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A,
o Objectives and Motivation
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This work looks at:

O Network Performance analysis and link failure s@risi
usingPhotonic SwitchinOBS/OPSypes), for
Metro-Access networks;

Q Innovative topology configurations are considered
Q Analytic and Simulation approaches are realised;

O New results appear !

0 And we see new technologies bringing new functidiealto
the Optical Layer more efficiently —
indicatingsavings in network (usage) time & energy.
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Introduction

U For core networks WDMQCS is definetely established;

U For Metro-Access, in order to avoid (unnecessaryff ©onversions
OPS/OBS technologieme attractive solutions within WDM channels, to
offer granularity and capacitywith significant reduction of network
latency and energy consumption;

Important aspects arervice survivabilityand network protectiorunder
link failure (the most common case is a single failure at a f)me..

We look at traffic analysis and network protectionin OBS/OPS

networks having mesh topologiesand ring topologies the usual tree
topology for access networks (EPON/GPON) is notsm®red because
it is incompatible with asynchronous traffic assdrhere;

Performance metrics are basedratwork capacity, average number of
hops (ANH)andpacket loss fractian
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= Each node isRxP), P=2,3, 4, plus
add/drop portsmodified MS

= Uni- and bidirecionalinks ;

= N=n¥ nodes;

= Regularwhenmeven ;

= Quase-requlavhenmodd ;
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= Each node isZx2), plus add/drop ports;
= Uni- and bidirecionalinks;
= the New Ringis to be compared with
the 2x2 MS network;
= connectivity is one to next (N+1) and
previous (N-2) neighbours;
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A,
S’ Optical Network Node & Packet
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Node k

U Optical Nodeincludes :
= 2, 3, 4 inputs andutputs,
plusadd/drop fi- By 1
= header processing
= bufferless at optical layer, but
includes FDL fiber delay line)

Optical Switch
2x2

Decisions
& Actio
Loml Usel

U Optical Packet/Burst e

= Header: final destination;

= Payload : digital content (data, video, voice)
= concatenation at arrivasglvable problem i
H

......

time
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U Store and Forward (S packets are held and sent only through the
shortetst path to destination ; minimize ANH, bastan impact on delay
and latency.(instrumental in the analytic computatigns

U Deflection Routing (DR) spackets are sent to the network, without
regard to path; contention is resolved by deflectmavaible port;
deflections avoid packet loss, latency is minimjzaat ANH always
increases.ifstrumental in network traffic simulatipn

oPs o
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U Network capacity

_PNS

C Ny

O Link failure alters capacitgs:

Basic Theory

International

unien

N : # nodes ;

S :link transmission rate ;
H : ave. # hops (ANH);

m: # link failures (simult.) ;
Lc: link load ;

P : # node ports (2, 3, 4)

Ct - (P.N;m).S
H

\

Note: ANH is recalculated after failure,
disconsidering the missing links

 Performance factor :

Pune, India, 13-15 Dec 2010:

By
P centode
) Tecnologia da
Informagao
Renato Archer

§

Telecommunication

$

Analytic Results

International

i oE

uUNICAMP
TopologyMesh SF protocol moreand less used links
Capacity Number of hops Factor of performance
Topology Link failure | Without | With [ AC {-%) | Without With AH (+%) | Without With AF(-%)
MSqg-9 E 3,1 22,34 21,18 5,22 2,014 2,125 5.51 11,09 9,97| 10,17
E MS-16 ERE 27,28 26,52 2,78 2,93 3,017 2,86 9,30 8,79 5,49
o \Msg-25 g 2,3 38,11 37,35 2,00 3,28 3,347 2,04 11,62 11,16 3,96
MS-36 Elas 48,47 47,61 1,77| 3,71 3,781 1,80 13,05 12,59 3,51
MSqg-9 - 85 22,34] 20,90 6,46 2,01 2,153 6,90 11,09 9,71 12,50
‘r:{ MS-16 § 13,16 27,28 26,52 2,78 2,93 3,017 2,86 9,30 8,79 549
o \Msg-25 ﬁ 25,21 38,11 37,43 1,80 3,28 3,34] 1,83 11,62 11,21 3,56
M5-36 = |28, 27 4847 47,61 1,77 3,71 3,781 1,80 13,05 12,59 3,51
M5q-9 E 1,2 40,91 38,46 5,98 1,65 1,69 242 24,79 22,76 8,21
E MS-16 EREE 56,07 54,40 2,99 2,14 2,16 0,93 26,20 25,18 3,89
2 |msg-25 g 4,5 73,82 72,27 2,10 2,54 2,36 0,79 29,06 28,23 2,87]
MS-36 E g1 92,15 90,68 1,60 2,93 2,95 0,68 31,45 30,74] 2,26
MSg-9 - 9.7 40,91 38,46 5,98 1,65 1,69 2,42 24,79 22,76 8,21
E MS-16 E 13,16 56,07 54,40 2,99 2,14 2,16 0,93 26,20 25,18 3,89
2 |msg-25 ﬁ 21,22 73,82 72,27 2,10 2,54 2,36 0,79 29,06 28,23 2,87]
MS-36 T (32,31 92,15 90,68 1,60 2,93 2,95 0,68 31,45 30,74] 2,26
MSg-9 R 60,00 59,45 0,92 1,50 1,514] 0,93 40,00 39,26 1,84]
E MS-16 5,2 75,12] 74,70 0,56 2,13 2,142 0,56 35,27 34,87 1,12]
* MSg-25 g 1,2 100,00 99,72 0,28 2,50 2,307 0,28 40,00 39,78 0,36
MS-36 ElL2 116,88 116,47 0,36 3,08 3,091 0,36 37,93 37,68 0,71
MSg-9 - 9.8 60,00 59,45 0,92 1,50 1,514] 0,93 40,00 39,26 1,84]
E MS-16 E 16,15 75,12 74,70 0,56 2,13 2,142 0,56 35,27 34,87 1,12]
= MSg-25 § 25,24 100,00 99,72 0,28 2,50 2,507 0,28 40,00 39,78 0,36
MS-26 ~ [38,33 116,88 116,47 0,36 3,08 3,091 0,36 37,95 37,68 0,71
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U TopologyRing/ SF protocol moreand less used links

Capacity Number of hops Factor of performance
Topology Link failure | Without With AC (-%) | Without | With | AH (+%) | Without With AF(-%)
- Ring-9 g 2,3 20 17,89 10,53 2,25 2,375 5,56 8,89 7,53 15,24
E Ring-16 :_:" 3,1 24,02 22,28 7,27 3,33 3,479 4,47 7,21 6,40 11,25
Ring-25 3,1 25,88 24,57 5,07 4,83 4,586 3,23 5,36 4,83 8,04
- Ring-9 E 7.8 20 17,00 15,00 2,25 25 11,11 8,89 6,80 23,50
E Ring-16 2 |15, 16 24,02 21,89 8,87 3,33 3,54 6,31 7,21 6,18 14,28
Ring-25 ' 23,24 25,88 23,53 7,55 4,83 5,12 5,00 5,36 4,67 12,79
Ring-9 T |same 18 14,66 18,58 2,5 2,9 16,00 7,2 5,05 29,81
E Ring-16 323 18,78 15,63 16,80 4,26 4,96 16,43 4,41 3,15 28,54
Ring-25 * same 19,23 16,16 15,96 6,5 7,58 16,62 2,96 2,13 27,94
Ring-9 - [same 18 14,35 19,14 2,5 2,92 16,80 7,2 4,38 30,77
% Ring-16 E 15,14 18,78 15,63 16,80 4,26 4,98 16,43 441 3,15 28,54
Ring-25 ' |same 19,23 16,16 15,96 6,3 7,58 16,62 2,96 2,13 27,94

b
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“u¥ Traffic Simulation plan B

Software:
Network Simulator 2 (NS-2)

| Link
failure

Optical
Node3 Jmmmmm = =

ransport UDP / const. Bit-rate CBR;
> Bit-rate: 2.5 Gbh/s;
> every node generates uniform traffic
Optical layer to every other node;

> Packets per round: 2 x2(200000) ;

> Uni- and bidirecional link connections
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Average N Hopgor MS(2x2) ; MS(3x3);andRing Uni- and Bidirect
with and without single link failure

MeshMS-type ( 2x2) and (3x3) Ring Uni- and Bidirect.
13 T T T T T T T
< .
" 121 ==0-=Ring-16 (bid) - with failure Bl
==+ MS-16 (3x3) - without failure e . .
=+0-=+ MS-16 (3x3) - with failure - = Ring-16 (bid) - without failure
6- ~{3-- MSq-25 (3x3) - without failure ] Mr - - Ring-25 (bid) - with failure 4
- 8- MSq-25 (3x3) - with failure » ={F - Ring-25 (bid) - without failure
a —D— MS-16 (2x2) - without failure g— 10} —o0— Ring-16 (unid) - with failure
_8 —O— MS-16 (2x2) - with failure 2X2 = —D— Ring-16 (unid) - without failure|
5 —C— MSq-25 (242 - without failure 5 ol —8— Ring-25 (unid) - with failure |
= B MS525 (26@) - with falre | 5 —O— Ring-25 (unid) - without failure
a
2 £ gl 0 |
g EP 25-uni
< n
S @
@ s B .
g g 25-bid
[} > 6f i , St
z 2 . o TTE ! .
f\ v 5 *16-uni
2 !
b > o e oo BB 16-bid
01 02 03 04 05 06 07 08 0.9 1 d 0.2 03 04 05 06 0.7 0.8 09 1
Link load Link load

Partial Conclusions:

> ANH for meshis alwayssmallerthan for equivalenting;

> Mesh is more robust, “insensitive” to single failure

> Mesh unidirect. is better,... Ring bidir. is better C*@@ —
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Packet loss fraction (PLFYr Mesh MS-16 ( PxP) 2, 3,;4
with/without link failure

03
== MS-16 (3x3) with failure
0.25- ->-- MS-16 (3x3) without failure
e MS-16 (4x4) with failure < (2X2)
D> MS-16 (4x4) without failure
5 —»—MS-16 (2x2) with failure
X 02 —b— MS-16 (2x2) without failure
g
k7
9015
]
2
=3
o
o 01
0.05-

® e
0.1 0.2 03 04 05 0.6 0.7 0.8 09 1
Link load

Mesh MS-16 (PxP) 2, 3,4 ;
Partial Conclusions:
> PLFis smallestfor 3x3 due to largest number different connections
> mesh with higher PxP is more robust, and less sems$i single failure;
> but 2x2 is cheaper ...

% Centro de
%\‘»‘3 Tecnologia da
4 Informagao
b Acnatorcher  LA3




uNICAMP

Pune, India, 13-15 Dec 2010:

Traffic Simulation Results

Packet loss fraction (PLE)r Ring-16 ( uni- and bidirect;)
with/without link failure

0.35

->=-Ring-16 (bid) - without failure
=== Ring-16 (bid) - with failure

—b— Ring-16 (unid) - without failure
—»— Ring-16 (unid) - with failure

AT Ring-16 (bidir.)

.

’ ><
/

/

g \Ring-16 (uni-)

0.3r

0.251

0.2r

0151

Packet lost fraction

01r

0.05

05 06 0.7 0.8 09 1
Link load

Ring-16 (uni-) and (bidir)

a1 02 03 04

Partial Conclusions:
» PLFis better for Uni-due to larger number dlifferent connections

> Ring is always sensitive to link failure;
> Uni- and bidir. have similainstallationcosts ...
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Conclusion

< Simulation and modelling are excellent tools toeximpent with in
network planning and evaluatipn

< Innovative variations ofmesh and ringvith various interconnections
of optical nodesn OPS/OBS networksffer better performance and
robustness (protection to data traffic), withoatessarily impacting on
installation costs ;

< it is observed thatptical nodeghat have a larger number different
connectionsR®xP optical port3 to other nodedemonstrate improved
performance; and should be used in mmregested locations

< Last — but not least! — optimizeédeshnetworks once again
demonstrate higher performance and robustnessRimar(and tree)...
< details ofinstallation and operatiomust be further discussed for
actual installations (preferred Metro-Access level)
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