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o Or)rms protection can provide fast
IECOVE 2y and high scalability

=1 Higher-layer recovery provide finer granularity
i hecovery

= Routlng and wavelength assignment (RWA)
_- N WWDM network contains

— Route establishment

— Wavelength assignment
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P over*vw"* network is modle as
— A C Jrrlf 1 GI(V, E, W) where
2 \/ “set of all nodes

set of optical links
— “W set of wavelengths per link

= .ﬂ-'leen a request R(s, g, b) from ingress router
~ 5to egress router d'requiring bandwidth &

* Find a path and the wavelengths on the links along
the path to meet the request requirement
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1S/ can be solved 1n elther
Wavelength assignment after path routing
consider both in the same time

: r{_OfJ_.f ng preblems can be divided into
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e path routing
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1 routing
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- * Three gener

1S routing
IC approaches

— Integer Linear Programming (ILP) optimization
— Link-weight based Dijkstra’s algorithm
— Flooding based path searching
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ST I Naximizing network efﬁuency
omf adate ds many. requests as possible

= IWG [ -]_
_‘_ﬁz@ A 12]: based on MIRA
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e Ve WDMIGrooming:
MEBUiNG 15 based on cost function

BPA. Cost = N_links + P* N_FA-LSP_Links +
| f-"“ N_hops, where

— JVIlnks IS the number of new optical links

= J_.FA-LSP_Links: number of optical links already.
:_:__;;_ - active

* V_hops: number of O/E/O conversions

* Pand @: coefficients to adjust performance
P<1 implies fostering reuse of established path
Q>1 means paths with many O/E/O will be avoided
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V@A Maximum Open Capauw Routlng
F\J JorJrr
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;_‘A lodell IP/WDM network with logical links

== Find the shortest path in a modified network
= Where the link weights are proportional to the
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~ criticality of the links

— Define all links that belong to the minimum
cut for an ingress-egress pair to be critical



Two wavelength
per link

After request

Link weight
after 43




S Qc:L g Island paradigm
”ourmJ 5/ based on

— Cons -fUCtIOI"I of BI hierarchy

_ Route existence check
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—‘K different weighted shortest routes using
= path cost function
= * Path_Cost = N_links + P * Active_Lightpaths

— Pick the route with minimum splitting cost



—hode maintains local network state info.
Jol tmg IS based on path information update

— _--_._—_

Jﬁy flooding

= - Select the best path at destination according
" to networks’ operational criteria
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Ve path is assumed to be established
L)a“f on Dijkstra’s algorithm

SteN Minimizing reserved bandwidth
backup paths

,PR (Shortest Path Restoration)

‘;_’_*':‘_.;_,PIR [6]

- = FIR [5]: enhance PIR
— DLB [7]
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~ along the service path
— Assign a weight to each link in the network

min(b, M +b— R[i])
{ Wi, if M+b—R[i]>0andi¢& Ps

Sa if M+b—R[i|<0andi¢ Ps
00, if1 € Ps




=NIdeak after selecting service path Ps, the source node

BCollects the array 7777, the maximum bandwidth
= needed on link /if any of the links along Ps fails

.
v

S="Assign a weight to each link in the network

== min (b, T'[i|+b—R[i])-W[i] T[]+ b-R[i]>0
— and ¢ ¢ Ps
if T[i] + b—R[i] <0

and ¢ ¢ Ps
if1 € Ps.
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_ Decentrallzed Local Backup ISP’ calculation
—_-: |ven e primary path P={N, N, ..., N, }

0r’each node along the prlmary path, each link is
a55|gned al cost K;

- J.:

---

1t we pmtect against node failure + if we protect against link failure

Incij(F.bw) fi£#FAj#F Incy(F,bw) if(i# N, Vi #F
iy IF?.L”IF bw} F () _.-""-.I']'Tt.ﬂ.t-j [F b'lt.l :I ,i ()

ifi£FAj£F Kiy={ ¢ if (1 #Ng, ViF#F
Alnei; (F,bw) =0 Alney(F, bw) =0
00 fi=FV 9 = F 00 ifi = Nz gl = F

— Inc,(F,bw) = R;'— R;;

5» Increased reserved bandwidth
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Sorcalled rap propblem®
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Fail to find link-disjoint paths when such a pair exists
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Link with only A, available
rr———— L1k with both A and As available
e Link with only A; available
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nclink/node-disjoint paths
— SPP U ‘mln weight disjoint path
= MIF R | 9] based on MIRA

= fi"‘" '[10] enhanced APF
r”COLE [11]
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MIDRRESVIIT: UM Interference Restorable Routing
zlle Jorlrrm
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— rc pute the maximum 2-route flows

== — #gmpute the 2-critical link sets C,,
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— Cempute the criticality indices w(/) as link weight of
~ link /

~ — Use SPP to find shortest disjoint paths based on link

weight w(/)
— Choose one as active path, the other as backup path



— Al AP (Active Path) using minimum number of links
= A gn al cost of infinity for every active or reserved

—
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= channel, assign a cost of M (very big number) for

-.-r'—" -

= every free channel on a link of AP, assign a cost of 1

_-.

— ——for every other free channel
— Find a minimum cost BP (Backup Path)

— [f AP and BP are not link-disjoint, use the BP as active
path and repeat until AP and BP are link disjoint




/Jm e the cost of AP (Active Path)
he shortest AP in the network
entlfy the conflicting link set T

_.~' D|V|de the problem P into sub-problems in the form of
P(I O) based on T; the sub-problem without link-
disjoint path pairs is further divided

— Compare link-disjoint path pairs found in each sub-
problem, choose the one with shortest AP




Single cosl Dual cost

Min-Max | NPC [0], [10] NPC [9]. [10]
Min-Min

Ordered (MS0ODY) Arbitrary
Min-Sum Polynomial Uniform (MSOD-U)
(SPP [4], [5) "
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iﬁt'i_ve/single pathi routing considers WDM wavelengths
= andlogical network thus better utilize network resource,
but doesn’'t consider backup path simultaneously

* Backup path routing after active path minimizes reserved
bandwidth but may encounter trap problem

* Disjoint path routing considers optimized disjoint path
for restoration, but doesn’t consider WDM layer multi-
wavelength effect

uniform

NPC [3] |
[11]
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- Jaur goallof IP/AVDV routlng

.-phy5|cal path disjointness

\/\_/_L_r' minimum interference to maximize the
dceeptable reguests

_: 9n5|der both dedicated and shared bandwidth

=I.-.-—

#among all backup paths

Bandwidth sharing may not be allowed
_Link-state information for backup paths not available
1+1 redundancy

After failure is fixed, traffic will not switched back to
the primary path
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