaktnpeiletal TTIo
ongavtiki atmd 1 dcutepn (a = 1) onuaivel 6T katd TN OIdpKEIA TOU
uttoAoyIopoU TnNG d1adpopns Py piag artraitnong dy, 6a An@Bouv TTpwTta Uty
OWIV WG UTTOXPEWTIKEG AKWEG AUTEG TNG TTPWTNG YPAUMKNAG Kal v O¢ BpeOei

AUon Ba doKINAOTOUV Ol ETTOPEVES KATA OEIPA TTPOTEPAIOTNTAG.

21NV TEPITITWON, AoITTOV, TTou dia atraitnon dieD TTpoodiopilel évav Trivaka

k

Zaxb »

WG EQPIKTO PJOVOTTATI OPICETAl EKEIVO TO OTTOIO TTPWTOV, UTTOKEITAI OTOUG
TTEPIOPICPOUG TNG TTAPATTIAVW UTTOEVOTNTAG Kal deuTepov, TrepIAauBavel (A

avrtioToixa Oev TrEPIAAUPBAVEL) TIG TTPOCDIOPIOUEVEG AKUEG. 1o UTTOOTAPIEN
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backward compatibility, Bewpeitan 611 €dv dev TTpocdiopioTei z € Z, TOTE

otroladntroTe akun (i, j),,Tou ypdgou Bewpeital atrAri, ye m = 0.

O1rwg NON ava@EpOnKe, EKTOG ATTO TIG AKUEG WTTOPEI va TTPOKABOPIoTEI Kal O
MEYIOTOG apIBUOG TwV KOUPWY TOUG OTTOIOUG ETITPETTETAI VA dlaoXioEl Mia por).
‘Etol, av hg € N* gival 1o dvw Opio Twv hopsyla 1o povotram Py € P

oTrolac®ATToTE atraitnong dyeD 16TE N (8) UTTOPEI Va YPa®Ei WG:

X" < hy (15)

i,j €E,deD,me{0,1}

Edv 10 h¢ dev TTpocdiopioTei, Bewpeital o1 hy = |[V|-1 .

ITPOTEPAIOTHTA

KaBe demand ptropei va xapaktnpioTei armd 1o €mmiTTedo TG TTPOTEPAIOTATAS
Tou pe plkePL = {0, ..., 7} va TTpoodiopilel To preemption leveltou demand dk.
To TpwTo, PNOEVIKO TTiTTEDO, OE XPNOIMOTTOIEITAI, EVW VIO TA UTTOAOITTA IOXUEI

om pl>pl; yia i<.

Aedopévou OTI n mOavOTNTA CUPEOPNONG QUEAVETAl PE TNV augnon Tou
QopTiou OTO BiKTUO, €UKOAQ avTIANTITO yiveTal OTI 600 AiyoTEPN N pory TO0O0
MIKPOTEPN N TMBavoTnTa améppiyns. MNMapdAAnAa, 16co ammd Tnv TTAeupd Tou
OIKTUOU 600 Kol atrd TNV TTAEUPd Twv XpNOoTWyV, €MOUUNTH €ival n amoppiyn
KANOEWV JE TO XOUNAOGTEPO PaBud TTpoTepaIdTNTAG, £TOI WOTE TTPWTEG vdA
€EUTTNPETOUVTAI QUTEG PE TOV UWNAOTEPO PBaBPO, TTapéxovrag Hia KaAUTEpn
geyyonon om 600 TO OuvaTOV TIEPICCOTEPEG POEC uwnAou emmédou Ba
ecuttnpeTNBOOUV.

Na va utrooTnpixtei n mapamavw Tapadoxr, Aoirév, Bewpoulvtal ol
ATTAITACEIS AV £vag dIATETAYUEVOG TTIVOKOG ME TN OEIpd TTPOTEPAIOTNTAG VA

oivetal e Baoer:
1. To emimedo TPOTEPAIOTNTAG
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2. To ué€yebog Tou by
3. To péyeBog ToU zX

4. NoITToi TreEpIopIoHOi

YTtroAoyiovtag POVOTTATIa Kal EEKIVWVTAG aTTO TnV TTPWTN ATaiTNONn TOu
Tagivounuévou, TTAEoV, TTivaka Kal ouvexiCoviag PE TIG ETTOUEVES, QUEAVETAI N
meavoTnTa  pia pory uywnAou emITTEOOU KAl  UWPNAWY  ATTAITAOEWY - va
€CUTTNPETNOEI TaXEWG Kal BEATIOTA. AvVTiOTOIXO, OTNV TTEPITITWON ATTOPPIYNG

KANo€wv, n mMOavoTnTa va atroppipBolv un atraitnTikd demandsaugdveral.

EkT6¢ a1md 10 BaBud mpoTtepaIdTNTAG yia TNV Tagivounon Twv demands, 10
preemption leveltrpoadiopilel TIG POEC TTOU PUTTOPOUV va d1aKoTToUuV. QOTOC0O0, O
aAyopiBuog Trou avaAuetal civar offline, omdte OAeg oI QTTQITACEIS E€ival
YVWOTEG EK TWV TTPOTEPWYV, EVW TTAPAAANAQ TAEIVOUWVTOG TEG UE TN CEIPA TTOU
ava@épOnkayv, e€ac@alieTal OTI N CEIPA TTPOTEPAIOTNTAG MiOG OTTOI0NOONTTOTE
PONG TNG oTtroiag n diadpour uttoAoyideTal, €ival XapnAdTEPN aTTO QUTH TWV
NON EYKATECTNUEVWY. 2ZUVETTWG, N Bewpnon Tou eTMTTEOOU TTPOTEPAIOTNTAG
atré TN OKOTTIA OIAKOTTAG TWV POowV deV €ival TOOO ATTAPQITATN OTO TTAPOV

TTAQiclo.

AlTO AKPO - EIZ — AKPO [TIPO2TAZIA

To MPLS — TEO6mwg AON €xel avagepBei, TTpoodlopifel TPEIG KATNYOPIES
TTPOOTACIAG: TIPooTacia kKOpBou, TpooTacia (eug¢ng kal TTpooTaCia
gjovotratiou. QoTtdéoo, emedr) n Tapolca epyacia  TTPAyUOTEUETAl TOV
TTPOCOIOPICPO TV BEATIOTWY povoTTaTiwy, Ba ayvonBouv o1 aTTaITHOEIG
TTPooTACIAg KOUPBWYV Kal eUEewv Kal €¢eTaoTel KaBapd n atd dkpo — €1 —

dKpOo TTPOOTACIa.

Aedopévou Ot €va backup pathdev gival TitTrota GAAo TTapd GAAO éva HovoTTATI
OT0 YypPA@o, TIPOPAVEG YiveTal OTI Kal auté atraiTei T OEopEuon Twv
ammapaiTNTWY TTOPWY, PE TNV ATTAITNON 0€ XWwpeNnTIKOTNTA ToUu backupva icouTal
TNG avTioToIXNG Tou TTpwTelovTog path. Ouwg, OTTWG atTodEIKVUETAI KAl OTO

[14], n mBavoTnTa va xpelaoTei TEAIKA €va backup povotrdr gival n pikpoTepn,
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KaBwg o1 TeEPIooOTEPEG PAGPBEC  umOopoUV  va  TTPOKANBoUV  Kal  va
emdIopOwOoUV o€ KaBapd TOTTIKO eTTiTTEdO. MNapdAAnNAd, n AvTIMETWTTION VOGS
backup path piag amaitnong dx ocav TOV KAWVO TNG  TEAEuTaiag
QIaQOPOTIOIWVTAG TN HOVO WG TTPOG TIG ATTAYOPEUTIKEG CEULEIG, TNUAIVEL OTI OXI
MOvo o1 atraitoupevol TTépol Ba gival TTAéov o1 SITTAGCI0l, OAAG Kal Ol POEG
(TTpwTtelouca kal backup) Ba €xouv akpIBwg TO D10 ETTITTEOO TTPOTEPAIOTATAG.
ATTO  TIGC TTAPATTAVW  TTAPAOOXEG  EUPAVEG  YiveTal  OTI N  KATOOKEUN
backupuovoTtratiwv duvartal va atroTeAéoel AOyo AOKOTING dETPEUONG TTOPWYV,
odnywvTag €101 oTNV TOAvVA atTéppPIYn ETTOUEVWY OTN OEIP& POWV. ZKOTTIHOG,
AoITTov, €ival o TTEPIOPIOPOGS Twv backup paths, 16co amd amrown TTARBOUS

000 Kal atro ATToyn £TMITTEDOU TTPOTEPAIOTATAG.

MNa va peiwBei 1o MAABOG Twv atraitouyevwy. backups, €101 WOTE va Pnv
deopeveTal éva backupyla kdbe amaitnon, AauBdaverar n mapadoxn Ot TA
€QeOPIKA povoTTaTia Ba uttoAoyifovTtal kal Ba KaTtaokeualovTal PJOVO yia TIG

POEG TTOU TO atTaliTouv pnTd oTto SLATOUG.

AT6 6Aa Ta Trapatrdvw, Aoitrdv, duvaTtal TTAEoV O dlIaXwPIOUOG TOU CuvOAoU

TWV JOVOTTATIWYV TOU SIKTUOU OTa £ENG:

» P =(Py..., PY), te N*pe Pi = {(io, i1), (i1, i2), .., (ix, i)}, i€V, (i, J)EE 1O
OUVOAO OAWV TWV POVOTTATIWY TOU OIKTUOU

» OPCP= (OPy,..., OPy), dkeD TO 0UVOAO TWV BEATIOTWY TTPWTEUOVTWV
MOVOTTATIWYV, ME KABE YOVOTTATI VO OXETICETAI E Hia poOn

» BP¢OP = (BP4y,..., BP) | (U1, U2)m=i0.3EOP= (U1, U2)m={-1€BP;, i<k, pl<
5, 10 oUvOAOo Twv BEATIOTWY backup povoTraTiwy yia TIG poécdiTTou To
atmrauTouv, €701 WOTE Ol OKPEG TOU TTPWTEUOVTOG POVOTTATIOU va gival

«QTTaYOPEUMEVESY Yia TO backup.
KAl O OPIOUOC piag atmaitnong we :
D={dy,...,di; KEN

pe di = {s;, ti, by h;, pli, zL,, }
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IIPOBAHMA METIYXTHY POHY

BAZIKO lAAIZIO

‘Eva xwpic Bpodxouc ypaenua ovouddletal OiKTUO pETAQOPAS (transport

network) étav :

1. ‘Exer pia povo «gicodoy, dnAadr pia povo kopu@ry n otroia degv €ival
TTEPAG KaveVOS TOLou Tou. H Kopu@r auth ovopadeTal TTnyr (source)
Kal oupBoAieTal cuvnBwg e a.

2. 'Exel pia pévo «€¢odoy», dnAadn pia Kal pévo KopuPr n oTroia dev eival
apxIkfi Kavevog ToEou Tou. H kopupr autry ovouddeTal TTPOOPICHOG 1)
kKataBoé6pa (sink) kar cupBoAileTal UE z.

3. Ze KAOe akurf avTioTOIXEI £vaG PN apvnTIKOG TTPAYMOTIKOG aplBudg, o
OTT0IOG QVTITIPOOWTTEUEl TNV «XWPNTIKOTNTA» TNG KAl cupBOAieTal pe

Civi,j €E.

........................................................................................

,@\ o 2R) |

5 E
o >_)\'?0 o |
(7] Q

2

o® 7, .

(2 90 i

70. .

% AD X 00 Super Sink
20 5

6
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Super Source :

Ewkova 7.Aiktuo petadopadg

‘Eva mapddeiypa dIKTUoU YeTapopdc TTapouaidletal otnv Eikdva 7. To Bacikd
OikTUO €ival autd TTou aTTeikovideTal evidog Tou TTAPAAANAOYPAUKOU  Kal
mepihauBaver  pia Tnyn (1), €évav  Tpoopiocpd (7)) Kal  evOIANECOUG

dpopoloynTtég (2, 3, 4, 5, 6). H 1INy €x€I ATTEIPO POPTIO TO OTTOIO ATTOOTEAAEI
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TTPOG €vav POVABIKO TTPoopIoud Olauécw Twv evdidueowy KOuBwv. Eva
KAQOOIKO OIiKTUO METAPOPAG MTTOPEI TTOAU €UKOAQ va HETAOXNMATIOTEI O€
OikTUO peETOPOPAG TTOAAATTAWY ayabwv (multi — commodity)étol woTe va
utToO0TNPICEI TN OPOPOASYNON powv aTTO TTOAAATTAEG TTNYEG TTPOG TTOAAATTAOUG
TTPOOPIoHOUG. To pévo TToU apKEi gival va TTpooTeBEi pia utrép — Tinyn (super
source) n otroia aTTo0TEAAEI ATTEIPN TTOCOTNTA AYOaBWYV TTPOG TV OPXIKN TTNYA
KAl TOUG AUECT CUVOEDEPEVOUG E AUTHV EVOIANECTOUG KOPPBOUG, KaBWG Kal pia
UTTEP — KaTaPBOBpa n OTToia KATAVOAWVEI ATTEIPN TTOOOTATA QOPTIOU KAl
OuVvOEETAl PE TNV APXIKN KaTaBéBpa Kal Toug AUECO CUVOEDEUEVOUG UE QUTHV

OpopuoAoynTEG.

‘EoTw, Aoimtov, G (V, E, C) éva diKTuo YETAPOPAG GTO OTToi0 N TNYNA a O100£Tel
arreipn To0O0TATA Ayabwv (TT.X. TTAKETWV) Ta OTToia €TTIBUUEI va ATTOOTEIAE
KATA PAKOG Tou ypdgou. ‘Eva atrd 1a 1o Bacikd TpoBAAuaTa £yKeITal oTnv
eUpeon TNG MEYIOTNG PONG TTOU PTTOPEN va TTpaypaTtotroindei péoa atod 1o G,
OnAadry oToV EVTOTTIONG HOVOTTATIWV. OTTO a £€wg Z £€T01 WOTE n pon (dpa n

O1éAeuon) va AdBel Tn péyiotn pon TNG.

H 1o a1rAn, iowg, TTpooéyyion yia To TTapatravw, €ivalr va AABel Kaveig e
TUXdia o€Ipd OAQ T HOVOTTATIO ATTO @ TTPOG Z KAl VO UTTOAOYIOEI TNV TTooOTNTA
ayaBou tTou ptropei va oTeiAel TTdvw aTrd To KaBéva. Asdouévou, BERaia, OTI
KAOE QKU OTO POVOTTATI €XEI OUYKEKPIMEVN XWPENTIKOTNTA, TTPOQAVES YivETal
OTI N PéyIoTn pory TTou PTTopel va dlaoyioel To povotrdT Ba 1ooUTal PE TNV
eEAAXIOTN XWPENTIKOTATA TOU TeEAeuTaiou. MNa TTapddelyua, £0TwW TO PHovoTTaTi [1,
2, 4,5, 7] 1ng Eikdvac 7. O1 xwpnTikOTNTEG TWV akuwv [(1,2) (2,4) (4,5) (5,7)]
ioouvtal pe [40, 10, 20, 30] avrioToixa. AedopEvou OTI yIa va «XWPETEI» Wia
OTTOIAdNTIOTE PO KATA WIKOG TOU POVOTTATIOU aUTOU Ba TTPETTEN va €XEI TIWN
MIKPOTEPN N ion Tou 10, n oTroia gival N EAAXIOTN XWPENTIKOTNTA TNG d1adpounig,
N TIUA TNG MEYIOTNG PONG VIO TO CUYKEKPIYEVO, TTAVTA, UOVOTTATI Ba Ic0UTAl UE
10.

‘ETo1, Aoimtév, ouveyifovtag, KAmolog Ba ptropouce va utroAoyioel OAa Ta
MOVOTTATIO £va TTPOG €vVa, PE OTTOIAdNTIOTE OEIPA KAl VO PETPRAOEI TNV TIPA TNG
MEYIOTNG PONG VIO TO KABe éva atmd autd. MNvwpidovTag, TTAéoV, TO PJOVOTTATIO

Kal TIG TIMEG MEYIOTNG PONG YIa TO KaBEva, UTTOPEI KAVEIG va TTPowBNoEl PoEg
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TTAVW OE QUTA PE TPOTTO TETOIO WOTE KABE POVOTTATI va UTTEPTTANPWVETAI Kal
VA PNV JTTOPEI va PETAPEPEI TTEPICOOTEPN POr). To GBpOoIoHa OAWY TWV POWV
TTou dlaoxiCouv OAa Ta dlaBéoiya povotrdria Tou G, Ba dwoel TENKA TN

MEYIOTN duvaTh por] Tou BIKTUOU.

Aedopévou, AoItrdv, 611 n PEYIoTN duvaTth Por o€ £€va JOVOTTATI ICOUTAI JE TNV
eNaxI0TN BIABEIUN XwpENTIKOTNTA QUTOU, uTTopEl va O0Bei 0 OPICHOG €VOC
au¢nTikou povoTtraTiolu (augmenting path) w¢ TO POVOTIATI TTOU ATTOTEAEITAI
ammd OuvOedEUEVEG AKUEG - BEAN i,j € E, dlacuvdéel TNV TInyr HE Tov
TTPOOPICPO KOl N UTTOAOITTOMEVN XWPENTIKOTNTA KABE aKMNG €ival auoTtnpd
BetikA ( Cjj - X 0).

2UJQWVa  PE TOV  TTOPATTAVW OPICKO, O OTOXO0G TnG uttd avdaAuong
TTPOoEyyIong, AOITTOV, €ival N €UPECN  AUENTIKWY MPOVOTTATILOV KOl N
OpouoAdGYNON POPTIOU TTAVW ATTO AUTA, TO OTTOIO va IooUTAl PE TNV EAAXIOTN
UTTOAEITTOMEVN  XWPENTIKOTNTA  OTTOIOOONTIOTE . OKMNAG  TWV  TEAEUTAIWV.
AKoAoUBWVTAG TO ava@ePBEV OKETITIKO, OPWG, EUKOAO UTTOPEI va TTapaTnenOEi
OTl n OIOQPOPETIKA ETTIAOY  CEIPAG TWV JOVOTIATIWV duvatal va OWOEl
OIOQOPETIKES TIMEG TNG MEYIOTNG duvaTAS PONG OTO dikTuo (uTTEVBUIZETAI OTI N
MEYIOTN pory Tou BIKTUOU Io0UTal JE TO ABPOICHO TWV PEYIOTWYV powv KABE
povoTtratiou). MNapdAAnAa, edv oTov UTTOAOYICHO AN@BOUV UTT” dYIV KAl EKEIVEG
Ol OKMEG TwV OTTOIWV N KaTEUBUvVON €ival avTiBeTn TTPOg TV KATEUBUVON TNG
TTNYAG, N TENIKN TIWAG TNG MEYIOTNG POAG dUVATAI va gival HEyaAUTEPN EKEIVNG N
OTTOIO UTTOAOYIOTNKE PE TOV. OPIOPO TWV AUENTIKWY POVOTTOTIWY TTOU SWOOE
TTponyoupévwg. o Tapddeiypa, €0Tw Z n MEYIOTN por] Tou OIKTUOU TNG
Eikdvag 7, n ommoia UTTOAOYIOTNKE PE TOV TTAPATTAVW OPIoHUO (ME OAES TIG OKMEG
va €xouv KareuBuvaon Tpog Ta eUTTPOG). Kai, €0Tw OTI oTa UTTOAOYIOPEVA
MovoTrdTia TTpooTiBeTal kal To pyovotraT P = [1, 3, 6, 4, 7] Tou oTT0ioU N KN
ME TNV eAAXIOTN XwpenTmikoTNTa €xel Cj = x> 0. [pokutrtel 611 PTTOPEi va
atrooTaAEl por] ueyEBoUG X OTO PovoTTdTl P, pue atrotéAeoua n PEyIoTn porj Tou

OIKTUOU VO ViVETAI TEAIKG Z* = Z + x> Z.
Y

Ta Tapamdvw, atrodelkvUiouv OTI 0 OPICPOG TTou O6ONKE yia Ta augnTikA

povoTraria Ogv ival ETTAPKAG Kal N BEATIOTN TIWA TOU TTPORANUATOG CUPPWVA
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ME auTOv, €gapTdTal aTTO €CWYEVEIC TTAPAYOVTEG Kal ATmd TuxaldoTnTa. 'ETO0l,

TTaPOUCIAZeTal £VaG EVOAAOKTIKOG OPIOHOG TOU QUENTIKOU POVOTTATIOU:

Opiopdg : 'Eva augntikd povotrdn pong (flow augmenting path) eival éva
MOVOTTATI a1Td TNV TTNYH £WG TOV TTPOOPIoUS KATAOKEUAOUEVO atro forward kai
backward akuég. lMNa kdBe forward akprqi OTO MOVOTIATI, N UTTOAEITTOPEVN
xwpntikotnta Cjj - X;; (Me Cj va gival N OVOPAOTIKN XweNTIKOTNTA TNG aKUAGS (i,
J) kai Xj; n TigA TNG pong TTou diacxigel Tnv akun (i, j) ) ivar auotnpd BeTikr. lNa
KaBe backward akpr), uttapxel pia pony X otnv mpocdia Kareubuvaon PE Tiun

pong X;i> 0 (auatnpd BeTIKN).

ATT6 TOV TTAPATTAvVW OPIGHO, N eAaxIoTn TP TwV (Cj - X;) yia forward akur Kai
X;i yia backward akun, €ival n BéATIoTn TIP N otroia Ba augnoel Tnv pon. Me
AaAMa Aoyia, Max(f)= MIn[(Cj - Xj), X;] yia pia ommoiadiTrote por fi. AgiCel va
OnuEIWBEi, oTo onueio autd, OT otroTe pia- backward akurf €ic€pxeTal oTo
augmenting path, d¢ diaypd@el TN por, OTTwG Ba TTEPIPEVE KAVEIG, AANG Tnv

AVOKOTAVEUEL.

FPAMMIKO MTPOBAHMA METI2THZ POHX

‘Exovtag O¢l, Aoittév, 10 BaciKO OKETTIKO TTiow aTrd TNV €Upeon TNG MEYIOTNG
PONG, KaBWG Kai Tov TTARPN OPICKO TWV AUENTIKWY MOVOTTATIWY, WTTOPEI va

000¢i To pabnuaTikd PovréAo Tou TTPORARUATOC.

‘EoTtw dikTuo G(V, E, C). O1 V4, ..., V,EN egival o1 kbupol Tou dIKTUOU pE V1 va
QVTITTPOOWTTEVEI TNV TINYA Kai V,, Tov TTpoopiopd. O1 kéuBol diacuvdEovTtal he
108a (i, J) pE |, JEN, pE TO KGBE TOEO va xapaktnpifetal amd xwpntikotnta Ci>
0. EoTw Xjj N 1000TNTA TNG PEYIOTNG PONG TTou dIEpXETal aTTO TO TOEO (i, j). TO

YPOMMIKG TTPOBANUG TTOU TTPOKUTTTEI Eival:

Max(f)

Xij = X]k] * 1,n (18)
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X1j= Xin ,Vj,iEN (19)
j i

Xij <Gy, Vi,jEN (20)
Xij=0,Vi,jEN (21)
fxwpicmeplopioud (22)

H egiowan (17) dnAwvel &Ti 01O BIKTUO QVTIOTOIXEI PO X4, N OTToia €ival TO
abpoioua TWV Powv TTou e&EpxovTal atmmd TNV TINyr, TNG oTroiag {nTeital n
MEYIOTN TIPA. ATTO TV €€iocwon (19), TTPOKUTITEL, AVTIOTOIXA, OTI N PON UTTOPEI
Va UTTOAOYIOTEI WG TO ABPOoIoUa TWV POWV TTOU EI0EPXOVTAl OTOV TTPOOPICHO.

Me GAAa AOyia, uTTopEi va AexBei T :

f= Xy N iXy;m= —f, 0mou 1 gival n TNyr, N O TIPOOPICHOG Kal j, i Ol

YEITOVIKOI KOUBOI TOUG.

MapadAAnAa, n (19) ekppdadel Kal TO YEYOVOG OTI OEV UTTAPYXOUV dIAPPOEG OTO
OiKTUO, KABWG N TTOCOTNTA TTOU EICEPXETAl OE QUTO €ival akpIBwG ion Pe Tnv
TTO0OTNTA TTOU €EEPXETAl €€ auTou. H eCiowon (18), d¢, ekppalel To yeyovog
OTI n TT00dTNTA TTOU. €l0pEel o€ KABE KOUBO dIAYopo TNG TTNYAS Kal Tou

TTPOOPICHOU gival akPIBWG ion WeE TNV TTOOOTNTA TTOU EKPEEI ATTO AUTOV.

O1 avicowoelg (20) kai (21) utrodnAwvouv OTI N auoTnped BeTIKA TTOCOTNTA TTOU
OlEpxeTal ATTO KABE akur dev duvaTtal va utrepfaivel TNV XwpenTIKOTNTA TOU.
2T0 onueEio autd duvaral va TTPooTedEl évag TTapatTrdvw TTeplopioudst= 0 yia
va deixBei o1 n por) dev pTTopEi va givar apvnTikry. Qotéoo, n pon f givar 10
aBpoiopa  TWV AQuOTNPA PN APVNTIKWY  TTOOOTATWY X Ol  OTIOIEG
TTpoodiopiovTal atrd TNV (21) Kal TTou Ba TNV avaykdoouv va AdBer ettiong
auoTnEa pn apvnmikn Tin. ‘Etol, xwpi¢ BAGBN TNG yevikdTnTag duvaral va
OnAwBei wg «unrestricted» PeTaBAnTA KAvovTag £T01 TTI0 €UKOAN TNV €0pEON
TOU OUIKOU TTPORARUATOG TTOU Ba TTaPOoUCIaoTEl TTaPaKATW. MapdAAnAa, agicel

va TovIOTE OTI TO TIPOBANUA YEYIOTOTTOINONG Ba UTTOPOUCE VA YPAPTE WG
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aQaipwvTag, £101, Mia Tapatraviola petaBAnTi amoégaocng. Evroutoig, n
eloaywyn TG MeTABANTAG f Ba BonBroel oTov TTI0 EUKOAO PETAOXNUOTIONO TOU
TTPWTEUOVTOG YPOUMIKOU TTPOBAANOTOG OTO OUIKO TOU, OTTOTE Ba ATTOPEUXOE N

agaipeon TG a1Td TO TTPORANMA.

FrPAMMIKO NMPOBAHMA EAAXIZTHE TOMHZ

Mpiv okoAouBrioelr n emegnynon ¢ EAGxiotng TopAg €vég  dIKTUOU
METa®OPAG, Ba eEeTaoBei T0 dUIKO TTPOBANUG TOU YPAPUIKOU TTPORAAUATOC
TTOU avaAuBnke TTapatrdvw. To TTpwTevov TTPORANUa ammoTeAgiTal atrd |N|=n
KOuPoug kai |[E| = m akuég, dpa padi pye tn PeTaBAnTh f mmepIAauBavel m
METABANTEG kKal m+n+1 TrEpIOpIOPOUG. O1 PeTABANTEG TOU TTPWTEUOVTOG
TTpoBANPaTOG Ba eival oI TTEPIOPIOPOI Tou SuikoU Kal avTioTpopa, OTTOTE
MTTOPEl VO dnAwBOUVW, ... W, OUIKEG PETARANTES YIO TOUG TTEPIOPICHOUG TWV
KOMBwWV Kal hjj dUIKEG PETABANTEG yla TOUG TTEPIOPIOPOUG TWV AKUWY TOU

TTPWTEUOVTOG.

Aedopévou OTI TTPWTOV, TO TTPWTEUOV YPAUMIKO TTPORANUA gival éva TTpOBANua
MEYIOTOTTOINONG KAl OEUTEPOV, OAEG OF METABANTEG TOU €ival PN apvnTIKEG, TO
OUikO TTPOPRANUa Ba eival éva TTPORANUa eAayIOTOTTOINONG PE KN apvnTIKOUG
Teplopiopous. ‘Etal, Aoiméy, edv  petaoxnpatiotel n egiowon (19) Tou

TTPWTEUOVTOG £TOI WWOTE O TTEPIOPIOHUOG AUTOG TTAEOV va €XEI TN HOPPH:
]le —f = Okai iXin+ f =0

KAl €QAPPOOTOUV OE OAOUG TOUG TTEPIOPIOPOUG Ol OUIKEG METAPANTEG,
TTPOKUTITEI OTI:

Wi —Ww; + hijZ 0, Vi,j # 1,n(23)

Wh—Wwp =1 (24)
w; unrestricted (25)
hj= 0 (26)

KalI N QVTIKEIPYEVIKI) OUVAPTNON YiveTal:
Min i,jEN hUUU(27)
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, 0trou Uj €ival n duikr PETABANTA TTOU UTTOBNAWVEI TNV XWPENTIKOTNTA TNG

akpAg (i, J).

Ag eCeTaoTei TWPA, OUWG, To TTPOPANUa TNG EAdxiIoTng Toung Kai To TTWG
ouvoéeTal PE TO OUIKO TIPOBANUa  TTOU  ava@épOnke TTAPATTAVW - Kal,
aKoAoUBwG, pe 1o TTPORANua TnG Méyiotng Pong. Ztnv Eikéva 7, TTapartnpeital
OTI oTnNV TTNYN KaTaAryouv 3 akuéG [(5,7) (4,7) (6,7)] pe xwpnTikotnTteS [30, 10,
20] avrioToixa. To dBpoioua Twv XxwpenTiKoTATWY divel 60, dpa 60 cival n TiuA
TNG MEYIOTNG PONG TTOU UTTOPEI va €1I0€ABEI 0TOV TTPOOPICHO. MapdAAnAa, atro
TNV TTNYN €KKIvouv 2 akuég [(1,2) (1,3)] ue xwpnTikoTATEG [40, 40] divovTtag
TIUA MEYIOTNG ponG ion pe 80. To 80 avTITTPOOWTTEUEI £€va Avw OpIO YIa TNV
MEYIOTN por], KaBwg n ponl oTnv TTAeupd TNG TTNYNS OEV UTTOPEI va UTTEPPAiVEI
TIG 80 povadeg. AvtioToixa, T0 60 avTITTPOOWTTEUEI TO AVW OPIO TNG MEYIOTNG
pong atd TNV TTAEUPd TOU TTPOOPICHOU, KOBWG N pory oTnv TTAEUpd TOU
TTPOOoPIoHOU dev pTTOpEl va utrepPaivel TiIg 60 povadeg. Mapatnpeital, Aoitréy,
OTI 600 HIKPOTEPO TO ABPOICHA TWV XWPNTIKOTHTWY TOOO CNPAVTIKOTEPN N

TTANPOPOPIa yIa TO Avw OPI0 TNG MEYIOTNG PONG.

‘Evag 1pO1T0G, AOITTOV, yia va AngBei éva dvw Oplo yia TNV PEYIOTN Por) Tou
QIKTUOU gival n xprion TG Toung AiKTUou, n oTToia opIifeTal WG EKEIVES Ol AKUEG
0l OTT0iEG €@V agaipeBoUv atrd 10 ypd@o Ba atroouvdéoouv TNV TNy aTTd TOoV
TTPOOPIoHO. ‘ETO1, €AV EVIOTTIOTOUV TETOIEC OKUES Kal apaipeBoUV TOTE AP’ VoG
n mnyn 6a atroouvdebei atrd TOV TTPOOPICHO Kal AP’ ETEPOU TO ABPOICHA TWV

XWPENTIKOTATWY TWV TETHNUEVWY OKPMWYV Ba atroteAéoel éva dvw 6pio yia Tnv

TIPN TNG HEYIOTNG POAG.

‘ET01, pmmopouv va opioTouv dU0 oUvoAa KOPPBwy (cuts ) cutsets) S;, S,EN e
Si1NS; = @ €101 WOTE a€ES; Kal ZES;, Kal O UTTOAoITTOI KOPPBOI YTTopouv va
BpiokovTal og OTTOIOOATTOTE ATTO T dUO OUVOAQ. H XwpnTIKOTATA TNG TOPNAG
W(S1, Sz) opifetal WG TO ABPOICHA TWV XWPENTIKOTATWY EKEIVWV TWV AKUWV

TTOU TTPOCTTITITOUV ATTO TIG KOPUPEG TOU S; OTIG KOPUPEG TOU Sy dNAadn

w 51,52 = Cl]
i€S1,jES2
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MNa mapddeypa, eav S; = {1, 2, 3} ka1 S; = {4, 5, 6, 7} yia 10 ypAd®o TNG
Eikévag 7, 101€ W §1,S, = Ch5+ Cyu+ C34+ C3 =55, TIOU QuUTOPATA

onuaivel 0T 55 gival £éva avw 6p10 yia TR hJEYIOTN por) Tou BIKTUoU, apa f < 55.

To yeyovog 0TI n KABE TouN TTapoucIadel pia e@IKTA AUon Tou TTPORAAUATOG
NG MEyiotng Pog, onuaivel 611 UTTAPXEI KATTOIA I0XUPK OXEON avAPECa OTNV
TOouR Tou OIKTUOU Kal To OUIKG TTPORANUA TTOU TTOPOUCIACTNKE TTapaTtravw. H
oxéon auTh UTTopEl va yivel eUKOAO eu@avig €av BewpnBei N TTAOPAKATW
TTapadoxn:
Wi = (1) Z:f : ?l

AnAadn, n duikn peTaBAnTr Ba Aaupavel Ty 0 edv o KOPPOG TTou egeTAleTal
BpiokeTal oto cut S; Kal TINA 1 o€ dlIAPOPETIKN TTEPITITWON. Me TOV TPOTTO
auTtod, O TTEPIOPIONOGS (24) Tou BUIKOU TTPoBARUATOG Ba IKavoTTolgiTal TTAVTA,
KABwWG TO Wy AVTIOTOIXEI OTOV KOUPBO TTNYRS KAl BPIOKETAI TTAVTA OTN SIAPEPION
S; EVW TO W, QVTIOTOIXEI OTOV KOPPBO TTPOOPICHOU Kal BpioKeTal TTAVTA OTO S;

ME ammoTéAeopa wp—w1 =1 -0 = 1.

MNapdAAnAa, pe WES;: Kal W ES, TTPOKUTITEI OTI Wi — W + hj = 1 > 0 dpa Kai o
TTEPIOPIOOG (23) IkavoTtrolgital. TéENog, pe To hy va AapBdvel Tiun 1 yia KGBe
OKJA TTOU EKKIVET aTTO TO S; KAl KATAAAYEI OTO Sy, TTPOKUTITEI OTI: TO dBpOoIcHA
TWV XWPENTIKOTATWY  TWV aKYWV auTwv Ba 1ooUTal JE TNV XWENTIKOTNTA TNG
TOMNG, N otroia dgv ival TITToTa GAAO ATTO TNV AVTIKEIPEVIKI) ouvaptnon (27).
Aedopévou, O, OTI N TIMA TNG XWENTIKOTNTAG Wiag TOPNAG divel Eva avw OpIo yia
TNV TIUR NG PEYIOTNG PONG TTOU PTTOPEI va dlaoXioel TO YPAPO, CUUTTEPAIVETAI
OTI €dv Z* gival N XwpenTIKOTATA TNG €AAXIOTNG TOMNG, TOTE Z* Ba eival n TIUA
NG PEyIoTNG pong. Me GAAa AOyia, oto BEATIOTO onueio, n eAaxioTn TOURA
iIoouTal Pe TN péEyioTn ponl. To Bewpnua autd atrodidetar atoug Ford kai
Fulkerson ol oTroiol BaciCuévol OTIC TTAPATIAVW TTAPATNPNOCEIS KAl TTPOTACEIG

£€dwoav TOV OpWVUHO aAydpIBuo TTou TTIAUEI TO TTPORANUA TNG PEYIOTNG PONG.
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AATOPIOMOI EYPEXHY METIXTHY POHY

|FORD - FULKERSON

H diatutrwon tou aAyopibuou Pacietar oTnv €vvola TnG ETIKETAG L TTOU
OnNUEIWVETaI 0€ KABe KOPBO Tou OIKTUOU Kal TrepIAapBavel évav  GAAO
TTPOCNUACHEVO KOMPBO TOu Kal €vav un apvnTikG aplBuo. Na tnv €icodo Tou
OIKTUOU, dnAadn Tnv TTNyR, N €TIKETA opileTal wg L(1) = [-, «]. O aAyopiBuog
TEPIYPAPETal WG €8N¢ [3], [20], [24]:

BApa 1.

Apxikotroinon: H 1Ny onueiwvetal pe enkéta L(1) = [-, «]. O utréAoitrol

KOUPoI OeV €XOUV KAMia ETIKETA.
BAua 2.

Ma kaBe akun (i, j) Tou SIKTUOU WE ETIKETA OTOV KOMPO i Kal Xj; < Cjj avartiBetal
eTikéTa L(j) = [+, §] émou  §; = min (§;, Cj - Xj). MNa KGBe akun (j, i) pE ETIKETA
oTtov KOpBo i kal X;i> 0 avatiBetal enikéTa L(j) = [, §] pe d= min (J;, X;). To

Bripa 2 eravalauBaveral £wg 0Tou ouvavinBei o KGPPOG TTPooPICHOU.
BApa 3.

Edv dev utrdpxer L(n) 161 N porj Tou dIKTUOU gival n PEyIoTn pory. Eav uttdpxel
L(n), T0Te N Pé€yioTn pon dev €xel emTEUXOEL. TO SIKTUO EVNUEPWVETAI PE TN PON
Xjj TOU  TIPOEKUWE Q1o T0 BApa 2 kal eKKIVWVTOG aTmd TNV  TInyn,

eTavaAauBAaveTal TO TTPONYOUUEVO BriUa PE VEEG ETIKETEG.

éAIEYKPINHZEIZ

1. H enkéra L(1) = [-, «] onuaivel 0TI ammd Tnv TNyrRQ Tou OIKTUOU

dloxeTeveTal ATTEIpN TTOOOTATA PONG.
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N

. H enkéra L(j) = [+, §j] onpaiver 611 n ToodTNTa Xjj TTOU dIEPXETAI ATTO

TNV aKun (i, J) TTOPEi va augnBei kata d; .

H enikéta L(j) = [-1, ;] onuaivel 61 n ToooTNTA Xji TTOU JIEPXETAI ATTO TNV
aKun (J, ) yTTOPEi Va pEIWBET KATA d; .

H eTikéTa Twv KOUPwv dev opileTtal TavTote povoonrpavrta. Edv évag
KOUPOG uTTOopEl va AGPBEl ETIKETA PJE AVW TOU €VOG TPOTTOU, ETTIAEyETAl
auBaipeTa €vag aTrd auToué.

O Kk6pBog 0 0TT0i0g AVAKEl O€ KOPEOHEVES OKUEG, dnAadN (i, j) pe Xj= C;;
Oev £XEI ETIKETA.

H eTikéta L(n) onuaivel 611 n TTpaypartotroindgica @Ikt pony dev givai
apiotn, yiati L(n) = [tk, &,] TTOU onuaivel 611 N TTOoOTNTA Xy OUVOTAI
va augnBei kata oy,

H omoBodpdunon, atrd Tov TTPOoOoPICHO TIPOG TNV TINYA ME BACEl TIG
ETIKETEG, DiVEl TIG DIOOPOPES TWV EPIKTWV POWV

H pé€yiotn porj Tou BIKTUOU 1000Tal PE TO ABpoIcHa AWV TWV POWV

KAOe d1adPONNG TTOU ETTIOTPEPEI O AAYOPIBUOG.

MAPAAEITMA

MNa va yivel o KatavonTtd 1O OKETTIKO TOU €V TTPOKEINEVW aAyopiBuou, Ba
TTAPOUCIaCTOUV T BAPATA Kal O TTAapadoxEG ToU PYEoa aTTo Eva TTapPAdEIyUa.
‘EoTw, Aoittdv, 10 SikTuo TnG Eikdvag 8 1o otroio artroteAcital amd 4 KOuBoug

Kal 5 aKuEG.

2 <o
@ I
Ewkova 8.Mapadetypa Siktiou petadopdg
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Apxikotroinon
MNa TNV apxIkoTroinon Tou aAyopiBuou, n Tnyn 8a AdBel eTikéta L1 = [-,«]
EtmravdAnyn 1

ATTO Tnv TINyn, €MAEYETAI TUXAia €vag TUXAiog KOWBOG MPE aKur TTpooBiag
Kateubuvong, €0Tw O 2. ZT0 onueio autd 1oxUel OTI: O KOUPOG 1 EXEl ETIKETA
TTO0OTNTAG *°, VW N aKMN (1, 2) €XEI UTTOAEITTOMEVN XWPENTIKOTATA ion pe 20 —
0 (agou dev ugioTaTal AKOUA KAMIa por] TTOU va Th XPNoIJoTTolEi). ETTIAéyovTag
TNV €AAXIOTN TIYA Twv OUO0 TTOCOTATWY, TIPOKUTITEI OTI N 2 JTTopEi va
KatavaAwaoel ToootnTa ion pe 20 n otroia va TTPOEPXETAl ATTO TOV TTNYAio

KOuPo 1, omrdTe Ba AGBel eTikéTa L2 = [+1, 20].

Kartotmv, €mAEyeTal pdia Tuxaia OKY N OTToid  va eKTTTITEl amd TNV
TTponyoupevn (n otroia €xel eTIKETA), €0Tw 3. O KOUPOG 2 €xel ETIKETA
TTO0OTNTAG 2, EVW N UTTOAEITTOPEVN XWPNTIKOTNTA TG OKUNG (2, 3) €ivar 10. H

eAaxI0TN TIPMA 1000Tal pe 10, otrdéTe N €TIKETA TOu 3 yiveTal L3 = [+2, 10].

ATIO ToV KOPBO 3, eAéyeTal O KOUPBOGS 4 0 0TT0I0G €ival 0 KOPPBOG TTPOOPICHOU.
O 4, Aoimtév, ptropei va AdBer pon ion pe 30 povadeg atmod Tov KOuRo 3, pEow
NG aKPNG (3, 4) n oTroia £xel uTTOAEITTONEVN XwpPNTIKOTATA ion pe 30, Kal N

ETIKETA TOU YiveTal L4 = [+3, 10]

MapaTtnpeital 611 0 KOUPBOG TTPOOPICHOU £XEl TIKETA. AUTO onuaivel OTI n pon
TTPOG auTOV PTTopEl va augnBei katd 10 povAadeg Kal CUVETTWGS N BEATIOTN por)
O¢ev éxel BpeBei. MapdAAnAa, n TP TG MEYIOTNG PO OTNV TTapouca gdacn Ba
Io0UTaI PE TNV TIPA TTOU €x€l AdBel n eTIKETA TOU KOPPBou 4 (10 povadeg). To
MOVOTTATI TToU. oXnuaTiCeTal, 8€, TTNYAIVOVTAG TTPOG TA TTIOW EEKIVWVTAG ATTO
TOV TTPOOPICHO Kal AapBAvovTag UTT OWIv TIG ETIKETEG, cival: (4, 3, 2, 1) dpa 10

n eTavaAnyn autr divel:
F]_: 10, P]_: [1, 2, 3, 4]

O1 CeUgeic Tou UTTOAOYIOPEVOU HOVOTTATIOU EVNUEPWVOVTAI PE Tn VEA POR
(apaipwvTtag ToooTnTa 10 A1Td TNV OVOMOOTIKI) TOUG XWENTIKOTNTA) Kal O

aAyopIBuog TTpoxwpea oTn OeUTEPN ETTAVAANYN.
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EtravdAnyn 2

21n Oeutepn emmavaAnyn, e¢etalovrtal o1 idI01 KOUBOI PE TNV TTPWTN, EVW
AapBaveTal n uttdéBeon OTI KavEVaG KOUPBOG dev €xel ETIKETES. 'ETOI, EEKIVWOVTAG,
0 KOMBoG TTNYNG Ba éxel eTikéTa L1 = [-,0] evw TTpog €&€Taon Ba eTTIAEYED O
KOuPog 2. O kOPPog 2 utropei va AGBel por ion Pe « atmmd TRV TNy, oAAG n
akun (1, 2) €xer uttoAeImmopevn xwpenTikoTNTa ion pe 20 — 10 = 10, a@ou €xel
nén &pouoAoynBei pory TmoooTnTag 10 dlapécw autou, OTO TTPONYOUNEVO

Briua. ‘ETol, n eTikéta TTou Ba AGBel gival L2 = [+1, 10].

ATTO ToV KOPPBO 2, Ba egeTaoTei 0 KOUPOG 3. O 3 utropei va AaBel pory peyéBoug
10 a1é ToV 2, SPWG N UTTOAEITTOPEVN XWwPNTIKOTNTA Tou gival TTAéov 10 — 10 =
0, agou n ovouacoTikh Tou gival 10 evw NdN egutTnpPETei pory ueyéBoug 10 atrd
TO TTponyouuevo Briua. ‘Etol, o 3 dev utmopei va Adpel eTikéTa atrd Tov 2. O 2,
woTd0o0, utTopei va dpopoAoynoel pory otov KOuBo 4. H akun (2, 4) éxel
UTTOAEITTOPEVN XWPNTIKOTNTA ion pe 10 povadeg, oTTdTE N TIKETA TTOU Ba AdBel

0 KOPBOG TTpoopIcuoU gival L4 =[+2, 10].

O T1poopIioudg €xel AAPel €TIKETA, Apa N PEYIOTN PO dev €XEl UTTOAOYIOTEI
aképa. H por Tng emavaAnyng autng loouTtarl ge 10 (6TTwg @aivetal atrd TNV
ETIKETA TOU KOUPBOU 4) KAl TO JOVOTTATI TTOU TTPOKUTITEI EAETWVTAG TIG ETIKETEG

TTPOG Ta TTiow €ival 10 (4, 2, 1). Apa I0XUE! OTI:

Fo= 10, Po=[1, 2, 4]

, Kal n véa por) pey€Boug 10 TpoaTiBeTal oTo YPAQO.
EmavaAnyn 3

Zavd, AapBaver xwpa n utméBeon OTI kavévag KOuPBog dev éxel eTikéta. O
KOUBOG TTNYNAG, OTTWG TTavTa, Aaupavel enikéta L1 = [-,]. H akpn (1, 2) éxel
uTTOAEITTOPEVN XwpenTIKOTNTA ion pe 20 — 20 = 0, kaBwg €EuTTnEETE TIG dUO
TTPWTEG POEG PeyEBoug 10 n kABe pia. OTréTe, e€eTtdleTal o kKOUPog 3. O 3
pTTOPEl va AdBel atreipn pory ammd Tov 1, eV N UTTOAEITTOMEVN XWPNTIKOTNTA
NG akung (1, 3) 1ooutal pe 20 — 0 = 20. 'ET01, n €TIKETA TOU 3 YiveTan L3 = [+1,
20].
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O 3 éxel enkéra kal ouvdéetal ye Tov 4. H akun (3, 4) €xel UTTOAEITTOPEVN
xwpnTmikoTNTa ion ye 30 — 10 = 20 kai €101 0 KOUPOG 4 Ba AdBel eTikéTa L4 =
[+3, 20].

‘ET01, Y10 TNV TPITN POK TTPOKUTITEI OTI :
F3: 20, P3: [1, 3, 4]

A@ouU epappooTei n véa porp oto diKTUO, TTapaTtnpPEeital 0TI Oev UTTAPXEl AAAO
augnTikG POVOTTATI ATTO TNV TTNYH WS TOV TTPOOPIoHO, KABWGS oI CEUEEIG £€X0UV
KOPEOTEI. 2TO oNWEio auTtd, 0 AAYOPIBUOG OTANATA, £XOVTAG EVTOTTICEL TIG POEG

TTOU ava@épdnkav TTapatmdvw, Kal KATaAfyovTag oTn PEYIoTN por MEYyEBOUG:
Max(f) = F1 +F,+F3= 10+ 10 + 20 = 40.

210 Tapddelyya autd, BEPaia, TTAPOUCIACTNKE N OpPOouoAdynon pPowv
e€etaloviag POVO aKPEG ueE TTPOoBIa KaTeuBuvon, Xwpic va AauBdvovtail ol
backward (eugeic o1 otToieC Ba avakartaveigouv Tn por). AKoAoUBwG e¢eTadeTal,
AoITTOV, N XEipIoTn TTEPITITWON €@apUOoynS Tou aAyopiBuou Ford—Fulkerson,
uttohoyifovtag kai TIGC backwardakuég, yia va eu@avioBei n Paocikr Tou

aduvapia.
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NEPIOPIZMOI TOY AATOPIOMOY

MNa va yivel karavontog €vag atmmd Toug o BACIKOUG TTEPIOPIOUOUG TOU €V
AOYw aAyopibuou, Bewpeital €va OikTUO OTTWG AUTO TTOU  QAIVETAl OTNV

TTAPAKATW EIKOVA:

Ewkova 9.2evaplo xeipLotng nepintwaong.yia tov Ford - Fulkerson aAyopiOpuo

Aedopévou o611 0 aAyoépiBuog Ford — Fulkerson emmiAéyel Tig dladpopés Tuxaia,
¢otw n diadpopn [1, 2, 4]. ZTnV TTPWTN €TTAVAANWN, N TIPA TG pong Ba civai f
= 1, ye amotéAeopa ol akpég [(1,2) (2,3) (3,4)] va AdBouv Tiuég [999, 0, 999]
avTioTolxa. TN deUTEPN €TTAVAANWN NG idiag diadpopng, n akun (2,3) Ba
BewpnOei kopeopévn, OoTTOTE Ba €CETAOTEI N TTEPITITWON TNG AVAKATAVOUAS TNG
PONG TNG, aPou Xz, = 1 > 0, ommoTe 01 akpéS [(1,2) (2,3) (3,4)] va AdBouv TIuEG
[998, 1, 998]. ZuvexilovTag pe Tov id10 aKPIBWGS TPOTTO KAl AUEOPEIWVOVTAS TN
por TNG akuAS (2,3) TTpo@aveg yivetalr 0T 0 aAyopiBuog Ba Angel petd atrd
1000+1000 = 2000 emmavaAfWeIg, TTou €ival n HEYIOTN POK Tou BIKTUOU.

OT1rwg TTapaTnpEeital, N EKTaon Tou UTTOAOYIOHUOU £6apTATal OTTO TO YEYIOTO TWV
XWPNTIKOTATWY. - TNG  TINYNS KOl TOU TIPOOPICHOU, HE ATTOTEAECHUA N
TTOAUTTAOKOTNTA TOU aAyopiBuou va eivar avaAoyn tng tmoodTtntag max(f).
MapdAAnAa, dedopévou OTI N apxIKoTToinon Tou aAyopiBuou (avdBeon og KAOe
aKku uNdEVIKN TIUA PONG) Kal N Bacikh eTavaAnyn yivetal yia KABE akur oTo
ypa®o, n TtoAuttAokdTnTa I1IooUTal Je O(E max| f |) xapaktnpiovrag Ttov

TTPOKEINEVO aAyOPIBUO WG PN aTTOdOTIKO.
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EDMONDS - KARP

EoTmidlovrag otov TTapatravw TrePIoPIoUO Tou aAyopiBuou Ford — Fulkerson,
ol Edmonds kai Karp mrpoteivav pia pikpry d16pbwaon otov TeAeuTaio[25]. O
aAy6piBudg Toug eival TTAvOUOIOTUTTOC PE auTov Twv Ford kai Fulkerson pe
povn diagopd Ot TTPpoodlopiouv TV oEIpd avalnTnong Katd Tov UTTOAOYIONO
TOU au¢nTiIkoU PovoTraTioUu. To POVOTIAT TTou Ba uTTtoAoyIoTEl TEAIKA €ivar To
OUVTOPOTEPO MOVOTTATI pE OloB€oiun xwpenTikotnTa. ‘Evag 1pdtmog yia va
eKTEAEOTEI TO TeEAeuTaio eival va TpayuatomoinBesi pia breadth — first
avalntnon (T.x. M€ Tov aAyopiBuo Tou Dijkstra) BETOVTAG TIG TINEG KABE QKNG

ion he TN Jovada.

O xpOvog ekTéAeanc Tou aAyopiBuou sivar O([V] |E[?), piag kai kGBe auenTikd
povoTtraT ptropei va BpeBei oe xpovo O(|E|) evw kdBe @opd TTou KATTOIO aKUA
XOPAKTNPICETAI WG KOPETHEVN, N ATTOOTACH PETASU TTNYNG KAl TIPOOPICHOU TNG
eTopevng d1adpoung Ba gival TOUAdXIOTOV KOTA dia povada peyaAuTepn Xwpig

va Eetrepvael Tig |V| povadeg.

‘Eva Bacikd PYEIOVEKTNMA TNG TTPOCEYYIONG AUTHG, TTAVW OTO OTT0i0 OTNPIXONKE
o Dinic yia va 1rporteivel Tov aAyopiBuo 1Tou Ba avaAuBei TTapakdTw, EyKeiTal
OTOV XWPIG — PVAMN UTTOAOYIOPO TwV PovoTTaTiwy. 10 ouykekpiyéva, KaOe
@opa TToU Hia JI0dPOUN UTTEPPOPTWVETAI, UTTOAOYICETAI €K VEOU TO ETTOPEVO
BEATIOTO poOvVOTIATI aTmd TNV TNy OTOV TTPOOPICHO XWPEIG va «BupdTai»
TTPONYOUNEVOUG UTTOAOYIOUOUG Kal EVNUEPWOEIG. 2€ TTOAUTTAOKA OiKTUO KATI
TETOIO ONuaivel,  €KTOG AT  TTEpicoeIa  TTOAUTTAOKOTNTA, auénon oOTov
ATTAITOUMEVO XPOVO UTTOAOYIOHOU TNG TEAIKAG PONG, KaBWGS O0EC TTEPICCOTEPES
Ol aKPEG TOU DIKTUOU TOOO TIEPICOOTEPO Ba aUEAVETAl O OUVTEAEOTAC |E|?

KAvovTag Tov aAyo6piOuo pn atrodoTIKO.

110



DINIC’ BLOCKINGFLOW

O aAy6piBuog Tou Dinic ouvduddel Toug ahlyopiBuoug Twv Ford — Fulkerson
kai Edmons — Karp , evw e€omnidalel otnv o BEATIOTN  avadntnon
pjovotratTiwv[26]. Omwg Tapoucidotnke Trapamdvw, o0  Edmonds -
KarpaAyopiBuog utroAoyidel kaBe @opd 10 eAAXIOTO POVOTIATI ATTO TNV TTNYN
TTPOKEIJEVOU VA TO UTTEPPOPTWOEl, PE OTTOTEAEOUO va €CETACETAI O€ KABE
ETTAVAANYN POVO €va POVOTTATI XWPIG va UTTOAOYIZETAI N TTPONYyouhEvVn i N
ouyxpovn yvwon yia aAAa BéATiIoTa povoTrdria. KareubuvovTtag Tnv TTpocoxn
TOU OTOV TTEPIOPIOPO aUTOV, AOITTOV, O OAyOpIOuog Tou Dinic €l0dyel vEES
€vvoleg ol oTToieg atroTeAouvTal atrd 1o blocking flow kar 10 ypa@o emITédwv

(level graph), peiovovTag TNV TeAIKr TTOAUTIAOKOTNTA 0TO O(E V).

éYI'IO/\EII'IOMENOZ NrPA®OZ

O1w¢ TTapatédnke TTapaTTdvw, N UTTOAEITTOPEVN XWPENTIKOTNTA divETal ATTO TOV
TUTTO:

Cij — Xijjeav i,j elvar forward ark

U:: =
Y Xji eqv umdpyet Xij > 0

Me Bdaoel To TTapatrdvw, évag UTTOAEITTOPEVOS YPAPog gival o ypdgog Gt = (V,
Ef, Uf) ue Ef = (i,j)€E | Uj> 0. Mo atrAd, o uttoAeimmopevog ypdagog Gs eival Eva
UTTOOUVOAO TOU apXIKOU YPA@POoU, O OTTOI0G TTEPIAAUPBAVEI EKEIVES TIC AKUES TOU

APXIKOU TWV OTTOIWYV N UTTOAEITTOUEVN XWPNTIKOTATA €ival auoTnpa BETIKN.

'BLOCKINGFLOW

To Blocking Flow opileTal wg pia por] atrd TNV TNyr TTPOG TOV TTPO0PICHO, £T0I
woTe 0 ypagog G = (V, E., s, t) pe EC” = (i, ))|IXj<U; va pnv mepIAauBavel
Kavéva hgovoTrarl. Mo atrAd, eav G’ gival €vag uTToypa@og TOU UTTOAEITTOUEVOU
YPAQOU JE MM APVNTIKI UTTOAEITTOMEVN XwPENTIKOTNTA, TOTE OEV UTTAPXEI
MOVOTTATI atré TNV TNy TTPOG Tov TTPOOoPIoPO. MapdAAnAa, o G’ eival évag

layered ypd@o¢ O OTT0i0G TIPOKUTITEl OTTO TOV  UTTOAEITTOMEVO  YPAQPO
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Taglvounuévo o€ eTTiTreda €101 WOTE TO ETTITTEDO L €vOG KOUPBOU va 1c00Tal E

TNV ATTOCTACTN TOU ATTO TOV TTPOOPICHO.

AATOPIOMOS

BApa 1.

Karaokeury Tou utroAeiropevou ypagou Gy (ZTnv TTPpWTN €KTEAEON, X; = O,
V i,j €N.) Edv o ypad@og dev UTTOPEI VO KOTAOKEUQOTEI, £XEI UTTOAOYIOTEI N

MEYIOTN pon).
BApa 2.

Karaokeurp Tou G amd tov Gr. O G eivar €vag layered yp&@og TTou
utroAoyiceTal ye breadth — first aAyépiBuo wg €€ng: TommoBeTOoUVTAI OTO YPAPO
ol yeIrovikoi kOpPBor emmmédou L+1 TOU KOPPBou pe emiedo L, €wg OTOU
ouvavtnBei o kOuPBog Trpoopiopou. Otav cuuTTAnpwBei 10 eTTiTTEdO KOUBOU
TTPOOpIoPOU, n dladikacia OTAPOTA ayvowviag, £T01, KOPBOUG oI oTToiol

gupiokovTal OKPUTEPO TOU TTPOOPICHOU.
BApa 3.

Na kdbe diadpoury TPOG Ta THHOW, ATTG TOV TTPOOPICUO TTIPOG TNV TTNyN,
uttoAoyicetal n péyioTn pony. Kabe diadpoun Tou G TTou £xel TTpooBEoel pia
pon Xi> 0, diaypdgetal TTPog Ta EPTIPOG (ATTO TNV TINYR TTPOG TOV TTPOOPICHO)
atd Tov G kal g&eT@lovtal o1 uttdéAoitreg backward diadpopég. Otav TéToI
dladpopr dev uttapxel (Gpa Ppébnke TO blocking flow), o aAyépiBuog
EMOTPEPEI OTO PBripa 1, evnUEPWVOVTAG TO YPAPO HE TIC VEEG POEC Kal

OUVEXICEl JE TIG ETTOUEVEG ETTAVOANYEIG.

MNa va yivouv TTI0 KATavonTéG Ol VEEG EVVOIEG TTOU €10AYEl O aAyopIBuog Tou
Dinic, kaBwg¢ Kal 0 TPOTTOG UAoTToinoNG Tou, e€eTdleTal éva TTAPAdEIYUA.
Mpétrel va TovIiOTEl, OTO ONuEio autd, OTI £XovTag eEeTAOEl EVOEAEXWS TOV
aAy6piBuo Ford — Fulkerson, &€ Ba doupe OAeg TG eTTavaAfyelg Tou Dinic,
TTapd pévo 10 Baciko oKeTTIKO Tou. O avayvwaoTng, £XOVTAg TIG TTANPOQPOPIES

yla Tov aAyopiBpo tou Dinic kaBwg kal To aAyoplBPIKG uttofabpo yia Tov
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Ford— Fulkerson, gUkoAa Ba utropei va €€Ayel kal Ta UTTOAOITTA BrPATA TOU

TTPWTOU.

MAPAAEITMA

‘EoTw évag ypdeog G kal Gi va gival 0 UTTOAEITTOPEVOG TOU, OTIWG QAiveETAl
otnv Eikéva 10. H mpwTtn T KABE aKYAG TTAPOUCIACEl TNV OVOUAGTIKN
XwPNTIKOTNTA TNG, EVW 01 TTapevBETEIS deiXvouv Tnv. TToodTNTA TNG PONS TNG.
2TNV TTPOKEIYEVN TTEPITITWOT], O UTTOAEITTOUEVOS YPAPOG EXEI O KABE QKN pon

ion pe 0 (apyikoTToinon).

Ewkova 10. YroAeunopevog ypadog LnSeVIKAG porG

ATTO TOV TTAPATTAVW UTTOAEITTOUEVO YPAPO, Ba KATOOKEUAOTEI O YypPA®OGg
emmédwyv. OTTwg @aivetar kai atmd Tnv Eikéva 11, o G gival éva dévdpo,
KOTOOKEUOOUEVO ~ ATTO TOV  UTTOA&ITTOpeEvO  ypdgo G; péow Breadth —
Firstavaltnong, €101 WOTE OTO TeAeuTaio eTmiTredd TOU (£0W, OTO TPITO) VO
EUPIOKETAI O KOUPBOG TTPOOPICHOU Kal o1 UTTOAOITTOI KOUPBOI TOU idIou ETTITTEQOU.

KouBol o1 otroior £xouv eTTiTred0 4 Kal avw 8¢ AapBdavovTal utr” Oyiv.
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Ewkova 11.Mpadog Emunédwv Mnbevikig Porg

ATTO TOV YypA®O ETITTEdWY, AOITTWYV, Kal WE PBruata TPOG Ta TToW,
uttoAoyidovTal Ta EQIKTA POVOTTATIA KAl Ol AVTIOTOIXEG TIMEG TWV POWV TOUG.
EmAéyetal yia TTapddeiyya 10 povotrar [S, 5, T]. H eAdxiotn xwpnmikoTnTa
TWV OKPWYV Tou gival auTh TnG (S, 5)n oTtroia 1coutar ye 5 povades. Apa, 1O
MOVOTTATI auTO WTTOpEl va augnoel T por katd 5. ‘Etol, oto BANA auto
EVNUEPWVETAI TTPOG TA TTIOW. TO dEVOPO, OTIWG @aiveTal oTnv Eikéva 12, evw
dlaypdgovTal TTPOG T ITTPOCTA oI CEUEEIG TTOU EKKIVOUV aTTd TNV (S, 5), 0TTWG
Ocixvel n Eikéva 13. H (vontn) diaypa®n Twv CeuEewy, AapBavel xwpa Adyw
Tou OTI n akun (S, B)éxel TTAéOV KOPEOTEN KAl TA POVOTTATIO TTOU €XOUV

ETMONUAVOET PE PTTAE XPWHO eV UTTOPOUV VA UTTOOTNPIEOUV TTAEOV TTAPATTAVW

pon.
\5\ __A0 \5\\:@
\.\ \.\9
&
Ewova 12.MpocBikn pong npog ta nicw Ewova 13. Adaipeon SLadpopwv npog ta EUnPog

2uvexidoviag ue Tov idlIo UTTOYPAQYO, TTapaTnEEiTal 0TI UTTAPXEl Kal GAAN pia

dladpour n otroia ekkIvei armd Tov Skal karaAfyel otov T: (S, 1, T). H
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dladpoun auTtry UTTOPEI va uttooTnpigel pony ion pe 9 povadeg (N eAAxIOTn
XwPNTIKOTNTA TwWV aKYWV TnG). Me Tov idio TpdT1To, AoITTdV, €vnUEPWVOVTAI
TTPOG TA Triow, &eKivwvtag amd Tov Tol akpég peE TN véa pon, &vw
dlaypd@ovTal TTPOG Ta PITTPOCTA OAA TA PJOVOTTATIO TTOU EKKIVOUV OTTO TNV (S,
1).

Ewkéva 14. MNpooBrikn véag porg MPog Ta iow Ewkova 15. Apaipeon VEWV-SLAEPOUWV TPOG T EUTPOG

O1mrwg ptTopei va trapatnpioel kaveig amd tnv Eikéva 15, o ypdeog dev
TepIAauBavel GAAa povoTTdTia Ta oTroia va 0dnyouv GTOV TTPOOPICHO, KaBWG
ol CeUEEIC uE PTTAE XpWHO BewpoUVTal ATTOKOMPEVES TTAEOV aTTO auTdv. AuTO
onuaivelr 01T €xel evrotmioTei n Aeyouevn «blocking flow»Ttrou opioTnke TTIO
TTAVW Kal 0 aAyOpIBuOg UTTOPET va TTPOXWPENOCEI OTNV EVNUEPWOT TOU OPXIKOU

ypagou.

‘ET01, 0TO £mTOPEVO BAMA, 0 ypd@og TG Eikévag 110a trapouaiadel TTAéov Tov
EVNUEPWHEVO UTTOAEITTOUEVO YPAQO ME TIGC POEC HeEyéBoug 5 kal 9 TTOU
uttoAoyioTnkav. kal o aAyopiBuog Ba ouvexioer pe Tnv idia @IAocoQia,
KATOOKEUAZOVTOG TO VEO ypd@o emmédwy Kal uttoAoyifoviag &ava TIg
blockingpoég. Otav 0o uTtoAeITTOpEVOC ypd®og Oev Ba  PTTopécel  va
KaTtaoKeuaoTel, €medry 6 Ba uttdpxel POvOTTaTI ammd Tnv TMyR wg Tov
TTPOOPIOHO, O OAYOpPIOPOG OTAPATd KAl n TINA TNG MEYIOTNG PONG TTou
EMOTPEPETAI €ival ion PE TO ABPOICHUA TWV ETTIMEPOUG POWV TTOU avVIXVEUOVTAI

o€ KGBe Brpa Tou.

A6 Tov Tapatrdvw aAyoépiBuo ptropei va  trapatnpnBei 1o €Eng: Ol

QPXIKOTTOINOEIG KAl O EVUEPWOEIS TWV YPAPWYV YivOovTal CUYKEVTPWTIKA KOl
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Ox1 ava diadpopury eravaAnwn. MapdAAnAa, Katd Tov UTTOAOYIONO Wiag pong
MTTOPOUV va An@Bouv utr” Odyiv avw TG diag dladpoung Tautdxpova, €Aav O
ypa®og GL trepihapfavel Tdvw atmod pia d1adpouEg TTou EeKIVOUV aTTd Thv
TTNYN KAl KATaAfyouv oTov TTpoopioud. ‘ETol, Ta Bripara 2 kar 3 Ymmopouv va
ETTIOTPEWOUV TTOAAEG POEG TAUTOXPOVA, EAATTWVOVTAS TOV ATTAITOUPEVO XPOVO
UTTOAOYIOMWY Kal avadnTACEwWV Kal KaBIoTWvTag Tov aAyopiOuo autd Trio

atrodoTikd aTro Tov avrioToixo Twv Edmonds kai Karp.

116



AATOPIOMOZ AIAXEIPIZHZ NMOPQN KAl

KINHZH2
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EIXAT'QI'H

To Tapov Ke@AAAIo TTpaypaTeUETal TNV avAAuon, TOo OXedlaOPG Kal Tn
dnuioupyia evog AAyopiBuou Alaxeipiong Moépwv kai Kivnong o€ TOTToAOYiEG
MPLS diIkTUwv. O TTpoKEeineEVOG aAyopIBuog, OVOUAOoTNKE KATA T SIAPKEIA TNG
EKTTOVNONG TNG £pyaciag wg «TiReD Algorithmy», évoua 10 0T10iI0 €XEI OITTH
onpooia: TllpwTtov, Tpoépxetar ammd TN @pdon «Trafflc — Resources
Distribution» xapaktnpifovrag e Tov TPOTTO autdv Tn PACIKK Tou AsIToupyia,
onAadn Tnv offlinekaravour Tng Kivnong Kal Twv TTOpwv. AgUTePOV, EKPPACEI
TNV KOUPQOTIKN Kal TTEPITTETEIWDN Oladikaoia Tou oXedIAoHoU Tou, N oTToid
atmoTeAEOTNKE ATTO AANETTAAANAEG TTPOOTTABEIEG, DIAYPAYES, ETTAVEKKIVAOEIG,
O10pBwaoEIC Pe TNV KABe TTpooTTdBeia va oxedidlel Evav eviEAWS SIAPOPETIKO
aAyopIBuo PEXPI TEAIKA VO KOTOOKEUAOTEI Kal va d1aTnPNBEi WG «KAAUTEPOG» O

aAyopIBuog TTou Ba €CETOOTE TTAPAKATW.

Oppuwpevog atrd OAa auTd TTOU £EETACTAKAV OTA BUO TTPONYyoUUEVA KEQAAQIA,
o TiReD ¢£pxetan va TrpoTteivel AUon o€ kKAtmmola ammd Ta o  BACIKA
MEIOVEKTAMATA TWV UTTOAOITTIWV EPEUVWIV, EUTTVEUCHPEVOG, TTAPAAANAQ, atrd Tn
BEATIOTN (KATA TNV KPion Tou ouyypa@éa) Trpooéyyion Max — Flow aAyopiBuou
ammdé Toug Trapatmmdvw : Tou Dinic. Me dia@opeTikd Adyia, O TIPOKEIPEVOG

aAyopi1Buog Ba TTpooTTabAoEl va Bpel AUCEIG TETOIEG WOTE:

= Na ikavoTtrolouvTtai 6Aol ol, Tuxov, Treplopiopoi Tou MPLS — TE 6oov
a@opd OTIC POEC : N avAYKN YIa €QPEDPIKA POVOTTATIA, O KAIMOKWTOG
TTPOOBIOPIOPOG TwV {eUgewv Kal Twv hops, KaBWG Kal 0 TTEPIOPICPOG
oTo TTAB0G TTAapAAANAWY POWV TTOU PTTOPOUV VA ATTOPPEOUV ATTO TNV
idla apxikn por).

» Na KaravéueTal To QOpTio OTO OIKTUO HE TPOTIO TETOIO WOTE VA
atmmo@eUyovTtal Kpiolueg CeUEEIC, va eAAXIOTOTTOIEITAI N CUPPOPENON Kal
VO JEYIOTOTTOIEITAI N POr) OTO BIKTUO

* Na utroAoyifovtal POVOTTATIO T OTTOIQ va TTANPEOUV TIG TTAPATTAVW

TTPOUTTOBECEIG KAl TAUTOXPOVA va gival 600 TO duvaATOV UIKPOTEPA OF

MAKOG.
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O1wg NdN avaeépbnke TTapatrdvw, o€ KAtTola onueia Tou, 0 TiReD éxel
€TTNPEACTEl ATTO TOV OAYOPIOPOo Tou Dinic. Mo ouyKekpIpéva, €xEl «DAVEIOTEI
QUO atrd TIG £VVOIEG TOU, TIG OTIOIEG €XEI TTPOCAPUOCEl KAl XPNOIUOTTOINCEI
OIOQOPETIKA dIaTNPWVTAG, WOTO00, TO APXIKO OKETITIKO: TNV €vvoid Tou
YmoAerréuevou kair Tou Layered ypdgou. Evw kara Tov.  Dinic o
YTtroAermrépevog Mpd@og gival autdg o oTToiog TTEPIAAUPBAVEI JOVO EKEIVES TIG
OKUEG TTOU £X0UV BETIKA UTTOAEITTOPEVN XWPNTIKOTNTA, O TiIReD dnuioupyei dU0

VEEG KATNYOPIEG UTTOAEITTOUEVWIV YPAPWV:

» [pdgog 1Tou utrékeital oTic MPLS — TE aTTaITHOEIG KOl OTTOTEAEITAI OTTO
OKMEG ME  UTTOAEITTOMEVN  XwPENTIKOTNTA  MIKPOTEPN 1} ion  Tng
ATTAITOUPEVNG ATTO TNV EKACTOTE PON)

» [pdog 1Tou utrékelTal oTic MPLS — TE aTTaITAOEIG KOl OTTOTEAEITAI ATTO

OKMEG ME QUOTNPEA BETIKA UTTOAEMTOPEVN XWPENTIKOTATA.

ACicel, BEBaia, va TovioTei 6T o Dinic Algorithm €xel onpacia povo oe dikTua
METAPOPAG, Ta OTToIa £XOUV HOAIG £va CeUyOg (TTPAYHATIKO 1 10€aTd) TTNYAG Kal
TTPOOPIOHOU, QOXETWGS TOu TTANBOUG Twv TIPaAyUaTIKWY Ingress kai Egress
LERs. O TiReD, &g, 0 0110i0¢ UTTOPEI VO €QapUOOTEi o€ SiKTUa TTOAAWY TTNYWV
KAl TTPOOPICHWY, aQAIPEi TNV avAyKn yIo TNV KATAOKEUN BIKTUOU ME 10£aTOUG

KOuPBoug. O AGYOG yIa TV aTTOQACT QUTH TTPOEPXETAI ATTO TO YEYOVOG OTI :

= Kdbe KUKAOG TOU aAyopiBpou. oxedidlel Tov UTTOAEITTOUEVO YPAPO
QTTOKAEIOTIKA Kl JOVO yia TR por] TNV oTroia £¢eTdlel TN OoTIyun ekeivn. H
pPON UTTOPEI va £XEI HOVO Mia TTNYN Kal €vav TTPOOPICHO KAl CUVETTWG, O
UTTOAEITTOPEVOG YPAPOS Ba €xel KAl AUTOG TNV TTNYA KAl TOV TTPOOPICHO
NG pong. Oi umdAoitrol LERs o1 otroiol duvartal va uttdpxouv oTnv
ToTTOAOYiO BEwpouvTal wg atrAoi dpopoAoynTEg.

= Edv mpocoTteBoUV o1 10eaToi KOPPBOI PE ATTEIPN XWPENTIKOTNTA OKMWY,
METANOPPWVOVTAG TO OikTuo Ot AikTuOo MEeTaQOPAg, UTTOPEI va Yivel
aduvaTn N KaTeuBuvon TNG PONG £TOI WOTE VA EKKIVEI OTNV TTPAYUATIKN
TNG TNy KAl va TEPMATI(El OTOV TTPAYUOTIKO TNG TTPOoopPIoHs. [a
TTapadeiyua, dsdopévou 0TI oTo AikTuo MeTag@opdg ue Super Source, n
TEAEUTOIO Ba EVWOVETAI JE QPKETG TTPAYMATIKA Sources, JTTopEi va yivel

ONMAavTika 1o OUOKOAOG O €EQVAYKAOWOG TNG POAG VO OKOAOUBROEI
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MOVOTTATI TO OTTOi0 va gekivdel atrd To Super Source Kal va dlaoyilel
TNV TTPAYMATIKA TOU TTNYRA, KaB’ &t utropei o aAyépiBuog va Bewpnoel
KAAUTEPN 1) TTEPIOCCOTEPO EQIKTH Mia dladpoun n oTtroia dlaoXiCel KATTOI0
aA\o LER, doxeto pe tov ¢ntoupevo atd 1n pon. MNMpogavwg, Ta idla
IOXUOUV Kal aTnV AAAN TTAeupd Tou OIKTUOU OTTOU EUPIOKETAI TO Super
Sink.

= O oxedloouog kal n xprion duo Trapatravw KOPPwv oTo diKTUO KOl
OPKETWV OKPWYV  ATTEIPNG XwpPNTIKOTNTAG, - €EI0AYEl TNV avAykn yia
TTEPIOCOTEPOUG  EAEyXOUG  OTov  aAy6piBuo - (yia  TTapddelyua
XAPOKTNPIOUOG OKUAG WG TIPAYMATIKN - 1} - 10€ATH TTPOKEINEVOU VA
ANYBOUV CUYKEKPIUEVEG ATTOPACEIG) KAl AugAvel O KATTOI0 BaBuod (edv
Kal MIKPO) TNV OTraitTnon O€ JVAPN KOl XPOVO VIO TOV OUVOAIKO

UTTOAOYIONO TNG BEATIOTNG AUONG.

‘Etol, o TiReD utmopei va e@apuocTei o€ diktua ToU Ogv  UTTAYOVTQI
ATTapAITATWG OTNV Katnyopia Twv AlKTUwv MeTa@opdg, evw TTapdaAAnAa
EMTTVEETAI ATTO TOV UTTOAEITTOPEVO YPA®O Tou Dinic, TTpocapuolovTag ToV HE
OI0QOPETIKG TPOTTO, OTTWG QVAPEPBNKE Kal TTPONYOUUEVWG, €I0AYOVTOG £TOI
OUO VEEG KATNyopieg YPAQwY Ol OTT0IEG XPNOIKOTTOIOUVTAl YIO TNV €UPEON

EQIKTWV (aTTé ATTOWN ATTAITAOEWY KAl XWPNTIKOTNTAG) HOVOTTOTIWV.

EmmpdoBeTa, daveietal, OTTWGS ava@EéPONKe Kal TTapatmdvw, Kal TNV €vvola
Tou Layered ypd@ou O OTToioG XPnOIMOTTOIEITal aP’ EVOC YIa va €LETAOTEI TO
€AV UTTAPXEl EQIKTO (aTTd GTTOWn XWENTIKOTNTAG) MOVOTTATI 0TO OIKTUO KaI A’
ETEPOU TTPOKEIYEVOU Va eloaxBei TTeplopIoudsg oTo PAKOG Tou. Me GAAa Adyia,
Oedouévou Om otov  Layered ypago Oegv elodyovral KOpBol o1 oTroiol
BpiokovTal «PaKpUTEPO» OTTO TOV KOWBO TTPOOPICHOU, ANECWS EICAYETAl N
eyyonon OTl Ta povotrdTtia TTou Ba e€axBouv ammd autdv Ba ecival kal Ta

MIKPOTEPQ EPIKTA.

Mia &GAAn onpavTik TTPooBNKn n otroia AapBAvel XwWpa OTOV TTPOKEINEVO
aAyopiBuo, cival kal éva €id00G «VAMNG» TWV TTPONYOUNEVWY OTTOTUXNHEVWY
Tou TTpooTraBelwy. Me 1m0 atTAd Adyia, dideTal oTov aAydpliBuo n duvatotnTa
va «BupdTam» yia trola {euyn TTNYAS Kal TTPOOPICHUOU Kal yia TTold TToooTnTa

Bandwidth €ixe duoKOAguTEl, O€ TTPONYOUNEVOUG KUKAOUG, va Bpel TN BEATIOTN
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AUon PE TNV TTPWTN TTPOCTTABEIA, TTPOKEINEVOU VA aTTOQUYEl avalnTAoEIS Kal
eAEyXOUG yIa poéG ol oTroieg eival BERaio OTI de Ba eguTTnPETNBOUV PE TNV
TTPWTN, KaI va TTPoPei o€ atmo@acelg BacifOuevog TTAEOV OTNV TTPONyouUuEVN

EUTTEIPIA TOU.

To ke@AAalo auto, AoITTOV, TTAPOUCIAlEl € TTOAU PEYOAUTEPN AETTTOPEPEIR KAl
BAaBog 6Aa autd TTou ava@épBnkav o TTAvw. ZTNV TTPWTNH evoTnTa Ba doBEi
AeTTTONEPNG avdAAuon Twv Oedopévwy €10000U Kal €€000U TOU aAyopiBuou,
Méoa atmd Ta oToia Ba yivouv YVWOTEG OPKETEG ATTO TIG TNO ONUAVTIKEG
TTaPAadOXEG TTOU EANPONCAV KATA TO OXEOIOOUO ToU aAyopiOuou. 2Tnv deUTEPN
evoTnNTa Ba TTAPOUCIACTOUV EVOEAEXWGS Ol OVIOTNTEG TTou Aaufdavouv Xwpa
oTovV OAyOpIBUO KABWG Kal o1 VEEG €VvoIeC TTOU QUTOG elodyel. TEAOG, oTnv
TPITN Ba TTEPIYPAPOUV Ta AKPIP BAPATA TOU €V TTPOKEIPEVW, TA OTToIa Padi PE
Ta oXeTIKA Activity Diagrams 8a TTapouciGoouv 0AOKANPO Tov aAyopibuo, ot

OAEC TIC TMBAVEG TOU KATAOTACEIG KAl TTEPITITWOEIG.

AEAOMENA EIX0AOQOY - EE0A0Y

MNa Ttnv ektéAeon Tou TIPOTABEVTOG aAyopiBuou Bewpolvial yvwoTd n
TOTTOAOYia TOU BIKTUOU KABWG Kal OAEC 01 POEC TwV OESOPEVWV TTOU AITOUV TN
didoxiof Tou. Ma Adyoug ypriyopnsg KAtaxwpenong Kai avakrnong, €UKOANg
emegepyaoiag, dlatApNong TNG AOYIKAG TwV OXECEWV KABWG Kal TTPO0TACIOG
TNG AKEPAIOTNTAC TWV dedoPEVWY, BewpnONKe W KaAUTepn AUon n diaTApNon
TOUG €VTOG Hiag Baoewg Acdouévwy.

H Bdon Aedopévwy oxedlidoTnke Kal UAOTTOINONKE PE TPOTTO TETOIO WOTE VA
ATTEIKOVICEl KAl va dlaTnpPEi, ouolaoTIKA, TN AoyIKA Kal TTOAAG aTTd Ta TT10 BaCIKA
OoTOIXEid TOU €V TTPOKEINEVW aAyopiBuou. Ta 10 Adyo autd, Bewpeital
oucoIwdNG Mia €1g BABog avaAluon Twv OXE0EwWV KABWG Kal Twv OEQOUEVWV
QuTNG, TIPOKEIMEVOU Ol MOVO va yivel karavontd To TrePIBAANOV  TNG
EQPAPHUOYAGS Tou aAyopiBuou, aAAdG Kal o1 ASTITOPEPEIEG TOU OXEDIAOUOU KAl TWV

TTAPAdOXWV TTOU £yIvav KaTd To oxedIaouo Tou.
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2TIG ETTOUEVEG UTTOEVOTNTEG, AoITTOV, Ba egetaoTei TO poviéAo TnG Bdong
Aedopévwyv Kal Ta TTEdia TwWV TIIVAKWY TIOU TR OUVTEAOUV. 2TNV TIPWTN
UTTOEVOTNTA Ba APKECTOUPE OTO POVTEAO OVTOTATWY — 2ZUCXETIOEWY, WOTE va
Yivel katavonTo To YEVIKO TTAQICI0 OXeSIQOUOU Kal EQAPPOYAG TOU aAyopiBuou.
2TV €mmouevn utroevotnTa, O, eCetdloviag Ta Tedia Twyv Trivakwy, Ba
ava@epBboupe OTIC €vvoleg Kal  TIG TrapadoxEéG Tou  €AN@Bnoav  Kal

EVOWNOTWONKAV OTOV TEANIKO aAyOpIBO.

MONTEAO ONTOTHTQON - 2YZXETIZEQN

Sene |

H MNetworks
Consists Of
Outputs = DemandsList | LSRs
Has Source +
Holds o Join In Creating
FHas Destination
| AlgorithmCalculation | | Demands | | Links
Become hay Require ‘[
- L Required For
ServedDemands | | LinkRequirements E.O—l
Foll Hops
0 ow—kéi P *E-C on

Ewkova 16. MovtéAo OVTOTATWY - SUCXETICEWVY

' TOMOAOTIA

Ma Tnv €UkoAn d1I0TAPNON KAl KATaxwpenon avw TnG Hiag ToTToAoyiag, Kabwg
Kal yia TNV €AAEIYN TNG ATTAITNONG OUVEXOUG KABAPIOPOU TwV OedOPEVWV
KATA TNV TIPAYMOTOTIOINON OUVEXWVY €EKTEAECEWV TOu aAyopiBuou yia
OI0QOPETIKA TTAQioIa ava@opdg, eANeOnv n trapadoxr OTI €va OTTOIOdATIOTE

TepIBAANOV €xel éva i TrepioooTepa dikTua (Networks). Na onueiwbei, BERaia,
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TTWG VYIa KABe ekTéAeon Tou aAyopiBuou poévo €éva  OIKTUO €K TWV

aATToBNKEUPEVWY AauBAvel Xwpa.

KaB¢e dikTuo atroteAeital atrd duo 1) TrepIocdTEPOUs dpopoAoynTEG (LSRS) kKGBe
évag a1rd TOUG OTTOIOUG PTTOPEI va aVAKEl QUOIKA o€ éva dikTuo Kal povo. Ol
OpopoAoynTEG ETTIKOIVWVOUV PETAEU TOUG MEOW QUOIKWYV- (eUtewv - (Links).
KdaBe Ceugn, eviog Twv dedopévwy €106dou Bewpeital povodpoun. Qotéoo,
TTAPOTI YIA TNV AUPIdPOUN ETTIKOIVWVIa U0 dpouoAoyNTWY, TTPOPAVES gival OTI
Ba amaitnBouv dUo QUOIKA links, n €locaywyr] QuTwv €viog TnG Bdoeswg
Aedopévwv Bewpeital ea@alpévn, kaB' o611 Ba TpoTINNBEl N dlathpnon Twv
iOlWV TwV OedOUEVWY POVOOPONA, UTTOVOWVTAG TNV AP@IdpOunon eviog TOU

idlou Tou aAyopiBuou (6TTw¢ Ba doUpE TTAPAKATW).

POEZ

H ekpetdAAeuon kabe SIKTUOU QITEITAI ATTO CUVOPOUNTEG DIANECW OUVOECEWV
(powv). O1 poég TOU - TIPOCTTEAQUVOUV  KABE OUYKEKPIUEVO — OIKTUO
opadotrolouvtal (Demands List) ye atroTéEAeOua KABE OPAda POwWV va QaVAKEI
o¢ €va Kal PJOvo OikTuo. AKOPO KOl OTNV TTEPITITWON TToU pia pony xpndel
d1doxiong dUO Kal TTAPATTAVW YEITOVIKWVY BIKTUWYV, BewpeiTal 6Tl avhkel o€ dUO
KAl TTAPOTTAVW QVTIOTOIXEG OMABEG POowV, PE TNV KABE pia va KataAapBavel

XWPO 0To SIKTUO OTO OTT0IO £XEI KaTaxwpnOei kal pévo.

O1mwg dnAwvel kal 0 6pog, kKaBe oudda powv (Demands) artroteAeital atrd
aveEApTNTEG KAl QUTOVOMPEG PETAEU TOUG POEC. KABE pia attd auTéG EKKIVEI Kal
TEPMATICEl o€ OPOPOAOYNTEG TOU BIKTUOU OTO OTTOIO AVHKEI N Odda Toug. EKTOG
aTrd ATTAITACEIS KAl TTEPIOPICPOUG TTou Ba avaAuBouv €ig B&Bog TTapakdaTw,
KGBe por, 6TTwg onuewbnke kai oTig amaitioeig Tou MPLS — TE, duvatal va
opioel TTepIopIoPoug Ceugewyv (Link Requirements). Me dAAa Adyia, ptropei va
ammautioel - didoxion n TNV amo@uyn evog | piag ocipdg links evrog Tou
OIKTUOU OTO OTT0I0 avrKel N oudda TNG. Mpo@avég yiveTal TTwg OTTWG KABE por)
MTTOPEI va opioel TTAEIada CeUgEwV TTPOG XPron 1 atroguyr, €101 KAl KAOE pia
Celén uTTOPEl VO OTTOTEAETEI TUNUA TTEPIOPIOUWY KAMIAG i KAl TTEPICCOTEPWV

POWV.
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E=ZYNHPETHOEIXEZ POEX

KdaB¢e por) piag opddag utropei va egutTnpeTnBEi €ite 0AOKANPN wg gival €ite o€
TuAPaTa (Served Demands), pge 10 KGBE TuAPa va akoAouBei 1o dIkG Tou
MOVOTTATI TO OTTOI0 UTTAKOUEI O OAEG TIG ATTAUTACEIS TTOU OPICEl N TTPWTN.
2UVETTWG, dia ) TTepiloooTepeg ESutnpeTnBeioeg Poég atroteAouv 1o oUvoAo
Miag Kal uovo apxIKAG PONG €VTOG TNG OUYKEKPIPEVNG ONAdAG Kal TOTTOAOYIaG
OIkTUOU. KdBe pia atrd tng eCutinpeTnBeioeg poég kKaTahauBaverl éva diIkd TG
povotraTl (Hops) To otroio diacyidel pia 1 mepIoooTeEPES CEUEEIC TOU OIKTUOU.
[Mpo@avég yivetal OTI Kal KABe CeUEN UTTOPEI VO €CUTTNPETEI KAvEVQ, €va | Kal

TTEPICOOTEPA TUAMATA DIOPOPETIKWV POWV.

2XEZIAKO MONTEAO

2TV uttoevoTnTa autrp 6a avaAuBouv o1 AETTTOPEPEIEG TOU OXEDIAOUOU TOU
aAyopiBuou, pe TN Pondeia Tou Zxeolakou Movtélou Tng Baong Aedouévwv
TOU TEAEUTAIOU, TTPOKEIPJEVOU VO YiVOUV YVWOTEG KOl KATAVONTEG KATTOIEG OTTO
TIG M0 BACIKEG TTAPADOXEG KAl €VVOIEG TTOU Ba XpNOIUOTTOINBOUV TTAPaKATW.
Metd ammd auTh TNV UTTOEVOTNTA, AOITTOV, O avayvwoTng Ba KATEXEI TN yvwWon
T600 TWV TTapadoxwVv 000 Kal Twv AEEEwWV — KAEIDIWY, TTPOKEINEVOU VA
Katavonoel To oxXedIooPO Tou aAyopibuou o otroio¢ Ba akoAoubroel oTnv

ETTOPEVN EVOTNTA.

‘Exovtag AdN avaAuoel To YeVIKO TTAAVO OXeDIOOMOU Kal 0edoUEVOU OTI OTNV
TTapoUoa UTTOEVOTNTA OTOXOG €ival n €TTEERYNON TwWV EVVOIWY — KAEIBIWY, Ba
TTPOOTIEPACTOUV TUXOV TTEPIYPOAPIKEG avaAUOoEIS Kal Ba eTTe¢nynBouv Ta Tedia
TWV TTIVAKWYV TNG Baoewg Aedopévwy, didovTag £T01 Kal Eva OXETIKO «AEEIKO»

TwV 6pwV TToU Ba XpNOIKOTTOINBOUV TTAPAKATW.
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MNetworks
MetwodID  int “ph =t
Description  warchan50)
- DemandsList L=Rs
DemandsListD nt Zph= LSRID  int 2pks
Netwa D int <t MNetwokll int <tk
Crescription varchangl Deseription warshamz0)
IF warzhan 157
i LER tinyinti1)
Demands f | f ] A &
CemandID int Zphe=
LemandsListil int <tk =
i i Source int k3=
AlgorithmCalculation So o e
DemandsListil: int “fice PriorityLewel  tinyint
StanTime datetime Bandiidth bigint20)
EndTime datetime Description varcham20
Suecessful tiryint(1) tdaxHops int
HopLeviation  int
- MeedsBackup  tinyint1)
7| MaxCuts int
LinkRequirements Links
LinkFequirementsiD it <ph EromlLSR int Zplfict >
DemandiD int Al = = 11 ES T il
FramLSR int ez Capacity  bigint20)
TaLSR int 2= i
SenvedDemands LevellD smallint
ServedDemandlD int <pk> Traverse tinyint
Cremand|D int <l
Cut int H
Cemand Type smallint ODS
Bandwidth bigint(20) HoplD int “pk=
SenedDemandIl int =phfhl=
FromLSR int <f2>
TaLSR int =f@>
Ewkova 17. Zxeolako Movtélo

= NetworkID

KAeidi au&avopevng apiBunong Ttou Trivaka Networks, TTou  xapakTnpidel

MOVadIKG Ta SikTua TTOU BpioKOoVTal EVTOG TOU TTEPIBAAAOVTOG EQAPUOYNAG.
. Description

[Medio TTEPIYPOPNS YIa TRV OVOPaCoia Tou KABE dIKTUOU. XPNOIYOTIOIEITAI YIO TNV
€UKOAN avalAtnon Kal avayvwpion Twv OIKTUWV aTtd To XPrnoTn Tou

aAyopiBuovu.

125



LSRS

. LSRID

KA&1di augavopevng apiBunong Tou Trivaka LSRS, TTou xapaktnpifel povadikda

TOUug dpouOAOYNTEG TTOU BpiokovTal o KABE diKTUO.
. NetworkID

E€wTtepikd KAeIdi Tou TTivaka Networks, To otroio dnAwvel To SikTUO OTO OTTOI0

QVIKEl O CUYKEKPIPEVOS DpOPOoAOYNTHG.
. Description

Medio TTeEPIyPA®AG yIa TNV ovouacia KABe dpouoAoynTr). XPnOIYOTIOIEITAI VIO
TNV €UKOAN avayvwpion Tou KaBe ©&popoloynti amd TO XpHoTn Tou
aAyopiBuou, oTnVv TTEPITITWON TTOU O TEAEUTAIOG €TTIBUUEI va atToQuUyEl Tn

xprion d1eubuvoewy (yia TTapAdelyua, OPOUOAOYNTAG «A)
. IP

H IP diguBuvon Tou dpopoAoynTr). XpnoIUOTIoIEITalI ATTAd yIO TNV avayvwpIionH

Tou, O6TTWG Kal To TTedio Description.
" LER

Boolean 1redio 10 o1T0i0 0pIlEl TOV TUTTO TOU KABE dpopoAoyntr. Edv 1O TTEdiO
gival true, o dpopohoynTng gival TUTToU LER. 2TnVv avTiBeTn TepiTrTwon, eivai
évac amrAog LSR. Na onueiwBei 611 yia va €ivalr €ykupo 10 ekdoToTe OiKTUO,

TTPETTEl va £XEI TOUAQXIOTOV 2 dpouohoynTég TUTTOU LER.

1, LSR is a LER

LER =o' plain LSR

'LINKS

= FromLSR

E€wTepIkO KA€IBi TOu TTivaka LSRS 10 0110i0 dnAwvel TO dpouoAoynTr atrd Tov

OTT0i0 €KKIVEI N CeUEN
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. ToLSR

E€wTepikd KA1di Tou Trivaka LSRs 10 otroio dnAwvel To dpouoAoynTh oTov

OTT0i0 KATOAAYEl N CEUgn.

Na onupeiwBei o1 10 {euyog FromLSR — TOLSR €ival povadikd eviog Tou
TTivaka, atrayopeuovtag Tnv OITTAN €icaywyr TnG idiag (euéewg dUo POpPEC.
MapdAAnAa, atrayopeUsTal KAl n  €loaywyr €yypoaeng Ttutou  ToLSR —
FromLSR, kabwg cival emOuunTtd n au@idpoun €TmKOIVWVIa JETALU Twv LSRS
va gvvoeital ammd Tov idlo Tov aAyopiBuo Kal Oxl amo Ta dedopéva €100d0uU.
TéNog, Ceugeic Tou TUTTOU FromLSR — FromLSRkali ToLSR — ToLSR

BewpouvTal un £YKUpPEG.
. Capacity

MeyAaAog BeTIKOG aképaIOG apIBUOG TTou  dlaTnpei TNV - TTAnpo@opia NG
XwpNTIKOTNTAG TNG KABE Ceuénc. H povada pérpnong Bewpeitar adidagopn (TT.X.
Kbps, Mbps, K.0.K.) KaBw¢ O& CUMMETEXEI OTOUG UTTOAOYIOUOUG. O povog
TTEPIOPICPOG €ival va UTTovoEiTal TTavTou N idia povada (yia TTapadelyua, v
EKXWPEITAI TIUA XwpnTIKOTNTAG ek@pacuévn o€ Kbps, 161 kai To Bandwidth
TTOU Ba AITo€l TTOPAKATW N Por] Ba TTPETTEl Kal auTd va ek@paletal oTnv idia

povdada).

'DEMANDSLIST

. DemandsListiD

KA1di auéavouevng apibunong tou tivaka DemandsList. MovadIKOTTOIET TIG

OMAdEG EVTOG TOU TTAQICIOU EQAPHOYAG.
. NetworkID

E¢wTepikd kAei1di Tou Trivaka Networks 1Tou dnAwvel o€ 1010 dIKTUO QVKEI N
oupdda powv. Na onueiwdei 611 To (euyog DemandsListiID — NetworkID eivai
povadikd, dlaTnpwvTag Tov Kavova TTou TéOnke OTI KABe oudda pTTOpEi va

AVNKEl o€ £va dIiKTUO Kal HOVo.

. Description
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Mepiypa@ikd TTEdiO yIa TNV OVOPATOdO0O0IA TWV OPAdWY KAl TNV €UKOAN

avayvwpIor) TOuG.

'DEMANDS

. DemandID

KAe1di au&avouevng apibunong Ttou Trivaka Demands TTou  XapokTnpEiZel

povadika Kabe por).
. DemandsListiD

ECwTepIkO KA£I1Oi TOUu TTivaka DemandsList 10 otroio dnAwvel TNV oudda otnv

OTTOia AVIKEI N OUYKEKPIPEVN PON.
. Source

ESwTepikO kAeIdi Tou TTivaka LSRS 10 oTroio d€ixvel 010 dpopoloyntr) atrd 10
otroio €mOupei va ekkivijoel n pory. Na onuelwBei 611 0 ouykekpipévog LSR

aTTauTEiTal va sival TutTou LER.
= Destination

E¢wTtepikd kAeIdi Tou Trivaka LSRs 10 otmoio dnAwvel 10 dpopoloynT oTov
oTroio €mOupEi va kataAf&el n por). OTTwg Kal ue 1o Source, o dpopoloynTng

Tou Destination trpétrel va gival TUTTOU LER.
. PriorityLevel

Emitredo mpotepaidoTNTAG TNG PONG, OTTwg opifel To MPLS — TE. AnAwvetal

Méow evog BeTIKOU akepaiou 0TO KAEIOTO didoTtnpa [1, 7].
. Bandwidith

AuoTnpd BeTIKOG aképalog o otroiog dnAwvel To Bandwidth TTou emBuuei va
XPNOIMOTIOINOEl N PO OTO CUYKEKPIUEVO OikTuo. OTTWG Kal oTNV TTEPITITWON
Tou Capacity Twv CeUgewv, N Hovada PETPNONG dev gival TOOO CNUAVTIKA 000

N CUVETTEIA TNG EVTOG TNG EQAPPOYNG TOU aAyopiBuou.
. Description

[Medio TTEPIYPOPG yIa TNV Oovopatodooia KABE porg, PE OKOTIO TNV €UKOAN
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avayvwpIioT) TNG aTTd ToV XPrRoTn Tou aAyopibuou.
. MaxHops

Aképalog aplBPOG PEow Tou OTToioU N pory TTPoodIopiCel, Qv TO E€TMIOUUEI, TO
MEYIOTO apIBUG Hops TTou ptTopEi va diavuoel eviog Tou dIKTUoU. Na onueiwBEi
OTI €av a@eBei kevo (0 dnNAWBEl TIuR), cav péyioTog apiBudégHops yia 1o
OTTOIOBATTOTE WOVOTTATI UTTOVOEITAl TO OUVOAIKO TTARBOG Twv dpouoAoynTtwv

€VTOG TOU DIKTUOU.
. HopsDeviation

OeTIKOG OKEPAIOG O OTTOI0G XPNOIUOTIOIEITAI YIA VO TTPOCOWOEl EAACTIKOTNTA
otnv Ty MaxHops. OuclaoTikd dnAwvel To yia TTOoa hops TTavw Kal KATw
atro TNV TIPA TToU opilel To MaxHops Ba BewpnBei Eykupo TO POVOTTATI (TT.X.
+/- 2). EQv a@eBei kevo, Bewpeital undev, omdTe Kai o aAyopiBuog Ba AdBel Tnv

atroAuTn TIPA Tou TTeEdiou MaxHops yia TO HOVOTTATI TNG OUYKEKPIUEVNG PONG.
. NeedsBackup

Boolean 1edio péow Tou oTToioU YiveTal yvwoTo TO €dv n pory atraitei backup
MovotTam i Oxi. H miun true onuaivel OT1 TTPETTEl va UTTOAOYIOTEI Kal va
KaTtaokeuaoTel deuTtepevov path, evw n miyf false 1 null dnAwvel 611 pévo n
TTpwTeUouca diadpoun gival eMOUPNTA. ZT0 onueio auTd, agilel va TovioTe OTI
T600 Ol TTOPATTAVW TTEPIOPIOUOI OO0 Kal QUTOI TTOU ETTOVTAI OTIG ETTOMEVEG
TTapPaAypPA®oUG, OPEIAOUV VA IKAVOTTOIOUVTAl TOOO YIO TO TTPWTEUOV HOVOTTATI
TNG OUYKEKPIPMEVNG PONG, 000 Kal yia To deuTepelov TnG (OTnV TrePITTITWON,

BéBaia, TTou NeedsBackUp = true).
. MaxCuts

OeTIkOG akEpaiog aplBudg HECW Tou OTToioU N pory opilel To PEyIoTo aplBud
TTapdAANAwy diadpouwyv TTou uTTopei va akohoubnoel. MNa trapddeyua, dv
MaxCuts = 5, onuaivel TTwWG OTnNV TIEPITITWON TIOU N PO MJTTopPEi va
e€uttnpeTnOei pévo peTd TNG KATATUNONG TNG O AVW TOU €VOG POVOTIATIOU,
T6TE TO TTANBOG Twv TeAeuTaiwy Oev eMITPETTETAI va Eemmepdoel Ta 5. ZTnv
TTEPITITWON KN dNAWONG TNG TINAG, dideTal ATTG TOV OAYOPIBUO, TUXaia, N TIUA
3.
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LINKREQUIREMENTS

. LinkRequirementID

KAe1di auéavouevng apibunong yia tnv PovadIKoTToinon TWV. Eyypa@wy TOu

TTivaka.
. DemandID

ECwTepIKO KA€IBI TOu TTivaka Demands 1Tou dnAWVEl T por) N oTToia aITeiTal
TOU TTEPIOPICHOU TNGS {eUENG.
. FromLSR - ToLSR

ECwTepIKO KA€IDi TOU TTivaka LinksTo o1T0io UTTOOEIKVUEL T CEUEN TNG OTToIag

ToV TTEPIOPIoS aiteital n pory DemandID.
. LevellD

Mn undevikdG BETIKOG akEpaIOg TToU dNAWVEL TO ETTITTESO TTPOTEPAIOTNTAG TOU
OUYKEKPIYEVOU  TTEPIOPIOMOU. - XpnoldoTrolgiTal  Ye  augouoca  oeipd
TTPOTEPAIOTNTAG £TC1 WOTE Yia dUO Treplopiopous 1 kai 2, pye LevellD 3 kai 5
avTtioToixa, va 1oxuel 611 1.3 > 2.5. Xpnoigotroigital ammd Tov aAyopiOuo yia va
UTTOAOYIOEI TO 600 TO QUVATOV KAAUTEPO HOVOTTATI, dNAAdr) TO POVOTTIATI TwV
OTTOIWV Ol EQIKTOI TTEPIOPICHOI CeUEEWV va £xouv To eAdxioTo LevellD ek Twv
KaTtaxwpnuévwy. Mpo@aveg yivetal 6T av pia pory dnAWOoEl TTEPIOPICUOUG UE
ocIpd TTPOTEPAIOTNTAG KAl O OAYOPIBUOG OV KATAPEPEI VA KOTAOKEUAOEI
MovotTdTri pe éva ©0B¢év LevellD, Ba avalntioer €va AGAAO TO OTTOi0 va

IKOVOTTOIEI TO AUECWC ETTOUEVO ETTITTEDO K.O.K.

Edv 8¢ OdnAwBei Ty oto Tmedio autd, Bewpeital TTwg eival «1» (U€yioTn
TTPOTEPAIOTNTA)

. Traverse

Boolean 1redio mou deixvel eav n Ceuén €xel ONAwOEI OTI TTPETTEI va BIACKIOTEN 1
va amoeuxBei. Eav n miyn eival true onuaivel 6T TO PovoTtaTt (OTO
OUYKeEKPIPEVO eTTiTTEdO LevellD) uttoxpewTikd TTPETTEl va TTEPIAQUBAvEl TNV
Kataxwpnuévn CeUEn, evw oTnV avtiBeTn TrepiTTwon OTI TPETIEI va PNV

eMavioTei To link evTog Tou.
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1, Link A — B must be included in the path

Traverse = 0, Link A — B must be excluded from the path

EmAoyn pn d\Awong TiuAg oto 1Tedio autd dev uttapxel. Na onueiwBei O

1600 TO TTEdi0 Traverse 600 Kal OAa Ta TTPONYoUUEVA £XOUV IOXU Kal TTPETTEI VA

IKQVOTTOIOUVTAl OXI MOVO OTO TTPWTEUOV POVOTIATI TNG PONG TTOU QUTEITAI TOU

TTEPIOPICHOU, aAAG Kal atTd To OeUTEPEUOV TNG (EAV UTTAPXET).

éSERVEDDEMANDS

ServedDemandID

KA1di augavouevng apiBunong yia Tn PJovadiKoTToinon Twv £yypa@wy
ecuttnpeTnuévwy  powv.  OuolaoTikd,  yia  KABe TuRua  Pong
(Tpwteloucag 1 backup) Trapdyeral pia povadikh €gUTTNPETNUEVN

(Served) pon.
DemandID

E¢wTepikd kAe1di atrd Tov Trivaka DemandsTto oTroio uTTodEIKVUEI TNV
por| n oTtoia €guTTNEETEITAl TUNUATIKA 11 €¢ OAoKApou amd TO

ouykekpipgévo ServedDemand.
Cut

[Medio TO OTTOI0 UTTOBEIKVUEI TO TUANA TNG PONG YIa TNV OTToia YiveTal
Aoyog. AapBdver otroiodnTmoTe OeTIKO aKEPAIO APIOUO, UTTAKOUOVTOG
OTOUG TTEPIOPIoPOUG MaxCutstrou opidel n ekdoTtoTe apxikh por. lNa
TTapddeiyua, €dv yia pory DemandID TunOei TeEAIKA 0g 3 EeEXWPIOTEG
poé¢ ServedDemandID, 161e 10 Tedio Cuttng KABe pia amd autég Oa
A&Ber apiBuoug 1, 2 kai 3 deixvovtag Ot atmoTeAoUV TO TTPWTO, OEUTEPO
Kal TpiTO TUAMO TNG apxIkNG. H trepimrrwon 1mou éva DemandID €xel
povo pia eyypagry otov Tivaka pe Cut = 1, utrodeikvuel OTi

€EUTTNPETABNKE WG Eival Xwpig TRV avAyKn TUNUATOTTOINONG TNG.
DemandType
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Medio ouvaptnong TUTIOU :

1, ServedDemandID = Primary

DemandType = 0, ServedDemandID = Backup

Bandwidth

OeTikO6G aképalog, O oTtroiog Octixvel TO €Upog Quvng Tou KABE
ServedDemandID Trou eguttnpeteital. EGv n por dev TeETUNOEi TOTE TO
€Upog wvng TIOU €EEUTINPETEITAI €ival 00 PE TO ATTAUTOUPEVO. 2TIG
TTEPITITWOEIG KATATUNONG TNG PONG, TO TTEQIO AUTO KATAXWEEI TO TUANA
eupoug dwvng Tou KataAauBdvel To KABE PEPOS TNG APXIKNG POoNG. To
dbpoioua OAwv Twv emmpépoug Bandwidthstwv eEuTTnPETNBEVTWY poWY,

Aoitrdv, divel To Bandwidthtrou aitei n apxikn por.

2uvoyidovTtag, Ta Tedia TToU ava@EépBnkav TTapATTavw OucIacTIKA divouv Tnv

TTANpo@opia «Mia apxikr por], N oTToia gival TrpwTevouca r backup, oe TéoA

TUAPATa dlaIpEBNKe Kal Ti VPO wvng KaTaAapBAaver To KABE £va atrd auTay».

'HOPS

HopID

ApIBub6G augavouevng apibunong o oTToiog HOVABIKOTTOIEI TO « HOp» TNG
O10dPOMNG TNG KABE EUTTNPETNHUEVNG PONG.
ServedDemandID

E¢wTepikd kAe1di ammd Tov mivaka ServedDemandsTto o1m0io UTTOOEIKVUEI

TO TURAMO TTOI0G POAC ekTEAE TO HOpTTAVW aTnVv Ceugn.
FromLSR — ToLSR

E€wTtepikd kA€1di Tou Tivaka Links 1Tou dnAwvel Tnv idia mn {euén atrd

TNV oTToia TTEPVA TO TUAMA TNG EUTTNPETNOEICAG PONC.

Madi pe Ta dedopéva atrd Tov Trivaka ServedDemands, n TTAnpo@opia TTou

didetan gival «Mwg eTuABNV N apxiki por|, o€ Ti TUAPATa e0poug {wvng Kal TToI0

TO JOVOTTATI TTOU aKOAOUBEI TO KABE £va atmd auTdy.
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éALGORITHMCALCULATION

21ov Trivaka AlgorithmCalculation diatnpouvTal K&TTola oTATIOTIKA OTOIXEIa yIa
Aoyoug eAéyxou TnG ekTéAeong Tou aAyopiBuou. OuoiacTikG diatnpei Tnv
TTANPOPOPIa TOU YIa TTOI0 OPAdA PONAG EKTEAEITAI, TTOIOG O OUVOAIKOG XPOVOG
EKTEAEONG KaAI TTWG OAOKANPWONKE n ekTéAEONn (ETITUXWS 1 YE OQAAUQ). Na
OnNUEIWBEi OTI yia KABe oudda powv diatnpEEiTal pia JovadIKn €yypaer oTov

TTPOKEIMEVO TTiVAKA.

ONTOTHTEXTOYAATOPIOMOY

Q¢ ovtoéTnTeEG TOUu OAyopiBuou BewpouvTal OTOIXEIO Kal £VVOIEG Ol OTTOIEG
TTaifouv Tov 0 KOBopIoTIKG pOAo KATA TN OIAPKEID TWV UTTOAOYIOWWY TNG
BéATiotng KatavouAg tng Kivnong kai Twv Moépwv. 210V TEAIKS KWOAIKA TOU
aAyopiBuou €xouv TN popery KAGCewv Twv oOToiwv Ta  AvTIKEiyEVa
atreikovilouv TIG DIAPOPES MOPPEG KAl KATNYOPIEG TTOU QUTEG UTTOPOUV va
AdBouv. Or1 o onuavtikéG ovroTnTeG €ival @ O1 dIGPOPES KATNYOPIiEG TOU
YPAQPOU TNG TOTTOAOYIAG, O1 BIAPOPES KATNYOPIEG TNG OUAdAS POWV KABWG Kal
N «dVAUN» TOU OAyopiBpou. [Mlo avaAuTIkd o1 TPEIG auTéG  €VVOIEG

TTAPOUCIAloVTal TTAPOKATW.

NETWORK

H ovtétnta Network atroteAsital amd ypAd@o O OTT0iog ATTEIKOVI(El TO BIKTUO
OTIG JIAQOPEC HOPYEG TTOU auTd pTTopel va AdBel katd Tn SIdpKeEIa TNG
ekTEAEONG TOU aAyopiBuou. [lepihaufBdavel KOUPOUG Kal OKPEG Ol OTTOIEG
avaTTapIOTOUV TOUG TTPAYUATIKOUG OpouoAoyNnTEG Kal CEUEEIG TNG TOTTOAOYIAG,

avrioToixa. Kabe k6upog utropei va eivail ite atrAdg LSReite LER. MapdAAnAa,
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MTTOPOUV va UTTAPXOUV Avw Tou £vOG LERSTINYNG Kal TTPOOPICHOU, XWwPIig TNV
TTPooONKN 16€aTwyV (eUgewV ATTEIPNG XWPENTIKOTNTAG TToUu ouldnThRénkav o€

TTponyoulevn evoTNTA.

KdaBe akun, TTépav TWV XapaKTNPIOTIKWY TTOU ava@Epinkav KaTta TNV avaiuon
NG Bdong Aedouévwy, dlatnpei  Kal  TTANPOQPOPIEG OXETIKEG -~ UE  TIG
Opopoloynbeioeg poéc. Ta Oedouéva TTOU KPATOUVTAI O€ OAEC TIC (QPAOEIS

EKTENEONG, CUVOWICoVTal WG EGAG:
= Agopeupévn XwpnTiKOTATA

AtroteAei TOo dBpoiopa Tou Bandwidthtwv powv/ TUNUATWY POWV TTOU

EXEI NON dECUEUTEI OTO OUYKEKPIPEVO Link
= Apopoloynbeioeg Poég

Mpdkeirar  yia  diarnpoupevn ava  Ceutn  TTAnpogopia, n oOToid
TTepIAapBAvel OAN TNV ATTOPAITATA YVWON YIA TIG POEG VIA TIG OTTOIEG EXEI
OeoMeUTEl XwPNTIKOTNTA. [To avaAuTIKd, dIaTNPEITAI TO AvayvwPIOTIKO
TNG PONG TTou €xel deopeUoel Xwpo oTn Ceugn (DemandID), o augwv
apiBuég Tou TUAPATOG TG pong  (Cut), n XwpeNTIKOTNTA TTOU
kataAaupavel (Bandwidthtng porig/ THAPATOS Pong) Kal O TUTTOG TNG

(TTpwTEUOV 1] DEUTEPEUOV).

H ovrétnta Network, avaloya pe Tn @Aon Kal TIC OUVONKES €KTEAEONG TOU
aAyopiBuou, uTropei va AdBel  dla@opeTIKEG Hop®EéC : OriginalNetwork,
SubResidualNetwork kai ExtendedSubResidualNetwork. Ta xapaktnpioTikd
TOUu KABe TUTTOU OIKTUOU, KOBWGS Kal ol Adyol yia Tnv Xpnon uiag Tétoiag

dlagopoTroinong, 8a avaAubouv euBUg apéowc.

'ORIGINALNETWORK

Q¢ OriginalNetwork Bewpeital n ToTTOAOYIO TOU APXIKOU OIKTUOU, OTTWG €XEI
e€axBei amd 1n PBdon Oedopévwyv. ATTOTEAEI, ouoiaoTikG, Tnv €E000 TOU

aAyopiBuou koBwg cival autd TO oTroio dlaTnPEl OAEG TIG TTANPOYOPIES
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OpouoAdynong Twv powv, &vw TTOPAAANAQ  TPOQODOTEI OCUVEXWG TOV
aAyOpIBUO pE TIG AETITOPEPEIEG TNG TTPAYMATIKAG TOTTOAOYIOG TTPOKEINEVOU VA
OXeOIOOTOUV Ol UTTONOITTEG HOPQPEG OIKTUWY KAl va An@Bouv ol eKAoTOTE
ATTOQACEIG. 2& KABE KUKAO Tou aAyopiBuou, avaAdywg TngG E€KBAcng Tou,
EVNUEPWVETAI JE TNV TTPOCHNAKN ) TRV APAIPEC POWV HECW TNG ETTECEPYATIAG
Twv oToixeiwv Flow kai RoutedDemands Tng K&Be akung Ttou. AT Atmoyn
TOTTOAOYIOG, TTAPAPEVEI OTABEPO PE TOUG iDIOUG OPOUOAOYNTEG KOl OKMEG, OTTO

TNV apxn TNG EKTEAECEWG TOU AAYOPIOUOU PEXPI KAl TOV TEPUATIONO QUTOU.

éSUBRESIDUALNETWORK

To SubResidual diktuo atroteAei uttoTuRua Tou ResidualNetwork (Tou oTroiou
0 OpPICPOG BOBNKe ot TTponyouuevn voTNTA) KAl oXedIAeTal BACICPEVO OTN
por] TTou e&eTddeTal KABE @opd. lMNa To OXEDIACPO TOU ATTAITOUVTAI O £ENAG
TTANPOPOPIEG :

= Hmnyn Tng pong

= O TpoopIouo6g TG PoNng

» H ataitnong ¢ pong oe Bandwidth

» To ¢€idog NG pPOAG (dnAadr e€dv TIPOKEITAI yId TIPWTEUOUCA N

deuTEPEUOUOO PON

» O ammaitAoeIg TG pong o€ CeUEEIg

Ta TTapattavw dedopEva £€ayovTal KOl XPNOIKMOTTOIoUVTAl YIa TO OXESIAOUO TOU
OUYKEKPIMEVOU — TUTTOU  OIKTUOU. [To  avoAuTtikd, n  Onuioupyia  Tou

OUYKEKPIPEVOU BIKTUOU TTPAYUATOTTOIEITAlI WG EEAC:

= OAMol o1 képPor Tou gpgavifovral oto OriginalNetwork, 8a gu@avioTouv

kKal oto SubResidual

= AT TIG aKpEG TOu Apxikou AIKTUOU Ba TTpooTeBOUV POVO EKEIVEG Ol

OTIOIEG:

o Ag xpnolgotroioUvTal ammd TNV TTPWTEUOUCO  pPOor}, OTnV
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TTEPITITWON TTOU N por) TTou €eTAleTal €ival BackUp

o MrTtopolv va €&uUTTNPETACOUV TNV ATTaiTnon TNG pPOong o€
Bandwidth. Auté onuaivel 611 Ba TTPOOTEBOUV EKEIVEG Ol AKUEG

yIQ TIG OTTOIEG I0XUEL:

Capacity — Flow = Requested Bandwidth

Me TiI¢ TTapatmavw TTapadoxég, €av Ppedei PovotrdTi oTo OIKTUO OnUaiVeEl
auTtopara o1l gival EyKUpo atrod YEWYPAPIKAG TTAEUPdS (EekIva aTTd ThV TTNYN
KAl TEPMOATICEl TOV TTPOOPIOUS TNG EKAOCTOTE PONG), ETTAPKEG aTTd ATTOWnN
XWpPNTIKOTNTAG, MIOG KOl Ol AKPEG TTOU OEV UTTOPOUV va UTTOOTNPIEOUV TN por)
atroucialouv atrd 1o UTTodIKTUO, Kal aveEAPTNTO aTTO TTPWTEUOUCES POEC OTNV

TTEPITITWON TToU €¢eTdeTaI N BackUp KATTOIaG TTPONYOUHEVNG.

EXTENDEDSUBRESIDUALNETWORK

To €idog autou TOU OBIKTUOU aTroTeAEl uttoTuARua Tou OriginalNetwork kai
uTTEPTHNMA Tou SubResidual. 2xediddeTal kal autd BACIOPEVO OTIG ATTAITACEIG
TNG EKAOTOTE PONG, ME AKPIBWG TOV idIO TPOTTO Kal TIG idIEC TTAPAdOXES OTTWG
Kal To SubResidual, aAAd pe Tn dla@opoTtroinon OTI aTTo TIG AKPEG TOU ApPXIKOU
OIKTUOU Ba TTpoCTEBOUV OXI MOVO EKEIVEG OI OTTOIEC UTTOPOUV VA UTTOOTNPIEOUV

TN por], aAAG OAEG EKEIVEG VIO TIG OTTOIEG I0XUEL:
Capacity — Flow >0

ATTO TIG TTapadoxES TTou TéBNkav yia 1o SubResidual Network kaBwg kal aTmmd
TNV TTOPATTAVW OXEON, TTPOKUTITEI OTI : €AV BpeBei PovoTTaT oTo €id0¢ auTou
Tou OIKTUOU TOTE €ival £YKUPO YEWYPAPIKA, aveEAPTNTO aTTd TNV TTPWTEUOUC
por (oTnv TepiTITwon TTou egeTadeTal backup path) kai mOavov aveTTapkES yia
TN PON, aAANG €TTAPKES yia TUAPO aQUTAG. To TeAeuTaio, Pe MO atmmAd Adyiq,
onuaivel o1 éva povoTtrdTi TTou Ba Bpebei oto ExtendedSubResidual ytropei va
gival e@IKTO atrd KABE atrown ANV TNG €AeUBEPNG XwpPNTIKOTNTAG N OTToia av

Kal €ival JIKPOTEPN TNG OTTAITOUMEVNG, E€ival EVTOUTOIG BETIKA Kal Ba NTTOPOUCE

va XpnoligoTroinBei yia éva TuRua g apXIkAg porng.

136



DEMANDS

H ovtétnta Demands povteAoTrolgital péow Miag Aiotag n otroia diatnpei TIg
POEG TTOU €TTIOUPOUV Va dlaoXioouV TO BIKTUO padi YE TIG ATTAITOUUEVEG, YIO TNV
EKTEAEON TOU OAYOpPiBUOU, AETTTOMEPEIEG. 2UYKEKPIYEVA, yia kABe Demand
KataxwpouvTtal oxeddv OAa Ta OTOoIXEia TTOU atroBnkeuovTal OTOV TTiVOKA
Demands o1ng Bdoewg Aegdouévwv  KabBwg - Kal T . dedopEVA
HasLinksRequirements, ExtSubResCalculated, CalculateExtSubRes,

IsBackUp kai Cut Ta otroia opidovTal wg €ENG:
» HasLinksRequirements

Boolean Tredio 1o ommoio dnAwvel TO €AV N OUYKEKPIUEVN PON EXEI
TTEPIOPICPOUG CEUEEWY. XPNOIUOTIOIEITAI TTPOKEINEVOU VA ATTOAEIPOEi N
avaykn ouvexoug diatrpnong Tou Trivaka LinkRequirements oTn pvAun
Tou aAyopiBuou. ‘ETol, €dv pia pon €xel BETIKN) TIUA OTN CUYKEKPIUEVN
TTAPAUETPO, O aAyOpIOuog O1ToTE QUTO Eival atrapaitnto, avalntd Ta
KataAAnAa dedopéva evidg TG BA, Ta KaTaxwpei TTpoowpiva oTn

MVAMN, Ta €TTECEPYACETAI KAl TA ATTEAEUBEPWIVEL.
» ExtSubResCalculated

Boolean 1edio 10 o110i0 dnAWVEl €AV yIa TN CUYKEKPIYEVN por) €xel AON

uttoAoyioTei N ExtendedSubResidual popgr Tou diIkTUoU.
» CalculateExtSubRes

Boolean 1edio 10 o110i0 0OpIEl TO €AV VIO TN CUYKEKPIYEVN PON TTPETTEI
va utroloyioTtei 1o ExtendedSubResidual Network Ttrpokeigévou va
BpeBei e@IkTO povotTaT. Edv cival BeTikry, OTTwe Oa avaAubei Kkai
TTAPOKATW, O aAyopIOUog TIpooTIEPVA TO PBAUO  KATAOKEUAG TOU
SubResidual dIKTUOU Kal TTpoXwpPAsl a1’ eubeiag oTov Extended Tou

TUTTO.
= |sBackup

Boolean medio 10 ommoio diatnpei TNV TTANPO@opia yia Tov TUTTO TNG
pong. Edv IsBackup eivai aAnBég, onuaivel 611 n pory atroTeAEl Tn

deuTEPEUOUOA PO TNG AVTIOTOIXNG TNG. Z€ AVTIBETN TTEPITITWON, €ival N
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TTpwWTEUOUCA PoN.
Cut

MapdueTpog n otroia deixvel TO TUANA TNG pong. OTTwg ava@EpBnke Kal
TTapatrdvw, KABe pory duvaTtal va dIaoTTaoTEl o€ dUO 1) TTEPICOOTEPA
MovoTTaTia. Z€ KABe éva atmd Ta PovoTraTia, AoITTov, dpopoloyeital Eva
TUHAMO TNG APXIKAG pong. Kdabe tunua Bewpeital oav AAAn pia por) n
oTToia €XEl TA idIa AKPIBWGS XAPAKTNPIOTIKA PE TNV APXIKI OAAG OIABETEl
Tn OIKA TNG TIPA Bandwidth kaBwg kal To dIKG TG avayvwploTIKO Cut.
MNa mapddeypa, €otw n por A n otoia aiteitar 10 povadeg Bandwidth.
AN\G avTi yia €va JOVO POVOTIATI TO OTTOIO Va WTTOPEI va UTTOOTNPIEE!
TNV ATTAITNON AuTr], UTTAPYXOUV OUO HE XWPNTIKOTNTEG 6 Kal 4 povAadeg
avrioToixa. Autoé onuaivel 011 n pory A Ba avTikataoTaBei armmod dUo Poég
A1 kai A2 (6mou 1 kal 2 gival ol TIUEG TNG TTapauéTpou Cut) ue
Bandwidth 6 kai 4 kai TIG UTTOAOITTEG ATTAITACEIG iBIEC PE TNV ApXIKA (Kal

TTAéOV QvUTTAPKTN, JIOG Kal avTikadioTaTal) A.

H Aiota Twv Demands xapaktnpiletal ammd Tov TUTTO TNG avaloya ue mn xpnon

TNG. ZUYKEKPIYEVA, OTOV aAyOpIBUOo opifovTal TPEIG TUTTOI CUVOAWYV TWV POWV:

Demands List

H Aiota Twv powv TToU aitouvtal Xpriong tou OIKTUoU. AduBavetal
KUpiwg Méoa atmé Tn Bdon Aedopévwy, evw dlaTnpei Kal  TIG
OeuTepelouoeg poEC. [0 ouykekpiyéva, yia KABe por TTou aiTeiTal
BackUp, onuioupyeital GAAn pia pe akpiBwg T1a idia XapakTnpIoTIKA
aAAG TIuR true oTtnv TTapdueTpo IsBackUp kal TotroBeteital otn Aiota
DemandsList. ‘ETol, kGBe deutepelouca por| avTIUETWTTICETAI gav Wia
otroladnToTe GAAN por) he povadikh TTpoUTTé0eon va ammo@elyel KABE

Ceu&n Tou povoTTaTIoU TNG TTPWTEUOUOCAG.

H T1poocBnkn Twv powv oTtnv DemandsList yivetal Tagivounuéva

AapBdavovtag utr” dYiv (JE TRV avaypa@ouevn o€lipd) Ta OTOIXEIA:

o 2UVOAIKO aitoupevo Bandwidth, 10 otroio utroAoyietal wg TO

Bandwidth Tng pong edv d&ev aitei BackUp Route kai 10
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Bandwidth * 2 Tng pong €av xprlel deuTePEUOUCAC.

o To mAABo¢ Twv TTEPIOPIOPWY (eUEewy, dnAadry To UWoG Tou

Trivaka LinkRequirements, aoxétwg Tou LevellD Tou.
o Tnv iy MaxHops 1Tou opicel N PON yia TO YOVOTTATI
o To péyeBog ehaoTikdTNTag Max Cuts

Me Tov TPOTTO QUTO, Ol POEC TToUu Ba €CuTTNPETNBOUV TTpWTA Ba €ival
QUTEG TTOU €XOUV Tn MEYOAUTEPN atraitnon o€ Bandwidth kai TIg

TTEPICTOTEPOUG TTEPIOPICHOUG, UE TIG TTIO «ATTAEG» POEG VA ETTOVTAI.

Na onueiwBei 611 kGBe pory TTou TIPOCTIBeTal  EVIOG TNG AioTag
DemandsList,katd Tnv apyikotroinon Twv 0edopévwv Tou aAyopiBuou,
éxel mavra Ty Cution pe «1», dnAwvovtag OTl gival To TTPWTO (Kal

TTPOG TO TTAPOV YOVODIKO) TUAMA.
ServedList

H ServedList diatnpei TIC pOEC (KAl TO TUAMATO QUTWYV) TTOU €XOUV
e€uttnpeTnBei. OuoiaoTikG atToTeAEl Eva onuEio ava@opdg yia ekeiva Ta
Demands yia ta omoia €xel BpeBei TO eQIKTO Kal BEATIOTO YOVOTTATI. 2€
avtibeon pe Tnv DemandsList, 8¢ diatnpei amapaItiTws OAOKANPES TIG
POEG, OAAG KAl TA TUAPATA TOUG €AV AUTEG £XOUV UTTOOTEI DIAXWPICHO OE
U0 A TTapaTTavw PovoTTaTia. AgiCel va TovioTE OTI TTPOKEINEVOU [ia por)
va BewpnBei eCutTnpeTUEVN Kal va peTakivnBei atmd Tnv DemandsList
otnv ServedList, Ba TTpéTel va £xel BpeBEi povoTTdT T6oo yia Tnv idla (1
OAa Ta TuAuatd Tng) 600 Kkal yia Tnv dtuTepeloucd TnG (4 OAa Ta

TUAPaTA TNG) OTTOU gNnTeiTal.

TrashList

21V TrashList amoBnkevovtal OAeG o1 POEG (Kl TA TUAMATA QUTWY) TA
otroia dev  €Tuxe va eguttnpeTnBoulv. OuolaoTikd, €dv yia  €va
OTTOIOBATTOTE TUNAMA Hiag POAG (Kal TNG deuTepeuoUonS TnG) de Ppedei
MOVOTTATI, Bewpeital PN €CUTTNPEETACIUN KAl  METOKIVEITAI aQTTd TNV

DemandsList otnv TrashList.
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NETWORK MEMO

O1wg Ba €EnynBei kai TTapakdTw, 0 aAyopIOuog ekTeEAE €wg BUO aTTOTTEIPES
eupeong povoTtraTiou yia K&Be por) A TuAPa auThg. MpwTta dokiyddlel va Bpel
Mia diadpoury oto SubResidual dikTuo Kal €av dev Ta KOTAPEPEI avalnTd OTO
ExtendedSubResidual. Qotdé00, n ammotuxnuévn atroTeipa eupeong pathoTo
SubResidual onuaivel o011 8¢ BpPEBNKE POVOTTATI ATTO Mid OUYKEKPIMEVN TTNYA
TTPOG VAV OUYKEKPIMEVO TTPOOPICUO PE yvwoTr) TroocdtnTa Bandwidth. To
TTapaTTAvWw CUVETTAYETAI OTI €Av O¢ PpEBnke diadpopn yia €va DemandX pe
NYN S, TTpoopioud Dkal Bandwidth Bx1éTte Kai pia GAAN pory Y1rou eTTiBupei
va dlaoxioel To dikTuo atd To Soto Due Bandwidth By=Bxde 8a Bpel povotrar

oT1o SubResidual.

Mpokelpyévou, Aoimmdv, va auéndei n euguia Tou aAyopiBuou Kal va a@aipeOei
évag atroTuxnuévog KUKAog avalrtnong oto SubResidualtotmo diktuou, oTov
aAy6piBuo atmodidetal £va €id0G «PVANNG» VIO va KPATAEl TIG ATTOTUXNMEVES
TOU TTPOOTTaOeIeg. AuTO yivetal p€ow TnG ovrotntag NetworkMemo n otroia
Kpatd yia K&Be {euyog TTNYAS Kal TTPOOPICHOU TNV €AAXIOTN TTO0OTNTA

Bandwidthtrou dev KaTAPEPE Va €EUTTNPETNOEI.

‘Etol, é0Tw TO TIponyoupevo DemandX To otoio dgv  KaTAgpEPE va
eCuttnpeTnBei evtog NG avalhtnong oto SubResidual. O aAyopiBuog Ba
kataxwpnoel oto NetworkMemo tnv. 1p1ada [S, D, Bx]. Otav Aoittév @1doel n
ocipd yia 10 Y, 0 aAyopiBpog Ba «Bupdtam» OT yia To idl0 {eUyog TTNYNS Kal
TTpoopIouoU Kail e BandwidthpikpdTtepo i ioco Tou Byridn £xel atrotuxel, kal Ba
KaTaokeudoel a1r eubeiog 1o ExtendedSubResidual. Eav apyotepa pia pory Z
ME TINYN Kol TTpoopioyd  Skal Davriotoixa, aAAG BandwidthBz<Bxdev
e€uttnpeTnOei, 161¢ oTo NetworkMemo n Tiuf Bx Ba avrikaraotaBei amd tnv

MIKPOTEPN B2.
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AAT'OPIOMOXY AIAXEIPIYXHY IIOPQN KAI
KINHYHY

EI20A0%

» [pdgog ON (OriginalNetwork) e¢ayéuevog améd Toug Trivakeg LSRs kai
Links Tng Baong Acdopévwv.
» Ta&ivounuévn Aiota atraitjoewv DemandsList AngBeica atmd Toug

Trivakeg Demands, LinksRequirements 1ng Bdong Aedopévwyv padi ue

TRV dnuioupyia Kai TTpooBdrkn Twv BackUpDemands

‘E=Z0AO0Z%

» [padpog ON pe okpég  (Flow  kai RoutedDemands) KaTdAAnAa
evnuepwuéveg pe TG TIWEG Demand ID, Bandwidth, Cutkal IsBackUp

TWV ECUTTNPETNBEVTWV POV

APXIKOI1OIHZH

»  VakunotoON (Original Network) TiBetal Flow = 0
» v Demand otnv Demand List 1iBetal ExtSubResCalculated = false
» - vV Demand otnv Demand List 1iBeTtal CalculateExtSubRes = false

» vV Demand otnv Demand List 1iBetar Cut = 1
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PAZH 1 - 'EAETr'X0z ANIXTAZ DEMANDSLIST

1. Edv n AioTta gival Kevn
1.1. Tepudrioe

2. ANIWG
2.1.MAyaive otn ddon 2

|®AZH 2 - AHWH (POP) THX IPQTHE POHE STHN
|  KOPY®H THX DEMANDSLIST

1. Ed4v yia Tn ponl é€xel non utmroAoyiotei 10 ExtendedSubResidual &iktuo
(ESRN)
1.1. Aréppige tn por| (ddaon 7)
1.2.MAyaive otn ®aon 1

2. E4dv n pon éxer CalculateExtSubRes = true 1 uttdpxel eyypagr oTo
NetworkMemo yia 10 Source, 10 Destination kai Bandwidth pikpdtepo n
ioo TG pong
2.1. Karaokevaoe Extended SubResidual dikTuo
2.2.9¢oe ExtSubResCalculated = true yia Tn por)

3. AMNIwg
3.1. Karaokevaoe SubResidual diktuo (SRN)

PAZH 3 - KATAZKEYH LAYERED FrPA®OY G _AlIO TO
AIKTYO

1. V ko6pBo oto (ESRN 1 SRN) diktuo Béoe Height = -1

2. YTmoAdyioe 10 Height kaBe kOupBou €101 WoTe av E To 0UVOAO TwV OKPWV
ToU OIKTUOU, V TO GUVOAO TwV KOUBWYV, S n TNyA Tou OIKTUOU (TTNyr TOU
Demand) kai t o TTpoopIoudg Tou BIKTUOU (TTPooPIoHOS Tou Demand) 16T
IoXUEI
vV (u, V) € E : Height (v) = Height(u) + 1

3. Edv Height(t) = -1
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3.1.Eav 10 dikTuo givar ESRN
3.1.1. Améppiye Tn por (Pdon 7)
3.1.2. MNMAyaive otn ®aon 1

3.2.Edv 10 dikTUO gival SRN
3.2.1. O¢oe CalculateExtSubRes = true
3.2.2. MNMAyaive otn ®don 1

4. ANIwg
4.1.MAyaive otn ®don 4

PAZH 4 - ANAZHTHZH BEATIZTOY MONOIIATIOY

1. V povoTtrdm 1Tou Bpiokelig 0To BiKTUO, UTTOAOYIOE
1.1.To LevellD Twv TTEPIOPICUWYV CEUEEWY TTOU UTTOPEI VO EEUTTNPETNOEI
1.2.Tn pé€yiotn XwpnTIKOTNTA OKPAS
1.3. Tnv eAaxI0TN XWPNTIKOTNTA AKUAG
1.4.To TARB0¢ Twv Hops Tou povoTTaTiou
2. Edv 10 povotrdr dev UTTAKOUEI OTOUG TTEPIOPICUOUG TNG POAG A N EAAXIOTN
XWPNTIKOTATA €ival KNOEVIKN
2.1.Edv éxeig GAAa povoTtTdtia va eEeTAoEIG
2.1.1. MAyaive oto BApa 1
2.2. ANIwg
2.2.1. EméoTpewe iy Bandwidth = -1
3. ANIWg
3.1. YTToAdyio€ 10 BAPOG TOU HOVOTTaTIOU :
PathWeight = (Hops povorrariot / Znrodueva Hops) + (LevellD rou
TeAeutaiou {nrouuevou trepiopiouou {euéswvl LevellD povorrariod)
3.2.EméNeCe  ekeivo TO POVOTTATI TTOU  €xel TN MEYAAUTEPN  TIUA
MaximumBandwidth kai To peyaAutepo PathWeight
3.3.EméoTpewe oav eupebeica Tiun, TN MIKPOTEPN TIPA Capacitytwv
LinksTou povoTtratiou

3.4.MAyaive otn ddon 5
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PAZH 5 — E[IEZEPIrAzIA BEATIZTOY MONOIIATIOY

1. Edv n xwpnTkdTNTA TOU hovoTTaTiou gival eTTApKAG (MEYOAUTEPN 1) ion TNG
ATTAITOUMEVNG)
1.1.E¢uttnpéTtnoe tn por) (Pdon 6)
1.2.MARyaive otn ®don 1
2. ANIWG av N XwpenTIKOTNTA TOU JOVOTTATIOU €ival BETIKI) aAAG pn ETTAPKNAG
2.1.Kataxwpnoe/ Evnuépwoe oto NetworkMemo Ttnv 1pidda [Source,
Destination, EAdxioTo Bandwidth povotraTiou]
2.2.Eav 10 Cut Tng pong cival ico pe To MaxCut mou aitei (dev PTTOPE Va
OIaXWPICTEI TTEPAITEPW)
2.2.1. Amoppiye tn por (Paon 7)
2.2.2. MNAyaive otn ®aon 1
2.3. ANIwg
2.3.1. Anuioupynoe dUOo POEG
2.3.2. Ztnv TpWTN pon B€oe WG ¢NTOUPEVN XWPNTIKOTATA TNV EAAXIOTN
XwpNTIKOTATA TOU JOVOTTATIOU
2.3.3. Egumnpétnoe tnv rpwtn pon (Pdon 6)
2.3.4. Z1n dcuTepn pon BEoe wg nTouuevn XwPENTIKOTATA TN dlagopd
METALU CNTOUNEVNG KAl EAAXIOTNG EUPEBEICAG XWPNTIKOTNTAG
2.3.5. ©¢oe ot deuTepn por) ExtSubResCalculated = false
2.3.6. Au&noe 1o petpnt Cut TG pong Katd 1
2.3.7. TomoBétnoe 1n OelTEPN pPON  OTNV  KOPUQr Tng AioTag
DemandsList
2.3.8. Mnyaive otn ®aon 1
3. ANIWG €bdv n eAdxioTn XwpenmikotnTa (eUfewg TOu povoTTaTioUu Eival
MNOEVIKA
1.1.Edv 10 ExtSubResCalculated Tng porig civai true
1.1.1. Améppiye Tn pon (Pdon 7)
1.1.2. MAyaive otn ®déon 1
1.2. ANNIG
1.2.1. Ofoe CalculateExtSubRes = true
1.2.2. MAyaive otn ®don 1
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PAZH 6 —- EZYITHPETHZH POHZ

1.

V OKMJI TOU JOVOTTATIOU

1.1.MpboBece otn Aiota Routed Demands Ttou ApxikoUu AIKTUOU Ta
oTtoixeia [DemandID, Cut, Bandwidth, IsPrimary]

1.2. Au¢noe Tnv TP Flow Tng akpng katd Bandwidth povadeg

MpdoBeoe Tn pory oTn AioTa ServedDemands

3. A@aipeoe Tn por atd mn Aiota DemandsList

4. EméoTpeye

PAZH 7 — ATTOPPI¥YH POHZ

1.

2.

Av 10 Cut TnNG pong €xel Tiun 1
1.1.MpboBeoe T ponry oTn AioTa TrashList
1.2. Apaipeoe Tn por) atro TN Aiota DemandsList
1.3.EméoTpeye
AAANILG
2.1.V akur Tou dIKTUOU
2.1.1. Eav diaoyietal atro TNV TPEXOUCA PoN
2.1.1.1. ©¢foe 10 Flow ¢ akung ico ye Flow + Bandwidth tng
pong
2.1.1.2. Agaipeoe TNV gyypagry TG PONG Ao TNV
RoutedDemands AioTta TnG akung
2.2.M1p6cBeoce OAa Ta TUAPOTA TNG TTPWTEUOUCAG Kal TNG OEUTEPEUOUOCAG
(eav utt@pxel) pong otnv TrashList
2.3.Apaipece OAa T TPAMATA TNG TTPWTEUOUCOG KAl TNG OEUTEPEUOUOCAG
(eav uttapxel) pong ammod Tnv DemandsList
2.4. Agpaipece OAa Ta TUAPATO TNG TTPWTEUOUCAG KAl TNG OeUTEPEUOUC G
(eav uttapxel) poAg ato Tnv ServedList

2.5.EméoTpeye
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;l Check Demands List ]

emands Listis Empht>.

List has Demands

Get Top Demand

ESRM already Calculated f/Trash D f

ESRHM not yet Calculated J\

Exists in Memo

Does nol Existin Memo

Should jump to ESRMN (/Create ESRN

Should npt jump to ESRMN

Set
“ESRN already Calculated™
Tor this Demand

Create SRN

Search for Paths ESRM already Calculated

Failed to find a feasible path AN Failed to find any path

_ Found infadequate path ESRM not yet Calculated
Found|feasible path

Update Memo Set "Calculate ESRN™
for this Demand
Mumber|of feasihle
patfis > 1 Cannot cutthe Demand
Mumber of feasible Can cutthe Demand
pathg =1
Choose Best Path Cut the Demand
Update ON Update OMN
with cut Demand

Move Demand from Mowve cut Demand
Demands List to from Demands List
Served List to Served List

|/Push remainder Demand

on top of the
Demands List

Ewkova 18. ActivityDiagram ZuvoAikoU AAyopiBpou
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| Get a Node

from the

Original Network

Remain nodes to add

Added &

Add Node to
Residual Network

I nodes

—

Get a Link from
Original Network

0

Mo more Links

@<

Gofla Link
{
Constrdeting a
Link's Residual Capacity SubResidlal Network
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XPONOI EKTEAEXHY

O TTopakATW TTVAKAG EUQAVICEI TIG AETITOUEPEIEG TWV TOTTOAOYIWY. KAl TWV
ATTAITAOEWVY OTIG OTTOIEG EQPAPUOOTNKE O AAYOPIBUOG, KABWGS Kal TOV OUVOAIKO
XPOVO eKTEAEONAG Tou. KABE ypauur Tou TTivaka aTTelkovilel pia ekTEAeon ava
QiKTUO KaI opada powv. H onuacia Twv oTNAWY, TTIO CUYKEKPIPEVA, EXEI WG
EGNG:

Demands : NMARBog powv TNG ouddag TTou aITeital D1IACXIONG OTO CUYKEKPIKMEVO

OiKTUO.

LSRs : MNAABoG Twv dpopoAoynTwy TTou avAkouv oTo AikTuo. ATToTeAouvTal

até ammhoug LSRskaBwg kai LERS.
Links : TTAABOG akpwyv aTTd TIG OTTOiEG ATTOTEAEITAI TO BiKTUO.

MIiDB : (Mininum Demand’s Bandwidth) To e€AdxioTo amTQITOUPEVO
Bandwidthatd TG po€g TNG OUYKEKPIYEVNG OUAdAC.

MaDB : (Maximum Demand’s Bandwidth) To péyioTo ammQITOUPEVO
Bandwidthavaueoa oTIG pO£G TNG OCUYKEKPIPEVNG OPADOG.

MILC : (Minimum Link’s Capacity) H eAaxIoTn apxIKr XwpenTIKOTATA TWV aKUWV
TOU OIKTUOU.

MaLC : (Maximum Link’'s Capacity) H pé€yiotn apxikfq xwpnmikOTnTa Twv

OKMWV TOU OIKTUOU

Demands LSRs Links MiDB MaDB MilLC MalLC Time (sec)
6 g 16 2 5 1 123
4 5 10 15 20 20
1 2 1 5 5 0,5
1 4 765
1 4 4 2 2 2 765 0,5
1 6 10 1 1 9 9
7 10 38 10 100 72 59
19 30 157 2 140 125 199 45
20 50 231 1 20 100 199 5
44 50 165 1 5 100 199 52
188 70 241 1 120 200 90
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100 100 170 1 1 100 101 69
8 8 15 8 9 10 200 2
10 100 197 10 100 302 499 123

Nivakag 1. ZuyKkevtpwtikog Nivakag TomoAoylwv, AMOULTACEWY Kal XpOvwV

OTrwg TapaTtnpeital Kal atmd 1oV TTAPATTAvVW TTiVOKA, O €AAXIOTOG XPOVOG
EKTEAEONG OTA OUYKEKPIPEVA TTapadeiypata gival Ta 0.5 deuTEPOAETTTA, EVW O

MEyIoTOG Ta 123.

O xpovog ekTEAEONG TNG TAENG TOU PICOU OEUTEPOAETITOU TTAPATNPEITAI O dUO
OIOQOPETIKA TTAQICIO €QAPPOYNG: KATA TNV TPITN KAl TTEUTITN €KTEAEon. [To
OUYKEKPIPEVA, av An@Oei To TTapadelyua TNG TPITNG EKTEAEONG TOU aAyopiBuou,
TTapATNEEITAl OTI 0 AAYOPIBUOG eKTEAEOTNKE OTO €AAXIOTO OUVATO OIKTUO ME
MOAIG BUO dpouoAoynTEG Kal dia akur avaueod Tous. H akur €xer 5 diaBéaiueg
Movadeg capacity, evw aiteital Tng dIACXIONG TNG MONIG pia por) e 2 JovAdES
bandwidth. Otrwg cival TTpo@avég, pévo Eva JOVOTTATI JTTOPEI VA UTTOAOYIOTEI,
OTO OTT0i0 HAAIOTA XWPA va TTEPATEl OAOKANPN N PON. ZUVETTWG, YIa £va TOOO
MIKPO OiKTUO Kal TOOO WIKPRA POr, 0 XPOvOg Tou aAyopiBuou dikaloAoyeital va

€ival TO0O PIKPOC.

Edv ouykpiBei n TOoTTOAOYIQ TNG TPITNG €KTEAEONG ME TNV QVTIOTOIXN TNG
TTEPTITNG, TTAPATNPEOUVTAI HEYAAEG DIOPOPES TNV WP TTOU O XPOVOG EKTEAEONG
TTapapével idlog. OTTwg @aivetal, To dikTuo atToTeEAEITal ATTO 4 dPOPOAOYNTEG Ol
OTTOiOI EVWvovTal PE 4 OKPEG. H akpr pE TNV €AAXIOTN XWPENTIKOTNTA £XEl 2
pMovadeg Capacity, evw n avTioToixn ME TN MEYIOTN XwPENTIKOTNTA €xel 765.
MapdAAnAa, aiteitar dIAoXIONG TOU OUYKEKPIPEVOU OIKTUOU WOAIG pia por n
oTroia £mMOUpEl va KataAdBel JOAIG 2 povadeg bandwidth. Av kail & @aiveTal
ammd ToV Trapatrdvw Trivaka, aiel va TovioTel OTI n pory atraiTei kal backup
route. ATTO Ta TTPONYOUMEVA TTPOKUTITEI OTI OUO, TEAIKA, POEC Ol OTTOIEG
airouvtal 2 povadwyv bandwidth diacyiouv €va SikTuo To OTTOI0 TTEPIAAUBAVEI
4 akpéc. H oakpiBig TtotroAoyia Tou OIKTUOU @aiveTal OTnV €IKOVA TTOU

aKoAoubBsi.
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Ewova 20. Xeiplotn Nepintwon TonoAoyiag

Ymohoyiovtag Ta BEATIOTA povoTTdmia, O aAyopiBuog €Edyel TTPWTA T
povotrdtia [A — B — D] kai [A — C — D]. To deUTepo £xel eyaAUTEPN EAEUBEPN
XwPNTIKOTATA a1Td TO TTPWTO, OTTOTE Ba TO €MAECEl yia Tnv TTpwTn pon. H
deuTepn pon, B¢, cival n backup Tng TpwTNG. 'ETOI OVO €va HOVOTTATI PITTOPEI
va e€ayBei: 1o [A — B — D]. Kai Ta dU0 hJOVOTTIATIO ETTAPKOUV YIA TIG POEG, OTTOTE
Kavévag AAAOG EAeyxog O€ XpeiadeTal va yivel. ‘ETol, TTap’ 6Ao TTou n ToTtoAoyia
auTtn dI0QEPEl APKETA ATTO TNV TTPWTN, OIKaIOAoyEiTal va €xel TOV idl0 EAAXIOTO

XPOVO €KTEAEONG.

To PHeEYAAUTEPO XPOVO EKTEAEONG XPEIACTNKE TO TEAEUTAIO TTAQICIO EQAPPOYAG,
Yl TO OTTO0iO 01 UTTOAOYIOHOI OIfpKnoav 123 OeUTEPOAETITA. ZTO EV TTPOKEIUEVW
TTapddeiyua, 10 poég pe Touhdxiotov 10 kai To TTOAU 100 povadeg bandwidth
aitouvtal didoxiong OIKTUOU. To oTroio atroteAeital amd 100 dpopoAoynTég
ouvOedeuEVOUG PE 197 OKMEG. H aKur PE TNV MIKPOTEPN XWPNTIKOTATA £Xel 302
povadeg Capacity, evw ekeivn pe tn péyioTn, 499. Maparnpeital 611 Aiyeg poég
ME MIKPEG ATTAITACEIC OE XWPNTIKOTNTA €MOUPOUV va diagyioouv pia PeyaAn
ToTToAOYia dIkTUOU. [lpogavég yiveral, OTI yia TOOO AiYEG KAl PIKPES POEG, Ta
EQIKTA POVOTTATIO TTOU Ba €EETAOTOUV YIa va eupebei TO KaAUTEPO, Ba eivail
TTapa TTOAAG. ‘ETOI Kal 0 ammaitoUpevog XpOvog eKTEAEONG yia TNV BEATIOTN
KATAVOMI TWV POWV OTNV TIPOKEIYEVN ToTroAoyia OIKTUOU, aufdvetal KaTd
TTOANU 0t OX€0on ME TA AANa TTapadeiyyara TTOAU atmAwv OIKTUWV TTOU

TTapoucidoTtnkay, @Tavovtag Ta 123 deuTePOAETTTA.
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XPONOI YNAPTHZEI LINKCAPACITIES

To mopakdtw didypappa arreikovilel Toug xpovoug ekTéAeong Twv 14%Y
TTopadelyUATWY  OUuvVapTACEl Twv MPEYVIOTWY Kal  eAdxioTwy - Capacities,
TTPOKEIJEVOU VA QAVEI TO TTWG N dIAPOPA TWV XWPNTIKOTATWY TWV AKUWV £VOG

OIKTUOU £TTIOPA& OTO GUVOAIKO XPpOVO eKTEAEONG TOU AAyOpiBUOU.
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Awdypapipa 1. Xpovol EktéAeong Baoel Capacity

OTmwg  @aivetal Kal amo To - OIAYPOUMPA, O MEYIOTOG XPOVOG €EKTEAEONG
EM@aviCeTal OTO OEKATO TETAPTO TTAPADEIYUA EPAPUOYNAG, TNV WPA TTOU OTA
TTpwTa 7 €ival TTOAU pIKPOG. Tlapatnpeital 0TI 0 XpOVOG EKTEAEONG Eival TTOAU
MIKPOG TOOO O€ QiKTUO TWV OTTOIWV Ol OKPEG €XOUV TTOAU PEYAAEG dIAPOPES
XwpNTIKOTATAG (4, 5) 600 KaI Ot TOTTOAOYIEG HE OXETIKA I0€C KOl MIKPEG
XwpNTIKOTATEG (2, 3). MapdAAnAa, TTapartnpeital 611 Ao TNV €@apuoyr 8 kai
META 01 xpOvol auEavovTal, Xwpic va JUTTopei va aimioAoynBei Katmwe 000EvTwv
TWV XWPNTIKOTATWY TWV OKJWV Kal Jovo. MNa TTapddelypa, oTig eQapuoyES 9
Kal 10, n eAAxIOTN XwpNTIKOTNTA OKWAG €ival N YIoR TNG MEYIOTNG Kal ion Kal
yla Tig dUo TotToAoyieg. QOTOCO0, 01 XPOVOI EQAPUOYAS TOU aAyopiBuou yia TIg
OUO auTEG, XwPNTIKA ioeg TOTTOAOYiEG, €ival apkeTd OlagopeTikoi. Paiveral,
AoITTOV, OTI OI XWPNTIKOTATEG VOGS OIKTUOU, OTTWG E£TTIONG Kal N dIACTTOpd Twv
TIMWV TOug, dev €MMIOPOUV KABOAOU OTOV QATTAITOUPEVO, YIO TNV ETTITUXA

EKTEAEDN, XPOVO TOU aAyopiBuou.
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XPONOI ZYNAPTHZEI ATTAITOYMENOY BANDWIDTH

2uvexidoviag Tnv TTPonyouuEevn €E£TAON OO0V APOPA OTOV XPOVO EKTEAEONG
TOU QAyopiBuou, OTO TTAPAKATW OIAypAUMa TTapoucialovtal ol idlol - XPOvol
OANG OUVAPTACEl TWV MEYIOTWV Kal EAAXIOTWY ATTAITOUUEVWY HOVAdWYV

Bandwidth avd Oudda Demands.
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100 -
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60 [0MaDB
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0 - L s A A T A
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Aaypappa 2. Xpovol Ektéeong Baoel Bandwidth

O1mwg Tapatnpeital ota TTapadgiyyata 6 kar 11, o1 poég aitouvtal TTOAU
MIKPWV KOl OXETIKA iowv PEYIOTWYV Kal EAdXIOTwY TIpwy Bandwidth. QoTtéoo, ol
Xpovol ekTéAeong dla@épouv eKTTANKTIKA. Kal oTmig dUo e@apuoyég, Ta
{nTouueva Bandwidths 1couvtal pe pia pOAIG povada. OTTwg @aiveTal Kal O€
QUTH TNV TTEPITTTWON Ol ATTAITOUMEVEG TIUEG o€ Bandwidthdev £xouv atToAUTWG

Kauia eTidpaan oTo XpOvo EKTEAECNG TOU aAyopiduou.
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‘XPONOIIWWM”%QETTOﬂOAOHMZKMIﬂAHOOYZ

DEMANDS

AQouU, OTTWG QAVNKE Kal OTIG TTPONYOUUEVEG UTTOEVOTNTEG, TA MEYEDN Twv
Capacities ka1 Bandwidths, kaBwg kal n diaoTmopd autwy, dgv €MOPOUV OTOV
ATTAITOUMEVO XPOVO €KTEAEONG TOu UTTO avdAuon oAyopiBpou, oTnv. €v
TTPOKEIPMEVW UTTOEVOTNTA Ba £CETAOTEI O POAOG TNG idIAG TNG TOTTOAOYIAG KABWG

Kal Tou TTABOUG TwV PowWwV OTOUG TEAIKOUG XPOVOUG.

To didypapua TTou akoAouBei TTapouciddel oxNUATIKA To TTANB0G TWV Powv
TTOU AITOUVTAl XPAONG TOU BIKTUOU, 0€ KABE eKTEAEOT, KABWG Kal To TTARB0G

TwV dpopoAoynNTWV Kal Twv eUEEWV TTOU TOUG EVWVOUV.

250 -

200

150 ] - H . [ODemands
H LSRs

100 - H L OLinks
LITime (sec)

50 I— -

0 _MH L L . _
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Mdypappa 3. Xpovol Ektéleong Baoel TormoAoyiag

Me pia mpwin €€€Taon, @aivetal 0TI TO TTABOG TWV POWV CUVAPTACEI TOU
TTARBOUG Twv akpwyv, Oev Taiel POAO OTOV TEAIKO XPOVO €KTEAEONG TOU
aAyopiBuou. TMNa Trapdadeiyua, oTnv e€kTéAeon utr apilBudv 9 n TotroAoyia
atroTeAeiTal amrd OXeTIKA Aiyeg pOEC ol oTToieg dlaoxiCouv €va TTOAU PeEYAAO
OikTUO TTOAWV Ceutewv. O xpdvog eKTEAEONG, WOTOCO, gival TTpa TTOAU
MIKPOG o€ avtiBeon pe 1O avapevouevo. lMapdAAnAa, otnv ekTéAeon 11
MeyaAog aplBuog demands diaoyicel TGN, OXETIKG peydAo dikTuo, aAAG auTh

TN QOPA O XPOVOG EKTEAEONG TOU AAYOPiBUOU gival ONUAvTIKA JEYAAUTEPOG.
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Evw, Aoimév, @aivetalr 011 oUuTe Ta TTARON OKPWVY Kal powv eTTnpedlouv TO
XPOVO €KTEAEONG, AV £CETACTOUV Kal Ta Tpia dlaypduuaTa ouvOUAoTIKA PE TNV
TOTTOAOYiO TOU €KAOTOTE OIKTUOU, N €IkOva aAAGlel. 2Tnv ekTéAeon 9 yia
TTOPAdEIYUa, TO OIKTUO €XEl HEYAAO TTOAU peyAAO PEYEBOG eV OI POEG TTOU
€mMOBuPoUV va 1o TTpooTreAdoouy eival Aiyeg. H dlaoTropd Tou aTTQITOUPEVOU
bandwidthamd TIC poég eival piIkpr), €vw n avtioToixn OlacTropd Yyia TO
Capacity€xel TTOAU peyaAUTEPN TIPN, YE TN XWPENTIKOTATA €TTIONG VA TTAiPVEI
OUYKPITIKA PEYAAEG TIUEG. TO avapevOouevo, O€ TETOIA TTEPITITWON, Ba NTAv 0
XPOVOG eKTEAEONG va KATEANYE o€ PeEYAAN TiuA, KABWG Aiyeg Kal TTOAU MIKPEG

poé¢ Ba avalntrioouv YOVOTTATI 0€ HEYAAO Kal ETTAPKES OIKTUO.

QoT60o0, KATI TTOU O QaiveTal atrd Tov TTivaka Kal Ta dlaypaupaTa, gival n idia
n ToTroAoyia Tou BIKTUOU. TO dIKTUO KATOOKEUAOTNKE PE TUXAio TPOTTO, AAAG
€101 WOoTe va dlalpeiTal o€ duo pépn. O1 dpopoAoynTéEG TOU TTPWTOU HICOU
EVWVOVTAI PE TUXQiIO TPOTTO HPE TOUG AVTIOTOIXOUG TOU idlou MIoOOU, €vw Ol
OpopoAoynTEG TOUu OeUTEPOU MIOOU EVWVOVTAI PE TOUG QVTIOTOIXOUG TOU
OEUTEPOU. 2TNV TTPOKEIPEVN TOTTOAOYIA, YIQ TV TUXQIO KATAVOUA TWV OKUWYV,
xpnoigotroinénke n ouvaptnon rand() n otoia TeEivel va E€TTIAEyEl TN
MEYaAUTEPN TIUR aTTd €va 60Bév eUpog. 'ETol, oTnv ToTToAOyia uttépxouv
QPKETEG TTEPITITWOEIG €vag Ingress LER va evwveTal atmeuBeiag e KEVIPIKO
LSR, o otroiog pe TN o€Ipd Tou €TTIKOIVWVEI ue Egress LER. Q¢ ek TouTOU,
dideTal n duvaTOTNTA KATAOKEUNG MOVOTTATIWV UE MOAIG 2, 3 Kal 4 hops o€ €va

KATd Ta GAAQ TTOAU peYAAo OiKTUO.

OT1rwg cival Aoyiko, yia TOOEG AiyeG poEG, O aAyOpPIOPOG Ba TTPOTIUACEI PIKPA
MovOTTATIa PEYAANG XweNTIKOTNTAG. MNMapdAAnAa, n mlavoTnTa dvw NG Jiag
PONG va PTTOPECEl va TTEPACEl AaTTd To idI0 MOVOTTATI, €ival JEYAAN PIOG Kal TO
{nToupevo bandwidtheival apketd pikpOTEPO ATTO TO capacity. 'ETol, amd Toug
TTPWTOUG NON KUKAOUG €KTEAEONG, €ival TTOAU €UKOAO va eupeBoUv E€TTAPKA
MOVOTTATIO PIKPOU PNKOUG Kal JEYAANG XWPENTIKOTNTAG, XWPIC va XPEIAOTE va
yivel avalrtnon oTo OUVOAO TOU OIKTUOU. ZUVETTWG, O XPOVOG EKTEAEONG, O

OTT0IOG €CAPTATAI TTPOPAVWG OTTO TNV TOTTOAOYIa, €ival TTApa TTOAU PIKPOG.

21NV ekTéAEOn UTT aplBPov 11, TTépa TTOAAEG POEC TTOAU PIKPRAG ATTAITNONG O€

XWpPOo, avalntouv POVOTTATIa Ot PEYAAO OIKTUO PECWV TIMWYV XWPENTIKOTNTAG.
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'Hon vivetal eppavég 611 0 Xpdvog eKTEAEONG Ba TTPETTEI va €ival HEYOAUTEPOC.
OT1av o1 TTpWTEG POEC PEILWOOUV O€ KATTOIO PovOoTTaTIa To dlabéoipyo Capacity, o
aAyopiBuog Ba avadnTioel POVOTTATIA WEYAAUTEPNG XWPENTIKOTNTOG OTO
UTTOAOITTO DIKTUO, TTPOKEIMEVOU VO KATAVEIWEI TNV Kivnorn, augavovtag £101 TO
XPOvo yia Tnv avalAtnon Kai emmAoyr Tou BéATIoTou LSP. TMapdAAnAa, autd
TToU TTAAI O€ QAiVETAI OTOV TTivaKA, TO OIKTUO €ival TTIO KATAVEUNUEVO ATTO OTI
TO TTponyoupevo. Me aAAa Adyia, dev uttdpyxouv d1adpopés 2 kar 3 hopstiou
VA EVWVOUV Ta AKpa Tou. Q¢ €K ToUTOU, oI dIadpouéS Ba gival EYOAUTEPES Kal

N avalnitnon OXETIKA TTI0 QUOKOAN.

21NV TeEAeuTaia EKTEAEDT, UTT apIBUOV 14, Aiyeg poéG YE NEYAAES ATTAITHOEIG O€
Bandwidthaitouvtal xpriong oAU peydAo SIKTUOU YE HEYAAN XwpNTIKOTNTA KAl
MeYAAn dlaotropd oTIG TIMEG TNG TEAEUTAIOG. To OIKTUO OXEDIAOTNKE YE TUXAIO
TPOTTO, AAAG £TO1 WOTE va gival TTAApwG Kataveunuévo. AnAadr, oTn XeIpoTepn
TTEPITITWON, €va YOVOTTATI ATTO AKPO O€ AKPO TOU OIKTUOU, UTTOPEI va dlaoyioEl

TOUG JIOOUG Kal TTEPICOOTEPOUG OPOPOAOYNTEG.

'HOn a1mé TNV apxr Tou, 0 aAyOpIBUOG KAVEI APKETEG avadnToEIg yia va BPEl
T0 BEATIOTO povoTIdm, kaB’ OT TO OikTUO €ival TTOAU peydAo Kai TEAeia
Kataveunuévo. Apyotepa, dg, Ta TTpayuaTa SUOKOAEUoUV. OI TTIPWTEG POEG TTOU
Ba eEuttnpeTnBouv cival or peyaAuTepes. 'ETol, Ba aAAGEouv onuavTika Tnv
eAeUBepn XwPNTIKOTNTA TWV CeUEEWV, HE ATTOTEAEOPO O KABE KUKAO Ol
avadntnoeig va aAAdfouv katelBuvon. Ooo 1o dikTuO «yepilel» pe demands,
T600 N €AeUBePN XwWPENTIKOTATA MEIWVETAL. [vETAl TTPOPAVESG OTI pia PHEYAAN
ponl o€ KATTola OTIYNR ©€ Ba kaTa@épel va Bpel Eva BEATIOTO JOVOTTATI yia VO
e€uttnpeTnOEi, aAAG Ba diaipeBei ae duo kal TTepiIcodTepa LSPs. 'ETal, evw o
aAYOPIOUOG EKKIVE PE AiyeG, MEYAAEG POEG, KATAANyEl TEAIKA va €xel TTOAAG
MIKPOTEPQ TUNAMOTA TWV apXIKwV demands, KaBe éva atmd Ta OTToia QITEITAI
BEATIOTOU povoTTaTIOU TO OTTOIO VA KATAVEUEI TNV Kivnon XwpPIKA TTAavw oTnv
ToTToAOyia. To TeAeutaio, padi pe TNV idlId TNV KATAVEPNUEVN KAl PEYAAN
TOTTOAOYia TOU BIKTUOU, OIKAIOAOYOUV TTANPWG TO PEYAAO XPpOVOo eKTEAEONG O

0TT0i0G PTAVEl OTA 123 OEUTEPOAETTTA.

ATT6 6Aa Ta TTapaTTdvw OTOIXEIA, YIVETAI EUQAVES OTI O XPOVOG EKTEAEONG TOU

aAyopiBuou egaptdTtal TTPWTA ATTO TNV TOTTOAOYia Tou BIKTUOU (dnAadn atrd
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TNV KATAVOMI TWV OKPWV avAPESO OTOUG OPOUOAOYNTEG) Kal ETTEITA OTTO TA
XOPAKTNPIOTIKA TwV POWV Kal TwV Ceugewv. Ooo 0 KaTtavepnuévo 1o SiKTuO,
TO00 PeEYAAUTEPN N OUOKOAIO TOU aAyopiBuou OTO va KATAVEIYEr JE BEATIOTO
TPOTIO TIG POEG. AVTIOETA, OO0 TTIO CUPTTUKVWHEVEG OI CEUEEIG AVAUECO OTOUG
dpopoAoynTég, TOOO TTIO €UKOAO gival va gupeBouv o1 KATAAANAES DIOBPOMES
TTPOKEIMEVOU Ol ATTAITACEIC VO KATAVEUOVTAl €VTOG TNG TOTToAoyiag BEATIOTA
atmo amroyn Kivnong kar mopwv. Agicel, Og, va ToVIOTEl OTI aKOPO KAl O€ pia
1000 dUOKOAN ToTToAoyia pe AiyeG OAAG peydAeg poég OTTWGS auTh Tng 147
EKTEAEONG, O XpoOvog Twv 123%Y deutepoAéTmTwy gival oxedOvV PNdeVIKOG ev
OUYKPIOEI HJE TOV QVTIOTOIXOUG XPOVOug Trou peTprdnkav oto [2]. Mo
OUYKEKPIPEVA, yia éva OikTuo 200 akuwyv OTO [2] aTTaIThONKAV aPKETEG WPEG
EKTEAEONG YIO TNV €UPECn TnNG KOAAUTEPNG KaATAvVOPNng Tou @opTtiou. O
TTPOTEIVOUEVOG aAYyOpIBuOG TTou eEeTAleTal, OE, KATAPEPE VO KOATAVEIMEI TO
@optio oe Oiktuo 197 TéAela katavepnuévwy Celewv o€ POAIGC 123
OeutepdAeTtTa. Tivetal TTPo@AVEG, AoITTOV, OTI TOUAAGXIOTOV aTTd  ATTown

TaXUTNTAG O TTPOKEINEVOG AAYOPIOUOG €ival ETITUXAG.

KATANOMH ®POPTIOY

TNV TTapouca £voTnTa Ba TTAPOUCIOOTEI O TPOTTOG PE TOV OTTOIO KATAVEUETAI
TO QOpPTiO OTIG (eUEEIC TOU €KAOTOTE OIKTUOU. ATTO TIC TOTTOAOYIEG OTIG OTTOIES
EQPAPUOOTNKE KAl EEETAOTNKE O TTPOKEIUEVOSG OAYOPIBUOG, €TTIAEXBNCavV dUO :
éva MIKPO, AOUMMPETPO OIKTUO pe TTANBOG Kal PeyEOn powv Kovtd oTnv
XwpNTIKOTATA TWV {eUgewy, KaBWCS Kal €va PEYAAO, CUUMETPIKO OIKTUO ME

MIKPO TTARB0C pOWV PIKPOU PEYEBOUC.

AlIAO AIKTYO MIKPOY METEGOYZ

To diKTUO TNG ATTARG, OXETIKA, EQapUOYNG atToTeAEITal aTTd 9 dpouOAOYNTEG €K
TWV OToiwv duo Taidouv 10 POAo Twv Ingress LERs kar GAAol duo Twv

Egress. O1 LSRs ouvdéovtal PETALU TOUG PE OUVOAIKA 16 Ceugelg ammo TIg
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OTTOiEG N CeUgn pe TN MIKPOTEPN XwPNTIKOTNTA €Xel 1 povdda Capacity, n
QVTIOTOIXN ME TN MEYIOTN XwPNTIKOTNTA 25 povadeg evw O PEOOG OpOg

XwPNTIKOTATWY utroAoyietal 0TI 15,9375 povadeg.

Ewkova 21. AntA6 Aiktuo MikpoU-Mey£Boug

Tn d1doxion TOu OUYKEKPIPMEVOU OIKTUOU aITouvTal 6 poEg. TpPeIg atTd auTEG
EKKIVOUV aT1ro ToV €vav €k Twv OUO Ingress LERS kal o1 GAAEG TPEIG aTTO TOV
AaAAov. AvtioToixa, TECOEPIC ATTO aUTEG KaTaArjyouv oTov €vav Egress LER kai
duo otov GAAo. To ouvoAikO atraiToupevo Bandwidth utroAoyidetar oTig 25
povadeg. QoTéo0o, dUo atd TIG PoEC aiTouvtal Backup routes, omréte 10 TEAIKO
ammaitouyevo Bandwidth yia 1O Ouykekpigévo OikTuo avépyeTar ot 34
pMovadeg. TEAOG, pia ammd TRV opada powv, AITEITAI UTTOXPEWTIKAG OIA0XIONG
ammd €va ouykekpigévo link (7-8). AANeg attaitioEIG, OTTWG MEYIOTO PRKOG
MovoTTaTiou, pEyIoTo TTANB0G TTapdAAnAwy diadpouwyv KTA dev AapBdvouv

XWPA OTO OUYKEKPIPEVO TTAQICIO £QAPUOYNG.

Hops Deviation

Needs Backup
Max Cuts

Demand ID 1 2 3 4 5 6
Source 2 2 2 1 1 1
Destination 9 9 8 9 9 8
Priority Level 7 7 7 7 7 7
Bandwidth 4 2 5 5 5 4
MaxHops 0 0 0 0 0 0

0 0 0 0 0 0

1 0 0 1 0 0

0 0 0 0 0 0
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Nivakag 2. 1610TNTEG Kot XOpaKTNPLOTIKA TwV Powv

Ta mmapatrdvw oToixeia ammoteAolv dedouéva €10600U yia Tov aAyopiBuo o
OTT0i0G UTTOAOYICEl Ta KOAUTEPO POVOTTATIA YIa KABE pia porj, CUPNQWVA HE TIG
TTpodiaypapéc Tou MPLS — TE kal KaTavéUEl TNV Kivnon Kal TOUG TTOPOUG
evidg Tng doBcicag TotroAoyiag. To atmmoTéAeopa TNG KATAVOUAG QaiveTal TO

OIGypauua TTOU aKOAOUBEI.

M Capacity

I Flow

'1-2' '1-5' '1-6' '2-3' '2-5' '2-6' '2-9' '3-4' '3-5' '4-9' '5-6' '5-7' '6-8' '6-9' '7-8' '8-9'

Awaypappa 4. Katavoun @optiov oto Mikpo Aiktuo

O &&ovag Y diatnpei TNV OXETIKA PE TRV XWPENTIKOTNTA TTANpo®opia, evwy o X
TTAPOUCIACEl OAEG TIG AKMEG TNG TOTTOAOYiaG. Me PTTAE Xpwua ep@avideTal n
apxiki XwenmkdtnTa TNG KABe  CeUEng, evw MPe YOAAJIo n deopeupévn
XwpNTIKOTATA ammd. TIG POEG TIG OTT0IEG E€EUTTNPETNOE KAl  KATAVEIUE O
aAyopiBuog. Ommwg @aivetal kal amd 10 didypapua, ol 10 atmd 1ig 16 aKpég
€XOUV TTO000TO OEOPEUNEVNG XWPNTIKOTATAG PETAEU 66,667% kai 100%, 4
OKMEG KupaivovTal avaueoa o€ 14% kal 25% kal dUo dev XpNOIKNOTTOIOUVTAI
amd T Oouykekpiyévn oudda demands. O pé€oog OpPog TOU TTOCOOTOU

déapeuong ouvoAIKG oTo BiKTUO uTToAOYiCeTal OTA 61,44886%.

Aedopévou Ot 0 aAyopiBuog TTpooTTabei va kataveiyel BEATIOTA TNV Kivnon Kai
TOUG TTOPOUG OTO OIKTUO, Ba TTEPIPEVE KAVEIG va PNV UTTAPXOUV OKMPEG ME
akpaia TTooooTd déopeuong ota 0 kal 100%, aAAd avTiBeTa GAeG o1 aKuES va
TepIAauBavouv péoeg avaloyie¢ OeOpEUPEVNG TTPOG QPXIKNAG avaAoyiag.

QoT1600, dedoOpEVOU OTI
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» To diKTUO €ival ACUPUETPO

»  O1 XwpnTIKOTNTES TWV OKPWV €ival DIOPOPETIKEG JETALU TOUG

»  O1 poég eKKIVOUV KOl TEPUATICOUV O€ DIOPOPETIKOUG dpOoUoAoynTES

= O1 poég £XouV DIOPOPETIKEG TIMEG aTTaIToUpEVOoU Bandwidth

» O1 poég €xouv TIOIKIAEG amTaITACEIC O B€uata TOoTTOAOYIAG,  OTTWG

TTPOCBIOPIoHOI CEUEEWV/OVOTTATIWV Kal DEUTEPEUOVTWYV BIABPOUWY

TTPOQaVEG yiveTal OTI dev pTTOpEl OAOKANPN N ToTToAOYia va TrepIAauBavel ioa
TTOOOO0TA QEC0PEUCNG ME TO QOPTIO VA KOTAVEUETAl TTAAPWG  OPOIGHOPYA.
MapakdTw, TTapoucIAleTal pia eiIkdva TNG TEANIKAG HOPYNGS TNG KATAVOUNG TNG
Kivnong evidg tou SIKTUOU, N OTToI UTTOPEI va Pigel TTEPICTOTEPO PWGS OTOV
TPOTIO TNG KATOAVOPNAG Kal OTO €dv TEAIKA €ival o0 BEATIOTOC R OxI, OTO

OUYKEKPIPEVO TTAQICIO EQAPPOYAG:

Ewova 22. Katavopun Kivnong oto Mikpo Aiktuo

O1 paupeg, apiBunuéveg ypauuéG TnG TOTToAoyiag  aTrelkovifouv  TIG
TTPAYMATIKEG CeUEEIC TOU BIKTUOU KABWG Kal TNV apXIKA Toug xwpnTikoTnTta. Ol

EYXPWHEG OKPEG BEiXVOUV TO POVOTTATI KABE porg. Mo ouykekpiyéva Kal o€
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ocIpd €guTTNPETNONG TNG KABE Wiag, Ta JOVOTTATIO KAl Ol POEG YIA TIG OTTOIEG

AUTA £XOUV DECHEUTEI £X0UV WG EENG:

Pon Xpwpa Bandwidth Movorndrtt
4, Primary (1 povormart) MrAe 5 1-2-9
4, Backup (1 povomadri) Mpdowo 5 1-6-9
1, Primary (1 povomasrt) Kokkwvo 4 2-9
1, Backup (1 povormdri) Mwp 4 2-6-9
5, Primary (1 povormart) FaAadlo 5 1-5-7-8-9
3, Primary (1° povomndm) Pol 4 2-6-8
3, Primary (2° povorndrt) Pot 1 2-5-7-8
2, Primary (1 povomdrt) Kitpwo 2 2-3-4-9

Nivakag 3. E§untnpétnon Powy oto Mikpo Aiktuo

OT1wg @aivetal Kal ammdé Tov Trivakd, OAeg ol amautiioelg tou MPLS —-TE
TTAnpoUvTal: 01 POEC TTOU aiTouvtal Backup route €xouv €guttnpeTnBEi pe TO
QEUTEPEUOV UOVOTTATI VO ATTOPEUYEL TIG OKPESG TOU TTPWTEVOVTOG. NapdAAnAa, n
pOr N oTToia aTTaITouoE Tn dIACXION TNG aKUAG [7 — 8] £xel AdBel Eva povoTTaTi
TO OoTT0i0 TrEPvAEl ato 1o link autd. To Trpokeiyevo Demand, ye DemandID =
5, Ba utropoucE TN OTIYMN TTou UTToAoyI{OTav TO JOVOTTATI TOu, va AGRel éva
TTOAU KOAUTEPO MOVOTIATI PE MEYAAUTEPN XWPENTIKOTNTA, TTPAYMa TTou Oa
ouvteAouoe o€ KOAUTEPN KaTavopn Tou @opTtiou: T0 [1 — 2 — 3 — 4 — 9], he
minimum residual capacity va 1coUtal pe 8 kal maximum pe 25. Qotdoo0,
eTTeIdn) £xel opioel OTI TIPETTEL VA TTEPACEI OTTO OUYKEKPIMEVN QKUM, TOU
avartédnke TEANIKA 1o povomdm [1 — 5 — 7 — 8 — 9 ] ye eAdxiotn €Aeubepn

XwpNTIKOTATA (VIO TN OTIYUA €KEivn) ion pE S Kal yEyiotn e 9.

MapdAAnAa, TTapatnpeeitar. 611 n porp Ut apiBuov 6 Oev KATAPEPE Va
ecuttnpetnBei. O aAyopiBuog Tnv €BaAe oTnv TTpoTeAeuTaia B€on TNG CEIPAG
€EUTTNPETNONG, TTPOKEINEVOU VA €CUTTNPETACEI TTPWTA TIC TTIO PEYAAES KAl TTIO
ATTAITATIKEG POEG, HE ATTOTEAEOUA OTAV EQPTACE N OTIYMN YIA TV 6 OEV UTTHPXE
QPKETH €AEUBEPN XWPNTIKOTNTA OTO OIKTUO YIO TO OUYKEKPINEVO Demand pe Ta
OUYKEKPIPEVA XOPAKTNPIOTIKA TTNYNG Kal TTpooplouou. ‘ETol, pia por peyéBoug
4 povadwv Bandwidth, €ueive «a1r €Ew», TTPOKEINEVOU POEG O OTToieg Ba
dWwaoouVv TTEPIOTOTEPO KEPDOG aTov ISP TOu BIKTUOU Kol KAAUTEPN TTOIOTATA

oTov TEAIKO XproTn, va eEUTTNPETNBO0UV.
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AGyol OTTwG o1 TTapatdvw, dnAadrn atroQuyni | ATTAITOUUEVN TTPOCTIEPAON
OKMWV i OAOKANPWYV HOVOTTATIWV, KABWG Kal N TagIvOUNon TwWV POowvV ME
TPOTTO TETOIO WOTE VA QUEAVETAI N XPNOolYoTroinon Tou  OIKTUOU  Kal,
ouvettayoueva, 1o KEPOOG Tou ISP Kal n TTo10TNTA TOU XPAOTN, CUVTEAOUV O€
OXETIKA XEIPOTEPN KATAVOUN TOU QOPTIOU €VTOG TNG TOoTToAoyiag. a 1o Adyo
auTod, evw Ba ptTopoucav va gixav €TTIAEXBEI SIAQOPETIKA POVOTTATION KAl N
Katavour va gival n BEATIOTN, TEAIKA TTaparnpeital 611 n Katavoun €ival «n
KaAUTEPN OuvaTr, OedOUEVWY TWV OUVONKWY, TWV OTTAITACEWV Kal TwWV

ATTOPACEWV».

2YMMETPIKO AIKTYO MET'AAOY METEGOYZ

H TotroAoyia TNG XEipIOTNG TTEPITITWONG, ATTO AUTEG OTIG OTTOIEG EPAPUOOTNKE O
aAyopiBuog, amroteAeital ammdé 100 dpopoAoynTEC ek Twv otroiwv 10 atroTeAOUV
Toug Ingress LERs kai dAAo1 10 Toug Egress. O1 LSRs ouvdéovTal JeTagu Toug
ME 197 AKUEG €K TWV OTTOIWV N OKPN ME TN MIKPOTEPN XwpnTIKOTNTA £XEl 302

Movadeg Capacity kal n avTioToixn Pe Tn heyaAuTepn, 499.

10 poég peyéBoug amd 10 €wg 100 povadeg aitouvral Tn diIAoXIon TNG
TOoTTOAOYiaG, PE TNV KABE pia va ekKIvel Kal va TeppaTifel oe povadikd Ceuyn
Mnyng kai MNpoopiopou. Me GAAa Adyia, uttapxel HOAIG hia pory n OTToia va €XEl
SourceX kal JOAIG pia por] pe DestinationY. MNapdAAnAa, kapia atrd TIG poEg
Oev £XEl aTTAITACEIS WG TTPOG DEUTEPEUOVTA oVOTTATIA, apiBud Hops Kal ouTw
KaB’ €¢AC. Zuppwva, dnhadr, pe TIGC TTpodiaypadéc Tou MPLS — TE, eivai

ATTAEG POEG, XWPIG IBIAITEPOUG TTEPIOPICHOUG.

H TotroAoyia Tou diKTuou @aivetalr otnv Eikova 23. lNa mpogaveic Adyoug
MeyEBoug Tou OIKTUOU, e€P@avifovial JOVO Ol apXIKOi Kal o1 TEAIKOI KOuBol,
Kabapd yia va yivel avTIANTITO TO «OXAUa» Tou BIKTUOU. Mg KOKKIVO XpuwHa
oupBoAifovtal kaTTolol ammd Toug LERS Trpokelyévou va yivel eu@avig n

OXETIK TOUug B€0n oTO JIKTUO.
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Ewkova 23. Aiktuo Meyalou Mey£Boug

Tn xprion NG TapaTTévw TOTTOAOYIAG aITOUVTAl POEG, TA XOPAKTNPIOTIKA TwWV

oTToiwv TTapouacialovtal oTov [livaka 4.

Demand ID 661 662 663 664 665 666 667 668 669 670
Source 866 867 868 869 870 871 872 873 874 875
Destination 965 964 963 962 961 960 959 958 957 956
Bandwidth 50 100 80 100 75 100 10 100 100 80

Mivakag 4. 1810TNTEG Ko XapaKTNPLOTIKA TwV Powv

H e@apuoyr Tou aAyopiBuou oTnv TTapatmdvw TOTTOAOYIa KAl OTA ava@epBEvTa
Demandséxel oav armmoTEAEOUA TNV KATAVOUN TOU QOPTIOU PE TOV TPOTTO TTOU

TTapouaoialetal oto Aldypauua 5.

H Capacity ®Bandwidth

500

400

300

200

100

0
N o 0 NN NOAMOOMNOSSTNGOSOW o0 0 N N
ORNRNN®NNXNDDDNDO OO AANNNNDNDNSTIIWOIMIINOO
@ 0 0 0 Y ) P P PP DR P RDHMRNGR D RPHRNR DR HYRNRP
O A MOOMNMMNOTNATOANONINANOOMOOMNO
O ORNN®NWNNADNDO OO A AT ANNANNMMNST IO N OO
G0 00 00 00 00 60 00 60 0 0 O O A D DDA ADADDOADNADDD D DD

Awaypappa 5. Katavour Moptiov oto Meydlo Aiktuo
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OT11wg deiyvel TO TTAPATTAVW dIAYPAUMNA, N BECHEUCH TWV TTOPWV Eival OXETIKA
MIKPOTEPN OTa dkpa. O AdGyog yia autd eival Ta povadikd felyn TTNywv —
TTPOOPICHOU, OTTWG avaeépinke kal o TTavw. H TtotroBeoia Twv LERSEival
TéT0l0 WOTE: o1 10 Ingress LERs Bpiokovtal otnv apxr Tng TOTTOAOYiag TTou
@aiveral otnv Eikova 23, evw ol Egress LERs o010 1€A0¢. ETTe1dn 1o didypapua
TTOPOUCIACEl TNV KATAVOUN TWwV TTOPWV TTAVW OTIG AKUEG Ol OTTOIEG Eival
Taglvounuéveg BAoel Tou ovopaTds Toug (agovag X), oTnv apxr Kal oTo TEAOG
TOoU OlaypaupaTog Bpiokovtal ol Ingess kal ol Egress LERs avrioToixa. Kai
a@ouU TO KABe eUyOC XPNOIKOTIOIEITAI ATTO AKPIPWS Wia por), TTPOPAVEG YiVETAI
OTI TO QOpPTIO OTA onueia autd Ba gival KOVTAG OTo aTTaiTouevo Bandwidthtng
PONG TTOU AITEITAI TTPOCTTEAAONG QVANECO OTO OUYKEKPIYEVO CEUYOG Kal OXI

MEYOAUTEPO.

ATIO TIG 197 akuéG TTou AauBAvouv Xwpa OTnV TTPOKEIUEVN TOTToAOYiIA, o1 46
TTOPAPEVOUV aXPNOIUOTTOINTEG OTTO TIG POEG. O1 TTEPICOOTEPES ATTO TIG CEULEIS
AUTEG €ival OIAYWVIEG €ival MIKPEG OE OXEON ME TIG UTTOAOITTES. AedopEvVOou OTI Ol
PoEC Oev €XOUV ATTAITACEIG CEUCEWV, O QAyOpIBUOG eTIAéyel Ta BEATIOTA
MOVOTTATIO ME KPITHPIO TETOIA WOTE TO KAAUTEPO, OTTO €va O0BEv oUVOAO
EQPIKTWV MOVOTTATIWYV, VA €XEl TN UEYOAUTEPN €AEUBEPN XwWPENTIKOTNTA KAl TO
MIKPOTEPO apIBuO Hopsamd tnv TnynR €wg Tov Trpoopioud. ‘Etol, yiveral
TTPOYAVEG OTI CEUEEIC OI OTTOIEG, OE OXEON ME TIG UTTOAOITTEG, €XOUV UIKPOTEPO
MEyeBOg €AelBepng XwpnTikOTNTAG A QUEAVOUV TO MAKOG TOU TEAIKOU
gjovotratiou, Oev  PBeATioToTroloUv TNV AVTIKEIMEVIK)  ZuvApTnon  Kal

atro@euyovTal KaTé TNV e0peon TNG BEATIOTNG AUONG.

ATTO TIG OKUEG PN PNBEVIKAG XpnolpoTtroinong, 4 deopevovtal oto 100% TOUg
EVW oI uTTeAoITTeG Aaufdavouv TTooooTd déopueuong avdaueoa ota 2,09205 kai
99,75369%. Edav kal ta PIKPOTEPA KAl PEYAAUTEPA TTOCOOTA £XOUV QKPAIEG
TIMEG, agiCel va avapepBei TTwG 0 HECOG OPOGC TWV PN PNOEVIKWY Kal PN €€
OAOKANPOU  OeOPEUUEVWY  OKMWY  uTToAoyietar ota 61,85875%, evw o
AVTIOTOIXOG OUVOAIKOG HEOOG Opog OEopeuong yia OAn Tnv ToTToAoyia
uttoAoyicetal ota 48,18902%. H katavour Tou @OPTIOU TWV AKPWY AVAUEST
OTA PN aKpaia TTooooTd £xel WS €EAG: 64 aKPEG BpiokovTal OTO TTEDIO PETAGU
2,09205 ka1 61,85875%, evw 83 petagu 64,7492 kai 99,75369% pe TIG HIOEG

atrd 10 OeUTEPO OUVOAO va deTEUOUV AlYOTEPO ATTO TO 92% TWV TTOPWV.
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Pon
666

662

669

664

668

670

663

665

661

667

Bandwidth

100

100

100

100

100

80

80

75

50

10

Movonartt

[871-873-875-877-879-881-883-885-887-889-891-893-895-897-
899-901-903-905-907-909-911-913-915-917-919-921-923-925-927-
928-930-932-934-936-938-940-942-944-946-948-950-952-954-956-
958-960]
[867-869-871-873-875-877-879-881-883-885-887-889-891-893-
895-897-899-901-903-905-907-909-911-913-915-917-919-921-923-
925-927-929-931-933-935-937-939-940-942-944-946-948-950-952-
954-956-958-960-962-964]
[874-876-878-880-882-883-885-887-889-891-893-895-897-899-
901-903-905-907-909-911-913-915-917-919-921-923-925-927-929-
931-933-935-937-939-941-943-945-947-949-951-953-955-957]
[869-870-872-874-876-878-880-882-884-886-888-890-892-894-
896-898-900-902-904-906-908-910-912-914-916-918-920-922-924-
926-928-930-932-934-936-938-940-942-944-946-948-950-952-954-
956-958-960-962]
[873-874-876-878-880-882-884-886-888-890-892-894-896-898-
900-902-904-906-908-910-912-914-916-918-920-922-924-926-928-
930-932-934-936-938-940-942-944-945-947-949-951-952-954-956-
958]
[875-876-878-880-882-884-886-888-890-892-894-896-898-900-
902-904-906-908-910-912-914-916-918-920-922-924-926-928-929-
931-933-935-937-939-941-943-945-947-949-951-953-954-956]
[868-869-871-873-875-877-879-881-883-885-887-889-890-892-
894-896-898-899-900-902-904-906-908-910-912-914-915-916-918-
919-921-922-923-925-927-928-930-932-934-936-937-939-941-943-
945-947-949-951-953-955-957-959-961-693]
[870-872-873-875-877-878-879-880-882-884-886-887-889-890-
892-893-895-896-897-899-901-903-905-906-907-908-909-911-912-
914-915-916-918-920-922-924-925-927-929-931-933-935-936-937-
939-940-941-943-945-946-948-949-950-951-953-955-957-959-961]
[866-868-870-872-873-875-877-878-880-881-882-884-885-886-
888-889-891-892-893-895-896-897-899-900-902-903-905-906-908-
909-911-913-914-915-917-918-919-921-922-924-926-928-930-932-
933-935-937-939-941-943-945-946-948-950-951-953-955-957-959-
961-963-965]
[872-874-876-877-879-881-883-884-886-888-890-892-894-896-
898-900-902-903-905-907-908-909-911-913-915-917-919-921-923-
925-926-928-930-932-934-936-938-940-941-943-945-947-949-950-
951-953-955-957-959]

Nivakag 5. E§untnpétnon Powv oto MeydAo Aiktuo

Otrwg O¢cixvel kal o [Mivakag 5, OAeG oI poéC €guTTnpETOUVTal, PE OEIpd

TTpoTEPAIOTNTAG Paciopévn o010  MéyeBOG TnNG atraitnong o€ Bandwidth. Ta

Hops Tou k&Be povotraTioUu Kupaivovtal JETagu 42 kal 61, TTepvWvVTag atrd 10

21 ka1 31% TwvV aKPWV TNG TOTTOAOYIaG, AvTioTOIXA.
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KATANOMH KINHXHY (YE XXEXH ME
IIAPEMBOAH)

H trpokeipyevn evoTnTa €XEI 0AvV OTOXO TNV €EETAON, YIA TIG iDIEC TOTTOAOYIES
TTOU avaAuBnKkav TTPONYOUNEVWG, TOU TPOTTOU PE TOV OTTOI0 KATAVEUOVTAI Ol
POEGC OXI WG TTPOG TO PEYEBOG TNG OEOUEUNEVNG XWPNTIKOTNTAG TOUG, aAAG WG

TTPOG TO TTANBOG TWV POWV TTOU TTEPVAVE ATTO KABE QKI).

AlIAO AIKTYO MIKPOY METEGOYZ

OT1rwg O¢gixvel kKal To Aldypouua 6, atmd 10 OTT0I0 £XOUV a@aIPEDEi 01 aKUEG

MNOEVIKAG XPNOIYOTIOINONG, N KATAVOWN TwV powyv AapBavel TIuEG atrd 1 €wg
2 poég avdé Ceut¢n. To OUVOAO TWV POWV TNG OUYKEKPINEVNG ONAdOG
utToAOYiCeTal OTIG 6 POEG, OI OTTOIEG YAl PE TIG DEUTEPEUOUCES PTAVOUV OTIG 8.
ATTO Ta 8 YOVOTTATIA TTPOG UTTOAOYIOHO, €va PEVEL «aTT £6W» AOYW aduvapiag
eupeong €QIKTAG diadpoung (-1), evw pia pory diakAadifeTal oe dUO TURUaATA
(+1). 'ETOl, TEANIKA, TO TAABOG TWV UTTOAOYIOPEVWY HOVOTTATILOV TTOU

dlaoyiCouv 1O diKTUO QTAVEI TO 8.

Demands

'1-2' '1-5' '1-6' '2-3' '2-5' '2-6' '2-9' '3-4' '4-9' '5-7' '6-8' '6-9' '7-8' '8-9'

Awaypappa 6. Katavopun Kivnong oto Mikpo Aiktuo
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MNa Ta 8 autd povotraria, AoItrov, 9 amod TG 14 XpNOIMOTTOIOUMEVEG AKMESG TNG
TOTTOAOYIQG XPNOIYOTIOIOUVTAl QOTTOKAEIOTIKA aTTO Mia POAIG por], evw Ta
uttohoima 5 poipdlovtal amd duo poéc. Q¢ amoTéAeopa, 10 64,3% NG
XPNOIMOTTOIOUUEVNG TOTTOAOYIAG €XEI KATTOKAEIOTIKOTNTO» VIO TIG POEG, EVW TO
uttodoimmo  35,7%  xpnoipotroieital  atmd  POANIG 2 BIGQOPETIKEG - POEG
TauToXPOvwG. Me aAAa Adyia, ol poég TTou dlapoipdlovtal Kova links €ivai,
OUYKPITIKA, AiYEG MEILUVOVTAG €TOI TNV TTAPEPPBOAN Twv dladpouwv aTTd &va,

METALU TOUG, TTAKETA.

2YMMETPIKO AIKTYO MET'AAQY METEGOYZ

2T0 MEYAAO, CUUMETPIKO OXETIKA OIiKTUO, TTOU TTOPOUCIACTNKE TTAPATTAVW, N
eiIkova eivalr Aiyo dia@opeTikr). O1 poég TTou aitoUvtal Xpriong Tou OIKTUOU
avépyxovral oTig 10, evw TOUTOXpOvVA OV €XOUV AAAEG QATTAITAOEIS ME

atmmoTéAeopa va uttohoyifovtal akpifwg 10 govoTraTia.

Ooov agopd oto Babud TmapepPoAlc Twv Oladpopwyv ava (eugelg, Ta

atroteAéopaTa £XOUV WG €ENG:

= 36 aKPEG xpnoigoTrolouvTal atrod 1 por) aTTOKAEIOTIKA
= 23 aKPEG XpnoIdoTTolouvTal aTro 2 POEG
» 14 akPEG XpnoidoTTolouvTal atro 3 PoEG
= 36 aKPEG XxpnoigoTTolouvTal atro 4 poEg
» 31 akPEG XpnothoTTolouvTal atmo 5 poég

» 11 akPEG XpnoidoTtTolouvTal atmo 6 poég
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Awaypappa 7. Katavopn Kivnong oto Meyalo Aiktuo

2X€00V Ol HIoEG aTrd TIG XPNOIMOTTOIOUUEVEG AKUEG dlaoXifovtal atmo 1 éwg 3
OIOQPOPETIKEG POEG KAl O UTTOAOITTEG aTTO 4 £€wg 6. OTTwg gival Aoyikd yia pogg
TTOU €XOUV POVOadIKA (euyn TTNYRG — TTPOOPICHUOU, Ta TTPWTA KAl Ta TEAEUTAIA
linkstng TOoTTOAOYIiOG  OlaoxifovTal - OTTOKAEIOTIKGE  ammd  €va  POVOTIATI.
MapdAAnAa, dedopévou OTI OI TTEPICOOTEPEG ATTO TIG OIAYWVIEG OAKUEG OE
XPNOoIhoTTolouvVTal atTd TOV aAyopIBuUo yia Adyoug eAaxioToTroinong Twv hops,
N Kivnon €MIKEVTPWVETAI OTA TTAOPAAANAQ HOVOTTATIA, OTTWG AUTA TTPOKUTITOUV
Kar atmd Tnv Eikéva 23. ‘ET0l, TTpo@avég yivetalr o1 o (eugeic autég Ba
UTTOOTNPICOUV TTEPIOCOTEPEG ATTO Mia POEC PE ATTOTEAEOUA TA VOUUEPQ TTOU

uTToAOYioTNKAV TTAPATTAVW va dIKaIoAoyouvTal.

TENOG, O OKPEG PE TR PEYOAUTEPN TTAPEUPBOAN cival JOAIG 11. Ze OUYKPION ME
TO OUVOAIKO QiKTUO TWV 197 aKpwvV Kal akOPa Kal JE TO XPNOIMOTTOIOUNEVO
OiKTUO TWV 151, TO TTOCOOTO AKUWY ME TN MEYIOTN TTAPEPBOAR @Tavel Ta 5,58
kal 7,28% avtiotoixa. Me dAAa Adyia, 10 5,58% Twv CUVOAIKWV OKUWYV TOU
OIKTUOU peTa@EPEl TO TTOAU 60% Twv EEXWPIOTWYV, NETALU TOUG, powyv. Tnv idia
wpa, 1o £va TPITo OAOKANPNG TNG ToTToAOYiIag €XEl TTAPEUPOAN OTIG (eUelg aTTd
MOAIG 1 pe 2 poég. ATTO TOUG TTAPATTAVW UTTOAOYIOHOUG, TTPOKUTITEI OTI OTO
oUvVOAO 0 BaBudc TapepPoAnS aTo SiKTUO €ival, YEVIKA, MIKPOG UE MEYIOTO TIG 6
PoEG ava Ceugn o€ TTOAU PIKPO TUAMG TOu OIKTUOU ME TIC TEAEUTAIEC va gival

QATTOUAKPUOUEVEG, YEWYPAPIKA, JETALU TOUG.
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YYMIIEPAYXMATA

2Ta TTponyouueva KeQAAQIa TTAPOUCIACTNKE TO BewpnTikG uTTORABPO TWV
MPLS OikTUwv KaBwg kal ol Trpodiaypa@és Toug oTo Tredio Tou Traffic
Engineering. Egetdotnke o TpOTTOG AciToupyiag Twv OIKTUWV. QUTWY, - EVW
avoAuBnkav evOEAEXWC OI QTTAITACEIC TTOU MTTOPOUV 1)/ Kal TTPETTEL va
TTAnpouvTal KAtd Tn OpOohoAdynon TwWV Powv JIOPECOU EVOG OTTOIOUDBNTIOTE
MPLS Topéa. Ev oOuvexeia, TTepPIypAPNKE O OTOXOG TOU TTPOKEIUEVOU
EPEUVNTIKOU €PYyOU, O OTIOIOG EYKEITAI OTO OXEDQIOOPO KAl TNV KATAOKEUN
aAyopiBuou o otroiog Ba KaTavéuel Toug TTOPOUG Kal TNV Kivnon o MPLS
OiKTUO PE TPOTTO TETOIO WOTE va emTuyXaveral n Méyiotn AiEAsuon TnpwvTag

TIG TTpOdIaypaés Tou MPLS — TE.

MapdAAnAa, e¢eTdoTnkav dIGYOPOI UTTAPXOVTES AAYOPIBUOI OI OTTOoIOI ETTIAUOUV
10 MaxFlow TTpoBAnua BeATiIoTOTTOINONG UTTOAOYICOVTOG TO UEYIOTO QOPTIO TO
OTTOI0 PTTOPEl va dlaoxioel €va BIKTUO HETAPOPAS. ATTO TOUG avapePBEVTEG,
EexwpioTnKe WG KAAUTEPOG O aAyoplBuog Tou Dinic, Ta BrpATa TOU OTTOIOU

atmmoTéAeoav TTNyn €utrveuong yia Tov TiReD aAyopibuo.

O TiReD aAy6piBuog, 61w 1fdn TovioTnKE, £XEI 0V OTOXO TN MEYIOTOTTOINON
TNG Kivnong oTto OiKTUOo, ME TPOTTO TETOIO WOTE N Kivnon Kal ol TTOpol va
KatavépovTal BEATIOTA evwy TTAPAAANAQ va TTAnpouvTal o aTTaITACEIS KAl Ol
TTpodiaypagég TTou elonxdnkav oto MPLS — TE. 'Exel oxedlaoTei €101 WOTE N
onuacia tTou dideTal o€ KABE éva TUAPa Tou TEAIKOU OoTOXOU va gival TO idlo

MEYAAN Kail va hn QIVETQI TTPOTINON O€ KATTOIO OTTO TA TPIA QUTA TUAUATA.

Mo ouykekpipéva, OTTWG @Avnke Kal atrd 1o MéuTTo KepdAaio, o1 TPEIG UTTo-
oTOXO! €ival AppnKTa ouvdedeUEVOL. 2TO TTPWTO OTAdIO TOUu aAyopiBuou, ol
poé¢ Tagivououvtal Bacel Emmédou MpotepaidTNTAG, TEANIKAG ATTAITOUMEVNG
XwpnTikOTATOG KOl amaitjoewv MPLS — TE. Q¢ atmrotéAeopa, TTapEXETAl N
eyyunon OTI Ol TTPWTEG POEC TTou dUvATAI VO TUXOUV EEUTTNPETNONG, Eival QUTEG
TTou €xouv Tn Meyiotn TmpotepaidtnTa oTov MPLS Topéa, Tn MEYIOTN
ATTAITOUMEVN XWPENTIKOTNTA KAl TIG TIEPIOOOTEPEG KAl TNO  AVEAACTIKEG

ATTAITAOEIS AKYWV Kal d1adpopwyv. Me aAAa Adyia, €€eTACOVTAl TTPWTA EKEIVEG
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Ol aTraITAoEIS o1 oTroie¢ Ba auffjoouv 600 TO OUVATOV TTEPICOOTEPO TN
O1éAeucn oTo OIKTUO Kal €xouv YeyaAuTepn onuacia, Bdoel Priority Level, atmmo
TIG UTTOAOITTEG. 'EXovTag, TTAPAAANAQ, PMEYAAUTEPEG QTTAITHOEIG DIAdPONWY Kal
OKMWV OTTO TIG AAANEG, TTAPEXETAI KAl IO OXETIKI €yyunon OTl 6a Bpouv
MovoTTdTi, TTap’ OTI TTePIOPICoUV TO €UPOG TwV duVATWY dIAdPOoUWY, aKPIBWGE
ereIdr) TN oTIyun TTou Ba TUXoUV eTTEEEPYATiag, TTIo TTPIV, dNAadr], aTTd AAAEG,
TO OIKTUO Ba €x€I HEYAAUTEPEG TTIOAVOTNTEG VO TTPOCPEPEI EAEUBEPQ Kal EyKupa
jovotraria Ta otroia 0 Ba €xouv NOn Oecopeutel a1mO AAAEG poéc. Ta
TTOPATTAVW, ATTO PIa KaBapd& OIKOVOUIKH OKOTTIA, onuaivouv 0TI Kal TO KEPOOG
Twv ISPs Ba au&daverar Adyw TnG augnuévng Xpnoluotroinong tou OIKTUOU
OAAG Kal n TEAIKA TTOIOTNTA TTOU Ba atroAauBdavouv ol xprioTeg Ba eival n

BEATIOTN, KOBWG Ba UTTAYETAI OTIG DIKEG TOUG TTPOTIMACEIS KAl ATTAITAOEIG.

‘ExovTag Tagivounoel TIg poég BACEl TG TTPOTEPAIOTATAG KAl TNG ATTAITOUUEVNG
XWPNTIKOTATAG Toug, 0 TiReD aAyoépiBuog Eekiva va TIG eTTECEPYAETAI KAl VO
uttoAoyiel éyKupa POVOTTATIA yia TNV KABe uia. ATTO Ta POVOTTATIO TTOU
avixvevovtal, €TMAEyeTal éva PBEATIOTO HE TPOTTO TETOIO WOTE VA YIVETAI N
KATOVOMI TOU QOPTIOU KAl TWV TTOPWY HE TOV KAAUTEPO duvATO TPOTTO EVW
TTapdAANAa va TTAnpouvTal OAEC O QTTAITHOEIC TNG PONG TTou €EETACETAI TN
oTIiyunA ekeivn. Me 1o ammAd Adyia, we «EyKupa» BewpouvTal Ta JOVOTTATIO Ta
oTroia duvartal va. ggutmnpeTnoouv TN ponl (4 TuAua auTtig) ammd Bfua
XWPENTIKOTATOG KOl TTPOCBIOPIOUEVWY. aKUWV/ Oladpopwy. Q¢ «BEATIOTON
BewpeiTal TO «EYKUPO» POVOTTATI TO OTToi0 Ba dlaTNPrOEl TO YOPTIO EVIOS TOU
OIKTUOU KaTaveUnuévo: Ba xpnoiyoTtroinoel, dnAadr), aKPEG TETOIEG Ol OTTOIES
eav  OpopoAoynBei  @optio X diapécou autwyv, Og Ba  UTTApPYXOUV
uTTOXPNOIYOTIOIoUPEVA 1) uTTEPYOPTWHEVA links oTo dikTuo.  Ta GAAN pia
@opd, Aoy, Tapartnpeital 0TI 0 aAyopIBUOG Kal KATA TNV €Upecn Twv
Oladpouwy, AauBdver utr’ Oyliv TOU KAl TOUG TPEIG UTTO-OTOXOUG TTOU
avapépbnkav : €€I00pPOTTE TO YOPTIO OTO OIKTUO, AUEAVEI TN XPNOIKOTIOINON

Kal TNeei TIg MPLS — TE aTTaITAOEIS TWV POWV.

O1 TTpooTTéBeleg TTOU eKTEAEI O aAYOPIOPOG yia va Bpel To BEATIOTO YOVOTIATI
yla pia pof | THAPA auTAg, €ival duo. Tnv TTpwTn @opd avixveuel va PBpPel
MOVOTTATI TO OTIOI0 VA UTTOPEI VO EGUTTNPETAOEI TO ATTAUITOUPEVO QOPTIO OTO

OUVOAO Tou, €V €AV ATTOTUXEI TEPVEI TO YOPTIO 0€ dUO TUANATA TETOIQ WOTE TO
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TTPWTO va dpouoAoynbei 0To KaAUTEPO OUVATO POVOTTATI VW TO OEUTEPO va
uttoAoyIoTel apydTepa PE TO id10 akpIBWS OKETITIKO. ‘ETol, akdun Kal av pia
por KataAngel va akoAoubrioel dvw Tng piag diadpoung (¢’ GO0V, PUOIKA, N
idla TO eMTPETTEN) O TTAPAAANAEG DIOOPOUEG UTTOKEIVTAI OTOUG idIOUG OTOXOUG
ME aAuUTOUG TTOU ava@EPBNKaV TTAPATTAVW, KATAVEUOVTAG ME 1I00PPOTIIA TO
@opTio, au&davovtag Tn OIEAEUCn Kal TNPEWVTAG TIG ATTAITACEIS TNG APXIKAS

pong.

Evdlagépov TTapoucialel n eloaywynl «dVAPNG» . 0ToV aAyopiBuo o oT1T0iog
MTTOpPEl VO  «BupdTal» TIG TTPONYyoUMEVEG aTToTUXiEG Tou. Otav, dnAadn,
avTIANeBei 611 yia dobcica TpIGda XwENTIKOTATAG, TIMYAS KAl TTPOOPICHOU Oev
UTTAPXEl €va  EYKUPO, XWPIKA, HOVOTTATI TO OTI0i0 va MTTOPEl va Tnv
UTTOOTNPIEEl, TNV ETTOMEVN QOPA TTou Ba €geTdoel pia amaitnon Pe Ta idla
XOPAKTNPIOTIKA Kal XweNTIKOTNTA UEYAAUTEPN 1 ion TnNG TTponyouuevng, Ba
eKTEAEDEl aTT €UBEiag To BEUTEPO KUKAO TTPOCTTABEIOG aveUPEONG UOVOTTATIOU.
‘ET01, amokTd £va €idog eu@uiag TTpocapuoloviag TIG OTTOQACEIS Kal T
Brpatd Tou avaloya HeE TNV TTANPo@opia TTou €Xel NOn OUAAEEEl aTTo
TTPONYOUMEVEG POEC KAl -~ OTTOQPEUYOVTAG VO  €KTEAECEI  avalnTrOEIS KOl

emeEepyaoieg ol oTToieg aiyoupa Ba kKaTaAn{ouv AKapTreG.

OTTwg @AvNKE Kal atro Ta ATTOTEAECPATA, O XPOVOG eKTEAEONG TOU aAyopiBuou
gival TTapa TTOAU PIKPOG. AKOUA Kal OTIC TTI0 OUOKOAEG TTEPITITWOEIS OTIG
OTTOIEG 01 POEG gival TTOAU PIKPEG Kal-Aiyeg evw n ToTToAoyia gival TEpACTIA KOl
KATaVEUNMEVN, O XPOVOG yia Tnv. OAoKANpwon OAou Tou aAyopiBuou dev
CETTEPVA TIG MUEPIKEG DEKADEG OEUTEPOAETITA. € OUYKpIon ME GAAoug offline
aAyopiBuoug (yia TTapadelypa, [2] ) ol OTToio £X0UV XPOVO EKTEAEONG MEXP! KAl
25 wpeg, PTropei Kaveig va Bewprioel 0TI akdua Kal Ta 123 SeuTEPOAETTITA TTOU
xpeldotnke o TiReD yia Tnv 1Mo dUCKOAN TOTToAOYia aTTd OAEG OTIG OTTOIES

EQPAPHUOOTNKE, Eival OXEOOV INOAUIVOG.

MapAdAANAQ Kal N KATAVOUH TTOU ETTITUYXAVEI O TTPOKEINEVOS aAyOpIBUOG, ival
EVTUTTWOIOKK JE TOV JECO OPO TOU TTOOOOTOU dEOUEUONG OAWV TWV AKHWVY VO
KupaiveTal ota 40 — 60 %. Puoikd, uTTAPXOUV OKPEG Ol OTTOIEG Eival 1) EVTEAWG
Mn Xpnoigotroloupeveg R dlaoxidovral ammd PeYaAUTEPO QOPTIO O OXEON ME

aMeg. QoTtéoo, €dv avahoyioTei Kaveic OTI n  KATAvou TOU  @QOPTiou
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TTEPIOPICETAl  ONUAVTIKA aTTO TIG iDIEG TIG OATTAITACEIS Ol OTI0IEG £XOUV
OIOQOPETIKA  Ceuyn TINYNG — TIPOOPIOHUOU, OIAQOPETIKEG  ATTAITACEIG
XWPNTIKOTATAG, aiTouvtal Katw@Aiou hops A atmraitouv tnv didoxion i TNV
ATTOPUYH AKJWY Kal OAOKANPpwvY Oladpouwy, @avepo Yiveralr To . OTI Oev
MTTOpOUV OAEC oI aKPEG TNG idlag ToTToAoyiag va €xouv akpIBwg To idlo
TTO000TO deOPEUPEVNG XWPNTIKOTATAG. Agiel, OJWG, va TOVIOTE OTI Ot €va
OiKTUO pE POANIG pia TTnyr, évav TTPOOPICPO, POEG iCOU (POPTIOU KAl KAMIOG
amaitnong kalr he karavepnuéva links otnv TOoTToAoyia, n KATAVOWr) TOu
QOPTIOU TTPAYUATOTTOIEITAI OVTWG OXEOOV €LICOPPOTTNHEVA XWPIC UTTEP Kal

UTTO — QOPTWHEVES CEUEEIC.

NAauBdavovtag Tavta utr oIV TIG dn €CuTTnPETNOEioEC POEC, 0O AAYOPIBUOG e
OTOXO VO KOATQVEIPEI TO QOPTIO Kal TNV Kivnon €mMTUYXAvel Kal To Minimum
Interference OTTWG AUTO OpPICTNKE aTTO Toug aAyopiBuoug MIRA[12] Kai
DORA[15]. Acdopévou OTI o€ KABE KUKAO TTpoaTTabei va Ppel HOVOTTATIA HE
OKUEG TETOIEG Ol OTTOIEG va €XOUV TO €AAXIOTO TTO000TO OEOMPEUONS ATTo
TTPONYOUMEVEG POEG, KATAARYEI OTO VO KATAVEUEI OXI HOVO TO QOPTIO AuTO KOO’
auTto, aAAG Kal va €EI00PPOTTEI TIG iBIEC TIG POEC £TOI WWOTE VA PNV UTTAPXOUV
OKMEG Ol OTTOIEG VO XPNOIYOTIOIOUVTAl aTTO TTAPA TTOAU Aiyeg 1) TTAPA TTOAAEG
poég Tautoxpova. OTTwg @avnke kal ato ‘EkTo Ke@daAaio, akdun Kal o€ pia
TOoTTOAOYia  pEYAAOU  PUAKOUG, TTOAWV okhwyv Kal 10 powv o1 0Troieg
KateubuvovTtal TTPOG TNV idIa  YEWYPOWIKN TTEPIOX), MOAIG 6 aTrd auTég
eMavifovTtal va xpnoigotroiouv Ta idia links Ta otroia, TTapaAAnAa, BpiokovTal

MaKpIA To £va atrd To AAAO.
Zuvoyifovtag 6Aa Ta TTapaTravw, o aAyopiBuog TiReD

= MeyioToTrolei Tn d1EAEUOn QOPTIOU OTO BIKTUO

= [Anpoi Tig amraitioelg Tou MPLS — TE yevikoTEpQ

» [1Anpoi Toug TeplopiIocpoug MPLS — TE Twv powv

= KaTavepEl TO QOPTIO KAl TNV Kivnaon 1I00ppoTTUEVA OTNV TOTTOAOYIa

= KaTaveuEl TIC POEC I00PPOTTANEVA OTIGC AKUEG

= ‘Exel eAdx10TO ammaITOUPEVO XPOVO €KTEAEONG (TNG TAENG TWV MEPIKWV

OEUTEPOAETTTWIV)
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Puoikd, TO yeyovog 0TI 0 aAyOpIBUOG TTPOCTTOBEl, DOBEVTWV TWV TTEPIOPICHWY,
va PEYIOTOTTOINCEI TN OIEAEUCN TOU POPTIOU OTO JIKTUO, O€ KAMIQ TTEPITITWON
autd Oe onuaivel OAeg o1 PoEG, armrapaitnta, Ba Ppouv pPovoTIar kKal Ba
e€uttnPeTNBOUV. Oa €EutTNPETNBOUV 600 TO dUVATOV TTEPICTOTEPES, WOTOCO
UTTAPXOUV TTIBaVOTNTEG KATTOIEG ATTO AUTEG va attoppipBouv. O Adyol, av Kai
TTPOYAVEIG, TTOPOUV (KAl @AavnKav aTrod TIG BOKIYES TOU aAyopiBuou) va givai ol

€§NG:

» H amairoluevn XwpnTikOTNTa TWV powv utrepPaivel Tnv MaxFlow Tiun
TOU OIKTUOU

» Mia por) utmopei va «1Tepdacl» oTo dikTUo, aTTd dTown PeyEBoug, aAAd
Oev  UTTAPXEl €EYKUPO MOVOTIATI TO OTIOI0O VO -~ UTTOKEITAI  OTOUG
TTEPIOPICPOUG TNG (TTpooTréAacn/ atmo@uyn links, UTTApPXEl TTPWTEUOV
MOVOTTATI aAAG Ox1 OeuTepelov, MIKPA TIMp MaxCuts, povoTTaTia
MakpUTEPa atrd MaxHops kal ouTw Kab’ €€ng)

= To SikTuo €X€l EAEUBEPA POVOTTATIO ETTAPKOUC XWPENTIKOTNTAS OAAG OXI
yla T0 EUYOG TTNYAG — TTPOOPICUOU TTOU QUTEL PIa PO

=  O1 TepIOPIOUOI TNG PONAG eival AKupol yia Tn doBeica TotToAoyia (TT.X.
aitnon uttoxpewTtikAg TpooTréAaong link 1o otroio dev ptTopei va
KataAn&el oTov TTPooPIoUO TNG TTNYNAG, TINA MaxHops pikpdTtepn atmod 1o
MAKOG TOU MIKPOTEPOU MOVOTTATIOU OTO OIKTUO YIO TN OUYKEKPIPEVN

TTNYN KAl TTPOOPICHO K.0.K.)

ATé Ta TTAPATTAVW MTTOPEI va TTPOKUWEl TO CUMTTEPACHA OTI Oev UTTAPXEI
gyyunon 611 6Ao TO aTTAITOUPEVO POPTIo Ba eEuUTTNPETNBEI Kal Ba dlaoyxioel To
OikTuo. QoT600, UTTOPEI va XapaKTnEIoTeEi oxedoOv oiyoupo OTI 0 aAyopiBuog
Ba OpouoAoynoer 600 - TO OUVATOV  TTEPIOCOTEPO  QOPTio  divovTag
TTPOTEPAIOTATA - OTIG POEC Ol OTToiEG Ba augrioouv Tn XPENOIYOTTIoINoNn TOU

OIKTUOU KaBWG Kal Ta KEPON (OIKOVOMIKA, QOS K.0.K.) XpnoTwv Kai ISPs.
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IIEPAITEPQ MEAETH

‘Eva a1mdé 1o Bacikétepa pelovekTApaTa Tou TiReD, To OTToio aTToTEAED Kal
oxXedIaoTIKA TTapadoxrn, €ivalr OTI €xel oxedlaoTei yia epapuoyny ot dikTua
TOTTOAOYIOG KATEUBUVOUEVOU YPAQPOU PE POVADIKEG OKPES. AUTO onuaivel OTI
eav oe éva 000év dikTuo uTtdpxel n akun [A — B] 161E dev UTAPXEL N
avtiotpo@ry TnG [B — A]. lNpogavwg KAt TETOIO, O€ TTPAYUATIKG TTAdioIq
EQPAPUOYNG, OTTAvia ouvavtatal. ATTO Ta TTAPATTAVW TTPOKUTITEl OTI O€ £va

QIKTUO OTO OTTOIO UTTAPXEI JOVOTTATI ATTO TNV TTNY A OTOV TTPOOPICHO Z:

= Mia por] n otoia €mBupuei va diacyioel To dikTUO aTTO TO0 A OTO Z
MTTOPEI va BPel HOVOTTATI

= Mia por} n otoia emBuuei va diacyioel 10 dikTuo aTmd T0 Z OTO A
MTTOPEI Va Bpel povoTrdTi, aAAG udvo £Av auTo UTTOAOYIOTEI avTioTpoa,

onAadn até 1o A 010 Z.

To deUTePO oneio, Ye dIAPOPETIKA Adyia, anpaivel 0TI KABE YOVOTTATI TO OTTOI0
EKKIVEI Q1O pia TTYR Kol TeppaTifel 0 pia  katapdéBpa utTopei  va
TTPOOTTEAQOTEI KAl avaTroda, aAAG povo €dv uttoAoyioTei pe Tn dobeica @opd
TNG TotTroAoyiag. O utroAoyioudg atreuBeiag diadpoung ard 1o Z Tpog 10 A o€

Ba dwael yovoTrdTi Kai n pory &€ Ba eCuTTnNEETNOEI.

MapdAAnAQ, pe KOTEUBUVOUEVEG OKMPEG, ATTO T TTAPATTAVW TTPOKUTITEN OTI éva
MOVOTTATI dev UTTOPED va dlacyidel pia Ceugn atrd TNV avtioTpo®n Gopd TNnG.
‘Etol, TNV wpa Tou 0¢ é€va MH kateuBuvouevo ypdagnua 1O TTARBOG
povoTtraTiwy atd 1o A 010 Z PTTopEi va gival X, 0TO avTioToIXo KaTteuBuvouevo
Ba civar Y, pe Y < X. Kari 1€1010 PtTOpEi va onuaivel TRV amoppiyn powv ol
OTT0iEC OEV UTTOPOUV va BPOUV PJOVOTTATI, KaB' OTI Ta €QIKTG YovoTTdTia Ba gival
Alyétepa atmé Ta TTPAYUATIKA (0€ €éva PN KOATEUBUVOUEVO ypd@nua), evw
TTaPAAANAQ pTTOPEl va 0dNYyACEl 0€ UTTOXPNOIKUOTTOINCT OKUWY Ol OTTOIEG EVW)
MTTOPOUV Va XpnaolyoTroinBouv oe kKatola diadpoun YE avtioTpo@n gopd, GTO
Kateubuvopevo ypdaenua dev BewpouvTal EYKUPES OTTOTE Kal Ogv ETTIAEyovTal.
ATTé T TTAPATTAVW TIPOKUTITEI TO CUMPTTEpaAcHa OTI TTap’ om o TiReD

oxedIAoTNKE yIa KATEUBUVOPEVA ypagriuaTa, €dv avaoxedlaoTei wWOTE va
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A€IToUpyEi Kal o€ un KateuBuvopeva, Ba PYTTopouoE, EVOEXOUEVWG, Va TTAPAEEI
OKOMO KAAUTEPA QTTOTEAEOPATA TOOO ATTIO TNV ATTOWN TNG KOTAVOMNG TOU
QOPTIOU Kal TNG XPNOIYOTToinoNG Tou OIKTUoOU, 600 Kal atrd TN OKOTTIA TNG

EVOEXOUEVNG EEUTTNPETNONG TTOAU TTEPICOOTEPWY POWV.

MapdAAnAa, 101aiTepo evOla@épov Ba €ixe n METPNON TWV ATTOTEAEOUATWV
XPNOILOTTOIWVTAG TIG DEUTEPEUOUOEG BIAdPOUES yIa TNV €EUTTNPETNON GAAWY
powyv. MNa TTapddeiypa, €0Tw pia pory F1 n otoia emBuuei Tn didoyion €vog
OIKTUOU atd TNV TNy A oTov TTpoopiopo Z ota 10Mbps kal aiteital Kai
eQedpIkNG dladpoung. Edv eguttnpetnBei 10T B KOTAOKEUOOTOUV Kal Ba
deopeuTouv yia TNV F1 duo povoTtratia atmd 1o A 010 Z. 'EoTw, Twea, 611 AAAn
Mia porj xaunAoTepou Priority Level {ntd didoxion Tou OIKTUOU aTrd T0 A 0TO Z,
XWpig e@edpikh diadpoun kal ota 10Mbps ettiong (f AiyoTtepa). Kai €0Tw 0TI TO
QiKTUO, TN OTIYUA TOU UTTOAOYIOUOU TNG dIadpouNnG TG F2 dev KaTtapEépvel va
UTTOAOYIOE€I KATTOIO POVOTTATI KAl TNV OTTOPPITITEL. [1pOKUTTTEI, AOITTOV, OTI EVW
UTTAPXEl €éva OEOMEUMEVO, OAAG  OTNV - TTPAYMATIKOTNTA aTmd  AtTown
XWPNTIKOTATAG €AeUBepO, povotraTi amd 10 A oto Z ota 10Mbps, ©O¢
XpnoigoTroigital. @a xpnoipotroinBei dtav kar €dv n TTpwTeUouca OIadPON
NG F1 Tapouacidoel KatTolo TTPORANPa; oTrdTe N TEAeuTaia Ba akoAouBroel at’

€uBeiag To eQedPIKO AUTO POVOTTATI.

@a utopouce, waoTdoO, yia To didotnua Tmou N F1 dev avTigeTwTrilel KATTOI0
TTPORANPA, TO EQPEDPIKO TNG POVOTTIATI VO XPENOIUOTIOIEITAlI «OAVEIKA» ATTO TNV
F2. 'ETtol, Ba gEuttnpeTouvTav Kal ol dUo poég, augdvovrtag katd 10Mbps 1n
xpnoigotroinon Tou OIkTUou. Otav n F1 avriyetwtmioel TPORAnua, ovrag
uwnAoTEPOU EMITTEDOU TTPOTEQAIOTNTAG ATTO TNV F2, Ba TTdpel uttd TNV KaToXA
NG TNV €QESPIKN dradpoun, agAvovtag TNV F2 «atr £Ewx». Aedopévou, dPwG,
OTI TO va axpnOTEUTEI OAOKANPO POVOTTATI WOTE VO XPEIAOTEI TO EPEDPIKO, OEV
gival 6,1 Mo meavo, Katd PeydAn moOavoTnTa Kal ol dUo poEg Ba PtTopoucav
VO TUYXAVOUV £EUTTNPETNONG. APYOTEPQ, £XOVTOG MEiVEl EKTOG BIKTUOU, N F2 Ba
MTTOpOUCE va «EavadaveloTei» TO €PeSPIKO POVOTTATI KATTOIAG GAANG PORG N
otroia dlaoyiCel To dikTuo atmd T0 A OTO Z PE ETTAPKN XWPENTIKOTATA KAl €XEI

uwnAGTEPO PBaBud TTpoTepaidTNTAG OTTO TNV F2.
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‘ET01, apKETO evOIAPEPOV WG TTEPAITEPW MEAETN, Ba €ixe n TPOTTOTTOINCN TOU
aAyopiBuou pe TPOTTO TETOIO WWOTE VA KATAVEUEI KAl TA EQPEDOPIKA JOVOTTATIA OF
POEG Ol OTTOIEG OEV £TUXAV €EUTTNPETNONG KOBWG KAl N PEAETN TWV TEAIKWV
amoTeAeOPATWY O€  OUYKpIOn HE Ta TpExovra, TOCO  atmd . dmoyn
Xpnoigotroinong Tou SIKTUOU Kal €EUTTNPETNONG TWV POWYV, OCO KAl atrd TN

OoKOTTI& TNG TEAIKNG TTOAUTTAOKOTNTAG TOU aAyopiBuou.

EmmpdoBeTa, emTe1dr) KATd TNV €KTTOVNON TNG £pyadiag 6Ao To Implementation
TOU aAyopiBuou €yive o yhAwooa C, pe To traffic profile (SLAS) va BpiokeTal
Kataxwpnuévo oe pia Bdon dedopévwy, OKOTIUN Bewpeital n OOKIUAR TOU
TiReD o¢ éva TpayuaTiké ouoTnua () €é0Tw o€ KATToI0 Simulator) yia va @avei
TTAOV UTTO TTIO TTPAYMATIKEG CUVBNKES N AsIToupyia TOu Kal TO KATA TTO00 KATI

Xpeladetal d10pbwan, eTTavaoXedIaouo Kal Ta AOITTA.

TéNog, ere1dn atmd mapadoxn, o ahyopiBuog utrayetal otoug Offline, onuaivel
OTI autd TTOU KAvel, TEAIKA, gival To Network Planning. ‘Exel, oav dedopéva
€10000U, OAa Ta SLAS OUYKEVTPWTIKA Kal Ta KOTavEUEl o€ éva OIKTUO OTO
oTroio akdépa Oev uTTApxel Kivnon. ApkeTd evdla@épov, Aoittov, Ba eixe n
dokiur) Tou o€ €va Adn operational dikTuo OTO oTToI0 €KTOG ATTO Ta OBEVTA
SLAS TTpooTiOevTal CUVEXEID VEQ. 2TO ONUEIO aUTO, EVOEXONEVWG Va TTPETTEI va
YiVEl KATTOIOG £TTAVAOXEDIAOUOG YIO TNV KOTAVOUA TWV VEWV powv A yia TNV
TTponyouuevn (katd 1o Network Planning) déoueucn JOVOTTATIWV VIO TIC POEG
TTOU UTTOPEI va eP@avIOTOUV apyoTEPA, TTPOKEINEVOU O OaAyOpIOUOG va pnv
KATAVEUEI HOVO TIG TTPOCUM@WVNPEVESG poEg KaTtad Tnv Offline Asitoupyia Tou
OIKTUOU, 0AAG va UTTOPEI va eI0dyel Kal vEa Kivnon o€ €va dikTUO TO OTToio rdn

AEITOUpVEI.
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NMAPAPTHMA |

NETWORK.H

#pragma once

#include <iostream>
#include <list>

#include "RoutedDemands.h"
#include "Demands.h"
#include "Memo.h"

#include "tree.hh"

class Network

{

private:
struct Link;

typedef struct Node{
int Name;
int Height;
bool Visited;
struct Node *Next;
struct Link *Adj;
int LinkNumber;

} Node;

struct Link{
int Capacity;
int Flow;
struct Node *Next;
struct Link *Adj;
RoutedDemands routedDemands;
}i

Node *NodeHead;
Link *LinkHead;

int NodesCount;
int Type;

char *Server;

char *User;

char *Password;
char *DatabaseName;

char *NetworkID;
char *DemandsListID;

bool DebugMode;
std::string IntToStr (int AnInt);

//Network Creation

bool CreateNetwork():;

int AddNode (int Name) ;

int AddLink (int From, int To, int Capacity, int Flow);

Network ResidualNetwork (int Type, Demands::Demand *CurrentDemand) ;
void DeletelLinks (Link **head );

void DeleteNetwork (Node **head);

Networké& operator =(Network const& CopiedNetwork);
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//Demands serving

void ServeDemand (Demands: :Demand *DemandToServe) ;
volid TrashDemand (Demands: :Demand *DemandToTrash) ;
void SaveServedDemands () ;

//Path extraction

bool GetPaths (tree<int> Paths, tree<int>::iterator Sourcelterator, int
Source, int Destination);

void AddDemandPath (std::1list<int> DemandPath, int DemandID, int

Cut, int Bandwidth, bool IsPrimary) ;

int FeasiblePath(std::1list<int>&Path, Demands::Demand *CurrentDemand,
int Source, int Destination) ;

int FeasiblePathBandwidth (std::1ist<int> APath, Demands: :Demand
*CurrentDemand, int *ThisMaxHops, int *ThisLevellID, int
*ThisMaxBand) ;

//Entity Existance Checks

bool NodeExists (int Name) ;

bool LinkExists (int From, int To);

bool NeighboursExist (std::1list<int> Path, int FromNode, int ToNode) ;

//Useful Functions

void SetToUnvisited() ;

bool LayerNetwork (int Source, int Destination);
int LinkCapacity(int From, int To);

int ResidualCapacity(int From, int To);

void SetPathValue (Memo& OldValue, Memo NewValue) ;
void SaveAlgorithmCalculation (bool Beginning) ;

//Displays
void DisplayNetwork (int what);
void DisplayDemandsResults () ;

public:
Network (void) ;
virtual ~Network (void) ;
void SetConnectionParams (char *server, char *user,
char *password, char *database);
int SetTopology(char *demandsSetID) ;
void SetCalculationMode (bool debugMode) ;
void TrafficResouceDistributionAlgorithm() ;
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#pragma once
class Demands

{

private:
char
char
char
char
char

public:

DEMANDS.H

*Server;

*User;

*Password;
*DatabaseName;
*DemandsListID;

struct Demand{

}i

int ID;

int Source;

int Destination;

int PriorityLevel;

int Bandwidth;

int MaxHops;

int HopsDeviation;

int MaxCuts;

bool NeedsBackup;

bool HasLinksRequirements;
int MaxLinkRequirementsLevel;
bool ExtSubResCalculated;
bool CalculateExtSubRes;
bool IsBackup;

int Cut;

Demand *Next;

Demand *DemandHead;

Demands (void) ;
virtual ~Demands (void);

bool
void
void
void
bool
void

CreateDemands () ;

Append (Demand *NewDemand) ;

Push (Demand *NewDemand) ;

DisplayDemands () ;

Empty.() ;

Delete (int DemandID, bool IsBackup, bool All);

int Count ();

Demand *GetFirst () ;

vold DeleteDemands (Demand **head) ;

void SetConnectionParams (char *server, char *user,

char *password, char *database);

void SetDemandsList (char *demandsListID);
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ROUTEDDEMANDS.H

#pragma once
class RoutedDemands

{
public:

struct RoutedDemand/{
int ID;
int Cut;
int Bandwidth;
bool IsPrimary;
RoutedDemand *Next;
bi

RoutedDemand *RoutedDemandHead;

RoutedDemands (void) ;

virtual ~RoutedDemands (void) ;
void Append(int NewID, int Cut,

int GetBandwidth (int ID);
void Delete (int ID);

bool ExistsPrimaryDemand (int DemandID) ;

int NewBandwidth, bool

void DeleteRoutedDemands (RoutedDemand **head);

void Display () ;

void SaveServed (int LinkFrom,

int LinkTo,

char *Server,

*User,char *Password, char *DatabaseName) ;

MEMO.H

#pragma once

class Memo
{
public:
struct MemoRecord{
int . Source;
int Destination;
int Bandwidth;
MemoRecord *Next;

}r

MemoRecord *MemoRecordHead;
Memo (void) ;
Memo (const Memoé& NewMemo) ;

Memoé& operator =(Memo const& CopiedMemo) ;
bool Exists (int Source, int Destination,
void Update (int Source, int Destination,
void Append (int Source, int Destination,

void Push(int VisitedNode) ;
void Insert (int VisitedNode,

int GetVisitedNode (int Index);

void DeleteTail();
int Count () ;

bool ExistNeighbours (int From,

bool Empty();

void DeleteMemo (MemoRecord **head);

virtual ~Memo (void) ;

}i

int Index);
void Display () ;

int Bandwidth) ;
int Bandwidth) ;
int Bandwidth) ;

IsPrimary);
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TRAFFICRESOUCEDISTRIBUTIONALGORITHM()
//NETWORK.C

void Network::TrafficResouceDistributionAlgorithm() {
printf ("Creating Network...\n");
if (CreateNetwork()) {
DisplayNetwork (0) ;

//First, set the parameters of the current calculation
DemandsList.SetDemandsList (DemandsListID) ;
DemandsList.SetConnectionParams (Server, User, Password, DatabaseName) ;

//Create the demands list
printf ("Creating Demands List...\n");
if (DemandsList.CreateDemands ()) {
if (DebugMode)
DemandsList.DisplayDemands () ;
SaveAlgorithmCalculation (true) ;

//Check whether the demands list is empty
while (!DemandsList.Empty()) {
Demands: :Demand *CurrentDemand = DemandsList.GetFirst();
printf (" Running algorithm for Demand <%d>\n", CurrentDemand->ID);

if (CurrentDemand->ExtSubResCalculated) {

printf (" Already calculated the Extended SubResidual Network
for <%d>\n", CurrentDemand->ID) ;
printf (" Trashing Demand <%d> ...\n", CurrentDemand->ID);

TrashDemand (CurrentDemand) ;
}
else{
bool BuildExtSubRes =
(
(NetworkMemo .Exists (CurrentDemand->Source,
CurrentDemand=>Destination,
CurrentDemand->Bandwidth) )
[
(CurrentDemand->CalculateExtSubRes)
)
Network *Residual;
if (BuildExtSubRes) {
Residual = new Network (ResidualNetwork (EXTENDED SUBRESIDUAL,

CurrentDemand) ) ;

CurrentDemand->ExtSubResCalculated = true;
printf (" - Building an Extended SubResidual Network...\n");
(*Residual) .DisplayNetwork (1) ;
(*Residual) .DisplayNetwork (2) ;

}

elsef
Residual = new Network (ResidualNetwork (SUBRESIDUAL,

CurrentDemand) ) ;

printf (" Building SubResidual Network...\n");

(*Residual) .DisplayNetwork (1) ;
(*Residual) .DisplayNetwork (2) ;
}

//If you didn't manage to layer the residual,
then you failed to reach Destination
//Thus, either get out and calculate the extended subresidual,
or trash the demand
bool Residuallayered =
(*Residual) .LayerNetwork (CurrentDemand->Source,
CurrentDemand->Destination);

188



if (Residuallayered) {
printf (" Layered the Residual Network.\n");

(*Residual) .SetConnectionParams (this->Server, this->User,
this->Password, this->DatabaseName) ;

(*Residual) .DisplayNetwork (3) ;

Memo Path;

Memo *PathPtr;

PathPtr = &Path;

std::1list<int> FoundPath;

int Bandwidth =
(*Residual) .FeasiblePath (FoundPath,
CurrentDemand,
CurrentDemand->Source,
CurrentDemand->Destination) ;

//If the capacity is adequate, serve the demand
if (Bandwidth >= CurrentDemand->Bandwidth) {

AddDemandPath (FoundPath, CurrentDemand->ID,
CurrentDemand->Cut, CurrentDemand->Bandwidth,
!CurrentDemand->IsBackup) ;

printf (" Demand <%d> is served. \n", CurrentDemand->ID);

ServeDemand (CurrentDemand) ;

}

//1f there is a path but the capacity is inadequate
else i1f (Bandwidth > 0){
printf (" Found a path with inadequate capacity.
Updating Memo...\n");

NetworkMemo.Update (CurrentDemand->Source,
CurrentDemand->Destination, Bandwidth);

//See if you can cut the demand.
If you cannot cut it anymore, trash it
if (CurrentDemand->Cut == CurrentDemand->MaxCuts) {
printf (" . Cannot cut Demand <%d>. Trashing it... \n",
CurrentDemand->1ID) ;

TrashDemand (CurrentDemand) ;
}
//If you can-cut it, then cut it

else{
printf (" - Cutting Demand <%d>... \n", CurrentDemand->ID);

Demands: : Demand *FirstDemandCut;

FirstDemandCut = new Demands: :Demand (*CurrentDemand) ;
Demands: :Demand *SecondDemandCut;

SecondDemandCut = new Demands: :Demand (*CurrentDemand) ;
FirstDemandCut->Bandwidth = Bandwidth;

AddDemandPath (FoundPath, FirstDemandCut->ID,
FirstDemandCut->Cut, Bandwidth,
!FirstDemandCut->IsBackup) ;

print e A bandwidth of %d units is served for Demand <%$d>.

\n", Bandwidth, CurrentDemand->ID) ;

ServeDemand (FirstDemandCut) ;
SecondDemandCut->Cut = SecondDemandCut->Cut + 1;
SecondDemandCut->Bandwidth =
SecondDemandCut->Bandwidth - Bandwidth;
SecondDemandCut->ExtSubResCalculated = false;

DemandsList.Push (SecondDemandCut) ;

}
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//If there is no path with positive capacity

else{
printf (" Failed to find any kind of path.\n");
if (CurrentDemand->ExtSubResCalculated) {
printf (" Already calculated the Extended SubResidual
Network for Demand <%d>.\n", CurrentDemand->ID);
printf (" Trashing Demand <%d>.\n", CurrentDemand->ID);
TrashDemand (CurrentDemand) ;
}
else{
printf (" Leaving the Demand on the top of the list. \n");
printf (" Will Calculate the Extended SubResidual
Network in the next round. \n");
CurrentDemand->CalculateExtSubRes = true;

}
}//end if there is no path with positive capacity

}

else{

printf (" Failed to Layer the Residual Network.\n");

if ((*Residual) .Type == EXTENDED -SUBRESIDUAL) {
printf (" Trashing Demand <%d>.\n", CurrentDemand->ID) ;

TrashDemand (CurrentDemand) ;

}

elsef
printf (" Leaving the Demand on the top of the list. \n");
printf (" Will Calculate the Extended SubResidual Network

in the next round. \n");

CurrentDemand->CalculateExtSubRes = true;

}
}
}//end while there are Demands in the DemandsList

SaveAlgorithmCalculation (false);

}//end if DemandsList was created
}//end if Network was created
DisplayNetwork (5) ;
return;
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CREATEDEMANDS() //DEMANDS.C

bool Demands: :CreateDemands () {
try{
MYSQL *Connection;
MYSQL RES *ResultSet;
MYSQL ROW Row;

Connection = mysqgl init (NULL);

//Connect to the Database

if (!mysgl real connect (Connection, Server, User, Password,

DatabaseName, 0, NULL, 0)) {
fprintf (stderr, " ***%s\n", mysgl error (Connection));
return false;

}

//Now let's get all the information we need for the Demands

//The demands will be ordered by
// Priority Level, bandwidth (*2 if needs backup),

// LinkRequirements length, MaxHops, HopsDeviation-and MaxCuts

char Query[1500];
char *SelectDemands =

"select "

" D.DemandID, "

" D.Source, "

" D.Destination, "

" D.PriorityLevel, "

" D.Bandwidth, "

" ifnull (D.MaxHops, =1), "

ifnull (D.HopDeviation, 0), M

" ifnull (D.NeedsBackup, 0), 4y

" ifnull "

" ( n

" ( select distinct 1 "

from LinkRequirements L "

" where L.DemandID = D.DemandID) "
" , 0) HasLinksRequirements, '

" ifnull "

" ( n

" (-select max (LevellID) "

from LinkRequirements L "

" where L.DemandID = D.DemandID) "
" ; 0) MaxLinkRequirementsLevel, "

" ifnull (D.MaxCuts, 3) MaxCuts "

"from Demands D B

"where D.DemandsListID.= 'S%s' "

"order by ki

" DaPri:grityleyel, "X

N D.Bandwidth*Power (2, ifnull (NeedsBackup, 0)) desc,

“ ifnull ((select count(l) from LinkRequirements L where

L.DemandID = D.DemandID), 0) desc, "
My ifnull (D.MaxHops, 0) asc , "
% ifnull (D.HopDeviation, 0) asc, "
b ifnull(D.MaxCuts, 3) asc; ";

sprintf (Query, SelectDemands, DemandsListID);

if (mysqgl query(Connection, Query)) {
fprintf (stderr, " ***x$s\n", mysql error (Connection)) ;
return false;

ResultSet = mysql store result(Connection);
while ((Row = mysgl fetch row(ResultSet)) != NULL) {
string DemandID = Row[0];
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string Source = Row[l];
string Destination = Row[2];
string PriorityLevel = Row[3];

string Bandwidth = Row[4];

string MaxHops = Row[5];

string HopsDeviation = Row[6];

string NeedsBackup = Row[7];

string HasLinksRequirements = Row[8];
string MaxLinksRequirementsLevel = Row[9];
string MaxCuts = Row[1l0];

Demand *NewDemand = new Demand;
NewDemand->Next = NULL;
NewDemand->ID = atoi(DemandID.c_str());
NewDemand->Source = atoi (Source.c_str());
NewDemand->Destination = atoi (Destination.c_str());
NewDemand->PriorityLevel = atoi(PriorityLevel.c str());
NewDemand->Bandwidth = atoi (Bandwidth.c str());
NewDemand->MaxHops = atoi (MaxHops.c str());
NewDemand->HopsDeviation = atoi (HopsDeviation.c_str());
NewDemand->NeedsBackup = atoi (NeedsBackup.c str());
NewDemand->HasLinksRequirements = atoi (HasLinksRequirements.c str());
NewDemand->MaxLinkRequirementsLevel =

atoi (MaxLinksRequirementsLevel.c str());
NewDemand->MaxCuts = atoi (MaxCuts.c str());

NewDemand->ExtSubResCalculated = false;
NewDemand->CalculateExtSubRes = false;
NewDemand->IsBackup = false;
NewDemand->Cut = 1;

//Now that you've created the demand, add it to the list
if (NewDemand!=NULL) {
Append (NewDemand) ;

//If you need a backup, create a clone of the primary demand,
//change it to be a "backup" and append it too.
if (NewDemand->NeedsBackup) {
Demand *NewBackUpDemand;
NewBackUpDemand = new Demand (*NewDemand) ;
NewBackUpDemand->NeedsBackup = false;
NewBackUpDemand->IsBackup = true;
Append (NewBackUpDemand) ;

}
mysql free result (ResultSet);

//Close the connection
mysgl close (Connection);

return. true;
}
catch (exception je).{
printf" ***Encountered exception in CreateDemands()");
return false;
}
return false;
}//end CreateDemands ()
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NMAPAPTHMA II

OAHTIEY ETKATAXTAYHY

ErKATA:TAZH MYSQLSERVER

1. 2TV TTEPITITWON TTOU eV EXETE AON EYKATAOTNWEVO OTO OUCTNUA OAG Evav
MySQL Server, emmoke@Beite Tnv Official iIoToogAida Tng MySQL kai kateBdoTe
14\ TEAEUTAIQ ékdoon TOU MySQL Community Server

(http://dev.mysql.com/downloads/)

2. ExkteAéoTe TOV Installer TTou kateBdacare kai eykaraoTrioTe To MySQL Server
OTO oUoTNUé& oag, akoAouBwvTag TIG 0dnyies. MTropeite va emmAéCETE OTTOI0
password €mOUNEITE. ZnNUEIWOTE €Tiong OTI N ToTmoBeoia eykaTtdoTaong Tou
Server dev €XEl oNUACIA yIA TNV EKTEAECN TOU TTPOYPANMATOC : UTTOPEITE VA

EYKATAOTAOETE TOV Server T0oo ToTTIKA (localhost) oo kal atropakpuopéva.

3. AQouU eykaTtaoTACETE TOV Server, BePaiwBeite OTI TPEXE! :

Open services.msc \

ToService pe 10 Ovopa «MySQL» TTpéTrel va €xel status«Startedy». Edv ox,

KAvTE Bei KAIK 0TO Servicekal eTTIAEETE «Start»

ErKATAZXTAZH BAXH AEAOMENQN

1. Avoi¢te pia kovodAa kal ouvdebeite otov MySQL Server cag e Ta OTOIXEIO
TToU €MAEEQTE KATA TNV eyKaTdoTaon. 'EoTw OTI ouvdEeoTe wg root, o server

0ag BpiokeTal OTO TOTTIKG 0OG CUCTANA KAl EXETE EI0AYEI KWAIKO TTpdoRaong :
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\> mysgl —-u root —-h localhost -p

2. AnuioupynoTe pia véa Bdaon dedopévwy pe OtTolo Ovoua emmBupeite. H
defaultBaon Aedouévwy Tou TTpoypdupaTog ovouddletal « TIReDDBy», woTtdo0

MTTOPEITE VO dWOETE OTTOIa AAAN OVOopOCia BEAETE EOEIC.

> mysgl -u root -h localhost -p -e “create database
TiredDB”

3. 210 ouvodeuTikd CD, péoa oto pakeho «Databases» Ba Bpeite dUo apxeia:

» TiredDB.sql : Tlepiéxel Tov MySQL kwdika yia Tn dnuioupyia Twv
TIVAKWYV Kal TwV ox€oewv TNG Bdong Aedopévwy Tou TTpoypauuaToG.

» TiredDBTestData.sql : lMepiéxel Tov. MySQL KwdIka yia Tn dnuioupyia
TWV TIVAKWY, TWV OXE0EWV KaBwg Kal Twv test/ demo dedopévwv
OTTWG auTd €1I0€pXOoVTaV KATA TIG TTOIKIAEG EKTEAECEIC TOU aAyopiBuou

yia OIAQOPES TOTTOAOYIEG KAl OPADEG POWIV.

EmA£EETE Eva atmd auTtd Kal KAVTE TO importoTn BAan TTou JOAIG dNUIOUPYOOTE
(E0TWw OTI €TTIAEYETE VO ONUIOUPYACETE KEVOUG TTIVAKEG, MECQ OTn BAon ME

ovopa «TiredDB»

> mysgl -u root -h localhost -p TiredDB < “.\TiReD
Algorithm\Databases\TiredDB.sqgl”

4. BeBaiwBeite 011 6Aa TR yav KaAd. KavTe loginoTov server oag :

\> mysgl —-u root —-h localhost -p

EmAEETE TN BAon TTou dnpioupyroate (Eotw TiredDB)

\mysql > use TiredDB;

Kai epygavioTe Toug trivakeg TNG Bdaong. To atmrotéAeopa Tou Query Ba TTpETTel

vVa QEPEI 9 EYYPAPESG PE TA OVOUATA TWV TTIVAKWV.

‘mysql > show tables;
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OAHT'IEY EKTEAEXYHY

MNa va ekTeAéoeTe TO TTPOYPAUMA, €KTOGC atrd T Bdaon Aedopévwv TTOU
dnuioupynoate ota Tapamdvw PAuarta, Ba xpelaoTeite kal évav MySQL
Connector. MTtropeite va Tov karefacere amd Ttnv OfficiahoTtooeAida NG
MySQL emAéyovtag Tnv TeAeuTaia £€kdoon evog MySQL Connector yia C/C++
TTpoypduuarta. EvaAlakTikd, ptropeite va Bpeite 10 avrtiotoixo DLLoTtov

@akeAo «...\TiReD Algorithm\Executable» Tou ouvodeutikou CD.

To libmysqgl.dll TTou Ba kartefacere r Ba avTiypAWeTe ATTO TO OUVOOEUTIKO
CDBa Trpétrel va €ival oTov idI0 KATAAOYO HE TO €KTEAEOIUO TTPOYPAUMA
«Traffic-Resource Distro  Algorithmy. 2TOV  (pAKeAO «...\TiReD
Algorithm\Executable» 6a Bpeite kal TO €KTEAEOINO KAl TNV AVTIOTOIXN

BIBAIOBNAKN TTOU aTTAITEITAI.

[Mnyaivete oTOvV QAKEAO OTTOU €XETE TOTTOOETHOEI TO EKTEAECINO KAl TPEETE TO

péoa aTrd pia ypapun evioAwv. [Na TTapdadelypa :

> cd “C:\Users\queen\Desktop\TiReD Algorithm\Executable” ‘

> "Traffic-Resource Distro Algorithm.exe" 1 |

MNa TNV eKTEAEON TOU TTPOYPAUUATOG ATTAITEITAI N €I0000G HiOG UTTOXPEWTIKAG

TTOPAMETPOU KAl 5 TTPOAIPETIKWV :

Usage: TrafficResourceDistro [-u Username]
[-p Password]
[-h Host]

[-dbDataBase]

[-dm]

DemandsList

DemandsList

Eival n uttoxpewTikr TTAPAPETPOG Kal TTPETTEI TTAVTA VA ONAWVETAI OTO TEAOG
TNG €VTOAAG. XPNOIYOTTOIEiITAl YyIad va OnAWOEl OTO TIPOYPAPPA YIO TTOI0
DemandsListID T1ou €xer Adn onuioupynBei otn Bdon Aedopévwy, 6a

eKTEAEOTEI O aAyOpIOuog. Aedopévou OTI n Bdaon Acdopévwv oTov TTivaKa
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DemandsList mepiAauBdavel To DemandsListiD aAAd kair To NetworkID oT0
OTTOI0 UTTAYETAI N OUYKEKPIYEVN OPAdA aTTaIThOEwy, OE XPEIAleTal KATTOIA
GAAN TTAnpo@opia 6oov agopd TNV TOTTOAOYIa Kal TIG POEG YIA TIG OTToiEG Ba

EKTEAEOTEI O AAYOPIBUOG.

-U username

[MPOQIPETIKY) TTAPAUETPOG N OTToid  XPNOIYOTTOIEITAl - YO  va  dnNAWOCEl TO
usernameTiou €xeTe B€oel yia Tn ouvdeor) oag otov MySQL Server. 2tnv

TTEPITITWON TToU O€ d0BEi, Bswpeital by default To «root»

-p password

MpoaIPeTIK) TTAPAUETPOG 1N OTToid ~ XPNOIYOTIOIEITAl . yIa va OnAwoeEl To
passwordtrou éxete B€oel yia T ouvdeorn cag oTtov. -MySQL Server. 2tnv
TTePITTTWON TToU O O06¢i, Bewpeital by default To kevo (dnAadh, kavéva

password)

-h host

[MpoaIpeTIK) TTAPAUETPOS N OoTToia dNAWVEI TNV TOTTOBECIa OTNV OTToIA €XETE

eykataoTthoel T Bdon Aedopévwy. Defaulttiyry Bswpeital To «localhost»

-db Database

MPOoAIPETIKN TTAPAPETPOG N OTToia ONAWVEI TO OVOPA TTOU E€XETE OWOElI OTN
Baon Agdopévwy Tou aAyopiBuou. Edv d¢ 006¢i, xpnoipoTtroicital wg évoua 1o
«TiredDB»

-dm

[MpoaipeTIK) TTOPAPETPOG N oOTroid dnNAwWvel TOV TPOTIO €KTEAEONG TOU
TTpoypduuatog. Edv 06¢i, xpnolyotroigital ocav TpoTT0G T0 « Debug Modexkai

Katd Tnv eKTéAeon Tou oAyopiBuou ep@aviovrtal TTOAU  TTEPIOCOTEPES
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AETTTOUEPEIEG OTNV  KOVOOAO  (OTTwg  AeTrTopepeic  TOTTOAOYiEG  OIKTUWV,
amo@doelg Kal GAAa). Edv de 606¢i, ep@avidovial AlyOTEPEG Ol OTTOIEG

ATTEIKOVICOUV Ta BripaTa Tou aAyopibuou og KaBe oTadIo.

Mapadeiypara

> TrafficResourceDistro -h localhost -u devel -p
develpass —-dm 1

| >TrafficResourceDistro —h 192.168.1.10 2

\>TrafficResourceDistro 3

| >TrafficResourceDistro -dm -db MyDatabaseName 4
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