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Guest Editorial
WDM-Based Network Architectures

The papers in this special issue are organized into six sections.
. The first section addresses the general problem of survivable
plteng (WDM). t(lachr:jology ha\ée_ l?d tot a t(/(\a/rglt\aﬂngoug tical networks. The section begins with a paper by Getlid.
amount of commercial and research Interest in “PASEY the survivability of data centric networks. It presents a thor-

ne_tworks. l_Jnt|I recently, WDM h_as been used prlmarlly foEJugh overview of existing survivability/resilience mechanisms
point-to-point long haul transmission. However, with the emeys

. - ~In IP over WDM networks and suggests new survivability con-
gence of WDM networking components, people are begmnn&% ts for optical networks. In this paper, different case studies
to design ?”.‘?' deploy WD_M—basg_d networks that take advant glcussing network performance and cost issues are also ana-
of the flexibility and configurability of these components. For zed and evaluated (e.g., cost evaluation of multiprotocol la-
the first time since the emergence of this field, research | led switching (MPLS) a;nd MPLambdaS protection, impact
this area has found commercial applications. The goal of th§ MPLS restoration on the TCP flows. and the stud,y of the
issue is to address WDM networking research that can h & '

. ¢ th WDM networks will be desianed erall IP over optical transport network (IP-OTN) cost versus
an impact on the way networks will be designed angry 5nq IP recovery schemes). The second paper in this section
deployed over the next several years. In particular, this issug

focused on papers dealing with the design of multihop WD uthored by Sahasrabuddteal. and it compares, using So-

tworks f i lit id licati histicated integer linear programming (ILP) formulations and
NETWOrks for access, metropolitan, or wide area applicalionsy, o jstics, the WDM protection and IP restoration techniques
It is interesting to observe the progress in this field b

- ) . S th IP-over-WDM networks. With the current prevalence of the
examining the topics covered by earlier special issues

optical networks. In fact, the progress has been immen ﬂﬂernet, and increasing development and deployment of intel-
) ' ' igent optical network (ION) elements, the author’'s compar-
Looking back at the August 1990 IEEBURNAL ON SELECTED fr% b (ION) P

A C IEEE b L ison of the relative merits of restoration for each of the dif-
REAS IN LOMMUNICATIONS URNAL OF LIGHTWAVE o rent network levels, and especially the capacity requirements

TECHNOLOGY special issue on WDM networks, we notg nd the recovery times, is very timely and relevant. The third

that at that time, papers were primarily focused on WD zi\per in this section by Sridhara al. presents solutions to

technologies. Some of the papers in that issue described e & problem of online reconfiguration of lightpath requests in

experimental testbeds, many dealt with system issues (etﬂfe event of link and node failures in WDM networks. The au-

cross-talk analysis, nonlinearity issues, etc.), butthe ma]or'tyt(ﬁors use heuristics to reduce the size of the corresponding ILP

the papers described WDM components such as mumplexet%}gield feasible results. Their ideas for possible rerouting of

lasers, detectors, etc. A few years later, the June 1996 SPe&KHhe of the primary/backup paths to recover additional capacity

issue on optical networks started to address higher IaYoq'Fer new avenues to explore in the area of network reoptimiza-

network issues. A few papers in that issue described on-go %h. The last paper in this section is written by Grover and

experlme_ntall testbeds, and mgst papers dealt with netw% ucette and it presents a new method for mesh restoration in
layer design issues such as routing and wavelength assignmgp

) : : _ om networks by abstracting the original mesh network into
benefits of wavelength conversion, and logical topology OIeSIgQmeta-mesh. Restoration in this case is performed by restoring
Clearly, progress was made from subsystems to networks,

. . ) . higher level bypass chains rather than the links themselves.
mostly at the experimental stage. Obviously, this earlier wo

dth ¢ dth tdavb f optical net evaluating their approach in networks with small degree
pavedthe way toward the present day boom ot optical NEIWOIKS e ang comparing it with rings, the authors demonstrate the
in the commercial marketplace.

As optical networks bein t iallv. del value of mesh restoration even for sparse networks. Their ideas
S optical networks begin to emerge commercially, deployy, express flows bypassing the optical add—drop multiplexers
ment issues are of critical importance, and largely this is t SADMS) and the fact that no spare capacity is reserved in the

IOCPS of lthtls dlstsue. t!n tlh's t'ssulf we feature atrtlcle; that io ain for the restoration of express flows is also very important
opics retated to optical network management such as NeWalk ;¢ re|ated to the “glassthrough” ideas that are currently ex-

survivability and fault management as well as network reco(?fored by a number of carriers
figuration. Also included are papers on topology design issu SThe second section of this issue deals with the design of

SQCh as tra_lfflc grooming, logical topology design, and ”et"Yo% ical topologies and network reconfiguration. The first paper
dimensioning. Finally, included are a few papers on the topIC Afhis section by Arorat al. examines how to embed a logical

optical packet switching. Clearly, this last topic is not ofprese%poIogy onto a WDM network where the WDM network
day commercial viability, but it represents a future direction i& a line or ring network. The logical topologies studied are

optical networking. those that have minimal diameter. Lower and upper bounds on
the diameter are given including topologies that achieve the
upper bounds. The second paper in this section, authored by
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WDM ring networks and proposes bounds and heuristics ftiris problem is given and two heuristics are proposed and
routing in such networks. The paper studies worst case boumdsnpared.
on resource requirements for embedding any arbitrary logicalThe fifth section covers the technical issues associated with
topology on ring topologies. In addition, some heuristics areetwork design. The first paper in this section by Nayak and
also presented for reducing the resource requirement on averdgarajan proposes and evaluates a measure for analysis of op-
networks. These results are very useful in WDM networkgcal networks, namely absorption probability. Approximation
design. Following the analysis in this paper, for a given ringnethods are presented for estimating this measure for large net-
network designers can decide how many wavelengths shouldAmks, as an exact solution is computationally infeasible. The
used to achieve an optimal assignment for a significant fractianthors propose using this measure as an aid to network de-
of possible logical topologies. signers to assign capacities to the various links in the network,
The third section deals with the issue of multicast in WDMbased on future predictions of the network load, the revenue
networks. The first paper by Rameshal. presents an approxi- generated by each successful connection, and the cost of up-
mate analysis of call-blocking probability for an arbitrary WDMgrading the capacity on a link. This problem is also known as
mesh network for multicast calls in addition to multiple classdke “network dimensioning” problem. The second paper, by An-
of calls. This paper demonstrates the applicability of a giveaoniadet al, presents a simulation approach for estimating the
model for computing blocking probabilities of single-class callgerformance of metropolitan DWDM networks. Since full com-
to multiclass unicast and multicast calls. It shows that blockimmuter simulations of moderate to large size DWDM networks,
of multiclass calls is class-independent and that the blockiagcounting for all the possible impairments in the system, are
probability on an arbitrary route can be obtained by aggregatiimgpractical and time-consuming, the methodology outlined in
calls belonging to the different classes into a single class. It ald® paper is a practical solution to a very complex problem.
shows how multicast calls can be handled using the same frarBech a practical approach can potentially be extremely valu-
work. The second paper by Chen and Wang presents an optiatale to the design and performance engineering of metropolitan
(cost-wise) wavelength assignment for the routing of multicadense WDM networks. The third paper, by Leteal,, discusses
connections in WDM networks with such constraints as wava-network design approach for a WDM network that employs a
length conversion cost, transmission cost, and wavelength caoso-tier wavelength/waveband hierarchy and groups lightpaths
In addition, the paper proposes a simple heuristic to construdbgether in wavebands according to their destinations. An ILP
multicast tree based on Dijkstra’s algorithm. formulation as well as a heuristic are presented and analyzed.
The fourth section of the special issue addresses traffitilizing wavebands is currently one of the areas of high in-
grooming. This topic is one of the most important topicterest for carriers and for equipment vendors that are devel-
in today’s networks where network nodes need to switahping all-optical (OOO) switches, as it leads to the usage of a
traffic demands which can be at different rates (OC-3, OC-4&duced number of ports on the OOO switches. The fourth and
0C-192, OC-768) in the hierarchy. Services at OC-48 arfith papers, authored by Eilaet al.and Calinescet al.,, both
OC-192 rates arise from the interconnection of IP routeesldress the important problem of arranging a set of lightpath
with OC-48 and OC-192 interfaces. Sub-OC-48 services aldemands in rings so as to protect them via efficient ring pro-
arise from the interconnection of IP routers/ATM switchetection. Both papers presented very similar and independent re-
with OC-3, and OC-12 interfaces as well as from leased asdlts. We, therefore, decided that both papers merit publication.
private-line traffic. Grooming the subwavelength traffic ontd@he authors show that the design problem is NP-complete for a
wavelengths is one of the areas of great importance for batlass of topologies and that it cannot be approximated. They also
the carriers that deploy intelligent network elements and tipeovide an algorithm for the design problem and its worst case
equipment vendors that develop such elements. The first papehavior. While a great deal of interest today is centered around
in this section by Dutta and Rouskas addresses the interestimgsh restoration, much of the near-term deployment of optical
and important problem of optimally grooming traffic on anetworks, especially in the metro space, is still focused on ring
WDM ring to minimize electrooptic conversions. This is amprotection. The problem chosen by the authors is thus very suit-
important problem because one of the rationales for all-opticahle to address network design issues for these networks.
networks is reduced cost due to the minimization of expen-The final section of the special issue covers the areas of
sive electrooptic conversions (WDM transponders/groomir@@uality of Service (QoS), packet switching, and performance
port cards). Since the problem is NP-hard, the authors tapalysis. The first paper in this section is authored by Callegati
to give lower and upper bounds. Such bounds are interestigtgal.and it presents an optical packet switch architecture, based
because, potentially with little computational effort, we cann multistage fiber delay lines (FDL), that handles packets of
achieve an upper bound (which also gives a feasible solariable length with some level of QoS. Three options for the
tion) while at the same time obtain a lower bound. The gapganization of the wavelength converters are described and
between the upper and lower bounds indicates how gosithulation is used to calculate the packet loss probability for
the solution is. The second paper, by Zhu and Mukherjethese architectures. The second paper, by Srinivasan and So-
investigates traffic grooming and routing and wavelength asyani, develops an approximate analytical model for computing
signment (RWA) in a WDM mesh network. Given a specifiblocking probabilities in optical networks that employ both
set of subwavelength traffic requests, the authors study howtime and space switching. This is done using a generalized
maximize the amount of the traffic that can be accommodatsditch/network model that allows modeling of different types
in a given (fixed) physical topology. An ILP formulation ofof optical switching nodes. This paper offers valuable insight
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for combined performance analysis and potentially for thedl their help in publishing this special issue. In particular, we
design of networks consisting of heterogeneous networlould like to thank Sue McDonald and Jeff Cichocki for their
elements. Finally, the last paper of this issue, by Bengi and vaireless efforts and valuable assistance in putting this issue to-
As, discusses a WDM ring network operated in a slotted wayether in a timely fashion.
where the nodes utilize tunable transmitters and fixed receivers
(TT/FR). Different buffer selection strategies are compared
analypcally apd by simulation. The paper alsc_) proposes a QoS State University of New York
enabling media access control (MAC) extension for the slotted Buffalo. NY 14260 USA
WDM rings with TT/FR node architectures. '

We received 82 submissions to this special issue, 18 of which  DEBASISHDATTA, Guest Editor
were accepted. Unfortunately, because of the large number of Indian Institute of Technology
submissions we were not able to accommodate many quality pa- Kharagpur, West Bengal 721302 India
pers. In a number of cases, excellent papers that were deemed to
be outside the scope of this issue were referred to other journals
for publications. We wish to thank all authors for their submis-
sion to our special issue. For each paper we obtained at least
three reviews, for a total of over 250 reviews! Accomplishing ANDREAS GLADISCH, Guest Editor
this task would have been impossible without the timely help of ~ T-Nova Deutsche Telekom Innovationsgesellschaft mbH
nearly 120 dedicated reviewers who provided expert and high  Technologiezentrum
quality reviews and offered valuable comments and suggestions Berlin, 10589 Germany
to the authors. A special thanks goes to the reviewers for their
great effort. The high quality of the special issue is a direct re-
sult of their critical reviews and valuable suggestions. Finally,
we would be remiss if we did not extend a thank you to the
IEEE publication staff and the JSAC Board representatives for  JERRY HAYES, JSAC Board Representative
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