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Eriooywyn

— MPLS teyvoloyia

—  MPLS switching

— MPLS Virtual Private Networks
— MPLS Traffic Engineering

— MPLS Advanced features
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MPLS Teyvoloyio

T etvow 1o MPLS
Avnretl LOVO 0TOLS OQOUOAOYNTES
H onpoaota tov MPLS ota nedio
— Aertovpywomta, Khpdnwon, E&elérn, Olorinowon

[T eoverntnpota.

— Ymootetén ToA®Y TEWTOXOAAWY

— Avelopmola entnedou SlaaLVOEGG GEOUEVWY
— Avénuévn andodoo

— Traffic engineering

— Yroototén multicast, QoS
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— 20-bit etinérec

MPLS etinérec

Emmike@aAida emmédou Emike@aAida emmmédou | ETTKEQAAI®ES TWV GAAWV
, ) MPLS SHIM . ) )
d1a0Uvdeang dedopEVIIV dIkTUOU ETTITTEBWV KaI dedopéva
32 bits
EXP |B
LABEL bits | S TTL
K=
20 bits 3 bits 3 bits
1 bit
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MPLS Ogoloyia

— MPLS Label: Xtabepod pnrouvg emnepakido yroo v

npowbnon twv Tanetwy. AnoteAeital anoO

— Label: H enueporido

— C0S: Mnopsel va ennpedost Toug ahyoELOoS YEOVOSEOUONOYNOTG
— Stack: Yrootpi€n tepapyumc otolfoag etinetov

— TTL: Orwc IP
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MPLS Ogoloyia

Label Switch Router, (LSR): Zvoxeun 7 onoto ndvet
UETUYWYY] UE ETIUETEG

Label Edge router, (LER): H suoxeun n onola Bploxeton ota

OO TOL OLTLOL Mot aVaDETEL TIG ETIMETES

Forwarding Equivalence Class, (FEC): Eva chvolo moxétwmy
1oL TEowdobvtal pe Tov i8Lo 1PoTo / TNy iBta petayeloto

Label Switched Path, (LSP): To povorat to onoio
naboptleton amod TG eTnETEG OL oToleg avatibevtar oe 6LO
TEMUA ONpelo
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Aettovpyiae MPLS

— Kdbe moneto polg toaévounet os o FEC tov avartiOeton
L0l ETIUETAL

— Avuotoryiletan oe pa FEC pe Baon wamoto yeyovog 0
TOMTINY] (LOVTEAO OEOOUEVMV 7] EAEYYOVL)

— Kotmopx npowbnong pe Baor ta omola yivetol 1 amopao
avabeong

® Unicast Spopoldynon pe Bdon tov mepLoptopo
® Teyyog nurhogpoplag

® Multicast

® QoS
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Aettovpyiae MPLS

H MPLS rpon0nor propst va yiver xa and SWItChes mou dev
UTTOQOLY V& VUADGOLY TLG ETUKEPAAOES OUTLANOY ETUTEOOL

Mmnopoby va yonotporombody entmAeoy TANQOYOPLES OYETIUA
ue 1o ToueTo (my amd mro POrt npbe)

Edroin anoypaon npowbnong and tov dpoporoynt (ue

Bdon Tig eTneTEQ)

O Sradinaoieg avabeong moxetwy oe poe FEC progovy va
YIVOLY TOAD TOADTAOUES YWELG Vo ETLBXEOYOLY TOLG

OQOULOAOYNTES

X107 ™G ETUETAG YL AVATIXOAOTAGY] OLUOQOUNG Y WPELG
ETUTAEOV TTAYQOYOEIX Lall e TO TAAETO

ITANEITIXTHMIO TTEAOITONNHXEOY
TMHMA EINIXTHMHY KAI TEXNOAOTI'TAY THAEITIKOINQNIQN
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Aettovpyiae MPLS

—  2tovyeto [Tpowbnong Metaywyng Etnetag. To MPLS
napeyet TLig anorovbeg emaoyeg tpowbinong
— Agoporéynon Bhua-nooc-Biua
— Pn 6poporoynon
—  Xrowyeio EAéyyov Metaywyng Etuwétag (LSR):
— Arnpovpyet Tig avtiotoryleg uetagd twv etinetwy xat FCEs

— Awvepet Tig avtioTtolryleg auteg 0Toug aAlouvg LSRs

— Koataonevalet 10 0o tou mivara tpowbnong

ITANEITIXTHMIO TTEAOITONNHXEOY
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10

Aettovpyioe MPLS

—  Awwvoun ITinpoyoptag Etnetov. Kataywoenoetlg o mivona
npowbnong
— ITinpoyoptwv oyetna pe e€epyopevo interface
— Kouvovpyra etineta
— Aowneg mAnpoyopleg
— Label Distribution Protocol (LDP)
— Resource Reservation Protocol (RSVP)

ITANEITIXTHMIO TTEAOITONNHXEOY
TMHMA EINIXTHMHY KAI TEXNOAOTI'TAY THAEITIKOINQNIQN
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Edge LSR

UATNYOQLOTIOINGN NG HLUUAOYOELXG 1ol TOTODETN O TwY
ETIXETQV

Kaboptlet:
— AV 7] xUXAOPOELX ELVAL IO QOY] KEYIANG OLAOUELAG
— YAomotel TOMTIUEG OLXYELQLONG KAl EAEYYOLS TEOCBAONG
— 2vvabpotlel v nuuhopopia oe HeYAADTEQES QOEG
Avvatotneg véag yeviag edge LSRS

— Wire speed Suvatotnieg xatnyopronoinong twv 1P powy
— Extetapeveg VPN Suvatdtnteg

ITANEITIXTHMIO TTEAOITONNHXEOY
TMHMA EINIXTHMHY KAI TEXNOAOTI'TAY THAEITIKOINQNIQN
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unnels »ot Labels stacks

—  Adropovng Metapopd dedopévov petafd tov LSR tunnel
ELOOO0L 1oLl EEOOO0
— Aopair anorpudr dedopevev
— O LSR c€bd0v davepet g etineteg yroo modanid FECS nou
eynaOiota modlomad LSPS

—  H avabeon molamhov etnetwv xadeltonw Label Stacking
— Koldtepn natnyoplonoinoy uunhowoplag
— Meyaddtepn evehéla Yl eTAVASGQOUOAOYT|ON|

ITANEITIXTHMIO TTEAOITONNHXEOY
TMHMA EINIXTHMHY KAI TEXNOAOTI'TAY THAEITIKOINQNIQN
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MPLS Data Structures
LIB

— AmoOnuebdet OAeg TG eTéTEG TOL EY0LY Stapnptotel and dAlog LSRS

oto MPLS &ixtvo
LFIB (cache)

— Xopnotwponoteltal ano 1 dtepyoacia tpowbnong noueTwy
— Avddoyo tou IP forwarding table
— TTepieyet: Incoming xow outgoing label, FEC, next hop

IP routing table
LFIB = cuvdvaopog LIB »ou IP routing table

ITANEITIXTHMIO TTEAOITONNHXEOY
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MPLS switching

1a. The Routed protocol (OSPF, IGRP,...) computes )
the shortest pass to destination within the core 4.The last MPLS switch

removes label
1b. The LDP (Label Distribution Protocol) binds
a label to every destination addtess

2. ELSR (Edge LSR):
The inbound router receive
packets, runs usual L3

services and then adds labels

3.LSR: Label Switch Routeur

switches packet based on
label (with label swapping) .
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MPLS routing minpoyopla

Address Out Address Out Address Out
Prefix I'face Prefix I'face Prefix I'face

128.89 1 128.89 0 128.89 0
171.69 1 171.69 1

e

128.89

Routing Updates__—»
(OSPF, EIGRP, ...)

ITANEITIZETHMIO ITEAOITONNHXOY
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MPLS npowbnon

)
Lbi

Address
Prefix

B

171.69

Out Out
I'face Lbi

1

in
Lbl

Address Out Out ) Address Out Out
Prefix Pface Lbl Lbl Prefix I'face Lbl

128.89 0 - 128.89 0 -

171.69 1

Label Switch Forwards
Based on Label

ITANEITIZETHMIO ITEAOITONNHXOY
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Virtual Private Networks

—  Iowwtia Ideatd Alntoa
— Emnédou 3 (IP)

— Emnédov 2

— CE, PE, P routers

ITANEITIZETHMIO ITEAOITONNHXOY
TMHMA EINIXTHMHY KAI TEXNOAOTI'TAY THAEITIKOINQNIQN
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Virtual Private Networks

Baotleton oty yonomn LSPS
Kd0e LSR Siaywpilet g VPN poécg

Avabeter ot VPN Sedopeva etinéteg Oty etogpyovtor oe

évae LSP
Hub & spoke VS full- mesh

Awxbeotpor pnyoviopol (e ToLg OTOLOVG BLAVELOVTAL OL
etinétec otouc LSRS

— CR-LDP

— RSVP-TE

ITANEITIXTHMIO TTEAOITONNHXEOY
TMHMA EINIXTHMHY KAI TEXNOAOTI'TAY THAEITIKOINQNIQN




19

Aoaleta Twv [deatov IStwtinmy
Atowv
— H aoypaietan twv dedopevwy emttuyyavetal pe v avabeon

0T OEOOWUEVA UG LOVAOIUNG OTOLBOG ETIMETWY TTOL ELVALL
LOVAOLXY] YLK TOV TOOOPRLGUO

—  XQENOULOTOLOLVTAL TEYVINEG KOUTTOYQAPY|OYG TV OEOOUEVWY

ITANEITIZETHMIO ITEAOITONNHXOY
TMHMA EINIXTHMHY KAI TEXNOAOTI'TAY THAEITIKOINQNIQN
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[TAeoventnupata

Y7dpyet eurnola ot dnptovgyla toug - wovo ot CE nar PE
OQOULOAOYYTES ATALTOLY OLAULOQPWO)

H owyetpton yiveto oyetina eDXOAX APOL Ol TAEOYOL EYOLY
VoL OLOCYELRLOTODY LOVO €V OIXTLO AL OYL EVXL OLTLO Yo ndbe

VPN

Aev LTAEYEL KAVEVAC TTEQLOPLOILOG GTNV OteLBuvaLtodOTN oY TOL

yonorponotel nae VPN mehdng
[Tpoowepouy petwévo ®O66Tog

Ot TehaTeEC ATAAAXCGOVIAL ATO TYV OLXYELOLOY] TOL OLLTLOV

ITANEITIXTHMIO TTEAOITONNHXEOY
TMHMA EINIXTHMHY KAI TEXNOAOTI'TAY THAEITIKOINQNIQN
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L2 MPLS VPNSs

o EvOuAakwon nAaiciov Tou eninedou 2

Tunnel header

Demux field
or
VC label

Emulated VC encapsulation

Control Word

L2 specific
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Metadoon TAaLolwy TOL ENLTEOOL 2

Tunnel labels
— T v Spopordynon oo tov ingress LSR otov egress LSR

— Swvopr] tou label propet va yivet pe omowdnmote anodenty pebodo yia
Stowvopur) MPLS labels.

VC label

— To BAenet povo o egress LSR yio va amogaoioet 1t Oa ndver pe 1o PDU

— Tt VC labels pmoget va yonotponombet otatinn avabeorn twv labels,
XAAX AL OLAVOULY] LECW ATO ONPATOSOCIN

2 mPOoEYYLoELg
— Martini draft
— Kompella draft
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[TAeoventnupata

Epguty duvatotra #Atponwong

Aty wetopog SLayELOLOTIMWY XQUOBLOTYTWY

Muotinotn o TANEOYOELWY BEOUOAOYNONG

Eurolia p0Bpong

AveZopmnola Ao T0 TEWTOXOAAO TOL ETULTESOL 3

Mewwpévo overhead

Opotoyevera otig Sapopetineg L2 teyvoloyieg

[Moaypatien €nd-to-end connectivity

Opady petaPooy and TG TaMEG O VEES TEYVOLOYIES

Apoporoynon encapsulated IPVE, 1IPX, SNA révw ard IPV4 Sixtua

Yrotiotny moAnAegr twv Layer 2 wuxkopatwy

ITANEITIXTHMIO TTEAOITONNHXEOY
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Metoventnpoto

Amaitnomn ywo xowv teyvoroyia emtnedou 2 oe nabe VPN
[ToAvTAondT™N Tl HEOUOAOYNONG YL TOVG TEAKTES
To oyetind TEOLOVTA OV EVAL ANOUN WOLUX

To Standards Boioxoviat oe e€éMén

ITANEITIZETHMIO ITEAOITONNHXOY
TMHMA EINIXTHMHY KAI TEXNOAOTI'TAY THAEITIKOINQNIQN
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Yoot Een and ®oTHOAEVACTES

— Emnédov 3 VPNS

— Ymnootnptlovtat evEEWS

— Emnédouv 2 VPNS

— Juniper
® MPLS/CCC (MPLS Circuit Cross-Connect)
® MPLS/TCC
® Kompella drafts

— Cisco
® Evdiagpepoy yo v oyetinn teyvoroyia (AToM)
® Y\onoinon ywe Ethernet over MPLS (EOMPLYS)
® Martini drafts

ITANEITIZETHMIO ITEAOITONNHXOY
TMHMA EINIXTHMHY KAI TEXNOAOTI'TAY THAEITIKOINQNIQN
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CCC teyvoroyia

Ta noxdopata CCC epnintovy e VO UATNYOQEIES Ol OTOLES
nepthapBavovy DLCIs, VCs, VLAN IDs, PPP ot dtenogeg Cisco
HDLC, not LSPs

3 tOmoug cross-CoNNect:

— Layer 2 switching—Cross - connects petofd twv Aoy Stemapmy
(Tapéyet avtd ovotaoTnd SlacLYOEoT] 010 eminedo 2. Ot Slenapeg TOL
ovvdeovtat O mpemetl va elvat Tov 18tov THTOL)

— MPLS tunneling—Cross — connects. Enttpénovy va uvdebodv Sdo
wuxhopoto Tou 18tou tonou (LSPS)

— LSP stitching—Cross - connects peta€d twv LSPs. Xuppaypr 2 label-
switched paths

— Layer 2 switching xou MPLS tunneling, 1o cross-connect eivat appidpopo.
I'e To LSP stitching, to cross - connect eivort povyg xatevbuvonc.

ITANEITIXTHMIO TTEAOITONNHXEOY
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ATOM teyvolroyia

Ta TpwtOnoIa ToL rootetlovior and to AToM eivor: Ethernet, Dotl1Q
Vians, PPP, ATM AALS5, Frame Relay, ATM Cell Relay »o«t HDLC.

10 VC label Swxgpnpileton peow prag xxtevbuvouevng LDP cuvodou (directed
LDP session), petakd twv PE

H npowbnon pe v yonorn 600 emtnedwy eTMeTwy
—  H elwrepurn eunéta (tunnel label) xafodnyel 1o nanéto ndvw and 1o MPLS dixtvo
o010 Spoporoyn Ty e€odou (engress router).
— H VC euxéta nabopilet 1o interface e€6d0v, not deopevet ) L2 Stenopn e€6dov atnv
tunnel label.
e€eM&n g teyviung AToM:
— vnootpén L2 MPLS VPNs petay Interfaces to omola y01othonotody SlapoQeTneS
teyvoloyieg. To yapantnplotind avtd ovopaletat interworking.

—  OtoLVOECT] TOAAXTAWY MuMAWUATWY. H eméutaoy auty eivat yvwoty pe to Ovopa

Virtual Private Lan Service (VPLS).

ITANEITIXTHMIO TTEAOITONNHXEOY
TMHMA EINIXTHMHY KAI TEXNOAOTI'TAY THAEITIKOINQNIQN
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OM teyvohroyia

Service Provider
MNetwork

o)
N
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Label Exchange in Directed LDP - Emulated VC Label 10
-

3 L

.r:,g e
-

Neighbor LDP- Neighbor LDP-
Label 90

Attachment VC

DLCI 201

MPLS Backbone

CPE Router CPE Router
Site 1 Site 2

ITANEITIZETHMIO ITEAOITONNHXOY
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MPLS — Traffic Engineering

2.T0) 0L
— TEOCUVATOMEOVTAL GTYV XLUAOPOQLX

— TEOCUVATOMEOVTAL GTOVG TOQEOVG

Mebooot
— NtV SLOQOUWY N ONTNG OQOUOAOYNONG
— Epnpeor] SPOOAOYNON
To Baowd npoBinua tov Traffic Engineering

Enextacelc oe undyovta TpwTONOANN

— RSVP-TE
— CR-LDP

ITANEITIXTHMIO TTEAOITONNHXEOY
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MPLS — Traffic Engineering

I 71 SPOROAOYN 0T TWV HLELWY LOVOTATLLVY
I v maepoy” anptBods eheyyou
[N v amodotnotey]) YENOLLOTOINGY] TOL EDEOLS LwVTG

Eloytotomoinom ¢ anwhelong TarETWY, TWV THQUTETAUEVWY
TepLdHdwy oLUYOENONG Kot peytotonoinon tou throughput

[ TV Tepoy Y| TEELOCOTEQWY ETULAOYWY, YUUNAOTEQOL
1OGTOLG, UAL UAADTEQYG LTY|QECLOG GTOVG TEAXTEG

ITANEITIXTHMIO TTEAOITONNHXEOY
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RSVP ue Traffic Engineering
Extensions

H RSVP onpatodoton Aapavet ywa pnetod
dpoporoyntwv (traffic trunk), eve to enextapévo RSVP
eQUOUOLETOL OE Lt GLAAOYY] QOWY TTOL KOLPALOVTOL EVX XOLVO
LOVOTIALTL KAL EVX XOLVO GUVOAO OIUTLAKWY TOQWY

Enttoyydveton Stavoun twv MPLS etinetwy

Metwor Touv TANDoug TV UNYLUATWY AVAVEWCNG 1oL TLG
OYETIUES ATULTYOELS YL EMEEEQYAOI

To povomat dev mepLopiletat amd TV TLTILXY] OEOKOAOYNON
nov Buactletal 6TOV TEOOEIGUO

ITANEITIXTHMIO TTEAOITONNHXEOY
TMHMA EINIXTHMHY KAI TEXNOAOTI'TAY THAEITIKOINQNIQN
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RSVP ue Traffic Engineering
Extensions

Downstream-on-demand Swxvou etinétog

Apywonoinon pntwy LSPS

Kotovopn twy Sttvaxwv ndopwy (T.y., edpog {ovng) oto pnte LSPS
Enova-dpopordynen tov eyrnateotpévey LSP tunnels

Aviyvevon g npaypatindg Stedpoung mou axolovbet évo LSP tunnel
'Evvowx v abstract xouBwv

Emihoyeg ex Twv TROTEQWY EXYWEYONG TOL EAEYYOVTAL OLXYELOLOTIN

ITANEITIXTHMIO TTEAOITONNHXEOY
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— Link failure / fast reroute

—  Evodantina povomatio

MPLS — Traffic Engineering

ITANEITIZETHMIO ITEAOITONNHXOY
TMHMA EINIXTHMHY KAI TEXNOAOTI'TAY THAEITIKOINQNIQN
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Advanced MPLS features

— Multicast Aetrovpyic oto MPLS

— RFC 3353
— Multicast tree
® Y'néipy0uvv StapooL TeQLOPLGOL

— |Pv6 over MPLS

— T v oot Eén IPV6 oe nepintwoetg 6mov dev vtootneiletot
an6 Gho 1o dixtvo (6PE)

ITANEITIZETHMIO ITEAOITONNHXOY
TMHMA EINIXTHMHY KAI TEXNOAOTI'TAY THAEITIKOINQNIQN

<
™
8
w
>
-8
S
8
3



6PE \ettovpyia

2001:0420:: P routers switches the 6PE-2 lookup of the incoming

IPv6 packets based on the MP-BGP IPvé label
table
@ 2001:0421::
LDP/IGPv4

LDP/IGPv4 label - do a POP
A
- Forward the IPVE packet
label o T | IPVE packet

[Tp)
o
8
w
>
-3
IS
8
3

- do the lookup in the IPvé
BFE-1
| T ) .
192.72.170.13

G6PE-1 receives an IPvE packet
Lookup is done on IPv6 prefix
Result is: LDI:ﬂI:;I:v-i 8GR |pyg packet 192.254.10.17
‘Bottom label associated to IPvé i

prefix via MP-BGP4

Top label associated to the IPv4
BGP Next Hop (6PE-2) by
LDP/IGPv4

ITANEITIZETHMIO ITEAOITONNHXOY
TMHMA EINIXTHMHY KAI TEXNOAOTI'TAY THAEITIKOINQNIQN
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2.0vo

— Tlepyoopn MPLS teyvoroylag
(Sopn, mpwtonoiha, Aettovpyieg, Traffic Engineering)

— Virtual Private Networks
— MPLS Traffic engineering
— Advanced MPLS features
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MPLS Overview

L2 Carrier Multicast gﬁ
e IPv6 supporting over e
6PE Carrier VPN K

ATOM

Virtual Private Networks

Any Transport over MPLS

= rarfic
' Engineering | Rerouting

ITANEITIZETHMIO ITEAOITONNHXOY
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