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Guest Editorial
Protocols and Architectures for
Next Generation Optical WDM Networks

I. INTRODUCTION architecture of optical core routers and electronic routers. Some
PTICAL wavelength division multiplexed networking,Of the key 'deS|gn ISsues are dlscu‘.ssed, and a new scheduling al-
gonthm with performance results is reported.

offering potential capacity in the multiterabits-per-secon The desi d vsis of { architect that
range, is poised to be a critical component of the next-generation "¢ °>1gN and analysis ot cross-connect architectures, tha

Internet network infrastructure. There is significant resear e based on power-efiicient design principles, for multicast

and commercial interest in making this a reality. WDM “nec.yvnches are presented in the paper, “Power-Efficient De-

systems already cover the globe, and attention is now turnint (T Sf Multlcellsutnhg Wavelerll‘g'i\thI;IRoulte:”l\é)et\{yorrs:ll" by Al't
toward addressing the practical issues of WDM-based lo " ekogu.:lk.] _r; eS[?]ape(rj, W olve th _cr? 'ca | r,:anks' bor
and metropolitan area networks, and the implications of using Vo< W! Ime-ohare aveleng annels,” Huang

WDM on the next generation Internet backbone. At preseﬁ’i, al. propose a new optical switch architecture bgsed on a
we are moving toward rapidly achieving the physical devicégne-wavelength-space routers (TWSRs) structure, in which a

necessary to build commercially viable WDM networks. The me-slot based lightpath is set up for a given source destination

are several fundamental research questions to be answere§ Y and packets are routed based on the incoming port and the

a variety of topics, including switch and router architectureﬁ,"’lnsDOrtIng wavelength in a slot-by-slot fashion. The paper by

protection and survivability mechanisms, quality of servic | et I"?‘l' mtrogucels ar'1th|n-k;and sgnahngkptrotoc.:tolr,] %allljev(\j/g"\j
support and scheduling algorithms, efficient routing an MPINg probe aigoritnm Tor use In packet switched .
wavelength assignment algorithms networks. The protocol is reservation based, supporting a train

The issue presented before you is a collection of high—qualf?)f/ packets that results in higher throughput.

papers addressing the critical issues surrounding the next gen-
eration of WDM networks. IV. NETWORK SURVIVABILITY AND FAULT MANAGEMENT

The next set of papers deals with network survivability and
Il. SURVEY fault management, which are critical to successful network op-

In the invited paper, “WDM Optical Communication Net-€ration. _ o
works: Progress and Challenges,” Mukherjee presents a tutorialn the paper, “Optical Layer Survivability—An Implemen-
summarizing the research directions in WDM optical networkt@tion Perspective,” Gerstel and Ramaswami discuss optical
the progress of WDM research, and a brief introduction to ek@yer protection techniques. They study the factors that affect

citing new physical layer developments that impact networkiri§® complexity of optical protection schemes, and look at how
layers. protection schemes in the client and optical layers can work

together in efficient ways. In the paper, “An Efficient Algorithm
for Localizing Hard and Soft Failures in WDM Networks,”
Mas and Thiran study the problem of localizing faults in a
This set of papers deals with different aspects of switchingetwork down to the root cause of a failure that can manifest
and control architectures. itself in a multitude of other failures. This paper provides a
The SONET/SDH framing structure is often considered to hfyvel, systematic fault localization framework for multilayer
cumbersome for use in data transmission in optical networkfetworks, and is expected to affect how faults are localized in
The paper, “A Simple Data Link (SDL) Protocol for Next Genreal networks.
eration Packet Networks,” by Doséii al.proposes a unique and - Transmission engineers often use rules of thumb such as four
flexible framing mechanism for high speed optical links. Thgmes the capacity for two-and-a-half times the cost. DWDM,
proposed mechanism is shown to provide a number of improvgith its inherent huge capacity, may well result in significant
ments upon the use of conventional framing techniques, e &conomies of scale. In the paper, “Influence of Modularity
redUCing the pOSS|b|I|ty of error multiplication and ianeaSingnd Economy_of_SCa|e Effects on Design of Mesh-Restor-
link efficiency. The paper by Xiongt al., “Control Architec- aple DWDM Networks,” Doucette and Grover show, using
ture in Optical Burst-Switched WDM Networks,” presents thgperations research techniques, that taking modularity and
basic concepts for optical burst switching (OBS) and a geneglonomy-of-scale into account when designing WDM net-
works can result in cost savings and even topology reduction.
Automatic protection switching schemes are common in
today’'s SDH/SONET networks. The paper by Ellinetsal.,,
Publisher Item Identifier S 0733-8716(00)09028-4. “Protection Cycles in Mesh WDM Networks,” shows how to

Ill. SWITCHING AND CONTROL ARCHITECTURES
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apply such schemes to arbitrary mesh topologies in optical nsystem design and experimental results from HORNET—an op-
works. The authors provide algorithms that network designéisal packet over WDM testbed built at Stanford University—are
can use to derive the required protection cycles. Networks oftgpresented. Biancet al.in their paper, “Network Controller De-
utilize protection or restoration schemes in more than one laysign for SONATA, a Large-Scale All-Optical Passive Network,”
and this will be the case for next-generation IP networks rudescribe algorithms that a centralized network controller can
ning on top of WDM. The paper by Stamatelakis and Groveutilize to assign time and wavelength resources, in a way that
“IP Layer Restoration and Network Planning based on Virtualoids conflicts, to a large number of end-terminals in a na-
Protection Cycles,” introduces an extremely fast IP restoratitional-scale passive optical network. The authors show that such
technique for recovery from IP link and node failures whick complex control problem is simplified by decoupling the time
can be used in conjunction with WDM restoration techniquemension from the wavelength dimension.

that recover from physical span cuts. The problem of scheduling bursty traffic in distribution tree

The paper by Rubin and Ling,“Failure Protection Methodsetworks, such as those considered for the MIT ONRAMP
for Optical Meshed-Ring Communications Networks,” exansptical testbed, is thoroughly studied in the paper,“Supporting
ines the throughput performance of meshed rings under failBarsty Traffic with Bandwidth Guarantee in WDM Distribution
conditions for various protection schemes, and describes howltee Networks,” by Kam and Siu. The paper by Léu al,,
create protection subnetworks using a minimal number of wavé Scheduling Application for WDM Optical Networks,”
lengths. describes a distributed network management architecture that
provides a centralized scheduling application for connection
requests. The paper indicates how such an application utilizes
performance and current network usage data combined with

The following papers present solutions to the problems e€heduling algorithms to provide traffic control and efficient
network design and reconfigurability. resource allocation.

A new approach to solving a very practical problem—mini-
mizing the number (and cost) of SONET add/drop multiplexers
(ADMs) in a WDM ring network—is presented in the paper,
“Reducing Electronic Multiplexing Costs in SONET/WDM These papers consider problems related to quality of service
Rings with Dynamically Changing Traffic,” by Berry andarchitectures and related scheduling algorithms.

Modiano. The traffic is assumed to be dynamic, and the Jukan and van As present a generalized approach to sup-
grooming is assumed to occur without the help of cross-coperting quality of service differentiation in wavelength-routed
nects. The novelty in their approach is that one starts withnatworks using a technique called service-specific wave-
fully populated network and removes ADMs from wavelengthgength-resource graphs, in the paper, “Service-Specific
In the paper, “Dynamic Load Balancing in WDM Packet NetResource Allocation in WDM Networks with Quality Con-
works with and without Wavelength Constraints,” Narula-Tarstraints.” The paper, “QoS Performance in IP over WDM
and Modiano study the problem of reconfiguring the logicalletworks,” by Yooet al. addresses the issues of provision of
topology to minimize the maximum link load. In particularQoS in WDM networks without buffers and traffic isolation.
they develop iterative algorithms for load balancing that trackhe authors proposed the notion of offset time with FDL
rapid changes in the traffic pattern, yet make small changestéoprovide service differentiation by reducing the burst loss
the topology in order to minimize network disruption. probability and delay for high priority traffic classes. The paper

The paper, “Analysis and Design of Backbone Architectutey Ma and Hamdi, “Providing Dynamic Quality-of-Service
Alternatives for IP Optical Networking,” by Baroret al. is Guarantees on WDM Optical Networks,” studies the problem
one of the first papers to provide an analytical framework f@f providing QOS guarantees for real time application streams
the combined design of the optical backbone network and thth variable packet length in WDM networks. A systematic
IP routers that surround it. This analysis looks at several waymechanism comprised of admission control, traffic regulation,
to connect routers on top of an optical layer and compargad message scheduling is proposed. Analytical models as well
their cost and other differentiating characteristics. The papsimnulations to validate the models are presented.

“Grooming of Arbitrary Traffic in SONET/WDM Rings,” In the paper, “Optical Routing of Asynchronous, Variable-
by Wan et al. tackles the grooming problem for a combined.ength Packets,” by Tamvskiet al., the implementation of IP
SONET/WDM ring network for dynamic traffic. The mainoptical routers is discussed with a focus on design and analysis
novelty of the paper is that it adopts graph theoretic techniquefsa scheduling algorithm that will help eliminate voids that a
for solving the problem, and comes up with proven approximegesult of switching variable length packets. In the paper, “The
tion rations between their algorithms and the optimal solutiorMultitoken Interarrival Time (MTIT) Access Protocol for Sup-
porting Variable Size Packets over WDM Ring Network,” Fu-
magalli, Cai, and Chlamtac introduce a novel WDM multitoken
ring access protocol based on token-interarrival time, instead of

The following papers describe research related to several éige conventional mechanism by controlling the token rotation
tical WDM testbed activities. time. This leads to a more or less uniform distribution of the

Inthe paper, “HORNET: A Packet-Over-WDM, Multiple Ac-tokens around the ring, and further reduces the average access
cess Metropolitan Area Ring Network,” a description of thdelay and the number of parallel transmissions at a node. In the

V. NETWORK DESIGN AND RECONFIGURABILITY

VII. QUALITY OF SERVICE AND SCHEDULING

VI. TESTBED RELATED
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paper, “Scheduling Multirate Sessions in Time Division Mulwavelength conversion. They solve a linear relaxation of the

tiplexed Wavelength-Routing Networks,” Subramaniatral. problem using the column generation technique, and then apply
consider the problem of assigning time slots and wavelengthghe branch-and-price procedure to get an optimal solution.

a given static set of multirate sessions so as to maximize network
throughput. They present scheduling algorithms with provable

worst-case bounds as well as a greedy heuristic that achiev
near-optimal performance on average in ring topologies.
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