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1. Research Group at Wright State University
Faculty: Dr. Bin Wang

Student members: Tianjian Li Ph.D. student, Abdur R. Billah Ph.D. student, Michael E. Greene Ph.D. student, Xubin Luo Ph.D. student (will join my group in March 2004), Yuqi Fan Ph.D. student (will join my group in March 2004), Nanda Lella MS student, Towsif Manann MS student, Chava Sojanva MS student, Praveen Sattaru MS student
2. Current Accomplishments
Efficient Traffic Grooming in SONET/WDM BLSR Networks
In this work, we study traffic grooming in SONET/WDM BLSR networks under the uniform all-to-all traffic model with an objective to reduce total network costs (wavelength and electronic multiplexing costs), in particular, to minimize the number of ADMs while using the optimal number of wavelengths.  We derive a new tighter lower bound for the number of wavelengths when the number of nodes is a multiple of 4. We show that this lower bound is achievable. All previous ADM lower bounds except perhaps that in the work by Gerstel et al. were derived under the assumption that the magnitude of the traffic streams (r) is one unit (r=1) with respect to the wavelength capacity granularity g. We then derive new, more general and tighter lower bounds for the number of ADMs subject to the constraint that the optimal number of wavelengths is used, and propose heuristic algorithms (circle construction algorithm and circle grooming algorithm) that try to minimize the number of ADMs while using the optimal number of wavelengths in BLSR networks. Both the bounds and algorithms are applicable to any value of r and for different wavelength granularity g.  Performance evaluation shows that wherever applicable, our lower bounds are at least as good as existing bounds and are much tighter than existing ones in many cases. Our proposed heuristic grooming algorithms perform very well with traffic streams of larger magnitude. The resulting number of ADMs required is very close to the corresponding lower bounds derived in this work.

Multicast Traffic Grooming in WDM Optical Mesh Networks

We consider the grooming of multicast traffic in WDM optical mesh networks with sparse nodal light splitting capability. Given multicast routing trees for individual multicast sessions, the multicast traffic grooming problem is NP-hard. Moreover, constructing an optimal multicast routing tree in WDM optical mesh networks is also an NP-hard problem. We formulate the problem of multicast traffic grooming in WDM optical mesh networks as an integer linear program. We propose a heuristic algorithm for constructing multicast routing trees and a First-Fit algorithm for traffic grooming, assuming wavelength conversion capability in the network nodes. By intelligently grooming several multicast sessions with fractional wavelength bandwidth requirements onto a single wavelength, we demonstrate that our algorithms achieve a significant reduction in the maximum number of wavelengths required in a link as well as in the total number of wavelength links needed.

Cost Effective Shared Path Protection for WDM Optical Mesh Networks with Partial Wavelength Conversion
In this work, we study routing and wavelength assignment of connection requests in survivable WDM optical mesh networks employing shared path protection with partial wavelength conversion while 100% restorability is guaranteed against any single failures. We formulate the problem as a linear integer program under a static traffic model. The objective is to minimize the total cost of wavelength-links and wavelength converters used by working paths and protection paths of all connections.  A weight factor is used which is defined as the cost ratio of a wavelength converter and a wavelength-link. Depending on the relative cost of bandwidth and wavelength conversion, the optimization objective allows a proper tradeoff between the two. The proposed algorithm, the Shortest-Widest-Path-First (SWPF) algorithm, uses a modified Dijkstra's algorithm to find a working path and a protection path for each connection request in the wavelength graph transformed from the original network topology. When there are multiple candidate paths that have the same minimum total cost, the path along which the maximum number of converters used at each node is minimized is chosen by the SWPF algorithm. We have evaluated the effectiveness of the proposed algorithm via extensive simulation. The results indicate that the performance of the proposed algorithm is very close to that of the optimal solutions obtained by solving the ILP formulation and outperforms existing heuristic algorithms in terms of total number of converters used and the maximum number of converters required at each node in the network. The proposed algorithm also achieves slightly better performance in terms of total cost of wavelength-links and converters used by all connections. We also investigated shared path protection employing converter sharing.  The results show that the technique can reduce not only the total number of converters used in the network but also the maximum number of converters required at each node, especially when a large number of converters are needed in the network. In this study, although the ILP formulation is based on static traffic, the proposed algorithm is also applicable to routing dynamic connection requests.

Efficient Online Algorithms for Dynamic Shared Path Protection in WDM Optical Networks
In this work, we have proposed and studied efficient online algorithms for shared path protection under dynamic traffic conditions in survivable WDM optical mesh networks.  Given a connection request, the routing and wavelength assignment of a working path and a protection path for the request is formulated as two integer linear programs based on shared and dedicated path protection, respectively. The objective is to minimize the total cost of additional resources used by the working path as well as the protection path to accommodate a new connection request. We then devise two resource efficient online algorithms using pre-computed candidate routes. The first algorithm uses one candidate working path and one candidate protection path for each newly arrived connection request while the second algorithm may use multiple candidate working paths and/or multiple candidate protection paths. The selection of a pair of paths from candidate routes as well as the assignment of appropriate wavelengths to accommodate a connection request is then jointly considered to minimize the total cost of additional resources. The solutions to the ILP formulations serve as the baseline for evaluating the performance of the proposed algorithms. We have evaluated the effectiveness of the proposed online algorithms via extensive simulations in terms of the connection blocking probability and the revenue earnings improved over the dedicated path protection approach. Our simulations indicate that our proposed computationally efficient online algorithms are able to provide 100% restorability against single failures with resource efficiency comparable to that of the optimal shared path protection. The results also show that a small increase in the number of candidate working paths or protection paths (from 1 to 3) provides better performance, but a further increase does not improve the performance significantly. Therefore, a proper balance can be struck to achieve both satisfactory performance and efficient computation.

3. Ongoing Work 
Dynamic Multicast Session Provisioning in WDM Optical Networks with Sparse Splitting Capability

In this work, we consider a wavelength-routed WDM network with an arbitrary mesh topology which is represented by a graph G = (V, E) where V is the set of nodes, and E is the set of unidirectional edges. The network consists of nodes with full, partial, or no wavelength conversion capabilities. We assume that splitting and delivery (SaD) nodes have full splitting capability.  We study the provisioning of dynamic multicast sessions in WDM optical networks with sparse splitting capability with an objective of minimizing network resources. The problem of dynamic multicast session provisioning in WDM optical mesh networks may be expressed as routing multicast traffic streams from each source to the members of every multicast group, and assigning an appropriate wavelength to each multicast session. Traditionally, routing and wavelength assignment are considered as two separate problems.  For the optimal provisioning of multicast sessions, optimizing each of them separately and then combining them together, in general, do not yield an optimal solution for the complete problem.  To derive an optimal solution, routing and wavelength assignment need to be considered simultaneously. We obtained an integer linear programming (ILP) formulation for the optimal multicast session provisioning subject to many constraints, such as (1) for a source node, the incoming traffic is 0; (2) a particular wavelength can be used only once on a fiber; (3) constraints depending on whether the source node is a TaC node or a SaD node; (4) Incoming flow is 1 for a destination node; (5) constraints for intermediate nodes on a multicast tree, and so on.  The ILP formulation is general in that it assumes that the network only has partial light splitting capability. Although CPLEX can solve the problems relatively fast for small networks and sessions with small multicast group sizes in our simulation, it is inadequate and cannot be used for handling dynamically arrived session requests in practice. We then proposed and evaluated efficient heuristic algorithms for routing and assigning wavelengths to dynamically arrived multicast session requests. The solutions to the ILP formulations served as the baseline for evaluating the performance of the proposed algorithms. We have preliminarily evaluated the effectiveness of the proposed online algorithms via simulations in terms of the connection blocking probability and the resources used by a session. Our initial simulations indicate that the performance of our proposed computationally efficient online algorithms is comparable to that of the optimal solution.

Optimal Configuration of p-Cycles in WDM Optical Networks with Partial Wavelength Conversion
In this work, we study the optimal configuration of p-cycles in survivable WDM optical mesh networks with partial wavelength conversion while 100% restorability is guaranteed against any single failures. We formulate the problem as two linear integer programs for non-joint and joint optimization cases, respectively. In the non-joint approach, working paths are known before protection configuration is done. p-cycles and wavelength converters are then optimally determined. In the joint approach, working paths, p-cycles, and wavelength converters are determined jointly. The objectives in both cases are to minimize the total cost of link capacity used by working paths and p-cycles as well as cost of wavelength converters required to accommodate a set of traffic demand. In the proposed p-cycle configuration architectures, we take into account converter sharing: (a) when converters are used for accessing p-cycles and for wavelength conversion between two adjacent on-cycle spans; (b) when converters are used among disjoint straddling spans incident to the same node for accessing p-cycles. Converter sharing reduces network cost by requiring as few converters as possible. Our preliminary simulation results indicate that the performances of the proposed approaches outperform existing approaches in terms of total network cost and total number of converters required. In addition, our approaches results in more balanced converter use in the network.
Impact of Working Path Routing Algorithms on Cost-Effectiveness of p-Cycle based Protection for WDM Optical Networks
Almost all existing p-cycle based protection schemes assume that a shortest-path routing algorithm is used for routing a working path. After the route and wavelengths of working paths are determined, p-cycles are then optimally configured to provide 100% restorability. However, shortest paths may not necessarily be the best choice when protection is to be provided. We are planning to study the impact of different working path routing algorithms on the overall cost-effectiveness of using p-cycle protection. In addition to using the shortest path, we will study the working path routing using the shortest widest routing, the widest shortest routing, the least loaded routing, the shortest distance routing, the weighted shortest path routing, fixed alternate routing, the minimum interference routing, and so on, in combination with the p-cycle based protection, under different traffic condition, the availability of wavelength conversion, and different network topologies (with varying pairs of fibers on a span). We will characterize the overall cost of the network under the same amount of traffic demand. Moreover, we will also characterize the additional working capacity that can be accommodated without changing the p-cycle configuration. Furthermore, we will study the effect of taking source and destination location information into account when configuring p-cycles so that more future working demand can be accommodated without changing the p-cycle configuration.
4. Planned Work (next 12 months)
In the next 12 months, we plan to finish the ongoing work and submit the results to conferences and journals. In addition, we will focus on the following areas:

· Traffic Grooming in Survivable WDM Optical Networks with Partial Wavelength Conversion
· IP Traffic Assembly and Disassembly

· Survivability Provisioning Architecture in Optical Burst Switched Networks
· Network Survivability under Denial of Service Attacks in TCP/IP over Optical Burst Switched Networks
· Performance of TCP/IP over Survivable Optical Burst Switched Networks
· New performance improved transport mechanisms in IP over Optical Burst Switched Networks
5. Presentations and Publications
· A. R. B. Billah, Bin Wang, and A. A. S. Awwal, “Multicast Traffic Grooming in WDM Optical Mesh Networks.” Proceedings of IEEE Globecom: Optical Networking Symposium, San Francisco, CA USA December 2003.
· Abdur Billah, Bin Wang, and Abdul A. S. Awwal, “Efficient Traffic Grooming in SONET/WDM BLSR Networks.” Accepted for publication in Optical Engineering Journal, May, 2004 (in press), SPIE.
· Tianjian Li, Bin Wang, and Xinhui Zhang. “Dynamic Shared Path Protection in WDM Optical Networks.” 7th INFORMS Telecommunications Conference, Boca Raton, FL March 2004. 
· Bin Wang and Towsif Mannan. “Dynamic Multicast Session Provisioning in WDM Optical Networks with Sparse Splitting Capability.” 7th INFORMS Telecommunications Conference, Boca Raton, FL March 2004.
· Tianjian Li and Bin Wang, “Cost Effective Shared Path Protection for WDM Optical Mesh Networks with Partial Wavelength Conversion.” Submitted to Photonic Network Communications Journal, November 2003.
· Tianjian Li and Bin Wang, “Efficient Online Algorithms for Dynamic Shared Path Protection in Optical WDM Networks.” Submitted to Photonic Network Communications Journal, December 2003.
6. Project Website
A project website has been set up (http://www.cs.wright.edu/~bwang/lab.htm). We will continuously update the site as the project progresses and new results become available.
7. Remarks

Research Interaction

We attended technical conferences and exchanged results and ideas with researchers in other institutions. The PI also established collaboration with researchers at SUNY-Buffalo, Ohio State University, University of Illinois, and Georgia Tech.

