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8. Contributions and Future Research
8.1 Contributions
In this dissertation, optimization-based approaches are proposed to tackle the network planning and operational management of computer and logistic networks. Hierarchical facets and layers of computer and logistic networks are considered in this dissertation. Contributions are summarized as follows.

For computer network, we consider the 

(1) Lightpath routing and wavelength assignment in WDM network

In this work, near optimal algorithms are proposed to tackle the problem of lightpath routing and wavelength assignment in WDM networks. However, how to route the wavelengths to a set of lightpaths is a challenging issue and proven to be a NP-Complete problem [Banerjee 96, Chlamtac 92, Raghavan 94]. We tackle this problem with optimization based approach. The objective is to minimize the total installation cost of wavelength assignment in WDM networks to satisfy the lightpath routing requirement for each O-D pair under no wavelength conversion. This formulation is so generic that minimizing total wavelengths in most previous researches could be considered as a special case of our proposed formulation. Besides formulation, we proposed near optimal algorithm based on the formulation that could solve this problem efficient and effectively in network size up to 26 nodes.

(2) Access network design

Tree topology is the most common adopted topology for access network due to advent of reliable broadband transmission devices. In this work, near optimal design algorithms are proposed to address the problem of tree-based access network design. The objective is to minimize the total network installation cost and the operational cost (multicast routing cost) subject to a shared tree constraint. By introducing the multicast routing, the problem becomes a Steiner tree problem, which is a NP-complete problem. By proper mathematical formulation, the Steiner tree problem no longer exists in the formulation, and the polynomial time algorithms are proposed to address this problem. By accessing the gap between the lower bound and upper bound, we propose the near optimal algorithm, which avoids solving Steiner tree problem, to tackle the problem of the tree-based access network design.

(3) Backbone network design

In this work, reliable backbone network design problem with QoS requirements are considered. Redundant node disjoint paths for critical O-D pairs in backbone network are deployed for reliability concern. The QoS requirements considered includes the system perspective average cross network delay and the user perspective individual end-to-end delay. These additive QoS requirements make this problem as complicated as NP-complete problem. Rigorous mathematical formulation is proposed to address this problem where the objective is to minimize the total network installation cost, includes the installation cost of transmission links and switches, subject to the aforementioned constraints. Effective and efficient algorithms based on this formulation are proposed, in addition, a user friendly GUI is also developed to let these algorithms easily to be used by the network operators.

(4) Virtual circuit network operational management

In this work, we consider the operational support of virtual circuit network. Two operational support approaches, rerouting and sizing, are developed to meet the increasing traffic demands and stringent QoS requirements in virtual circuit network. For these two approaches, for the first time, we jointly consider the system perceived average cross network delay and user perceived end-to-end delay at the same time. That is, we try to achieve the user fairness and system optimization at the same time. Again, the additive delay QoS metrics makes this problem as difficult as NP-complete problem. For the rerouting phase, the objective is to minimize the cross network delay with considering end-to-end delay requirements for each O-D pair. Near optimal algorithms based on the Lagrangean relaxation are developed to solve this problem. As more traffic demands enter into the network, the rerouting may not be applicable, which introduce the second phase of operational support – sizing. For the sizing phase, the objective is to minimize the total network link installation cost with considering the system and user perceived delay requirements. From the computational experiments, efficient and effective algorithms for jointly link capacity assignment and routing problems are proposed.

For logistic network, we consider the

(1) Service network design

In this work, service center location and capacity management problems are considered to satisfy the servicing time requirements of the customers. This problem is known as facility location problem to facilitate the concept of QR/ECR. The objective of this problem is to minimize the total cost of service center installation cost, includes the sales forces and warehouses installation cost, and the servicing cost in order to satisfy the capacity constraints of service centers and servicing time constraints of customers. It is shown that even the discrete uncapacitated location problem is a NP-hard problem [Krarup 83], which implies that the capacitated location problem considered in this work is as difficult as NP-hard problem. Near optimal algorithms based on the Lagrangean relaxation are proposed to deal with this problem. From the computational experiment, it is shown that the proposed efficient algorithms have good solution quality and possess good scalability in larger network size and more stringent customer servicing time requirements.
(2) Supply chain network design

In this work, distribution center location and capacity management problems in supply chain network are considered to satisfy the capacity and transportation time constraints. The capacity constraints enforce the capacity constraints for DCs and transportation vehicles. The transportation time constraints require that the end-to-end transportation time should not exceed the maximum allowable end-to-end delay for each O-D pair. We formulate this supply chain network design problem as the capacitated facility location problem, where the objective is to minimize the total DCs construction cost and the transportation cost, and capacity and time requirements are explicitly enforced in the constraints. Efficient and effective algorithms based on the Lagrangean relaxation are proposed to tackle this problem. From the computational experiments, the proposed algorithms have good scalability on more traffic demands and more stringent transportation time requirements. 

As demonstrated above, we have solved a series of network planning and capacity management problems for computer and logistic networks. The basic solution approach that we adopt is the optimization-based technique -- Lagrangean relaxation. Although Lagrangean relaxation method has been developed for over twenty years, successfully applying the Lagrangean relaxation technique in solving these network planning and capacity management problems, are definitely not trivial, require the following insights,

(1) Problem formulation

Translating real world problem into mathematical formulation is indeed a contribution. As a matter of fact, there exist thousands of thousands of different mathematical formulations for any typical network design problem. Modeling the complex real network design problem with good mathematical formulation, which possess good solution quality and efficient algorithms is not only a contribution, but a big contribution. 

(2) Lagrangean relaxation

The basic idea of Lagrangean relaxation technique is to relax complex constraints in the original formulation to obtain corresponding dual Lagrangean relaxation problem. The corresponding dual Lagrangean relaxation problem could be decomposed into several independent subproblems, where there exists efficient algorithms to solve these subproblems. Intuitively, relaxing more constraints could simplify the algorithms to optimally solve the dual Lagrangean relaxation problem, however, it will also lead to looser error gaps between the lower bound and upper bound. Sophisticated selecting proper constraints to be relaxed in the original formulation with the consideration of computational complexity of dual Lagrangean problem and solution quality of the error gaps between the lower bound and upper bound is indeed another big contribution.

(3) Efficient optimal algorithm to solve the dual Lagrangean problem

The solutions to the dual Lagrangean relaxation problem is a true lower bound to the original problem if and only if the proposed algorithms could optimally solve each independent subproblem. In addition, these proposed algorithms should be efficient enough to be applicable in larger problem size. However, it is not easy to devise efficient algorithm to solve each independent subproblem for the network design problem due to the nonconvexity and integrality with respect to the decision variables. It is indeed a big contribution to devise efficient and effective algorithm to optimally solve each independent Lagrangean subproblem.

(4) Devising good getting primal feasible solutions

Solutions to the dual Lagrangean relaxation problem may not be feasible to the original primal problem. The Lagrangean multipliers and the solutions to the dual problem might provide some useful information to get the primal feasible solutions, and of course, it is not trivial. Designing good getting primal feasible solutions based on the multipliers and solutions to the dual problem is challenging and is a tremendous contribution.

Based on the above arguments, we propose a series of novel approaches to tackle the design and capacity management problems of computer and logistic networks.

8.2 Future Research

For this series of network design and capacity management problems of computer and logistic networks, we have considered some ongoing research directions.

For computer network, the ongoing research directions include

(1) Lightpath routing and wavelength assignment in WDM network

In this work, lightpath routing and wavelength assignment in WDM network without wavelength conversion is considered. When the cost of wavelength converter is cheap, it is more reasonable to consider the lightpath routing and wavelength assignment in WDM network with wavelength conversion. The second extension of this model is to consider the survivability requirements. Furthermore, the multi-time stage WDM network planning and wavelength assignment could be considered as the third extension.

(2) Access network design

In this work, access network design with the shared spanning tree requirements is being considered. The extension of this model is to consider the delay constraint for each multicast group, which could be classified as the delay-constrained Steiner tree problem. 

(3) Backbone network design

In this work, backbone network design problem with the delay and survivability QoS requirements is being considered. The extension of this model is focused on the additive (delay) QoS. Instead of assuming the link delay as the function of aggregate flow and link capacity, we could consider the other performance metric, such as Hurst parameter, that might affect the link delay. In such a way, the extension model would be generic enough to characterize self-similar traffic.

(4) Virtual circuit network operational management

In this work, rerouting and sizing approaches are proposed to address the operational management of virtual circuit network in meeting daily increasing traffic demands and stringent QoS requirements. The extension of this model, is again focused on the delay function. Instead of assuming the M/M/1 delay model, the more generic delay model could be considered by introducing the Hurst parameter in the delay model.

For logistic network, the ongoing research directions include

(1) Service network design

In this work, service center location problem and capacity management problem which satisfy the servicing time constraints for the customers are considered. The extension of this model is to consider the time dimension, i.e. multi-time stage service network design problem.

(2) Supply chain network design

In this work, planning and capacity management of distribution centers and transportation vehicles in supply chain network with satisfying transportation time and capacity constraints are considered. Like previous work, the extension of this model is also to consider the multi-time stage supply chain network design problem where each time stage consists of different goods demand. The objective is to minimize the total network installation cost over multi-time stage.






















