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Abstract—Use of Photonic Switching in Optical Networks
seems to be one of the best solutions for traffiptimization in
Metropolitan Access. Here we propose optical packiturst
switching (OPS/OBS) networks as a future-proof solion for
high-throughput in the highly variable traffic patt ern of the
metro-access. Through analytic modeling and compute
simulations we evaluate network performance of mesh
networks having a hybrid topology of the ManhattanSt.-type.
We combine nodes of interconnection grade-2 and gia-3 in
order to optimize and balance simultaneously netwdr
performance and cost. For performance metrics the
parameters packet loss fraction and average numbeof hops
are adopted, link and node loads are investigateand effective
network capacity is evaluated. Results clearly indiate
improvement of capacity over grade-2 networks, and
possibility of cost savings over complete grade-8stallations.

Keywords- Photonic Switching, Optical Packet Networks, Link-
failure, Optical Fiber Communications.

l. INTRODUCTION

Access networks are client centric local networksicty
today easily extend to the metropolitan level daethe
omnipresence of optical fibers and their high-c#igac
systems [1]. Today, passive optical access netwsirkh as
Gpon and Epon [3] are established solutions forronet
access, mainly in residential and small businegdicgpion
areas. However, the ever-increasing traffic in ¢éhestworks
requires increasing flexibility and availability dfansport
capacity, which is not totally compatible with the
centralized control of these passive networks (3h the

other hand, we believe that asynchronous OPS/OB& me

topology solutions [1,2] can overcome these linvted and
are better suited for packet-oriented applicatipds 9].
Furthermore, avoiding opto-electric conversions nglo
optical path route nodes saves time and energy.
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of nodes with different degrees/grades of intereation
(number of input-output ports) in the same netwdrke
main idea is that a better techno-economical perdoice
may be achieved by higher grade central nodes @andrl
grade edge nodes. The performance of the OPS rietigo
analyzed and evaluated according to basic packeisnle
parameters such as average number of hops (ANH)
packet loss fraction (PLF). The present work isedaen
single wavelengths; and various single-wavelengtivarks
can be interconnected with WDM systems [5,10] hibidd
be noted that the presently proposed networks, elk as
other proposals [2] and demonstrations [7,9,10] metter
suited for application in limited areas, mainly nogblitan
traffic, not considering physical impairments. lase of
geographical expansions, larger networks (more tRan
nodes) should be broken down to twice 16 or thireed 9,
according to specific situations [2]. In case opagity
demand, we have recently demonstrated [6] thaeasing
the interconnection grade is a more valuable smiuthan
increasing node count.
Il. HYBRID MESH NETWORK TOPOLOGY

The OPS/OBS optical network architectures propased
the present work are based on modified Manhatta(iVi®)
(Fig. 1). The MS mesh topology is attractive forticgl
networks because it has high connectivity, traféibility,
and robustness to failures [2,4]. We adopt furthistributed
switching, where optical packets are routed asyobuisly
through the network, directed only by header infation.
We consider networks with N nodes, with mz:, m=[4;5;6].
The optical nodes are interconnected with unidioeet
links; so that each link connects an output pasimfrone
node to an input port in the next node.

The classical MS is 2x2 (2-input/2-output) nodest s in

an

In this work we focus on hybrid OPS/OBS network 9raph theory ajrade-2node; another configuration is 3x3,
that is grade-3 [4]. The hybrid networks proposed here

architectures based on mesh topologies. The siityphé
construction of the optical nodes when Photonict&ving
is adopted is our base of choice on already demainsit
experiments [7,9]. The term hybrid comes from camation

(Fig.1) are a composition of grade-2 and graderdray at
optimizing performanceat the core nodes (grade3) an

d

optimizing costat edge nodes (grade2). It should be noted

that the cost-per-user is higher at the 2x2 (gradefe, but



the total equipment/installation costs are less ttiee 3x3
(grade3) nodes, which have lower cost-per-userusecaf
increased throughput capacity.
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Fig. 1: OPS/OBS hybrid network topologies: a] MS-16 Mf-
25.
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The detailed dynamics of the original grade-2 @ptic
node is described in [7], where our original expenmtal
demonstration was presented. The principle of djperdas
been extended to the other configurations. An appacket
arriving at the node has its header processed enmjnized
for the optical switch control electronics. Theioak layer is
bufferless and asynchronous, so that an opticdtgbatoes
not remain in a given node: it is always forwardegither to
its preferred out-port or deflected to an availaplert;
therefore, in the network traffic simulations to oal
collisions and resolve contentions the spatial edgithn
routing (DR) protocol is adopted. Optical switching
controlled by fast electronic logic circuits (nsnéscale),
operating on packet-by-packet basis, determinegblgitoy
processing the optical packet header.

1"l. BAsSIC THEORY AND PARAMETERS
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It is assumed that the total capacity of the nektawamder
consideration is given by the sum of the separapacity of
the network links. This has been given previougy fpr
uniform regular mesh networks of gradas

kNS

H

whereH is the total average number of hops (ANH) for
the optical packets (from all origins to all destions);N is
the number of nodesS is the link capacity; andk is an
integer specifying the node grade.

The hybrid model proposed here requires, however, a
generalization of eq.(1). If nodes have differersdgs in the
same network, we set a varialglénputs andy outputs, and
the nodeconfiguration is §xg) or gradeg., given by,

n
> gN,.S
C="2——
t H
whereN, is the number of nodes with a specific grade d, an
nis the largest grade in the network (usually4).

The traffic is modeled assuming uniform distribatio
where each node uniformly generates the same anujunt
traffic to every other node in the network. Theeefive
number of user nodes (or simplysers) in the network for
this condition is

w[gn )3

We define the user-share capacityCa¥\, , which, using (2)
becomes,

C = (1)

2

3

S, s
Cu :7 3 = 3
HISN(N,) ~D)

A useful figure of merit for network performance is
defined as performance facté, = C/H, which can be
applied to any multihop environment that follows2)l It
means that a more efficient network will have highe
capacity, smaller average number hops; this implies that
the network has lower latency.

The calculation of ANH depends on the routing peoto
adopted. If Store-and-Forward (SF) protocol is emothe
packets (or bursts) are always transmitted by ebbgath to
the destination, because they always follow theimuim
path generated by Dijkstra algorithm matrix; thiswever,
may increase latency in an uncontrolled way becawsg
packet has to wait for the availability of the mmim path.
The SF-ANH is calculated with the following expriess

(4)
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sz IV. TRAFFICSIMULATION METHODS ANDNETWORK
H= . i=1.j=13 (5) CONFIGURATIONS
O INY* (O N1 This section discusses the procedures and conslifam
g>1 g>1 simulations. Fig.2 presents a diagram of the simulation
where Cm; is the matrix element for total number of dynamics for both SF and DR protocols. Note that S
minimum paths of a given configuration. protocolalwaysuses buffering, as previously discussed. The

network models use unidirectional links, with umnifotraffic

On the other hgnd, .'f Deflection Routing .(DR) paibis distribution (every node generates the same anwiuraffic
used, no buffering is needed and optical packets ar

immediately forwarded to any out-port available. eTh to every other node) during each simulation rouimiet
calculation of ANH in the DR case is again basedtion (20ms); the intervals between optical packets weom 0.1

o . . ; ) to 1 packet duration. Every connection is set ugh WiDP
minimum path matrix generated by Dijkstra algoritht it P y w

. ' protocol, so that lost packets are not retranschitfehe
is not always followed because deflections may pend optical packets have fixed-size of 500 bytes; rb& they

the optical packet may take a longer path to dasan. are easily extensible to 10 or 20 times larger Warst
Another highly significant parameter is the paclets switching, but then the network performance hasbéo
fraction (PLF), defined as the ratio, reevaluated. Transmission rate is 2.5 Gb/s, adeqfat
metro-access environment. The total number of packe
PLF = p-r (6) generated for simulation rounds (20ms for each plaiat in
p Fig.3) is 2x18. Bit-error rate (BER) is assumed better than

10°. Link length is 10km for all links.
wherep is the total number of packets generated in angive
node (origin), andr is the number of packets actually
received at destination.

Table I, summarizes analytic results of the ANHe th
network capacity and the resulting performance ofact
Results were obtained using store-and-forward (SF)
protocol, to establish minimum values for ANH and

Optical shortest

maximum values fo€ andF. Nodet &5
; s fOptical
Table | — Evaluation of Network parameters for megologies S2sabps T e
with unidirectional links. \f[‘,eﬂec"‘m NS T > on)
et
Topology Total | Network ANH Performance optical - v — Ciber
Iintiis Capacity factor Fp, Node 2 link
C, (Gbls) SF DR SF DR . . . _
Fig. 2: Simulation Dynamics.
3 Ms-16 32 27,1 2,9 3,7 9,3 7,3
o MS-25 50 38,5 3,3 3,9 11,6 9,7 Network traffic simulations the Network Simulatdi-
) 2)r was used, and data processing and plottings wamried
° Ms-16 48 56,0 16 21 26,2 348 out with an open version Matlab®.
O Ms-25 75 73,2 2,0 2,5 28,6 35,8
V. NETWORKRESULTS ANDDISCUSSION
| Msh-16 | 38 33,1 25 | 28 | 115 | 132 , . o .
2 In this section compare the traffic simulation tesuas
Msh-25 | 59 50,3 29 | 29 | 170 | 171 | described in the previous section, with the resaftshe

average number of hops (ANH) and packet loss tracti
It is seen in Table | that the hybrid alternatias better  (PLF) from Tablel.
performance than that (grade2) but remains belat o Fig.3 a and b summarizes these results.
grade3, thus confirming the expected balance betvilee The architecture that has highest capacity witht bes
network capacity/throughput and the costs of itesiah performance is of course the grade-3; this is enpthas
and equipment, as mentioned previously. It is alsahis topology offers the largest number of différgaths
interesting to note that the DR-ANH is only slightl between any node pairs for all optical packets, whe
increased from ideal SF-ANH, also pointing to them@er  compared with other models; however it requires emor
choice of DR. optoelectronic components and more processing itsrcu
impacting on higher total equipment cost and opamat



=—0—MS-16 nodes (grade 2)
=—0—MSq-25 nodes (grade 2)
=©0='MS-16 nodes (grade 3)
=0='MSqg-25 nodes (grade 3)
@ MS-16 nodes (hybrid)
@ MSq-25 nodes (hybrid)
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and our new proposed hybrid (grade2/grade3) haee th
various degrees of performance; the grade2 is simgid
the grade3 is better, and the hybrid alternativeficos the
expected balance between the network capacity/gmut
and the costs of installation and equipment. This
demonstrates the present methodology as useful fowol
network planning and design. Future work will caolesi
topologies including electronic buffers at noderess to
avoid packet loss at optical input and minimize P\W¥e
also plan to include cost of link usage and of nfadlere.
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Fig.3 —a) ANH; b) PLF for OPS networks of Tablel.
. . . . (7
This result is what motivated a hybrid network with Y
composition of grade-3 with grade-2 nodes, thestateing
the simplest solution. 8

The good news is that the performance of the hybri(g
network is in fact a true balance between gradee2grade- [9]
3; for ANH it is much better than the grade-2; &mdPLF it
is just better. Therefore, the simpler grade-2 saale used
and installed in the edge of the network, where teaffic is
expected, and the more complex grade-3 can usehein
central nodes which have higher traffic demand, reogire
increased performance. Further issues such astidknode
failure and network protection can be directly addgdrom
previous works [2,4].

VI.

We have evaluated and compared optical packet mieswo
in various Manhattan St.-based mesh topologiesutir
calculations using analytic models and traffic deion
conditions. This work has used the evaluation patars of
network capacity, average number of hops and pdokst
fraction in the various network configurations. Gmarison
of 2x2 (grade2) and 3x3 (grade3) regular mesh taciires

CONCLUSION
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