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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

Since the mil990sa rapid increase in Internet scalinguién the physical and
more p@rticularly in the IP service layierom that pointthe new era of advanced
broadband internetworking services is marked by Virtual Private Networks between
organizationgransmission of multimedia data like IPTV and Voice oyéel#Patic
services aheverreservation of bandwidth and circuit on demdne kst in particular
could not be implemented differently without the existence of specific differentiated
services like Quality of Serv{€oS) ServicdL e v e | Agr eebemdwidtt ( SLAD S
allocaion mechanisms and generally traffic engineering

With the deployment of optical fiber medium for interconnecting remote stations
and the introducing of multiple traffic division multiplexing technajness generation
of optical and photonic aligations as well as optical architectures eméngedvas
visioning to illustrate the challenges of Broadband Inf€heetiemand for aommon
access theterogenous backbd@were architectureas well as for more automazation of
the management of thiasnport networkdead to the transition to a new Intelligent
Optical Netvorking perceptionwherethe new services could be deployed with success
in any circudswitched network as well as in multiple network clidgrésconventional
up until thenMPLS core infostructure shouldr that purposegeneralize and evolve
into a new framework that would target a common control plane and even in final stage
the complete convergence of Data with IP

In this Diploma thesjs attemptto givea theorg&cal approach and study of the
Generalized Layers52Protocol GMPL3Implementatiomof real worldscenarigdike in
the context of AutoBAHN system and in addition execution of experimental
measurements andmparingevaluatiorof the statisticatesuls based on thevo most
popular and specifically designed for this framework network simi&82$, and
GLASS

It is widely accepted that GMPLS (Generalized MPLS) will be a key technology in
the evolution of the next generation of reliablerdateProtocol (IP) backbone
networks The GMPLSextends the MPLS traffic engineering cornmgptoviding the
MPLSbased common control mechanisms for &mjter network which allow
implementing common traffic engineering strategy for all supportethgw&chniques
like packetTDM, wavelength and fiber switchiNgw generation platforms supporting
GMPLS functionality will give service providers an opportunity to migrate a new
network architecture that will:

1. Allow overlay networks (TDNPacketCel, and Lambdgto evolve to a singleyered
architecture with a common control plane

2. Allow endtodend provisioning of services extending from the access nistwogk
core

3. Allow service providers to build mitndor networks with many of the
Integrationand flow through issues simplified
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EXECUTIVE SUMMARY

Since the functional planes of GMPLS could be independent from the first place
something whichthad alwaysbenn the vision of the Generalized commuynitgw
mechanisms havbeen implemented to offer stency through protection and
restoration schemes in case of link failtirese mechanisms of the GMPLS signaling
protocols RSV®TE and CRLDP should support new techniques likedaidband
signalinglink bundling and forwarding adjacencies

Theaim of this Diploma Thesia experimental leyéd on the first place to reserve a
lightpath on demand in a GMPLS/Optical network and transmit different traffic flows
on it with variousmultiplexing techniqueand on the secontb compare existing
resbration schemes after a link faildhe case study of the impact of control plane
failure on the QoS traffic mechanisared the dynamic provision of backup paths as
well Finally new and improved survivability schemes are being presented in the context
of ASONS simulator on &2
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"Equations are more important to me, because pdifiar the present,
but an equation is something for eternity."

Albert Einstein
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DIIKSTRA (G,s) /* for the single source shortest paths problem */

. do for every ve V

2. d[v]=o00, n[v]=NIL

3. d[s]=0

4. L=0,U=V

5. do while U!=0

6. u=EXTRACT_MIN_KEY_ENTRY(U)

7. L=L+u

8. do for each arc a(u,v) € Originating[u] /* Originating[u] = arcs originating from vertex u
9. if veU && d[v] = d[u] +w(a)

10. then d[v]=d[u]+ w(a), n[v]=u, DECREASE_ENTRY_KEY(U, v)

Ko 3 0B | a0 f Dikstra g d

_ O OspEAs K Daizgli klmt@%&@@'ee Q4 3a43a4Q&0Q®y Dz &dz

Ki3000 330KAaGOIMDYoked 3drdfXKA2RAIRHPOaa adkkaal

LSAQUDA Dze mmgawm@@@m& Aoaqaekombpl KAag ¢

Dz;sequen ceumberd dzQU ¢ Dz § ¢ Ka B 3 JlinkBtatefs) aGgDo GeDA § K

30 k[ERE@dQ D 513/3~ 1 AEyE asaes BDAFY 4335084 Dagp Dy

router

TUkoRp DBDHz2iQa 10 3a39dzDZ;uGae[m\QweachAA§MK D7y K {

Dzek ®o DA § LB sdeK BgesequincelidiRi( :g 3 9D 00 30§ 0 & o DA

830
kAdodj DZzASIype] GGFE3AD @ &) G RFA Ll DadiEN SADEpez
2 a

aiwarkLSA), link statelD .
Elapsed time from LSA Currently used when OSPF Hello
ccccccc d (0~30 min) Database Description Indicates LSA type
o 1
01234 € 78201224567¢8e39%012342567%8%o01
B T S S I i S e S
Independent | LS age \ Options I .S type I
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
~—L Link State ID |
++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Advertlsing Router | _—1—~ LSA originating ID
Sequential  +-+-+-d—d—t—d—d—t—t—+ bbbt e b router
number Ls sequence - number |

++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++

LSA header + container value
(1~ 65535 byte)

LSA Type=1 Router LSA

Type=2 Network LSA
Type=3 Summary LSA
Type=4 ASBR Summar y LSA
Type=5 AS-External LSA

A 5 3 A& ICBA Header

I NDALjl O I Ljnjdz0dz0 O35 |

-

2.1.56 DA njLjlj DO T aN

MULTI LAYER éTéLJIJI !LJIJéUI

! &AQ QU9 a]j Vng_] § sz§23 G_DzDg_j é___jm, igj)[z_]%_ozg?@ggpz; Dzapfa'ep_zp
®Q ADm DA ®d0ag a38Gag0 Uogag &ONHNOQORIIU DD | a Jia
ok AKk g30 Dz bagdiviptDlosyaigiesdioy Ko 9 g DI DDDH As K Dazp
AGaGo3ebhg KU] 3gal] Ga 33U3&9 9a AgaoQog3uc
09§ a o g DA Ao dmgltplexiay k g (ltplaxingses 0 a 99 Q@Kdi [yH dz &3 § DF
30kkajsgkU] 3gaUj KeogDh] oa .QPH3 BKFA@EDADH Wy
Q0 3 DA K Aq Dz#tss KDmtigigxmdXj3 0 DZea a e DZeg] &®39gK3aDdhaog
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D mdwidthDZ) ¢ ¢ 3 DZj Ktifae divisionABquitipleXing X TDM), (2) space
division multiplexing (SDM), K & gwayeRngthdivision multiplexing (WDM).

§ Time division multiplexing: 6 0 34 3 aTEOVEpHKBA Ood 30k4& K
Dzeg o gKi Kag Ug®j ¢39DHQO030ggGes KaDD
43¢ § Dzek Do §K] § DDBADZKE ® 4B kDA 002 3BHIE 30 K
AaQ u 3 BQDD%DE@sQ)aeDz'BQaE@QIﬁ@ BA PpAg3004a
Dze Uoq& K& o (i3aje 3aeDgKro@y o PDZeyasjl Q@D geo DY K
3&/k00 DDHdz §3A00dz d&iDAFGEeshHESDAEF3 gOED Udh D Kze
QUKQdg Uod aggo HalkeAmRUiol k3 A DD dz5 9
QDA AEe A’Ea‘eDﬁg KaumaslotJD@zp ﬁE@znga‘e@ﬁmmz 53;’\ DD

v_vvv

= ~ = = £ -

Dzek @&dzDA o 0 420 AREHKBDA Kk Od & U Q el D23 0] K&KI

AERé DEgk@ @ A ° B3 0 K AKDBIHFERY KDY KU o QggadoyDDA]
DHUOA 13

|ajaja] ajaja
APIRID L] pypiplexer LBLBICAIBIClaIb Clm fp  istexer bLELRIELL
clefe _— .
delele], High-bit-rate multiplexed data Helslel,
Low-hit-rate — Siream is transmlt}cd ACTOS5 A —— Low-hit-rate
input lines single high-capacity channel output lines to

from differant different users
SOUTCES

K 5 3 L2 Time Division Multiplexing

0 0TDM D DDA DD 3seo@mgQ &ipOae3a AgliGo3a 330AklQAaDA
80§03009gDy Dddz Dze3 il DDA o dz =Aded KK LHDYJ 4 DHpa
4 dzDZl o QRIWTKMDAK QB)y Q&DA GU3Z &y Dmyo DAz ok gKU |
g 3 U DDze] TOMEKGA OKADG = pEFeyy Keddo A o0& Kk &y DD dz3 a e
a3a0Q0Qu] sphiatey Q @DH 9 D DDDH § § o DzZe Kimeset dz3 o Ka g U
I 34aKDh K @@Ee@)ﬂt@@wﬁ;aﬁa&vqé a9gDA30K3§Gaee Dz Q&
DDZ)] Adzo & DA Dz Dze] DDA ] K§ § 2P0 eyd Ka Pd DA A0
T Spacedivision multiplexing ¥ § &8 Dmo &30 GdzAl A30gpo DADD
§k§1§DZ\}§1‘SUQDa D7), & & &g & PP g D) FOMD K E¢ g § @ FEDZ
S0kka3zkUj eso& ¢39Dg 00 30¢Jjaiedd O g3aa 3aik A g
adzDAUE eH30a k&gDpdz3a®s , 030 DHIHEAGRPEE Fl
3 dzGOQA QalrﬁDxE‘ﬁ)z;‘ﬁg ®35a43KU] aglu O&DA AADzg]
Ka&GoDDADAY &4DA0QGO30 09gKOQoOOQgKUO agad OQxal
®@a KaDdA DDADD] 3430kkgkpo a3aoQoAo
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Space division multinlexina

o, cable enclosure
— i

Ll L

KAs 3 h18.8pace Division Multiplexing

©
(N¢

1 Wavelength division multiplexing 6 OWDM &QGa oa G&DA Y P]
dzZ0DH AQ&eog DzZgogKU 3Z0kdz5k 200a] KoogDZ]
bandwidthDd) 0 A§KDAPo 0 3Da KAA HRo3Ad aad FxEGAKEA D]

3430dD2aGaQ 0§ A4 0. 088 Kk g wuDipaxidorBEg g a0 gD
Q303&0 04 Gap JreqGayivifionmuliipesingd 308 K4 Ka o g DX
a3A HienbdADk o@®DA g Dz A a GoaziDn KAE a@ossDHay D.
DDx o0 &HRA o §WPPRYES (K Daanskitted 23 0 DDA k 0 & Q&D4i /
Dze Q&g P;sg DDA i. QDK Q JO =R § 0 & Dg]] queDZJ QDR |
QU K9 dg K dzOa DOHIgmbdaBgkikKga &G4 QAakDE) JDAK A § DA Dz 0
K&y ONDm DgeE &ii HRg ao9xpA§] DAIAIPBRODGH Gi
Dy AJagp3ygDODA DDA (34A04aDA Kag.&# 4&30DD
80D, DADENF I g 30kdz5k 2Q0ad8 OQUKOdZ K& QA&DZ
DH 30 GUDg DY 3&30kkgkpo a3a&Q0An)akKagzailkar]
a4 3 0 DD DZeg |

Multiplexer Demultiplexer

K o a HL4 WavelengthDivision Multiplexing

ToGMPLSA3p] Ga /9 égzge Kag DDmyo DIzoUgxeyd £G64a3
packebswitchednetworks 8 k k U KU ¢ & g SWitsong [¥0A) g Y &eEd &z DDH dz § 3
(TDM), Dy | SDW)XKja §( Dmy] \DRi, el DL Dadfialbwitchiog
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Type of Tratfic
R [y ot

Source Address

Destination Address

| Pv4d aUs tPve6 Header s

Bits 0 1

IPv4 TOS Byte

———
H 2 H—J
; DTR-Bits | MUst
RFC 1122 " ; Be
RFC 1349 Zam
Bits (0-2): IP-Precedence Defined  Bits (3-6): The Type of Service Defined
111 - Network Control 0000 - [all normal]
110 - Internetwork Control 1000 - [minimize delay]
101 - CRITIC/ECP 0100 - [maximize throughput]
100 - Flash Override 0010 - [maximize reliability]
011 ~Flash 0001 = [minimize monetary cost]
101 - Immediate
001 - Priority
000 - Routine

H eaaUYyYuU I Pv4 ToS

e /7

o’

DS-Field
cu
! Class Selector : :
i Codepoints :
' ¥ ! Unused
L S J
Differentiated Services Codepoint (DSCP)
RFC 2474

Diffserv Codepoint” Ul a @
A9 s M3 #P o Uniffserv
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E33 33 ADZDiderdg DOKHg Ko 0 gD Qo SilsesK doipinze £ 4 § 3 &G
3 3 a DA o U &g Do 50% DD dz AS
$ &8 ADE DDBMAG ] :
K Daffer wmd(almacﬁaeKz,gQUQ

~ ~ v P R

bandwidthA (i DZe§  DagLA SeRKigDEEDKZS DEBX KKIICDE ®o 0 4§  /Edzo &

QfsaD@dz@@(et(ﬂ)zg)@zij]]Q dz3u3gae§ DZzQ GA 3 @B@(UD%&: Uo a
Qg aj DZza K&K 3§ @FLp33 U 3Kkegl DOiipedd Bz Dzizo DA DA DZizg ¢
34 KUDAAFXDTIGS®) 330 3DH DAY Q& @yqte(gﬁ;l) D3 A30  ADZ
dP(AFx2) <= dp(AFx3),A 3 @iRAFxy) &9 049§ g 39GaooDmy DA a 3A%3
AFxyKk G DHIJzDZ Kl g y@gebZEA &g DD o 4Kk 0 dzGogdd a4 3A3 3
3a30A®34a0a 3aAKBDZG abitpped3oiodon DR 3 A BE2KIAK UDA Dz
adzbdi Q& Dmy Dzeg 3 ngldzﬁzDzng@IéB“"gﬁ] Dy 0 & K& Ki ®RpG A
agaaPadA3sedmDy DPo 30 A0 Ko o hgaddwidth 30 dz dz3 &3 Ad o
> Meter
Pkts i : . Shaped
- Classifier : - Marker -4> Shaper/Dropper |———»

Dropped />

| )

K 9 o fl& Miffserv Traffic Conditioner Block

DZ SaKUD@ KOEOdz a:tféao@auvo@@oDMf@@t@a@ngoDa?Q
20k DK £0.00AZK kg Qdrp & dz30 3 g 0 dzo :
AClassifier DA gk Ua®g Uo&d 3aKUDD DZ Qodapackeéti Koog L
header
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Network QoS Parameters

Category Parameters

Timeliness  Delay
Response time
Jitter

Bandwidth  Systems-level data rate
Application-level data rate
Transaction rate

Reliability  Mean time to failure (MTTF)
Mean time to repair (MTTR)
Mean time between failures (MTBF)
Percentage of time available
Packet loss rate
Bit error rate

KosoHfaQoS “~UyyvyeUU) es
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Nerwork Tipe Bandwidth (Mbps)
Ethernet 10

Fast Ethemnet 100
100VG-ANYLAN 100

Token Ring 4to 16
Wireless LANs 1to 11
Fiber distributed data interface (FDDI) 100
Distributed quene dual bus (DQDB) 45 to 140
Integrated services digital network (ISDN) 64 10 2.048
Asynchronous transfer mode (ATM) 155 to 622
Switched multimegabit data services 1to 34
Frame relay 2

Koo HR& K3 u Us bdddwimlthf rangestii 06 63 ¥3 Usoa Ui ¥vs3

= M~ 7 = T

DZ &0 Aj] 0300dDAZAFESY HJZ U
3 oDffeE Ry AUMpM&dzDY 3 A3 D aol
BResourceReservatiorProtocol | 3§
K

§ DD & 3Qk9DZJKUJ
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Traffic ammving at network entrance

Nonconforming traffic - ' Conforming traffic
_ Policing - Enters network
Dropped function as i

May enter network
with reduced priority

Koo HaWeoaosUsose 7TQuSiddgggeé U

5 39A g4
g :
1 o &g ot@ffic8haping Ui rate limiting:

o Token Bucket, 8k aA33GQQ] §0@dz Uksd bz U3D®ydz D3 k
A /E & K U D2 otokéngDigk QUan & 0O & (IDEDO
' 30dz 233Dz U323 Dmyo
j &4dz0&4d0A Q&0 §dz Q&Dz g Di
4303303Dzy 34

§DDAHY Koo Qggao§DOmWs AJages

Q¢
Qi
N¢
m-n
<.Ei
A<

B
[(®@]
O Qx

o Leaky Bucket, & k

aA

/o KDazp AlGDf &
A3G0 a3geGeagl

o0 dk g DGECPGRA G U G

Qs
¢

1T 1kaA35G00y SéEduihg Agbrithgmbay |

0 WeightedFair Queuing (WFQ).O& KU Ga& 30U KoogDZh] &aol
FIFOQ dz3 i 30 dz Ug%@g@@ﬁﬁé@ép@@zﬁgq{gga‘eDzaé
o Class Based Queuing (CBQ). U 30DDmg 30 GAY 03 ® g RE DaPA §
KoogDf] Dz KkiDzg] &dolkoad Q& Ki30Ja

aggregateandwidth

o Weighted Round Robin (WRR). DK 3&@39Dz030] &0Qdz3g3
a®0liDPo a3A 3aKUDA 0§ dzg Ao mumeaKaeK3g

o Deficit weighted round robin (DWRR) Njo a (
34KUDDHdz 4Gag3saeaDAag & K
dzi@3Ado000dzg &4dzDAo . DHo 439JGOA &a4303303

0 Hierarchical Fair Service Curve(HFSC) Odzo /Edza DDA K 3

343AK0DP ¢ a3 A KDagy mEbiTK AdaptiveFe o]

effort, K dhiprarchicdinkdsharingservices

Gdzal Odz0GA3gDZ]

T gbdl 430Gdzal DaHzQGA3gDZh]

TokgDhKU] KoaogDa]

Buffer tuning
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ODg o ®§KADHodZE DFj Kki DZ&%@QSQ%QMM@@IAQQBQ
330 Dze3, 6@ g § Apze3 g Ka g mesﬁﬁmr%@@%@@  Qeogg Dz
dzHuig Kk ADz3 9] 33 QDzae3agedltID§aE@15i3 0 WEDdpik k gkg ag:
0 (lowest) Best Effort
1 Background
2 Standard (Spare)
Excellent Load
’ (Business Ciritical)
Controlled Load
) (Streaming Multimedia)
Voice and Video
5 (Interactive Media and Voice)
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D7z A30 ADDz Dz (G309DDa& DHdz DAHQ ok JKo4& KADDz
@004y DD @EaO§GDHDH adzDA Feo adkkiGaey aKAOg KA
Ao KDzlzp akkiOQodzo, K& DA 3FAKUDA OQ&DDBE3Z 0 o DA
D2izQ GA 3 g D&y | (CDm @ AFKAD@EQ dB Uoa 3JajuA®ejaQ
A3000k0agbadi 1Q0 kig.a glDAl 21 .DDK. @ 143 36 , 89 aoDamL
1. 1. 1 6, DHzAK3QA4Q0QDAY, A9QQy(dz3a A9 DA] DAz
a30G4a0dQe D@y AgQyodzzasa adzai] Dmj] DAHQGA3ZQ
Do 1.routtrDDAo 1. 1. 6 A3pj7« Bhs o @Bzed ADDA D
A3000k AdigPZg 3 PIEKOokka KaGop3eaGaDAg a3A Dmy A
3aKUDPo, ®o09dy AaA40aDHQ oA 5RRﬁQdeQa‘e DH O
383 akUu3ERyERQO DS i 35800 dik3aaQiekaA g DA oa ados g &DA [ -
QQ0o03aDhyod AdzoaQygKli Dz «Qi3DmyDly Q& D] DIz
dz303g®y DHzQGA39DZ Dz Uoa& DZg A®DDO Kag DA 3
e DDy g AYE&AYKADD Ao SDyAEDDFRDAEE P& & DA DD @@ 34A P dz?
KdzKk 0 GO 30 4] DDD Ao KDZjZQ, Toadiig Bngireering 3 oaela Q R H k o
8/K40aDy DDD DHZAK&K3ZIJOQUoO 33pPDAKokkO.
Cangestion!
1.1.1.1 1AL 44 1146

1.1.1.3 1.1.1.5 1.11.3 1.11.5

(a) (b)
Aoofados UcUs); st UsayY IGR eabaeesUUU Usg

D& § & Q& Diacde DZ#e 3 3 0 g & 0 MR) &faeegworkbizh DEyldizBje§ 0 D |
k &9 DD dz3 a chmAeDlzgﬁbmeptedPDag:gnnecﬂonles@ZizQ3 ®&306 Q 3uj . oa |
DD As KDzxz 33 Qop GQ 4 o0 DA gélab@lmblegup 0Z) dzzo 51 2§ o P&K 3

LSRDz j /Y ADEBRLERe] 0.8 §O @G Y KDA oLBPQRDIOEEPDES A0l DR

Ay @dzG&Dai DD dzQ & Dz oLSRDEY| & KAy 3RDgoKQRIDzZEed [iXZEe 3KAl GBay /

o B

DHdz Q0 0034Dz o4& &dDpé&. Nj@ & dgDai3 30mAG g D& DD
3 a K U Ogivearding) Kageag QJUk ng,] /Eg)lqte(;)@ohtrél)ag [pjo a ¢

Q&g P30 DDAUJ VEQ 2 PHa ORAJK 3 szI%‘e3 PPAK okak QszgGé'iD
A0aQe 0Dy DDH Dz‘eka'edzDzieQ ‘@ o A ®] A§aAkgKaDs:
_ dz Dze§ ¢ §dlrceRdDinglt) & K 2§ DA § DDzmy o LSER K@ DA DRA Ly & &
3395&GQ3QD@U9/IE’LS@§§Q§@?“a@@z?(EIzau DZaIzQGAz,gVQQE]

LSP3iop Dz Uod 0Q00030DA 0Q303®s @HtzGiloloDEgy j@a D
DD 9 KA QAQ (sogrgegdutingydzD4ep D22 Q& Dz 9 K&aGo3g I_DZ)_A
A3000kAagDgy] QUDD qexphgntomumzaE;R) DZOWag IxBAER D g &
AgaK3zaggdzQae D7D dz /E&]‘p.l.([_)@?@ QORI B P>1.1.do_ Q0 QQ 3
630dz ®#aKaGe DDz DA § Ckxplick Dre SP@ER&@FA3(‘;6UIK@K8@ 9 DZ
dz3 b3 2 DZA303 o4& KabdsskdDpstmpe ARKAe OHHAZN
KaGo3o0GodQa DZizaKa'evK3v(jQUQc}dz“ RKAQAQdg , /o KDalzd
DD% ¢ Dzek ®dzDA s @&39kUagdzOe Ak a DA DD § g &a ¢
AgaK3eood®e BMDAGabPo Aao DREXEIIHM, &s0a(g
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/83 0 dz DZ)sd & FHy @ Gt § Dap DYy DDz ) 3 @300 3A0APYOIA0 oDOKdA J 1 (
33U3&§ o0a @®00ag 020, | ©OnHs @ xDEEERBP PHO 2U DI
oDa) 0§ EZpDRAOQAG] A& Ga 33032 o0& &eo0agy

» Specifies the route at the source node

Explicit route
1.1.1.1->11.1.83->1.1.1.5->1.1.1.6

1113 [ 1.1.15

K o a & Sburcea UBExplicit Routing

Traffic Trunk K & k e DA §ol 6% ¢ D ¢ zpo 30/A0 Koaog DR
gDH A& 0aQg] 339ﬁEGgDZ;J“ BRALEP O kDAY PEDBIK AK b @lfG 4
g 43 &KDg 3 gaiibrumki &0 Aj
Traffic Parameter | @9 g &g DA §4a3aKDak § DdFPEe Dxmj Ke
averageéit rate burstsize K DZ3
Generic Path Selection and Managemenflo path selectlonrulea3q Ga D3 Gaeg DD
DZizg D2 @ADzR P DAy 3 iBEz &KSHKAja &a PoHeao g ®39koal
33U3&23 oa AaDaGaDbag Dze VDZingLpKtrw]anagecjn éng D K AQ
rueKaGo39Gaeg @®ao DD qe3gkaeaQUQQ Q090 3uDhy Ga
DA OQGpo ak &0V D3 pDA k K & D4I DDA DDy DD dz AY K DA § dz
Resourcéclass affinity. | @ go &y 3090 KkiDgh AJaAGUDH QPO
039D 00309gGaes U 9a aGagsaeGes Nja a dzDA DD
®2aKoka oa dzko0309ggGoao.

Adaptivity. | &o g o &g DD o AKAEPH DZR 0 MEDFP o DBy Axg A Qo
D#izo Gg K A9 A§KDA§dz. Nje adzDA DEPADZ BB § AQK DR &d:
Q0o003uUDy KuGae GOo3U 30dz Uoaj 3A30] Ka Ga DDA §

i
oGy Dmy tFHffoirdwss & g ADg DA DP o

Priority. [j 8 GQ 3%
Preemption DZ 0 &
u k

Ay 3&A0 30dzLRPEO3x262DABAQ QBRI FEDG
KO30gbSPUKADRD o0& &30 ADDe&dzDzes KAa g & dzDA .
Resilience [[AG030Gaeg &ido Ga a3igagibieeDdas od D DK 4
aDDDH o a] DDDH [e KDazj .

_ Njga 3oKkDw Kep A B A oSaDzdb ey thaffictrank, &0 A] 3 A 30 dz
KaGA Kag 0309aAu30Dze Ukkg 3kg30G0304a DFeD:
KiGée a3aQQu] AsoxDAa g, DD 0O00030Dahy 30dz gKac
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0303034 Qeaaepqz, iDHdzQe Dmo AJadAIKEADAEA KAada DZKa‘edzE]]
k &@dzK A K Q dzD» Q’iszae/EJ(@ EEAGRZD§ Dap DHAEHO Kk 0 daed DD
Kag Q& 0&te§®ﬂmputﬂmn3 %3 p DA K:mktrhmiﬁBasedShortestPath First

(CSPF , Ké&fpKdstate®SPFK APIS, 3a3laey DH D&Ekg Ko aQ0 90 2
Q000 30Dh , O eattdbiit@Fnstrginiso DaaB gKkalga aoEd § &K Dzek Ag Dz
Daizo Dx) QA Dze3 § dz ORijgsgas & D b @ | ABD] BhQ30Go3e® &
3AZDoDABMPBIDDPO, 0§ AJUGO30§ KAQAQINkDH] &30
stated 3 P DO KOSRAK A$PIS

LSP

Destination node

MPLS network

NE node software structure

LSP attribute Route information

i OSPF extension: Routing protocol
CSPF: Restricted route calculation
CSPF RSVP: RSVP signalling
OSPF RSVP
extensions
A A

Neighboring node

KoofaB Uaofhysdesad aUUUGaUged ec63a8 UUsas

ODgm DAz Ugegad Ga 3I&39a30H0dQ&3 Py &#E0zA JEJKa D
Do @®aKa(GOSKPE3 di 3&@pAjo 2 33 pws&/mbar«aémaD@_QéDz;;Ec
LDP. Nj& D& o QEGD@S\WEZJQBQD D& KPAEQHjdz KAQAGdz KA
Q000 34Dl 0&4 &oDIyYDDDH Yo Ge @Exm@ERdutg@bJecmqugk 20
I ®3000DA] aga 3aG0AR(KAQGEAQDD ol . RYIRATHA. 1 /g
Q4d0gQa 30dz 43&dzGao®DA Y DDH KRNI H o 31 DAY 1.
Dz adsDA¢. O& adzdA D ng,QaeeQ aegzmme'efg M dz3 ¢
DDA bDZEY *3A0&200 KAOAQD 1. BATH@A o giQaKAOQA0Q
@5 ®0x3 ARRCZBAFEp K @FEU 1 .6>111 1a>1 11.6>1. 1. 1. 6)
4GoA /EgaKk3ooq@yodn DEY A BRGR: KEGAD®DD 330 Gao
3AQBPH oFHRA KAQAQ. dz o /Aga AJaAyJKaDdra &34034
5DAQ ¢ Dzek &dzDA o] KAQAQ] 4 PRIHQYIL GDH DHDHA g
U DA o A& dzDA] DDA RES¥gessag® aDa (2P0 DDpdr GgdH g KA
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Koo fakKooUUY ERIUSPE U RIGPITE

N& Dg Qej DD dzREYVRBEEAHD QR I Unmp 33 pDAKQKK

a /ERBYRa KR Dzek aedmlt‘khta{ez 3 pOAKgkUWoA DZ Q& DX AQ DB ¢
0op AaFldyerDO0& &3 § ca@ﬁmg@@/&@ ot DPa) 3a KU zD o DD
SVRBTE. sRSVPpacketd 3 0 Dzek &o \@heaﬁ@ﬂ@\a gUI@S&é/@cﬂ)ject ‘
0 k Kk éR§WFﬁobjectSQ3Q 3040 o0& DHOQ3IR3GkgGGoado Dz U
@0 ERg KDl KU 3 ae/Ebeade@ap cprnrgans @a@mlbsmﬂwg, RS)/ZQ

sum TTL RSVP Length. a DA 3 QHSVPIhgedZK aGo 3o

dk o 2 psswAbéZEgsypA 3 &/Fo a

¢
?3.
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0 1 2 3

U]23455}'890123456?390123456?8901

rrrrrrrrrrrrrrrrrrrrrrrrrrr +—t e

I‘u-'er'smnl Flags | Message Type | RSVP Checksum | 1
RSVP Header s e s E e e e e I F—t—+—+

| Send TTL | Reserved | RS‘JP Length | 2

e T T B e T L T B L s o A

| Object Length | Glass Num | C—Type | 3
RSVP Object Fot bbbttt — b — bt~ bt — F——+—+

| Ubject Data | 4

s e s T S Tt S bttt —+——+ —+

| Object Length | Glass Num | C-Type | &

e T T B e T L T B L s o A
RSVP Object | UbJECt Data ... | 6

1+ ———t—t————— o

........................... s
[Example of object]

s S T B s et S B e I ¥

| Length = 12 | Class-Num =1 | C-Type =1 |

Destination ot —t—F——+—+—+—F—F—F—+—F—F—F—F—F—F—+—F——+—+—F—+—F——+—+—+ —+

of RSVP §‘I\ IPv4 Destination Address |

................................ —

| Protocol ID | Flags | Destlnatlon Purt |
s St e Tt et L T e S

(a) Session dass (Destmatlon of path drawn by this RSVP)

.......................... —

| Length =12 | GIass-Num =3 | - Type =1 |

IP address of A+ +——4 F——+—+
the nest device }L IPV4 Next/Prewous Address |
B e s S S e o R oo e e e e e o o

| Logmal Interface Handle |
1+ ——t—t—1—1—1—1— o

(b) Hop class (Specification of next device)

F———+——t+——+—————— S ————+ —+

| Length = 8 | CIass—Num =5 C-Type=1 |

Refresh period e Dt B e e e S s s e T
\|~ Refresh Period R |

+—+—+ 4+ -t

(c) Time values object (Specification of refresh period of soft state)

K o o iR RBVP message format

N&DZ Q &y ARDH/HRPEATH Q4 0 § @8 § k & OERQ ebpdAHEDIDD
RESVDzZERO K 4RRO dRecord Route ObjedDZp Aeg KD KU *o003@
AgaK3000dzQe DHdZ AEREMB) 30dZ4 DA 3Z0d7 Od
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TABLE 6.2
Message Type of RSVP

Value  Message Type

Path

Resv
PatrErr
ResvErr
PathTear
ResvTear
RescConf

N N B W N -

Koomadi 65 egBIVPYU~rs
] Ai3DeUp#E 3430423404 Dmyj AjBRROKRDED
Dy GuUD4y 2aKaDADPRAIDYEAE QP DA G :
DHLPOO Qoo 3abDgyyoa ai3zA D
dabelrecordinglagto sessiomttribut®  B&
Q

message KaDAa3iGay D
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« Qi
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&
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Q< Qo

0 §Traffic Trunk &&Q A$P 24 K& Ga DDA DA § KR
DZizd KK 33 QU9 ¢ atgradidepifen(leceeldy . Q&dzy o &
UolBPo & 40Dy KA GCoDIPABDY HYKQKE
ADA 9 330320 ¢ aTE attkibkitédQopstizainss & UKD I HAY ALSR
d04aop 3o AdePreitichSMD) DHTWNNedD K& DA a 3 U G
object & oL DD BessionTemplateObject 8egsiorobject
% g DI PADEIDESRESVO dzg U Q & DAessiogenflat@dbjectQ A
message

o U
1
T N

3.1.3MPLS DIFFSERVAT

~ ODmo 33Q9a0aoeegs3 A Adg BEySHTE BRIV 2§ DD
g 3UDDze] o9& AgQQ 0 dz3 amphh OS99 0 JU DA a DAZY A £DX Dz
@&da30dg GAQg] jubDy DAUDHYgQ ®aadzubDag Qg AgacG
Ga ®oo0ag 0JK3ADzEEaGDZRD oa DArd aa daldpAra oIRHK AERIZ] 0
QQ o DM BTE®20a§ (Dh Ao &*o90ag QORI §0DP o A
k&g DHdz3agaqQ DDz Dalzgok KA ®383&8A). 00 DAlzaKe
DiffServ &9 g Q @ 3MPORTE,0 30 Gzeae@@®K DX 35309a0aQ&QQ OQF
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ODx O DifSeiviDAzo & ¢ DAl Q& /4 (jbestlfﬁ)rg E el :
bandW|dth guqranteedandW|dth3 3 U 3 &) oa &®s0ag BEHk@AADA O
< s e 5

GAQg] Kag | 9 Q.9 D&z
AaDHh Ku & PifsSebdPpo PHFz 0o& aoDYDDH JgoaQe QxgpP3
GAQg] Dz Q&gpP3gDDA] KkiuDzeyg] KoogDbDh] £ a
bandwidtha § & KU G& DRFE3P64&XP DA DHBY D@o UQ glgs§ & DD dz |
typedCT.  DZ &RHEE@Perbp BehavioK 8 Go 39 Ge@DAa § a3A Dmy 330 Dz
Kag 3AIGTIHRD3.eoUdB OQ&DAGUS & K eDiffgeDty & 3

effortK e 0 g D& A4 o DACTDIDD § g o GeDA § DDD

ODmy 3309204 Qaupyka @achPhifo kopa s Gy Uod 0000
DAzQ Q) 3 GAQ DA J O& Ka Gangrair®sA Ofep[a] aagal3 Qg‘_ @ARougha
9 434 KDg 3§ DDy KOifSeDaiz FE3) IXP § Dze§ bamwidiigzs GRDE® 0
Ugad &%Ts/ADA Uga A=ARQBouz DBRGEEPHED ®GA 3 Q0 DL @3
Fga oa &30 Dzedzg Geaes (p,dz3qkbaanc§Nlm,ﬁqcaT e dA OH 0 0 3 &
DA &303®Aa 330Dz3agADgDA] 33U3®§ o0a &904y
linkdstatelGP 33 P DA KO k k & @©®EeGOdnz DHad AFRCEIFDO &4 30
K & @rierity levelDZ2e KU Ga& a3a00l DGADDH o dz303§0odzg 8
CTa DZizo 0k g Kl Ga 33U3&§ 0 4 linkEShte @gdpasG ) o DA §
DY Axg KDY KlI a0&GU30dz02 aPhy KagadogBBT-dzy 3 AG & de
aj3QGubDg Dz 9¢a_ 3J*3 gdyestiseDidaldzeDaB q KadGC QAzDBD o5& 8 ¢
DKgabDOUoa Kaekgl DDDH 3e00aKaa 41.
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The TE-classes are:

TEO
TE1
TE2
TE3
TE4
TES
TE6
TE7

clo, 7)
o2, 7)
ct4, 7)
g}g i; Priority
ct5, 4)
ci2, 3)
ci5, 2)

o =24 N W o~ O o N

cto ct1 ct2 ... ct7
Class type

KooMadgs UacTEe a8 0 Uxs U ' h 64 Ggseassaesid Ggslg
a

ODmo DA BG&IDDH 0000 30Dy *aAKADADDAGEs DO
DDA U Ag dz503900DA 33PDAKQokkaAE RE@’_I@TEIB[Z&EQD;VZQ\]
CROLDP, UDDZ ADDze & AgQ§odz3a¢aoDALT.B0 00 30 D!
CT3kg3QGQ3h$’Q@@@QngaDzEIgssT@@ijecg@J{E}y_ﬁoRsszj i
pathQa 9 gQa, KaFs KaBA3IdLG2®3DHO a3agbDzmeaDAl 4
I'eeAaap] Dz &3ADm Qa 30dz Dm GCafamdgidthegaa Ku &L d
%%SQDm&s@FﬁmééﬁﬂDﬂzDzﬂGUQé Ugodzo 330D GePAKE U GO :

I

U Maximum Allocation Model (MAM). 6 0 3k @0 0 (MABIGE@ & 4 B dx DI
830000 A ®y o DEBk /At § 0E§ &z0R) 3 @BZKAA 09§ 33
kd&QAloooDAYg diSAHENz AQuRDHAENES ADZEY K 6 @ § 2DD Kl
CTe& & dz3okobapddhhooDmay PJ CROQE: +§a
330Dz23 a4 ADRORI®e DAY &3A DO 2LIDD GAQ 9]
0 G30 g DDA baldwiptg3 0 D oK & DA o UIBesDEEEn Daey A k BA
&30 3@MAa  330D288 g KbA A Pzp3 § dz0 =8 DA AQOFEQ DD Q&
QggaogDMDA adsDA @®eoag o0Dxy ®3egAU ®&004(g
®2430] G/Aog]CTs0 emAdPithO3dg @0 08 DZAaDAkKYgUDZ
Q3gDZJOO3OQaéeDﬁQ agl@m Dy Q&xDAGO30 DPo lkk
i Russian Dolls Model (RDM). 60 D#zaK&K3g3QUod QOoDAk
4 30 Dzek DD & DAY KADZ;J D\#\M @&3 oig oGAEJES § Dz =g
00§ 30 Goandwidty OR 5QDZQDZDZ?QQa‘ee DDmy o Ko o gDy
QoS & 34§ DAl DZ&J]  <higabétiaitK © ¢ g DZy . éngﬁIéG@Moi{I
g 3 U DZQandWigihdzdzQ & & 0 & DA § aunaeDb BZ eedEd a g u K3
Uod DDA G&3A 30DODDDA DHdz ®2430d7 GAog] a3
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 SubdTLV = 14 (Link protection type): &g § ®& K&HG K DAIoER] 3 &/Es §
4 dzDA dz30 AdzKo o &y DHo AAGOA a0§0 3g DD» a
Daz3030§gGaes Q& AlUDZH DAY &aKAk)dzGodz DZ
0 1 Emratraffictyped : U3gDHQ0350g&oDAY P] a3a0C
dz3 A k lipks BesbeffortK o 0 g D& Dz Ug &g DAz U Gp] Dz 4&d
DHzQA®o KU3098 aDDDHgoad DERyee/AF§DYDAA DERIEZA
ukkg 330DDa D@‘edz@(aee(g g)_zc@g_;“aa Q))@'eu ,a dg)iﬁjp : )
T UfApkotected : | dzDd g a3aQQu A&Q 330 DDA Dz
ZDZ? gls@Lfe/BEQOUo & Dmyj JluoQoDAY. )
Sharédrype U3 03§ 0 dzo Extratrafffdygep DIZ)ZHELD Zed) |
dz 330DDADz40dz0 Dxmg o shéQm@link KaadgDAIDDH 6 §
0 0 0 3§ ledatrafidiypelinkees 0 &g & o &@Qli3Dmg DA D Uoé
T

B B > &
[(c@NIGNTN

"O Flﬁ
?Bu
A<

R

aype 1030 3 g segtrdfafiotypelitk@ ® dz 3 3 0 DDA Dzel &9

1 DA30. jayg 30kg DA A40 000030Dxhya DI
D8 1+1 type V303@|eélgateélddppendemqqq3u Dy 30 dz
DDz'iDza'eéa‘eg Uod 1+1 DA30. 060 GUOA @00
4

30
Zeg 3 U LSpmule/£nzh D Ao lMlgs@te&g Qa GeDA Y PJ

W
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Ettancedype DA 0&g 39A a03dEQoaDH BERAQ
39 0dzo &eA£ 2dedicatédddiegeaerdDDDA 32DH & 30 dz
3350DDADAdz0dzg DHo 1+1 DAJH.
 Sub3TLV = 15 (Interface switching capability identifier): To Q U KI&j dz
Jeins @eda AkYDAG 2y 0§& oKDd A& gFpadz dz3 ¢
Qa‘eDz‘iépéU], Uk kg Q Ho DA3O0 KpAIKO 3
U & gLBPHandwidth & g & 330Dz34agADg DA . a
Dze3 & § ¢ DAi DD o 8 .GMPISERs @ §4 DB g ¢
rderfaceUg &g KAag AJaGcozedaal)]gKanidpgas
@yidtaPfacesdd A DAHzAIMIERKE § OYoodkoadaop 3o Dz
@004y pPDDADD gKaoA o0& DD 330D
Dz 3RBG TDOIEDECA D 8KEgg: O DA 3

R v

X —C

« C¢« O
(QN(
cx

Q1 Qi (N¢
i 2R Q( O

X Fﬁ' (NN X(QN(,O
S @
,Q (SFDF!I O Cr S

ROl O Fﬁ
O N« |
(NO1 -

O (¢

-<
O
o
<
P

/Eg ﬁEQQdZQ Dz o gKaQADz;Da
interface £ DDA UG ¢ dzQ :
(PSC PSQ, (TDM, TDM), (LSC, LSC), (PSG TDM), (PSG LSC),
(TDM , LSC), (PSC PSG-LSO).

 SubdTLV = 16 Riskdsharedlink group 3SRLG):K&§ 3Gk g DD OQUKO]
Q&DA Ak gRuBeo &%y Uo& DAoOko Aa3A Dz £AUDDG
Uod DAHzaAK&K33gOQUoo D&LUk Q4. #@émb@aa?,ﬁﬁl?aégéc

~ ~ ~ = =~

AoUKOdzo DZ Qod OQ3DIXEP o 0 @A KXKG§ A3A00kokDs

QodidDH ¢39DHQ030§A0DA] Uoad OQUKQJ KaoQal
338a0aDn) 3009 DASEIFR]3 & HOME § ®FJg 3 @Y G0 0 DA J
DAQ DDDH aop DBNQ KR agoa, anHA édzDzU] a o D:
dao&0Q0 3 Dxy Dy a3aoQoQu, DeMDzeyer gE20d QO &0 § § DD»
eQ4A DG Ak g DOBMRLS KidGge BI348 OQQU DDA 3k s DB
Dmj 0Q303&®e 0a @33kU0Qxy Uoéd aoxQl3DxyDD
3 e BRI ello &dzDA Dah QJSRLIGHbER $Rodi K&y Dze

0
groupeK G3 0 Gebhal fEeDae 4 oK
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Indicates traffic engineering L5A

UI'IEJ-#‘?-h $HU1£J—55 L9L|12J-15h'.'35l31

I .

L5 age | ,.upL|-:|ns |L|'1k sta |:|:| . .
H =ttt Iun’l ~ Advertiszment within area
! Opacue IT:.-pn | natance _|7_ Mumber attached to identify
t + t —+ the multiple traffic

Advertising Houter
=ttt —t—t—r—t— =ttt -ttt
5 Sequence Number

engineering LS As

|
— —

LS checksum | Length
=ttt t—t—t—t—t—t—t—r—t—t

Opagus Information

— e —

\ Length pf Sub-TLV
™

IJ1£'-'15F"'|.|'-"3|121'1-5:i'-'34-2'1£'45F J'-'[|1

18 (MPLS exiension) —Z— Sul: T,.' T:.-|:-e | length i |
11, 14,15,16 (GMPLE extension) s —j—pspps—y A S S S ST W S S PR S

| Value, |

A 5 o B3 Qpaque LSA format
Sub TLV

Type Length Name

1 I Link type

2 4 Link ID

3 4 Local interface P address

4 4 Remote interface 1P address

5 4 Traffic engineering metric

6 4 Maximum bandwidth

7 4 Maximum reservable bandwidth

8 32 Unreserved bandwidth

9 4 Administrative group

11 8 Link Local/Remote Identifiers «— Added for GMPLS

14 4 Link Protection Type 44— Added for GMPLS

15 variable Interface Switching Capability Descriptor «4— Added for GMPLS

16 variable Shared Risk Link Group 44— Added for GMPLS

5oMmBEULKITLY Usg Opaque LSAiTEUe GMPLS OSPF

00 33pDAKokko DZOQaDdH A)D2AE] aeadg&PQ(a@JQva 33p
/g ageyss Gaeba gl IIDIQJza;)DZAJk ngngz DQo_ @a;a K@Dy a Qvu, 30
22000DA Y ®KDzeDA QUIBTE[a § § 3 DRZHU PEE3® 3053 ZJDZ';D@? dZ
33D DD KREKRITB, dz DD Q:’)QSQ éZ)QDzaekaea DD A'EgQ Gg k UDZ
D @MPLS ODzy  Dalzg Ug &4dja Trv’rﬂcad:*mglmeglug@@ de2® 241 X5 g | DD
33pDDHKAkkodz adDH 4. 353PISP el AMEDDADLERS 20
330Uk ®dzDxy | PATRDE gEdz@eg { UG 3239 3DAoDP] g o Aga
Ka g ASibiamoduleDOHNES2 , a4 §a DA] & oAga K38 ¢ D@ §3BDF3Pa00
GMPL§ , D& 03020 GDidlo®§ DDDHo KAGQIsDDHIE Q3§ D2
Q000 3abDhyoa. O& adzDA_ DxH QuodzQa @JDAOa&xDA] O
Q0Q03aDZo4. 35DAQ ¢ RATBIDL dZDFQ 0 DA Al A B3
UQRESVQU @ dzQa O Dmhy o aoDaDDz3 o Gg DzgBESVY |ljaba D
QgodzQaDnH] a3A KiuGe ®0A£AgaoQUDd KAQAG, OQ&K{Jo.
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N~ M v M

D g QaDa Gjoo Dzha@elFKrwagdln@mgs@Eeu Kdpz deee Q £ ﬁEaeDZ;)U dzeeDza §
a Pabn atﬁraé\tylc@hcga Go QEecofskalntd dz A£§aAJKaDda& adzda &
DzapstreamA DD Kchi)\@nstrélﬂaaae3 3 3 ®ED . o ngRS\BﬁCj, 9 33DPaDA DzPa) dz
{Egégaea3gDZg Dz | K & Dzu_BE)za &R ]G aaaglaa DZJgD@D@AH@@ DAIDZ0g
K a Dl DDA@EJF ], 33 G@%QDZ?Qé Q&DZl Dz o PATHOY 0 dz3 & o 3
U RESVOgQ A0abDa 3 &390 /Egelﬁeshmesbaajjﬂém stéfeszpqﬂ%DQ DA §

dz3 o AdzK ¢ &o &DéréshmeZagesd DADG DA E] DHZAK&K330QU0 9]
QU QdzQ& & o & AU PUmZA] KG@ueamEeyaPs) G0 @ o D2 DD § § 0] DI ®C
K3aoa®g 0D Ugaeg DZIzQAaea anstataD)ﬂﬁFQa QU D&
3a30kkgka @@{ERRBR,@a@ dz0 a aPKtIa'I@EARLQQan dzQ & Dz& D& Dz

upstreamA DD ddﬁ/\ms@rearrG 03u DZjﬂp[l@ ®gad 0 KAQMAATH 30d
QU Q dzQa ﬁEg aa @sno@raecgecﬂ)&st&athzg(MDzelg dzD4i g9 0 U GQ Yl
Dz § K & D4l DDA D | DHdz Q00034Dxo4& &olkoa
omanagemeiy soft stat@® .

H RSVRTE DZ Q& DR) AJMPRSYEY £PA ¢ dz &3 &K Dzes 9 &DA
GMPLS dz ®aKa Dai DDZA D D#H dz Q 2 0

D A

LabeIRequestDuaI Direction Path SignalingLabelSdting K aﬁgchlteqturablgnallng o
DYy ®@Dm GooDAa g Q& Dmo OMRL®S ga adzDai] Dzmyj éQt‘JG
O DEPLS/s K DABPOY @ & 3 (i D4 & 3 aeﬂa&é&gm@bmt@pam 0o Dz
PSCinterfaces Q& a9 Da DDx §gg Dzeg QIE’K& K O bz P g G 3 3
D

GMPLS RXYRTE @a Ka Gg DDl DM S, DSEAKEESED inRateges U 3 & o
DDOREC Kag DadzDz&g:sQQa /Egagaeg3eGaeDzag Dzy K a
DZPATH Q Uo dzQa, DD DzaeHaMzélmest@oJeclﬁEg G UE@zfagﬁBw}ﬂJ’@ Aa a
aengKUDMHLSaIE.‘mpg Dzea dzDZ;aDngKu 0gad a&ogKeaedzQUo ¢
Dzl)abelrequesbbject3 30 DDA G g K &SP Erﬁmdmgj{l’w&eﬁwnchmg Type,

K 8GHPID (GeneralizedPayloadlD).ODzy 0 DAYHGAKE o%H 0 dzQ& DDH f or ma
request object.
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0 1 2 3
012345678901 23456789012345678901
¥ +—t—+
| Length | Glabs Num “19) IG Iype I’d] [BAT|
F=F—t——t———t—F— =t —t——F == —F—t—F—t ——t—————+ jrm=rfe ==
| ISF‘ Fnc Type |Sm1.4:h|r|g Type | G-FID |
+—+4 ! e +—+
A R N
\ '.|I b
Specifies the interface type of intermediaty node Identifies the the type of payload.

Specifies which layer’s LSP must be set up.

LSP Enc. Type Value Type
1 Packet 1 Packet-Switch Capable=1 (PSC-1)
2 Ethernet V2/01X 2 Pachet—Switch Capable-2 (PSG-2)
3 ANS| PDH 3 Packet—Switch Gapable-3 (PSC-3)
) ETS! PDH 4 Packet—Switch Gapable—4 (PSG—4)
5 SDH 51 Layer—2 Switch Capable (L250C)
i SONET 100 Time-Divisien—Multiplex Capable (TDM)
) Digital Wrapper 150  Lambda-Switch Capable (LSC)
g Lambda (photonic) 200  Fiber-Switch Capable (FSC)
g Fiber

10 Ethernet 802.3

KoofaMor mat Ueg Label Request Object

LSP encoding type: A9 & 34 3 § DDZi o &bz eADge. UQ 50 ABdzK ¢ o &7

terfacezzQ A] o AJ U O &ISB @D oKOAIEADKId? 4D a

XpgDHj 33U3®§ o4
I;Eﬂnerr[em&HU ﬂ)gatalwrapp I

0 3 inerfpip o AgPHo 0 & §

@im;at?, AaKUDPo .

itching type: j 49 3
dayeeeela) K U DA 3
aFCS ¢ DD DDz
mesl dDIZ%gQ &Dzy K

m° @
7:@

SDIX<93| NS
"O'UGJ'U(D
PO B @ oy Bac o

o

1 |— ?B'
(G 0O (N‘
Qi ST E
O
3
O
&
Q-1
[(®]3
Qi
&
.,(ml(
%
m

Qs
)
Qx
Q:

0
(o]} o —
2o

0 RAQAQJ 33@“,

O N¢O1
N
U e
(bb c NN
OO Qs
‘b‘ B, N¢
N ¢
ye)
QO
|

=<

o g O
)>°-—<

Nk

%

@)

&

8

N,

'O

: @

BN

8

5

)

£

&

FH'rOI Q1 (N¢ O\
)

o &k

OF"

(N«

¢ 8 O >
1 6 B

(] %lﬁ,
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Value Type Technology
0 Unknown All

1 Reserved

2 Reserved

3 Reservad

4 Reservad

5 Asynchronous mapping of E4 S0H
5] Asynchronous mapping of DS3T3 SDH
7 Asynchronous mapping of E3 SDOH
a Bit synchronous mapping of E3 SDH
] Byte synchronous mapping of E3 SDH
10 Asynchronous mapping of DS2T2 S0OH
11 Bit synchronous mapping of DS2T2 S0H
12 Reserved

13 Asynchronous mapping of E1 SDOH
14 Byte synchronous mapping of E1 SDH
15 Byte synchronous mapping of 31  DS0 S0OH
16 Asynchronous mapping of DS1/T1 S0H
17 Bit synchronous mapping of DS1/T1 S0H
18 Byte synchronous mapping of DS1/TH SDOH
19 VC-11 in VC-12 SDH

20 Reserved
21 Reserved

22 DS1 5F Asynchronous SOMET

23 D51 ESF Asynchronous SOMET

24 053 M23 Asynchronous SOMET

25 D53 C-Bit Parity Asynchronous SOMET

26 VT/LOVC SDH

27 STS SPE/HOVC SDH

28 POS - No Scrambling, 16 bit CRC SDH

29 POS - No Scrambling, 32 bit CRC SDH

a0 POS - Scrambling, 16 bit CRC SDH

H POS - Scrambling, 32 bit CRC SDH

3z ATM mapping S0H

33 Ethemet S0H, Lambda, Fiber
M SOMET/SDH Lambda, Fiber
35 Reserved (SOMET deprecated) Lambda, Fiber
a6 Digital Wrapper Lambda, Fiber
37 Lambda Fiber

Koo B&d&i ~ @iPID

¢ 0 BSPDDMPLSAs KDazA DAzo U GP] &30

@239 KO g o p oo DM er KdRgeK Giipdinyer DDBMPLS /Fo
BINETDEDH Q 0 0 ¢ 3 UvizwielengtiQdZp ¢ 3 U Dipér, K &3 o DA
E3 0 Q4 g DyQaDhn A)Dra 33U32§ oa =&
) DA a ag P@s A300a0 glimy oDAEAHSH) 04e0 P |

-

1Q QO Q¢

S
O
O

Z 9

©

o]
QD
1
M|
o2

(= &:l L OO
X
Qo
O
&

O U Mgoo QO

?dl QO 0O ?dl ¢ Qo
=2
o
v,
B
M
(@]

O K gwcb‘ro
o O O

N

eg B o
Qg
1 &;, rQI Q:
Qe

B &
O Q¢ 8— FH'
oo
! O X«
e b‘ Qi
)_>| Qi O‘
S «

O CCr o
@I E_ Qi

N gWWNg
Ne) (b‘ @ X<Q
O
E' O(
N Q_)I
(N
8 3
a) ('AI(
d o
O (¢
<
&

E.
=«
£
S
(<))
@(
R
(=]}
el
P
To
O
B
O
ik
oY
o)
]
O &
.,

B
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704  Kefnknated DA gLBBO

Uk ®@dzD& ] DDDH o

a k dmpdm@agpattd . 1 330

5 aanzaGaeDag p
D

. & | DZDHUpgrensiDgeR U
DD o . | dzDA] Q& Dzmy DZeg
DD DB §C DDi@belconversiortable K 3

i DD dz GUDzaeg Dz

5 2 .

D) QQQQ3HDZj,aQA/EQd a
=)

3 U DZY a dzDZi | D

Upstream label Upstraam labsl Upstraam lab=l
p o pd
) ] )
{505}  Switch sstup €131 Switch setup {6581

Initiator Terminator
(Cviginating node) _’ TR ’ EATH b [Destlnan:-n node)
“u

Uétsettlﬁgm DZla&DAa § aga o3

dz Dzeg o la
,CE O& 4adzdl Dmy 3

layer&e 3 o
| dzD

A
H '3
D
D
g

O QN(
93.
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- Ok O rBI

QN
N1 O
>N ®
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O c« N
N
el
«Q 8'

=,
©Q «©x
A Qnu
Qi FH

B
S
Q
2
=
%I Qi
s
= 3
<
D
3,
o
O
B
O
Bn
Q-
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—

unctio

O
Ao

O B
e}
00
&

O

B

o M
(B}

m

&Br
[{e]]
N.O
O
O
el

Q):IrBI
O
T
L®)
TN
& o
B
B 5
O B
@«

L X0 OS5
°B
[(]4
O o N
(N¢

mI‘Q(@ X‘Q‘OIEA

'O(E< O D¢

PN

WO Ce O
&
fO
5

O SN o [T N (N
B =

QO PO RGP W g o

O O
O O X«
N

Corregpondence table betwesn Comespondence table betwesn
wavelength and label {nod=-B) wavalength and label (node-C)

Input Dutput Wavelength nput Ountput Waeslength
101 2N Red 2 M Red
115 e Yallow 2 315 Yallow
120 220 Green 220 [><320 Graen
150 250 Blue 250 3G0 Blus

Labal set
Ivalll
1101, 115, 120, 150§ {201, 220, 250} {301, 3509

Criginating node —’ —’ —b- Diestination nods
— PATH . PATH PATH —
I.-"A'H .r"B ) f‘,_-:“‘\, i
A .
I RESV

c) \D
o] (2o1] o1}

r’

.,
l RESY | RESY

Nje AUGDZ DA ADZAzZQDD §p [AVBBEZROGFd 0 ADA o &g DI 4
% 5 E ; g

0 DBpdigooga Dmyj KAaDAgQ
olho &

& 0 Dm k g Hig : § :
KaGo DDA DAY &GyKDA LBRADZRaKaE Qg Baed gpPe olho &
®Q &340 3500 bW seped s Dy I a Dze  dziug k ADzeRA  &F b &l
ohierarchicalsignalingd. | a3 U0 A£Z®gaQa Dmgj Dz:dogkli] adzDaj
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Moda-1 MNoda-2 Moda-3 Mode-4 MNode-5
il
e — —
L PATH (PSC)
—®__PATH(LSC)
— ™ PATHI(LSC)
e

RESV LSC) _[*REsV (LsC)

Pl

PATHIPSG) 1™ pampsc)

—

 [*mEsvipsc)

__mEsupse) |
“REsv (PsC)
‘A PSCLSP
LSC-LSP
KoofpatlU); Ujcooec 8RdGd Ushd

+9a& Dgy Ajagaes3§Dy DPo Dazo ik DEPgemedieDA Q4 &
Protocol (LMP) Ug ®§ &g DA 6MRESES3 PPDAKG & & ¢ ] aop DDA
k@3 Dndz3AagKADm DA] A&A)QUopPo KA&J GMPISAJodz &a
| dzDA §gDH A&y KA&Y Aga DA KAgakga ailikdgodz KAag
DDz Kaolkhy ARAAQUEOAE 3 2DYKI &d9&daKadag oa &
AaK39gAU0] DaQxsa( Dm] AkuUAg] ADD Dz /Adz 4 DAQ
d9gUKaQHY. UDDADDH DDA 343aA0DHAaAKGE 33pDAKOKEK
40 &Ql 3Dy DA, dZEaAdzoBDADY 0K GHlokOm 3 g DDzes 0QFa& 3§
Qa&Dal £AQ DQ ] ARAJQUQPq. ¢ DIHZ 30PIDDHKKAAKKE®] dz daspadadd:
AoDYDDDH §Gges DDHo 0ODZ DA £DD( DDZH o DA A®DDH
constrainsetd ¢ U Q&DA DzA Glaaydga), ¢ §(KMD)ajo &K & ¢ DI DDDH § g &
DD 33Ko&4 KAQAQdz DDmy 4&4oDeDDHygyg A§e3IaGU &0
DA o £A2DXD ) A2A0QUopPO 30dz DDHdzz DAz AUZg, Kag (-

6 AMP/AY & GUDzey DA DAZEKSDPxg RZE §e] k &y DD dz3
Controldchannel management
Link dproperty correlation

5w~

Connectivity certification (330&833&DhgKi)
Failure management (33%30ag3a&DlKui)

DA &D4l Go dzQ& D#Hz0 0 3Dx Ki KiG&e QOga a30 4&dzdDAj .
_Controldchannel management # § 8 0 & k & D) dayRa U D& & §RFPIDDA]
dz3039g&®3 DHdZk UggDDDHo UQad &aQGe A3000 Kaoukg
D#lzg £U ¢ o DEE §ink. Qadj 4lD@@&d Dzmy AgQgodzzasad @®9A] DHdzku
a®edDDogKoa KHMPreighpordK & kdi akodDiTa 0dz3 edzGdzo A Dxy DA |
k 20zDH g KADNPAY o D dyg ®aKaGoe A3dzDy Kag g Agag®s
Ak ®30dzQ2 Ka 2 DIy oxe3BKOAPPoasa DPo AzAIQUD
axegDDogKoaj KAQAQ I 33 @RAzck & DAMP Y& UDKn &
DZizQ 3 &3 § G UBR (dzDatagf@mProtocoly 3 a KUDzA LWR poptDA] Ug &
number To Kagoukg &kUagodz KuGe KabDzaGdz Dg]J Dz d
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K & o && 0 &agantdal channel identifier Nj& D=z Q 24 KaGo A3 dzDE L
@0 ®3 4 0 3OMP#BELDA $ 3 [DEA K o k k 0 DZed 3lIDA DaDd#HEDNHDA k k Ui DDZ
0go a0aba QaeDzaQé A40 axgDnHoygKAEo KAQApo Kag
Kaoakgoad e&kUagodz
< Link management by LMP >
Cont "CIlChu.I'IrIEIl " _|F' niatwiork
Noto A oo J.________________ Node-B
{Local) Labal [Femata)
AN
ik 101 10 [
13 | [2] | 102 11| |es
3| ,' 102 ,'HE |
Lk CSTEdink
loantier —1 -'"-, 101 x'l-“:' -
T 2| | 102 i|11 26
:}' ) 103 [z
Inferface identifier
K 5 3 B2 link ManagementProtocol
Link dproperty correlation: dz Dzeg ¢ Ign nkdpiro émyc«tzrelatlona'eR Dzek @o DAg ag
DD Dijag3Q¢E§ DméﬁElﬂlp&(gjvdzv éVQVU QaeDZt Dze a &®§ D% ¢ § K ¢
40D% DDDHGGoGooDAG 30K WK _
aoQa®y abDDbz3a a3z3Q (ga&gHR ) RS 1A A gD I X)
ddzDdi Dgy 3®323DPDY ¢34 @I@m@ﬁv@qegfmmgmm k &§ D) dz
53p] Gago®DA §62K aADANDIAr3 UDHGKOAdRod T &3 § ODA Dze3 &]
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32354 | DZ Lja NDZjo &a U7 * Ljlj & 6 dzo | GMPLENDZ Ua U
(GMPLS CONTROL PLANE)

5DD IDzZEs KDalzd Q&DA G &g 3 = B § DABHGEXEI 204 K U
8384904 Dzeg] Dz §30 @7 KAo KRDxzQ®aseg DDR XAl 3sge 504
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330039DDA. 064 AoKDmzda Q&DAGO30] HEDMEIHH A4 Dz
Q0QQ3UDAHE DA 03008 343802DF0300 PpageBAg ®o Dze
®o Dzz¢ QEdDRA BzDDOzm QU Po KdzZKk pQuDpP o DDHdF ¢ 3D7m
Dgj GAaA34&] @®JDAALOGdz Kag &®QAALidz Oxzxd 390U &
GAQg] KaDAQUQ&DAY§ aga Do ®33KogopPoad Dmyj

Dze KU3030 AAGQA 9 AJa&AJKADB® A >aKaGa A3dzDE]

AR adQaQaAkox®DAY DzZ 334a0Q0aDYKA ¢33 ARG DDA I
830DAk ®DbHa oaKAEryg] AlDzyg] AeAoQUopPpo Kag
KkoQaK&a] AesKDazA Q303&d oa &4349DADDHdzg KAY &
wavelength§ 3 2§ U GO o DA § & AJKU &30 APMRESAS K DOz2DA  D:
Ugp &Qa&kggGaea Q& Ugadoqo 3&3§DDADz3( & dzDD) Q& DZ
3 &3 § Dpakketimseinetworks K& g UDDY &oDAkkUDDHdzg 3kg30
g30Dy 33D DHBCAKAPR AZMj3UDYy &dDA9 DPo 33pPDDH
Dg o 43¢ § BidQaep &4 oY & awpg) BEADAOY DB dZDdy ] Ko o
AaDg DDUog Dz Adzo aQ3KU] DAz GliKe] KAag ¢§a3aKDbDaz

Distinct IP and DWDM
Mansgemen: Planes = | Conirol @ — % !ﬁ ’

Distinct IP and DWDM : - : :
Control Flanes gt m T
o)
Expensive Elecrrical gl i M ' ‘
Cross Connect (DEO) - | - 1 ®
e, Sy q »

Multiple Transponders
per Wavelength [OEO)

Truck Rolls for
Reconfiguration
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330 ®KDACMRISPY O/ PD A0 DB &] aga Dpo Ukxago DPo
dOptical TransportNetworks(OTN) . Uj a@eﬂdbélbzé@amdm)rkae3 @K Dzea Q &0
D U Ag WBSB%@CD@& K oDk 90 &Q &iz3 o DDzPgckeB®ifrhing U 3 &
CapablgPSQ interfaces K& g Uk k ¢dz DA DDzmyep] Switetfry 3 k C
(L2SQ, TimedDivisionMultiplex(TDM), LambdaSwitch(LSQ F|K@$wltch(FSQ

Capable DA 0ag§ a3a3aoBfbp &kKaeedeEDPlh0dodEy
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®QITUTEG7 09 Ka
03D KU] OQ&&DAGO3IU] :

Y Nje 3kli3g kagDdHdz3agKADzxg DA :
1 Optical Transmission Section (OTS)
1 Optical Multiplex Section (OMS)
1 Optical Channel (OCh) o

Y2 Nje 3 &3 g 0 3dr3pa)ilkAyDak Ry : DD
1 Optical Physical Section (OPS)

DZg35kU0o0 KaGo30Gaey A4)0 @303&2A34 30dz DHg QAL

Yo Optical Channel Transport Unit (OTUK)
) Optical Channel Data Unit (ODUK)

53PD] 840a4GU3GgKa Kag Dz 330gaodQao®] &oADmg
Type, Kag D= GeneralizecﬁPIFE)I)othachgIDZJx;)@@ntD@fm
Generalized Label R Requéit D4i QabDnp] a aeq[@Zj(éiQ:li@tlJ Q@ 9 P DR DA
KaGQo 39 Ggdz A40 ©DUK Ka@@h@aeEa%E@ddlmgppdz (

a 9 Dz KaDx 3Dz o g;aegjlglaaldmvmppeoDaKLm'gbdm:s SABEYKIa B Q Do DDZ
U] 430DAk &DDAE& 09 & KAk ) dz&SHEncodihgType £g d o &] KAaG
Value Type
TrTTT TraT
12 G. 709 ODUK (Digital Path)
13 G 709 Optical Channel

SwitchingTypedz3 9 GKo®o®y DHQ DA3IO Dmyj OQxDAA&PA

DD _ ; ) A ob2DPDIONDE KE
%3@55&Mﬁ1m@@qvkv 3 39a A g3equU@mEDAY Qa
QaeDaapau TOWKK b OZH @ OB PDDH § g BamediKk Kid@dy . DDA @

0 QGPID (163bit 3&/A£0 0 ) dz30 AdzZKoze &y DD IGREBH O 30 dz
Q303®e 04 kiAa®g D] &4KAkodzGae] DIyQU] ADzAoO
Digital PathLayer

i CBRa: asynchronous Constant Bit Rate (i. e. , mapping of STM 7 16/0CT 48,

STM 64/0C1 192 and STM 1 256/0OC/ 768)
T CBRb: bit synchronous Constant Bit Rate (i. e. , mapping of STM T

16/0Ci 48, STM i 64/0OCi 192 and STM 1 256/0C1 768)
T ATM: mapping at 2. 5, 10 and 40 Gbps
i BSOT: non 1 specific client Bit Stream with Octet Timing (i. e. ,
Mapping of 2. 5, 10 and 40 Gbps Bit Str eam)

i BSNT: non 1 specific client Bit Stream without Octet Timing (8
e., Mapping of 2. 5, 10 and 40 Gbps Bit Stream)

i ODUK: transport of Digital Paths at 2. 5, 10 and 40 Gbps
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T ESCON: Enterprise Systems Connection
T FICON: Fiber Connection

TUko] 0o &aKAkodzGo] 3o 0 a®rA0 & 03aaex0y3kgakGiA (i@ae g DADZ
EncodingType

Value G 1 PID Type LSP Encoding Type

L I I Y I Y O O I O | LI O I Y I I O O IO
47  G. 709 ODU;j G. 709 ODUk (with k > j)
48 G. 709 OTUk (v) G. 709 OCh ODUk mapped into
OTUK (v)

49  CBR/CBRa G. 709 ODUK, G. 709 OCh

50 CBRb G. 709 ODU k

51 BSOT G. 709 ODUk

52 BSNT G. 709 ODUk

53  IP/PPP (GFP) G. 709 ODUK (and SDH)

54 Ethernet MAC (framed GFP) G. 709 ODUk (and SDH)

55 Ethernet PHY (transparent GFP) G. 709 ODUKk (and SDH)

56 ESCON G. 709 ODUK, Lambda, Fiber

57 FICON G. 709 ODUk, Lambda, Fiber

58 Fiber Channel G. 709 ODUK, Lambda, Fiber

5 DA ¢G. MEDigital PathLayer Gz7090pt|caIChanneLay elKd G030 GaeDA]g DI
3ae/EsF§Encod|ngType g ae393 Ud o adZDZJ 3kg390GQg3ea Ga
daoDm 04 a&xoygKadzQUog] @&DzhyKUDA]

OTH clients OTH clients
GMPLS Metwork
soNET.-anE;: . DU Layer = Mulliservice Transporl Domain % SOMET/SCH
Sf,::ﬁ,”,ga war M §‘ o OCh Layer — Wavelength Swilching Domain o J - Sﬂ:gﬁgd
Esharnat —| Etharrat
Fibire /—[}—ﬁ\ @ @ — Flra
Channel —{j— — — Ghannal
IP ! LIVPHN 4' L IP{ LIVPN
spim:id wPLE ! 4| 4 Optical k WPLS Packet
witche L2YPN ROADM Regeneralo  wavelangth Regenarator ROADM L2VPN Swilched
Switch
WO WO

Ao o fRTHG.7090TNz 63 Uy a6

ZKAsKég ¢BI UYANq¥FGBMWRBLSs B 105



| ©B#B MPLSF¢ BGENERALIZED MPaS: GMPLS

O
cx
—

49 3a300xDx@§ 7N KEYGO 3Gz o DAY P &
0 1 2 3

01234567890123456789012345678901

R R o I o I o s o o o o s o s o s o o o W o W o Y o S o o B o I

| Signal Type | Reserved | NMC

BT AT T AT T AT T AT T AT T AT T AT T 4T T 4T 4T 4T 4T 4T 4T +T 4T +T 47 +T 47 +7 47 +7 +

| NVC [ Multiplier (MT) [

BT AT T AT T AT T AT T AT T AT T AT T 4T T 4T 4T 4T 4T 4T 4T +T 4T +T 47 +T 47 +7 47 +7 +

| Reserved |

T T T AT AT T HT AT AT T HT AT AT T HT AT AT T HT AT AT T HTHT AT T+ +T 47+ + +7 +

O& & dzDA Dzj\IMC5 2] © By oDMultiplexed Components 6
I

439 GOA] 3¢ k dz3 k A¥@QNumpeo of M@l Garené¢hts83 3§ GOAJ
@29 Koo g KA MDA Muipss 300, k kkaaZgk. & DA & DDA

Odza K&K 3 ] g QU o & ,Sigrialype B3hifEDadz3 % Az p 2@ F09 DD o 9 Dé 3
D41 QabDnj a Q 4 DESPO gep K Fldrksdldodip By B2 je 304 QU
Value Type

(I I I I R I N I |
0 Not significant
1 ODUL1 (i. e .. 2.5 Gbps)

2 0DU2(i.e ., 10 Gbps)

3 ODuU3(i.e .. 40 Gbps)

4 Reserved (for future use)

5 Reserved (for future use)

6 OCh at 2. 5 Gbps

7 OCh at 10 Gbps

8 OCh at 40 Gbps

91 255 Reserved (for future use)

DAo agad 3a30A23aQ& @SPBZRIGUJ &P ADER 3 D& QLY ]I
Digital PathLayey DA Dze ¢ § Ua K dgpik DZJD@aQ{kBJ DD &z, @89 a g Dl
®o DA Q DH.@ADOpbaalChanneLayer DA Dz <ThRA3A 3. DA, 410
Gbps

<

c

I 3A Dgo ukkg 0 a3gGo MC)@@bkﬁ@Ee'eéDU§@ngZPZ‘J;
D ¢ &3 PUDAIzIDA© 30 dz § 3 g DHODY|D DA DA Bk Jiz3& IK ¢ B P:
UQ@DUk (k>j) , aga DALSHA 3DODRH DRy ®&adpit) O 6

dz3 ¢ /EdzK ¢ &o &g oD, ODUR 3ADEB® A 3 PP DA Daz5po DH QU DP o D:
834340DgDD o0a DZqua‘eqDGQ&QOD&@XVQDX@Q@UDZQ“Q& DX
039DD0A &dzDEUPAY DASQaAB®HQ S5y DHdz § A9 ¢dz DA 3 d:
Multiplier(MT) dz3 0 AdzKo e & DHo a33GOA DPo DA dzDH D |
D OUDPo 30dz #9004 &34349PDmYRAJ aFa dzDDY g &a Bz
Dzek § KA DZIQO&4 &k Uagodz
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DD &DZi G ¢ o DZBplmaGodazE a B § GOo, 343a4Dm3040& ¢ DZ
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Q3000 AU 3IKBDAQKAK Q &3 0 DAL DHBYIKk UagA B gDz U3 &g
8309D4 KWKADDEDZs DEAY] A&aKQU] DHdz ajuGodz Q& |
£g0god3aodo a399DYK0A] s Agipadg 330DZ0GOZAIE:
DHdz ®80ag QBERAXRQISDIPH §Qd7] ad§égodyg , a3A DI
&0 Dze@DE) . D W33 0 dDH U GeDAY ¢ akaA3gGDo] . | K¢
AgaK3egqdzQae Ugad 3a3uAL®efad a3zub@pdz aSepdHn aldio
Qe Da Al3g KiGe ¢§&3PDygjo [pdg o kK EgimaEdik]g OQDzDD
Aka030G00dz nd DA Q&yADD dzQe &AL oDy DKJ3IA]
D ¢ Dalzg D) QADze3 P o OQSD@® 3RokDEgdAe D3l DEkok QKIE Q AKQA G

BELLMAMN-FORD (G.5)

1. do for every veriex ve V

2 d[v] = oc; #v]= NIL

3. ds]=0

4. doforevervie (0, 1,...,|V]|=1)

3 do for every arc aju, v) € A

. if d[v] > dfu]+wi{a) then d[v]=d[u] + wia); m{v]=u

7. do for every arcaln. vl € A

# if d[v] = d[u] +wiA) then retorn FALSE /* negative loop is present *
9. return TRUE /* no negative loops *

Koo faWQaso i oBdlknaniFord

== / | :\i /..;
e

A

Koo laM) Yliaed o o (BelengniFord Usdigpode s
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Arc Originating Vertex Arc Terminating Vertex Arc Weight

o

14
&
10
10
5
8
10
13
13
8
12

il
12

10
10

FEewErAFFEOIODAODDDE
wErPuEPADFPAODO DD

Koo adU ofiw@d Uset 3 Uesg 0y Ylieg KosoahsaUd 7

dD}===
d[B]=10 B 4y D= niL D

[
nBI=NIL = p[B]=S =
*ﬂi
10 b= 10
10 ‘{ c & & \

d[S}=0Wd2 d[s}=0 T2
p[S]=NIL x[S}=NIL . A
W E F’ﬂi:"‘
d[:”‘]:mb d[Ej== dlA]=12 - 13 =7 d[E]=
RAJ=NIL HE=NIL plAls A m{El=N
d[D]= 24D Ao d[D]=12
B D 5 B8 D]=C D
aB=10_F I A pIDI=C I
X _-—" 5:51
10
10
s
“ 10 10
d[S}=0 d[S]= o 42
MSENIL 13 a[SI=MIL
—
d[Al=12 “ -L diAl=12 5_'3 B':gd[E]=2
A=S A d[E]=25 _
AR p[El=A mMAl=S A [El=
d[D]=12 dD]=12
dEl=9 E a{D]=C.. D de=s B aD=Cc D
mBI=C 14 n[B=C e #-..
\ o /
d(Cl=4 Z
5
ﬁ 10 |10
d[S]=0 ) d[S]=0 12
MSENL N mSIENIL S -1
dlal=12 "= dA=12 A d[E]—e
nAl=S TlAl=S TlEL]

Koo fyad “~ 6y UaU U aBélyaniFord g e dbedee 6 g
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a AakaADikeEOOyey *QEDADDzEs DZ2 3300a04Q%0g
Q0§00 UKD QU DHdz ®eodgd 0D &30DdzAguUoRY DDZ)]
0godg &30gDfRiI Al3g. ¢DDF 3 Dikawis gK$ 90 DB 0 .
QxBEI§ o GeDA Y D] aKQU] Q& a39gDyKi Al3g O
Qa3Ka3zgDDhzes Kag 8.Gagg xCGae a @B Piytd BiE; D] a
23830 dDHPGEGm gHPERE) K £AJ KA DDmo DHKAod 7

MODIFIED DUKST RA (G.s)

1. doforeveryveV

2 d[v] =o0; miv] =NIL

i d[s]=0

4 L=0,U=V¥

5. do while Ul =10

fr. u=EXTRACT MIN_KEY_ENTRY(L)

7. L=L+u

8. do for each arc alu,v) & Originating|u)

G, if d[v] = dfu] + wia) then

10. d[v] =d[u] + wia), 7fv]=u

11 ifvel

12, then DECREASE_ENTRY _KEY(L.v)

13. else L=L —w, INSERT_ENTRY (L, v}
Koo FaB Uea o i Medifieddikstra

_ a4 Ak aABrgatigrast Search(BF9 9 o004y Uoad] ®BRKO] DFe
akaA39G600] 30dz a4ga Uodo A®AQQUqo a30Go 3
03004 /&l3oham AERIGDY] (kka] 9305903 Y3 @hA b
434309 a30gDPKAQ QaDZ§KAo DDF] AaKQU] Daddz &
a309DgKoaj A3ZAJQd] Belmpddd £20d 0 03 bba Qi DH O
DADD §0dj A3 AG0dZ . oredlahdi K oEsedrG U) 4 o DAMGGI D IBH &
330023 U ADgDAERAZIG00] 34370dDH 0 GeDAY DDmo Di

BFS (G.s)

1. do for every veriex veV

2 dv]=n0; a{v]=NIL

3. ds]=0, F=s

4 do while F! =1

3 do for every uel

. do for every arc alu, vje A

7 F=F-u

# if d[v] > dlu] +wia)

o then d[v] =d[u] +wia), ajvl]=u,F=F +v

K9 o [ya OBreadth First SearchUao fj; sde e d
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U303§0dzo 32393D&DZY] 030dz §3290GeDAY o0& k
Galag Kv@@/deﬁE@(ﬁ(@@ 0 A] G&/zpa Gu O @MDz\] xalldag DD a
pairs_shortest path 3 3AAkgoOa. aJohasbnaegﬁ gGe@d] DD 3S3AAkgC
Kak A¢ DA] a DiRsrdibgynjadForiz dzi o D» DDHPHBHP O 4 kGa o 0 &l
DDy o mMyKAoa 7

JOHNSON ((5)

1. ecreate new vertex s

L UOU=0G+s5 A=A

3. do for every veV

4. create als,v) with wis,v)=0, A'= A'+a

3. M (BELLMAM-FORD((' . 5)= = FALSE)

f. then exit /* nepative loop is detected *

7. do for everyacA

8 wia)=wia)+ du] =d’[v] /* d'[u] and d'[v] are distance estimates of u and v determined

by BELLMAN-FORLD *

9. do for every veV

140 DITESTRA(G, v)

11. do for every ue ¥ store 8v,u] /* shortest path from v to u computed by DIJKSTRA *

Koo fy&B Uao f Pahnbens d

. ODmy  330Qg dz3 uvgogvs«fradzw 8390 k3d3003D§QC§JwaP g7 aga Uoa
23gkUQxg DO AUKkDYDDDH Q0003iDyy agd 0Oga dz3g3
link, 303ADm DA 330D&MADXKA]Y DLIB@ERDAPHgaBKa & 3§ GC
electronidoptical OEQ) Q&Dz Dz3 ¢ 3 U] N.j.3 Q3®d jJajukkgka K
04 Qgo Q§KaAgo30gma 03§DDUQ0d] 3#3503§DD0A4]J
®e30Ddzaguoeaed. ¢goa]j a3A Dzxndgk UxoWoee aJngaAs@ad
dz3 0 Ko Q&9 @ cdskainty 3 goBxplhoga o a_  dz3Q k 9 aa DB dzQae AL
QQQQ3UDZ§15 éQUV(_)a'eDZFE DDDH K;&QA@ 33(§Uka:edzDZg] Ka
®K®e Q0 30dz §Rao030g®@e Akodj 1DfdZl, 23B%370 3§ DI
é )shortestpath (KSP3 3 AAIK Q& A3 DAz MAEQADzZ3 A Q0 Q0 3uDZga
Uopa Ge&dzau3g a3A KAQAQGdZ DAQJIooQgOQUoa pPj 353

& a4kaA39GQ0] a3eokdmDfy] DHdz 330AKkU0aDDH] &30

1. DZ Wicemsimglépair shortestpath k 8 A3 9 GO0

2. U30kAagbz Kag @3UDDZg &Hie DD 33 4ADDH DAzo DD

8ka0g30G00dz DDH o a33ggKA a30Go

3. DAk> 1, dz30kAagDz: DO &35AQ&00 DAz DDH QADze3

AKOaj3A DHo as3NaE&oadzoapak Auioa &Ug§g3g oa
AgaK3gDd 0Q00030D3iad Q& DO &kligygDDn KADDD )
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3.2.5CONSTRAINT 8BASEDIj | LJAT LjONja O Njanjal | 6Ljau

a
SHMBH A a MbBFEAPH@H DD

4 QggaogDDA] KagGo Q@A U «
Ake] DZj T§3ODZIJQUDZEQLQ@ZDDQQQQEQ@W@@%%QWQBQKQ
Kag DPo AUKkDHGDDPo &KedsopPo 0000 3abDhy A9 30dz G
Ki309g0dz AJKDazdaKoéa& 3A30dz ag &akaA33GQog A
33094a0a0Q@og @9 ADmg DA Ug § dz0 g3 A3 UAAag@a DD
Juegp DDmo &®3gkoau DHdz Qooo3abDhyoa. *ga Ja3dl
©00030DgA. @A agd Doo 3 DEMSsDAG Qa@aEL Q3
a830G®aagdzg @DKx2QOQU@a @39 DDUQ QYo PRoA Q5AG0kdg DKKAA
DD 30kgaoadj, ®oDzm ®3&§AU KU30g® &30 addU] .
ddzDdl Dmy 3&303DPDA, aga Akodd adDDAa&] DDHdf
Q303&® 9a Ugeg Ugoa kgaADz3Q DAQDHQ) QfQQ3U!
toa]  A=xaDzeggpa kBaad 00003uUDg 3Qdz #39DDzxUG
akag3eGQ0dg /A& @®s99ag g KaDakkgkADz3g &30k
DHdz Q303&e o0a 0Qgo Ugodzg ®3a3Kea] 3A3Q0d7_
AgaAoggKoa] KADARQL QP das3 b sbasirntbaseg 4o uaKg
akag3aGQodg KaGo3gbDHoa Oo0oo035abDhyoa, 09 Q30
®a3Q] GAQg] az3aQoQuj, gKaoADgDze] 330 DDA D3
kaQAUQO0QDAY DHQAaAQDYKdz IAeU§aDHKadA Dmyo =3k
NUG3g§ DzE3ZE&, ¢ OdpdvanBdiz $ERMa392DAFA DD o
DHdz Q0003aDag0oad UDAo DH KADDD] Dmy] DAo A=DZ]
AoDADDHJGgo a3lGo. DZ&eyAl o 9 a3 A33IDAIKDZEIK O  DEDA
§39DDZE Q& Qda QAo OazDathitugday U3 EJa o BA OF k7
O TE&Z a00QU, KAag o0& AJaTESGYDHBED kk DA A3m O & Bda
OSPRTE U ISISSTE ). Odzo U GP] 09 &KAKkQdzGog (§Z3aKDm3g

DA o £&DZ
6430] 330DDaEMDAaADPDH 3FeAe0 3@33a30GxRy 307!
®2Ga30ADH Q&) DzZ OQoad DAoAxDfy, HADDz= g &3
D#izo AUDDJdZ Q& Ki3090 430 £A2KDA &303&/AE0 3
‘ﬂSharedRlskLlnkGroups(SRLGs)gQa DAooko a3A azaooU] O
Uoa&] 3A30] o

la
D7 j @KUl DDd) Dzze Dzeg o g KUJ
AGiGo309 DA AxbBREingt; d kEMEECS
1 Data encoding type. | dzDA] 0 §g&3&KD
KaDdi DADDH YO DEAJZQ AEDDz 0
D#iza K &eKagniptQ U 0 0
f Maximum UnreservedLSP Bandwidth. D& o0 &dg Uo a 3 & fEo
AgaGUDE Q0 ®a30]JQJG@ADA o AMEDLS &8 A
Daiza KeK3g0QUod &3032A0 339Dzae3é(jAng, DA ] .
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DD dzQ& Dze & dzDA DABMMBIFHBOH KolDik odelg, A

>
~

a D42iQa Dz‘pI apticgl &i
a DZdisgersion( &a

 Attenuation (powerloss). |j 1 G&e Go 30 3
carrier( @ 0 &, 0 3 Dajdfodscopriedt dz3 kg Ul
kAapaPmi3sAGgDayj] GpDAJ .

§ Amplified spontaneous emission (AES)GA 3 dzZNjgpp» Dm] &0 o D dzDX

- >

03D KoA DAOQADDH] &3A KaDAdikkgkodg o g DD dzD:
| dzDdi g kA&DZy pPDDADD a&ool GA3dZA0 0 0350
3a3 A GagoAQ®o0.

T ' 34DB0%D GaAgoAQa&o0o A&dDA 330Kakaese AJajk
58kQAQ, K&y DA hisgh bk BRI 2EHaKE) gDXF O
Do akkgapbhy Dmyj QaDaAAJAAQEQQY] 3kg30GQ 3.

f CrosTak. DA o0&y g adkkgko3a3za0hOKDPok kKOpm DD
Q&DA £y AAQ&®0 ) DA QA DZ 0QOFa& o004.

3.2.6GMPLSIj | Lj NjdzUIl njLjONjaLj I T aljl 61 O61 OdzO

O& 338aQaDhyKi Dzol33a8 ®KDUka&DY] 0§ 3A3090
Go3U] oa& a30Dxzagloddzo. & (optigadapdoringctss @a&] KabD
03D K &Q DY dzDA] KA&G 0§ &ka®aKDA] AJKDAGdz Da
kiAQdzQae dzZ3AHIgo DHo Dz3UDDHY§ AaKo A=A QUopo
Q000 aDDHpgea, aKAQg Kag aga OQOFK3A g300gKA
GQyuU DDx] ¢§39gDDYKU] dz3g 3 &Dd &) | KAQg Kag

QDA GU30dzo0 Dzxy] dz3g3&Dda&®] A&43A D& DHOQ&a ) Dz
k &9 D) dz3 a § KrdvisionpddDFz &G KDA g dzz, KUDZl DAUDDH Yo Ao
23H%Hk0U 0ga §gRKAagoQADmDA Dodz 3&AFe0dz k&y DD dz3 a § K
@2o0DDH 300Gy 00Q&DA K idpultBéalizétigho Ro30DA 0 KA gDAFa ACkaiDA
@oa®3al] dzig3eDd & 0QA&K3Jg lcodrgdplandd dzDAA3 0 DDH 3 0 Gae
Ogad UQdz30g kaygDndzzagKADmDA aga DHo KAaAGO3gD
Q0003aDhy A9, ADDz= Qga abDDHJgesd o0d Qgo @393l
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ag A4Q Kdz3e43900 DA30g AkaALe DDA Ao KDazi
DDcdntrolplane K BZy § & &ftapl@® dzIl k G A®] Dmyj 33ADm] KA&aDazm
Dfy] dz3g3®Da®] Og Ajagaei3eaDhgQee], &oAk Dmyj Dz
DHdj . DB§g3kUgo, &dolikoda Q& DX DA3ZO DHdz DAz
a DD goa O 30m3zdp nBenarggigade Kk a DDDH goaa 3Ja3aQaeDzi 0 3¢
DaAag300a AsKDadza OQxDa G 3 A9 0Gaeokogdzg oa g&§3
a dzDaJj Qa 330Kakoao Dmyo &ekuggbdbmg Agabai3zaQg,
g 39 DDzEQ . Np@ UAokKaDzkzdA a@sa 33U0U3&d oa &®o00ay g§Kapog
0 KAy 30kka3k0] AkUAz] DDndj 3A30dj DddF .

2 Akg AKgaAgKaD»A& A&430KADADDADLY] W akkgA
recoveryoperationstageDDz) /s KDzlzdg 3 &3 9k 8 QBA o 8§ BYzK &b K A

Eg 2K opDA] Dmy] gDDHAaADAY O:

530 dz

Td o fault detection time

Th 0 holddoff time

Tl 8 fault localization time
Tc o fault correlation time
Tn 0 fault notification time
Tr drecovery operation time
Tt & traffic recoverytime

64 33ADA 3&gDze DDA Aj§a Kohaltomhmagenent A & g ®o 3
d9ogoa&dmDfy DLGUKkQADDH] *90aJ DDH QAo DDA A§§ L
dkkgka@3e £3 dadplane@ided QPADAz3 Ak 0§ §F50 A G OB DAY 338
QUDA 43A DO 3&ALks0 kaiDHdzzagKADmgDA] ea&kUagoadz
_5DAQ 0QJa& A&aDDHJoead DIHZQA&Re, 0 a&gDHogKoa
KaDa 3 3 &a DZeg E&xo &0 DD 38 GO dzo Do AkUAg DDA &
dzk § DD § K AEo3@Dda g4 DIDW3 & 0o g o &dzDY DLEAKkQUDD o 3
DZizDDzA D&y KA DDz Ao KDzzi, & 330DZEJo32Dzy Dmyo
2§ AQ309UDZRY Dmo QoDADmDA 30dz &e0ag§ dz3UdzGdz
k &3 Do) dz3 akylKaAgDmdaDPH d& & G3A00] &d9ogoadDhy] DL
KaGogkgKu a3A Dzny Dzdgtaplane(@DiMe \WDMK & Dzy DA dziajo a Rapailz)
®oQagd KiGae KAQAQ] DDmyo &3&Qx3aabDsda DPo DIy
Dzzeg o gKU] &30k &EDPD A OQMHQIEY 4 K A9/ o 3Dz

d2 Qo DADmy DA AJadgeo3ygDh] DLGAKkQUDPQ DBzl GPJ
aQUDP] . T 3ADA Qa&DA G tagltchgiddodaf & DANZFZE DD & | @BA Q
43434oDaDn AJADY Uod (aQgk ADze3 0J K3 o BaedEs A
0g§aQyDDA ®3a0UKDmDhy], KA&YG oo dayersa&@odKi O
330DZaGoéo o0& &0AaKUOQHIQdzg &a3A Dmwo o Aga &aDZ
A§aDa 3409 DDDH /Ao K baddoff § DA QiGtef@dapd & REAAS oRay DI
DGOk Qa\mxy] Asdd Ug®ey a430DAz3Gea, 9 AJaAIJKAEADD A
DDl A§ dzDA D | Aa30QAQpDZ] k aGAo . O 03%QgDXZ
(SONET/SDH) g a4300QAopDZf DZLak QiDHo dz3¢ DDmy 3 s GE&DA
A/ QU PO O& KaDAWY alibPodkiidEiged @B GIDHA3ZP] & dzD
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?B' NN
C Q1 Q1

>|O >.| Q1 (N¢

o ©

N
g Cx

el o

e N~ Y = v

1 EnddtodEnd recovery O& & dzDdi Dzmeo &k aKDHPBEXR, Q0o d 30
Q&eKgola&y DEéRa'egﬁEqa'eg DD oA30 G&x&dag]

~

Q.
<<

Q
330DDAD® A& &43A 030§aAki3oDz QQ3GU] aDDD g
f Local Recovery ! 49 OQUGOQOAQ Y dzk 0 30 § O &aet red dzDA DD
route (FRR), Pathegmentrecovery GRBOQO o DAk o, A3Z0dz KU

@0A] 0Q0003aDfoé& 330DDAbmaDENge] aPh Uo
gézéKDg3QDDzjKA a‘eaqég QDzj] Dzj) D@Qaeeo

2 & ¥ = 9~ T

<

AsoDKa&DAg Dz Uoad 3&A£900 R@m@édz@é@zﬁif\@z}Dﬁa]
DY Qzeqdz aDDDH God] . ImBIIE Yo §li DHa DRAEK e F@
Kdz3 e p]J @004 30k& KOQooDAZi DDDH dF 3 A :
gAgADg DA RAGIDZoDAKk) A&adDA GgKaoh
®@35400KA0QHg]

Q1 N¢

13 § DDH &0u] Ga =0 mﬂimcdz@r@zmg 0 a
®3032FE) KAGH /Egﬁ aoMlio 048354 K & Hdi DZDﬂI?[QIZ;]détqéEnél g3
recovery U & D&Yy Q@ DFEQSPIUABgeroutd I|LSP@F &9 0 F

a
U K PDaizK 3 o dz aEQKéDzu DDz DXy QQQQBagz{;Qé a3A @&oAj
NoOoAAE300Qg 1 + 1 330DDADBDA
| QGa £300g 1 + 1 330DDADD A
1:N3 3 0 DDgEERE &raffic shaping
Predplanned rédrouting 3 3 AW §seatia traffic shaping
Full redrouting

~

Up3sa] 330DDADDA

= =4 4 4 A -2
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NpoAE300Q0g 1 + 1 330DDAD?A

Ox &dzDA Dz DFHiuQa, DX  U8P3dr3 0 & @ A GaZ3 0 Z
DZIIZQ/EUDZDQdZJSRILC»%QAJ@C&]V/éLQé Dy KdzZapP] 0000 3UDZ Kk
backup 00 Q0QQ03uUDy 330DDADAa] @®aKaGgA3saxDA(]
33 0 DDA DzBRizA @PHo 3&/As ¢ k &§ DD dzs & § K A Dmpss] A& /AE) Q
KaegresKk AQAQodZ A§Qg&®Dzeagdzg Dxyo KesogDgfy Kag DD
2§ DZEOWA Ko ogDl a3A DD 0Q00Q3UDh Q& DH 3§¢ A
DDD) K E8F[P a0 Da DDDH § G0 adDHhoe KAQAQ PO D &DA & il 4 ¢
kdoGuopo Q090 3UDA jdQeaa ®§AQ3508gDgy DILUKOAE
bz & dzbk Obn DEIRG &9 DDADBA]  §39DL 0630y @0 DAY
KeogDZJj ., 0§ 3A300 DD dASKss@ dDFFD DDATHRA 00D J 3k
tDDYg Dz DHuOQa addDA 330DDADsA] A& @&8Qag &
a3k ADmg DaI DD dz

G F
A / H \ E
Ingress Sa¥ J ha¥ad Egress
N A A
\ /
\‘. B c D //

0 DZpaRiza fiaffic shaping
Oa‘e ddzDA DD Q@»PHIKG 0 dzUQa o @XE0RAz 3306 DDA DB 4]
Qp VDVZHhSLDQdi a3QDzaekaeaDzatg a3A Y aSSEIGS g Ko &
: 3.8MDZA Oze dokINH PO dzQ& o g

Qi G')\'O

O O (NN
| (N¢ w" FH
U %
&0 O Lk (N<

'zgzq;l@nozaeéqeg Kag DA A4
30D 33QDDAD2A&]J E D
. DA @ D#zQAZs 0Qga a
DHJIJoyg KAQAG G DD dF Qa‘eDz’i
a g

Q¢ j’ﬂl\ B NO!
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X
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Qi
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A Dzed &§. O& 4&dzda Dmy
I g -a_-. I} D
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N
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N o o

A=

Ingress - Egress

- -

Ko o fg@a Enditoiend 1 + 1 “~j3edUUGaU U extra traf
Predplanned rédrouti ng 33 0DDAD® & gp3a] extra traffic
| dzDA Dz DZ U Q& LSHZ H CUIDEBRATPEAEIEY Dzeo DA § ADDzx

Qgé_pﬁ@s@ﬁlbwkq,&]vvu_ Kag ?,_a'e?zgg)DbSBzU?, Pe 3% 0DLzeDE dz
AkQdZ DHdf 3309agaQeeqQad @égaa@kgpqmé 3390
KabDagUQQoDag akkilOX&seo ¢ REBHLIH DB a ja 3 %@EQ3C
Q&DA &laK®p gDy . DFZ§3kUoo O&DA &a3A Qg{i aDDdH g o
ADDze & /A&DD &dzD) & gosspanneciA 3dg PIH0D iy BZp A & dBD a
QggaogbDDoa, 3a3/k&Dhy JS&Dazgadsoa@d ¢&d3ADz30dj
DY uQabDa, &oo0ay DpEApnsA3® I §SRED dz&kdHE) & Dank Oa Da G
a;A Dz QFGSSK@IQQFGVS_DZ?Q geesa DPo a39glOe®Q 33 DAp ez D
DZoQUop] Q303®e oa k®yDpdzzaubDzy Pj 0ggaog
a3aQQUj
B D F
N ;
\ /
A N C E / G
__"_'m__"_' N
/ \
/ N\
H / \

Koo fgaReiPl anned Rerouting e¥vjad extra traf
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Full redrouting

00 DaizaKaeK3gQUoo DF ua@ay 0a@ 3 QAsRoDA HDm drg § G ULDEed0
DX Q&4 DD A) D& & HERP 3@pDADREY , 2FAJo Dmo ®0GlUeyD
Kdz3opj Q00030Dg. | ]79Cap3a®b0a¢e) &y pDHDL kA3
330 DDA DzedZA Q®0 0 Q0 0 0 30 BB, D3 0 & & Al & D §& £0DDD Ol
abDDh goda @&0Q0GE& 0o BERDAE®MDHDY g & D FOEEAGuting
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C - customer site IP router
P - providier IP router
5 - ATM or Frame Relay switch
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1 21xEl

1 8x0Ca3/STM a1

1 4x0C312/STM4

1 4 x0C348/STMA16

7 1xO0®192/STMa64

1 4 x Gigabit Ethernet, rate control

17 DWDM multiplexers

71 Integrated transport optics (from 1310nm SR to 15xxnm BR&+)
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Linear, Ring, Mesh, and Hybrid

Per port software configurable

1+1 Linear APS/MSP

UPSR/SNCP

20 and 4fiber BLSR/MS3SPRing

1+1 PathProtected

1:n PDH Protection

Dynamic Mesh Restoration

Gateway between SONET and SDH
IPdbased and OSdbased DCC interoperability
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4x STM-64 port
o 4x1-64.1 port (VSR)
o 4x 5-64.2 port (with XFP technology)
e 1x5TM-64 port
o 1x1-64.1 port (VSR)
o 1xS5-64.7 port
o 1xL-64.2 port
o Ix STM-64 VLH port
o 1x STM-64 ULH port
4x STM-64 USR port
16x STM-16 unit
16x STM-4/1 unit
16x GBE SX/LX unit
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Specifications

Switch architecture

Operating wavelength range
Optical channel speed

Maximum number of wavelengths
Number of fiber ports
Cross-connection

System throughput

Modular unit

Optical channel allocation

Fiber type
Optical supervisory channel (OSC)
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DC-SW scheme
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32

8 (maximum)

256 channels

640 Gb/s (upgradable to 2.56 Th/s)
8 channels

Even assignment on 50-GHz grid
Anchored at 193.100 THz

Single-mode fiber (G.652 [9])

OTS/OMS-0OH [10] transport and
high-speed DCC
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C: Constant
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4.1ASON 0 ASTN

To ASTN (Automatic Switched Transport Network) framewak ae3 o D@ZDJ@ &0
Q0 0 0 KieDpgiE@g ] K & G § A3 DHp dpiched£§ K BrdDdk. @A %3 0]
ASTN a 9 Dy K a ng(Authupitq:ally Switched Optical Network) Ka §
039D Q030§ *o DAGVPES) & k HzBK DA) RDA DZe BpQ &*o004y A&
DaZEMPLS&e 9 4§ DD dze DA 3\3QND%$MK3IQDJ@B& F2%:30) /Q@Iﬁz‘g a39gD
Q3D KuU] Q&DAGQ3IU] QV,VQ,”_QBG'EI_a3_é§D§JDZf7@QI
§K8003059G04o  GURISHDHIAKHDE | APA] adDd U4
a3A IHE K algu. VMJ@@GMPII%BDDZV&KQ‘[(ka 29 0ag a‘eGé&BQ/S
03Dy Ki ADDH K&g DzZ OQopacketidapK Ll Bz KBzza ) Q&FAGE(
GMPLS& 30 Dzek @0 Qg a a®oASAKMDz23g d4oDmkgHg &3A DD
lazaAeDgaKu, g AgQgodziasa Q@QAS AMIEARY &0
AQKDzaA @Qdz Ugeaeg DAzO3 &3 gk u A HpticQras8CoranertaD@eDz3 0 50 9
KaGUoa & 3ASTNa@Z#IDZ Ugsgey Dze Uoa g3uDDmy o0& KA
Dzek g KA D O®oo K&§ 43 AGTNackrDEML /ARALGHE 3 4G A §
/AQ KDaA § dz Gapatk a Dzag abaQ sed)s gDk U Hieg , Ga Kuogeaeg AUL
KaDba3aeoDmbDl. 00 33844a0aDHYKA 0Q00o030Dy DDDH A
g3UDDy. &g AgUGo3®] 4akkaauU] DDx As&Dazy (33
kaQAUlogdzp o Agedtdd k& 3IA AmEgdZ4a3A DHo ¢g3uDDmy. N
330DLBU3S DA (§ @®dzek § Qo d DDD AsKDadzy Kag Q'éé‘lRél

| AK3000dzQ& D] &KAk 0 dzGaySONASTNEDZEK DBap @ K U
ITUOT:

1 G. 8080/Y. 1304Architectire for the automatically switched optical network (ASON)

1 G. 807/Y. 1302Requirements for automatic switched transport networks (ASTN) Call

and Connection Management

1 G. 7713/Y. 1704Distributed call and connection management (DCM)

1 G.7713.1/Y. 1704, DCM signaling mechanism using PNNI/Q. 2931

1 G.7713. 2/Y. 1704, DCM signaling mechanism using GMPLS RBKP

1 G. 7713. 3/Y. 1704.,DCM signaling mechanism using GMPLSLOR Discovery

and Link Management
1 G. 7714/Y. 1705Generalized automatic discovechhiques

1 G. 7715/Y. 1706Architecture and requirements of routing for automatic switched
transport network

1 G. 7716/Y. 1707 Architecture and requirements of link resource management for
automatically switched transport networks

1 G. 7717/Y. 1708 ASTN conection admission control. Other Related

Recommendations

G. 872 Architecture of optical transport networks

G. 709/Y. 133linterface for the optical transport network (OTN)

G. 959. 1Optical transport network physical layer interfaces

G. 874 Managemenspects of the optical transport network element

G. 874. 1Optical transport network (OTN) protocol neutral management information

model for the network element view.

G. 875 Optical transport network (OTN) management information model for the

network elment view

1 G. 7041/Y. 1303Generic framing procedure (GFP)

1 G. 7042/Y. 1305Link capacity adjustment scheme (LCAS) for virtual concatenated
signals

71 G. 65x series on optical fiber cables and test methods

=a =4 —a —a

=

ZKsKég¢g £BI UYAq¥EGBNBLSs B 158



ZKssBREgT As Lt FIGMPLST) 4 ?2¢ ) Gq Lt EgKE

G. 693 Optical interfaces for indi@ffice systems

G. 7710/Y. 17Q1Common equipment management function requirements

G. 7712/Y. 1703Architecture and specification of data communication network.

G. 806 Characteristics of transport equipment. Description methodology and generic
functionality/!
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T | ADK&E§ § k 29 DD @zy & gEE@BEptDAient networkE & drcui®

switched optical networks
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Component

Description

Component

Description

Connection Controller

(CC)
Route Connection
Tabie Request In
Query

Manages and supervises
connection setup,

release and modification.
Coordinates operation of Link
Resource Manager(LMR)and
Routing Controller(RC)

Peer
Peer o Coordination
Coordination Out
In >

Comnection\
Request Out

Routing Controller
(RC)

Local

Link Connection
Request

Provides routes within
the domain of its
responsibility.
Maintains

Local
Topology In [Topology Outaddressing

information about other
RC subnetworks at the same
— — > layer

Network
Topology In

Network
Topology Out

\Route Table

Query

Link Resource Manager A
(LRMA)

Configuration

Allocates and deallocates
SNP(subnetwork point)
link connections.Provides
topology and status
information,LRMA is

gzlsnll;::tra 2NP tiati responsible for the
Reguest egotiation management of the A end
9 of the SNPP link.
LRMA >
— -~

SNP Link
Connection SNP
Deallocation Release

\ Topology

Translation

Link Resource Manager Z
(LRMZ)

Manages the Z end of the
SNPP link, providing
topology information

Configuration

SNP
Negotiation
In
L LRMZ

—

SNP
Deallocation

'\\Topology

Translation

Call Controller(CallC)

Calling/Called Party Call
Controller is associated with
an end of a call and
generates and processes
call requests.

Call
Teardown In

Out

Network Call Controller
(NCallC)

Directory Policy Out

Request '\\‘

Network Call
Coordination In
Qut

Discovery Agent
(DA)
Resolution
Request

[Coordination In| Out

CP link
Connections

Termination and Adaptation
Performer(TAP)

Coordination
In

LC Connection
State

szl )izl Call Request
~| callc -~
—» E—

Call Teardown

Network Call Controller is
responsible for call control
inside the network

Call Reguest Call Indication
Accept — >
Call Teard g o

all Teardow Teardown, Out
In NCallC

Network 3a||

Coordination

Connection Request Out

Provides for separation
between the transport and

\ Hints In the control plane names

Coordination

3 DA )

Resolution
Results

Responsible for heolding
SNP-CP binding.A local
TAP cooperates with a
remote TAP to coordinate
any variable adaptation
or other coordination
required when forming
the CP link connections

Coordination Out
—_—>

LC Transport Sta>4\4 Technology

Specific Control
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Fault Management & Performance Management
Traffic Engineering Agent
CR- _
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(routing, MPLS-
Socket Interface SPF, OAM
CSPF)
TCP UuDP
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DiffServ
MPLS (PSC-LSR)
MPLS NIA (Network Interface Adaptor)
Framing & Adaptation (O-NIC)
O-NIC with O-NIC with
SSFNet SSFNet |Multiple Fibers|Multiple Fibers
NIC NIC with Multiple | with Multiple
Lambda Lambda
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Overlay/Augmented network layering model

Dynamic unidirectional lightpath creation
Outdofdband NNI signaling

Fiber failures

Single and Multilayer Restoration, using two methods:
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