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Abstract—To bridge the gap between the current practice on the maturing of optical switching technologies and the
of setting up expensive, dedicated, lightpath connection§i.e., development of signaling protocol standards (e.g., GMP£S)
static topologies), and the distant future vision of inexpesive as to prototype commercially viable approaches for network

access to dynamically switched end-to-end lightpaths we ppose . .
a medium term solution in the form of edge-reconfigurable optical providers to offer users the ability to set up and tear down

networks (ERONs) An ERON is an overlay-control network Optical connections dynamically.
created by installing readily available MEMS optical switches and Nevertheless, despite years of research and development,

implementing a GMPLS control plane at sites interconnectedy  the vision of a dynamically reconfigurable optical core is fa
static lightpaths. The switches and control software are daloyed from realization. Today, setting up high bandwidth conie

at the edge of the network and operated by the organization- d di v i ible due t fund tal lack
user (i.e., outside the network provider's control), hencedhe term on demand IS nearly Impossible due o a fundamental lac

“ERON.” By providing dynamic, automated control of end-to- Of infrastructure capabilities to support the automatic an
end lightpaths, ERONs enable the sharing of expensive netwlo rapid establishment of end-to-end lightpaths. To estalslicch
resources among multiple users and applications that requé  paths several network providers need to be coordinated (one
sporadic access to these resources. We develop an algoritiar o4i5n3) optical network at each end, as well as one national
creating an ERON from an existing topology of static lightpahs, le backb id d ltio| tract atiat
and we present simulation results that quantify the benefitsof Scale backbone provi _er) and muitiple contracts negauate
ERONS in terms of lightpaths compared to assembling a set of Due to this administrative burden and associated timescale
independent and dedicated circuits. for the establishment of lightpaths, it is typical for liglath
connections to be held in place for long periods of time
o ) ) ~(e.g., months or longer). The result is the creationstattic
~ Many existing and emerging classes of high-end applicgjologiesconsisting of a collection of independent lightpaths,
tions involve complex, intensive computations on largeadagach dedicated to serving a specific pair of high-end users or
sets in a manner that requires coordination of resourcé& regjevices. For instance, several national research and tohica
ing at several geographically dispersed sites. Such @ifilits networks (NRENS) provide point-to-point optical connens,
arise in a wide range of domains, including e-Science ap@en reaching across more than one administrative domains
scientific discovery, distributed simulation and visuafian, g5 gerve existing large-scale applications.
petascale data mining and analytics, education, intelige  since typical applications requisporadicrather than con-
gathering and analysis, and defense. Current research Pigfous use of these lightpaths, the utilization of statimpto-
tice also tends towards collaborations among multiple &oungint connections can be extremely low, often below 1% [1].
and institutions that require high bandwidth connections fjs fact is illustrated in Figure 1 which plots the average
network-attached resources [7]. To enable these appli@ti tjjization of an active 10 Gbps interface in use within the
lightpaths along end-to-end paths across multi-domain nef| |F community; similar figures are available for severaitsu
works, must come up and go down based on user requiremgR{grfaces [1]. As we can see, whereas the peak transmission
and on short timescales (i.e., sub-seconds to seconds).  rate often matches the interface rate of 10 Gbps, the average
Ideally, the optical network would provide native supportyte js significantly lower, less than 1 Gbps for the egress an
for establishing lightpaths on demand, making it possibleﬂhst above 100 Mbps for the ingress. These average levels
update the logical topology over time in response to traffig,ghly correspond to utilization of 73 and 7.3 hours per
(i.e., application) demands. This model, which we referso aonth, respectively. Due to the substantial expensesviadol
core-reconfigurable optical network (CRONNncompasses the;, leasing and operating long-haul lightpaths, the onlybléda
vision of a dynamically reconfigurable optical core that hag)ution is to increase utilization by sharing these resesir
been contemplated for over a decade [4]. This vision umﬂerliamong multiple applications and users.

the DARPA CORONET project [5] which seeks to capitalize 14 prigge the gap between the current practice of setting

This material is based upon work supported in part by DARP@enrGrant UP exp_ensive, dedicz_;tted, Iightpath _Conn?CtionS (i_'e'tiCSta
No: HR0011-08-1-0076. topologies), and the distant future vision of inexpensiveeas
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to dynamically switched end-to-end lightpaths we propose st rachfterfiees (1.3 um)
a medium term solution in the form afdge-reconfigurable
optical networks (ERONs)An ERON is an overlay-control
network created by installing readily available MEMS optic  Fig- 2. A single-domain edge reconfigurable optical netw@&RON)
switches and implementing a GMPLS control plane at sites in-
terconnected by lightpaths. The switches and control sofw
are deployed at the edge of the network and operated by thdo enhance the simple dedicated transport service himila
organization-user (i.e., outside the network provideostrol), from today’s optical network infrastructure by implemeyi
hence the term “ERON.” By providing dynamic, automatedynamic connection functionality and associated inteltice
control of end-to-end lightpaths, ERONs enable the shariafthe edge devices. In essence, the addition of the reconfig-
of expensive network resources among multiple users awmthble edge optical switches transforms a sparse staticabpt
applications that require occasional access to these nasu network into a highly connected dynamic network.
ERONSs represent a practical and cost-effective soluti@at th An ERON relies on hardware and software to create and
transforms the set of static lightpath connections owned @ranage dynamic connections over the fixed logical topology.
leased by a single organization into a flexible network toggl Each site is equipped with a fiber-based MEMS optical switch,
that affords users the capability to reserve on demand, orsach as the DiamondWaV® PXC product from Calient.
advance, lightpaths for any required duration. Unlike an OEO switching fabric, a MEMS optical switching
The remainder of this paper is organized as follows. liabric provides optical transparency and scalability faufe
Section Il we explain how ERONSs support dynamic lightpathagtwork growth. Data generating devices (including coraput
and in Section Il we develop an algorithm for creating aand storage servers, cameras, telescopes, etc.) attatie to t
ERON from an existing topology of static lightpaths. Weptical switch directly, or through IP routers and/or Etiedr
present simulation results to quantify the benefits of ERONSsvitches, via short reach optical interfaces. The MEMS aievi
in Section 1V, and we conclude the paper in Section V. is capable of switching any input optical signal to any of the
WDM output lightpaths, and vice versa on the other end, thus
creating on-demand connections among arbitrary sets o$ use
An ERON, depicted in Figure 2, consists of: at the various sites. Note that it is possible to set up multi-
« A collection of permanent lightpaths that connect uset®p paths even between sites that moé connected directly
at geographically dispersed sites. The lightpaths are typly permanent lightpaths. Returning to Figure 2, users aénod
cally leased, provide static connections among the variodscan be connected to users at nadeby configuring the
sites, and define a logical interconnection topology thaivitch at nodeB to concatenate the lightpatls B and B-C
does not change over time. to form a two-hop connection over which traffic fromto C
« Additional equipment at each site (i.e., at the edge of tlmay flow. Hence, it may not be necessary to lease expensive
network), including a MEMS optical switch, that operatepermanent connections between all pairs of users: by adding
outside the network provider’s control. capacity sharing and reconfiguration capabilities, a small
« Control software, including GMPLS signaling protocolsetwork may function as a network of much larger capacity.
and a resource broker, that implements a control overlayThe establishment and termination of the dynamic connec-
among the various sites. The control software managgsns is performed by appropriate control software, e.dl-G
the MEMS switches to enable dynamic connectionsLS, at sub-second timescales. The ERON is also equipped
among users at diverse sites, allowing the sharing of thgth a resource broker, specialized software that cootdina
permanent lightpaths among multiple applications.  access to the shared lightpath resources. Users contact the
The ERON architecture shown in Figure 2 is inspired bgroker to establish or reserve lightpaths. The broker raaiat
the testbed of the EnLIGHTened Computing project [6], an up-to-date timetable of existing reservations, and ntay a
nation-wide, GMPLS-enabled testbed demonstrating the vizept, negotiate, or reject reservation requests basedsouonee
bility of the proposed approach. The underlying philosophgvailability, user priority, and other policy specificat®

Il. EDGE-RECONFIGURABLEOPTICAL NETS (ERONS)



We note that the ability to satisfy user requests is affectether than a small numbéd of users, the organization might
directly by both the amount of network resources (lightpathlease a smaller numbét of e2e lightpaths between a select
available to them and the properties of the logical topology set of user pairs; typically’ < M (M — 1). The K pairs of
plemented by these lightpaths. Therefore, the issue otdbgiusers to be connected directly may be selected based on the
topology design is integral to the design and implementati@mount or criticality of information exchanged, the prigrof
of ERONSs, and is is the subject of the next section. users, or some other relevant criteria. kgtdenote the long-
term traffic demand for thé-th user pair, expressed in Gbps.
Let C denote the lightpath capacity, also expressed in Gbps.

The problem of designing logical topologies of lightpath§hen, thek-th pair is assignedt;/C| e2e lightpaths.
given some information about the traffic demands amongNote that an e2e lightpath may consist of multiple intra-
nodes of an optical network has been studied extensivelydomain lightpaths, and all e2e lightpaths routed over argive
the literature; the interested reader is referred to [Z],af3d intra-domain hop between some sitds and B require a
references thereof. The ERON topology design problem wiedicated intra-domain lightpath froph to B. Let L be the
consider in this paper differs from previous studies in sgve number of distinct intra-domain hops required by the e2e
respects. First, ERONs are overlay networks, whereaseearlightpaths and:; be the number of intra-domain lightpaths set
work dealt with the design of core networks. Second, mogp over thel-th hop. Thesd. hops are the links of thetatic
algorithms were developed for constructing a logical togyl topologydefined among thé{ pairs of users. The capacities
from scratch, whereas our approach is to build an EROM the L links are such tha} ¢, = S p_, hyt),/C, where
starting from an existing static topology. More importgntl h; is the number of intra-domain lightpaths making up the
the objective of most logical topology studies has been &2e lightpath between theth user pair.
minimize the maximum congestion, which is achieved b .
balancing the traffic load over the network links. On the oth&- ERON Topology Algorithm
hand, our objective is to minimize blocking probability, st Dedicated lightpaths are expensive resources that may be
requires that the load be concentrated on a small numberesbnomically justified only if their utilization remains ligh
high-capacity links. The more recent work in [8] is similar t levels throughout the lease period. Recent statisticen(ref
ours in that it compares static lightpath topologies to dyita Figure 1) indicate that the utilization of GLIF lightpaths i
optical networks. Although some of the conclusions of [8juite low, often as low as a few hours per month [1]. Al-
are consistent with ours, our network and traffic models amernatively, an organization may deploy an ERON to increase
design approach are more representative of realistic Eosna the utilization of its leased lightpaths. This increase ug do

) ) ) two factors: (1) higher connectivity, as all users at a given
A. Current Practice: Static Topology of Lightpaths site have access to all incoming and outgoing lightpathd, an

Consider an organization withl/ users (i.e., high-end (2) sharing of the (previously dedicated) lightpaths amtbrigy
devices) distributed acros§ < M geographic locations. In larger number of user pairs.
current practice, if two users at different locations wish t An important question that arises is whether deploying an
communicate, a permaneend-to-end (e2e)ightpath must ERON would result in significant savings in the number of
be established between them. In the absence of switchiightpaths to be leased to justify the (one-time) hardware a
capabilities, the e2e lightpath dedicatedto communication software expense. Note that, by allowing pairs of users &oesh
between these users only, and cannot be accessed by o#haghtpath, an ERON introduces the possibility of blockifg
users at the same locations. We assume that e2e lightpathseaisure that users receive a good quality of service, we ienpos
unidirectional, hence, two e2e lightpaths, one in eacrctior, an upper bound of0—2 in network-wideblocking probability.
must be set up if bidirectional communication is required.  In order to quantify the benefits of ERON in terms of the

We make a distinction between e2e antta-domainlight- number of lightpaths required to provide connectivity agion
paths. Since users of a national or global organization mthye K pairs of users, we consider the following problem:
reside at locations in different administrative domainse2e Problem 3.1: Given a static topology ofl intra-domain
lightpath between two users may consist of a string of intrinks connectingK’ pairs of users, the long-term traffic de-
domain lightpaths, each originating and terminating at thmandst,,k = 1,..., K, and the capacity’ of a lightpath,
boundaries of a single administrative domain. We assunte tkasign an ERON topology with the least number of lightpaths
the organization leases intra-domain lightpaths sepsufiten  such that the network-wide blocking probabiligP < 10~3.
each network provider, and connects (patches) them togethel ogical topology design problems are typically NP-hard [2]
at its own premises (i.e., at the edge, outside the opesatdkh additional challenge in this case is the difficulty of esgs-
network) to form longer e2e lightpaths whenever necessaryng the blocking probability in exact and closed-form mamne

In the absence of reconfigurable elements inside the néfe also emphasize that the goal of this study is not to identif
work, providing full connectivity among all\/ users would optimal solutions but rather to quantify the benefits tha ar
require M (M — 1) permanent e2e lightpaths, each dedicatgmtactically achievable using the ERON model. Hence, toesolv
to a directed pair of users. Since leasing such a number of ¢Be above problem we use the greedy algorithm presented
lightpaths would be impractical and prohibitively expemdior in Figure 3. The algorithm starts with the static topology

IIl. ERON TOPOLOGYDESIGN



Relay Node Relay Node

Algorithm for Removing Capacity from a Static Topology  smanee
Input: Static topology ofL intra-domain links [
Output: An ERON topology with fewer lightpaths

begin

1. ¢, «+ capacity of linki,l =1,..., L, in lightpaths

2. Run simulation, obtain link utilizationsu; } and BPb
3. while b < 1072 do

Domain 1

4 for [ =1 to L do // Consider each link in isolation
5. p1 — Erl=1(107%,¢;) /I Target link offered load et ce
6. uj — p—;’ /I Corresponding target link utilization ) )
¢ Fig. 4. Three-domain ERON network

7 slack; «— 3+
8. endfor l
9. j« link such thatslack; = min{slack; } Attached to the ERON nodes afe usersthat generate the
10. ¢; < ¢;—1 I/ Reduce capacity of link traffic demands; note that the users ao¢ shown in Figure 4.
11.  Run simulation, obtain link utilization§; } and BPb  The users are distributed across the various ERON noded base
12. endwhile on the size of each node, as we describe shortly.
13. return the last topology for whicth < 1072 The ERON nodes belong to one of three domains based on
end their geographic locations. For instance, the three dosnain

. . . . — Figure 4 might correspond roughly to the providers serving
frl?rﬁheﬁ!ﬁﬁ;“gﬂﬁgﬂﬁﬁi’;ftgi’gfit‘%oigﬁgyo N topology by rerfmy capacity an organization’s sites in Asia, US, and Europe, respdygtive

The middle domain is the largest and contains about 70%

of the ERON nodes. The side domains are smaller and each
and selectively removes lightpaths as long as the blockingntains about 15% of the nodes. Lightpaths terminate at
probability remains belowt0~3. domain boundaries. Thus, an e2e lightpath that connects a

The algorithm first runs a simulation of the ERON networkode in Domain 1 to a node in Domain 3 is made up of three

with a topology identical to the one of the static topologintra-domain lightpaths. Hence, for the topology in Figdre
(Step 2 in Figure 3). From the simulation, we obtain the averan e2e lightpath may consist of one, two, or three intra-doma
blocking probability in the ERON, as well as the utilizatiodightpaths, depending on the location of its endpoints.
u; of each link: in the network. The main operation of the ERON nodes are classified as eittsenall or large. Large
algorithm consists of thevhile loop between Steps 3 and 12nodes, denoted by dotted lines in Figure 4, have more users
which is executed as long as the blocking probability is Wweloconnected to them than small nodes. Consequently, the total
the threshold ofl0—3. Considering each link of the network aggregate traffic demand from/to large nodes is higher than
in isolation, Step 5 determines the target offered Ipatb the from/to small nodes. We assume that 6 of the ERON nodes are
link so that the blocking probability on this link, computedarge and 14 are small. The three domains are interconnected
using the Erlang-B formula with a number of servers equal tiy four of the large ERON nodes, referred to as thly
the capacityc; of the link, be equal td0—*; we have found nodes. Just as any other large node, relay nodes have users
that this target link probability is sufficient to guarantéee connected to them that generate traffic. Unlike other large
network-wide threshold for networks with a small diametenodes, however, each relay node is attached to two adjacent
The corresponding target link utilization is obtained by domains, it is equipped with an OEO capability, and it
dividing the target offered load into the capadityof the link terminates all intra-domain lightpaths that are part of aa e
(Step 6). Theslack of a link is then defined as the ratio oflightpath passing through it. This capability is necesssoy
its actual utilizationu; (obtained through simulation) and thethat the organization may concatenate lightpaths provired
target utilizationu;, as shown in Step 7. Note that a low slaclndependent service providers to form longer e2e lightpath
value implies excess capacity at a link relative to the dctuaeeded, without intervention from the service providers.
(simulation) offered load. Therefore, in Steps 9 and 10, the
algorithm reduces the capacity of the link with the minimur®- Traffic Model

slack by one lightpath. The algorithm then runs the simolati  \We assume that a lightpath is unidirectional and its capacit
again, and repeats thehile loop to reduce capacity further,is ¢ = 10 Gbps. Connections that generate traffic higher than
if the blocking probability remains below) . 10 Gbps are assigned multiple lightpaths. LRt denote
the aggregate network traffic, in Gbps, generated by users
V. PERFORMANCEEVALUATION attached to ERON nodes. We denote the aggregate traffic

A. Network Model generated by large-to-large, large-to-small, and snoadirball

We consider the three-domain ERON network shown itonnections a®);;, D;; and D, respectively; clearlyD;,; =
Figure 4. The network consists @f = 20 ERON switches Dy + D;s + Ds,. Let K be the number of (unidirectional)
(nodes), each representing a site of a global organizati@onnections that make up the static topology from which
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the ERON topology is derived. We assign each of #ié ‘ ‘ ko100, BPe0.00t
endpoints (users) of these connections probabilisticaligh wl Uniorm ~———-- |
that users are twice as likely to be assigned to large nodte tha \\
to small node. The total amount of traffie,,; is then divided
into component®);;, D;; and D, in proportion to the number
of connections (out oK) that fall into the large-to-large, large-
to-small, and small-to-small classes, respectively. W&o al
consider three traffic patternsniform distance-decreasing
and distance-increasing The individual traffic components  * s}
are then distributed over the connections within each class 1w}
according to one of these traffic patterns. The result ista lis |
of K user connections and their specific (average) data rates. | | ‘ ‘ L
We consider two scenarios. In thew traffic scenario, the 0008 oo pagregate Tatte (o0
average aggregate traffie,,,* over all connections does not
exceed 300 GbpS, whereas in thE;]h traffic scenario, the Fig. 5. Low traffic: effect of average aggregate traffic antap,:, K = 100

. . Dot = 0.01 Thps equivalent to peak transmission an average ofrg/@b|
average aggregate traffic varies between 1 Thps and 3 Thps'® Ps € P g )

20 |

% Decrease in Lightpaths

C. Simulation Design and Methodology 200 GBps, BP=0.001

100

To carry out the evaluation study, we implemented our
own event-driven simulator in C. Connection requests were
generated according to a Poisson arrival process. Eadlt traf
demand has a holding time (duration) and a traffic amount.
Each traffic demand amount was in units of lightpaths, raggin
from a low of 1 lightpath to a high of 4 lightpaths. Traffic
amounts were generated according to a truncated power-law
distribution, using an exponent of 1.5. The holding times ;
of demands normally ranged from 10 seconds to one hour. =} / 1
These demands were probabilistically generated accotding DistDec
a truncated Pareto distribution, again with an exponent®f 1 . ‘ ‘ ‘ ‘

We generated and simulated the routing of traffic that ° 50 O mber K of oo Gonmector s 2500 3000
conforms to the average rates for each pair of users dictated _ _
by the traffc model above. This was accomplished by setff. % (315 S, oLIRSH o eeciral 20 00t
the value of the rate of the Poisson arrival process for eac '
pair of users to a value such that the the aggregated average

matches the corresponding element in the traffic matrix.  gnnections among a given set of users. Figure 5 shows the
Each simulation run lasted until a set of 500,000 traffigepievable decrease in number of intra-domain lightpaths f
demands was generated and routed. For every data point shgyincase ofc = 100 connections. Each data point in the figure
on the graphs, 10 runs were executed, each with a differg0ityy ayerage over 10 problem instances generated according
random seed. From these, the mean and the 95% confidefCene of the three traffic patterns we described earlier; 95%
intervals were computed (shown on the graphs as error bag)nfijence intervals are also plotted. In this case, thécstat
The routing algorithm simulated is a standard method %pology always consists ok = 100 e2e lightpaths (each
a(_:hieving good overall net_work utilization and Iovy blpogin made up of at least one intra-domain lightpath) between a
First, from among the available paths to the destinatiofy onye; of ysers: this set is randomly generated for each problem
paths that had sufficient available (i.e., residual, notently j,stance and each user is probabilistically assigned toafine
used) capacity were considered. From among such paths, §le ERON nodes, as we explained above. For a given instance,
shortest (in terms of hop count) path was chosen. In the evgtt EroN topology is constructed using the algorithm in
of a tig, one path from among _the shortest, highest availalﬁﬁgure 3 to remove capacity from the static topology.
capacity ones was selected uniformly randomly. The figure plots the decrease in lightpaths against the
D. Numerical Results average aggregate traffi¢,,, generated by th& connections.
put the aggregate traffic values in perspective, notethigat
= 100 static connections can generate a peak traffic equal
to 1 Thps (since the capacity of each e2e lightpath is 10 Gbps)
lwe distinguish betweemverageand peak traffic on a connection. The Consequently, an average aggregate trdffig; = 0.01 Thps
peak traffic may fully utilizing the capacity of a lightpativhereas the corresponds to each connection transmitting at its peak rat
average traffic can be quite low, especially if the specifionetion is used for an average of 7.3 hours per month (and being idle the

sporadically, e.g., for a few hours per month. The ERON togplalgorithm o ] LY :
we described earlier is based on average traffic demandgeadt ones. remaining of the time). At low utilization, the savings caa b

40

% Decrease in Lightpaths

Dist-Ing --------

We present a set of experiments to quantify the benefits-Bq
ERONSs compared to establishing a static topology of deglita



(i Epren ‘ 10 Gbps for an average of 73 hours per month, and remaining
o idle the rest of the time. At this level of utilization, theerage
savings in terms of lightpaths is approximately between 55-
65%, depending on the traffic pattern, decreasing to between
35-45% as utilization increases to 219 hours per month (for
Dy, = 3 Thps). In Figure 8 we letD,,, = 2 Thps, and
vary the number of connections from 1000 (corresponding
| to utilization of 146 hours per month) to 3000 (utilizatioh o
about 49 hours per month). Again, as utilization decredkes,
average lightpath savings increase substantially, ragctt%
or more over the static topology fdf = 3000.
. ‘ ‘ ‘ ‘ ‘ By comparing Figures 7 and 8 (high traffic scenario) to
e ! T areqate e (ops) ¢ 3’5 Figures 5 and 6, respectively (low traffic scenario), we olzse
that under the high traffic scenario it is possible to achieve
Fig. 7. High traffic scenario: effect of average aggregatiitramount.Diot,  sybstantial more savings at the same level of utilization
K = 1000 (Dror = 1 Thps equivalent to peak transmission an average ?equivalently achieve the same amount of savings at higher
73 hrs/mo) ,
utilization). Consider, for instance, the savings 0§, =
0.1 Tbps in Figure 5 and foD,,; = 1 Tbps in Figure 7 and
DistDec for D;,; = 1 Tbps; both correspond to a utilization level of
Disting - | 73 hours per month. The savings in Figure 5 are between 20-
25%, whereas in Figure 7 are significantly higher, between
45-50%, depending on the traffic pattern. This result is due
to the fact that in both cases the capacity of a lightpath is
the same (i.e., 10 Gbps), but under the high traffic scenario,
the links of the ERON topology have much higher capacity
(number of lightpaths) than under the low traffic scenaris. A
a result, the blocking probability of the larger network dam
substantially lower under the same offered load.
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‘ ‘ ‘ ‘ ‘ ‘ ‘ V. CONCLUDING REMARKS
0 500 1000 1500 2000 2500 3000 3500 4000

Number K of Static Connections We have proposed ERONSs, overlay dynamic optical net-
Fig. 8. High traffic scenario: effect of numbést of connections,D;o: = Works bas_ed on a collection of static lightpaths and MEMS
2 Thps (K = 2000 equivalent to peak transmission an average of 73 hrs/m&pt'cal switches with GMPLS control. An ERON enables the
sharing of expensive lightpaths by providing reconfiguigbi
at the edges of the optical network. We consider ERONs
substantial, more than 40% compared to the static topolog$. & medium-term solution for enabling today’s emerging
As utilization increases, the savings decrease accordibgt high-end applications in the areas of science, defense, and
even whenD,,; = 0.1 Thps (equivalent to peak transmissiognterprise. Simulation results demonstrate that, depgnain
for an average of 73 hours per month or more than 3.5 ho@+erage utilization, migration to an ERON network from a
per work day), the savings can exceed 20%. Also, the traffitatic topology may constitute a significant savings in the

o

pattern does affect the results, but not substantially. number of static lightpaths required to meet the needs of the
For the results shown in Figure 6, we let the averadEaffic demands at an acceptable blocking probability.
aggregate traffid);,, = 200 Gbps, and vary the numbét REFERENCES
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