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論文摘要

本研究乃提供一種滿足即時群播服務服務品質(QoS)與具適存性(Survivability)之網路設計方法。由於過去文獻對於網路設計問題的考量，多從網路服務品質或網路的適存性單方面進行考量。少數同時考量兩者對高速網路設計之影響的文獻，亦僅考量封包平均延遲(Average Delay)對於服務品質的影響，甚或將封包之延遲視為給定之常數，來要求端對端(End-to-end)服務品質滿足，同時最小化整個建製成本。因此，在本研究中試圖同時考量上述群播服務端對端的品質及網路適存性，擬以最佳化(Optimization)之技術成本完成高速網路之設計規劃工作。


本研究所採行之方略為將服務品質、網路適存性、相關之容量限制與建製成本等具有高度相依性之問題數學模式化為一數學規劃(Mathematical Programming)問題。其中的目標函數(Objective Function)為最小化整個網路的建製成本，同時要求滿足承諾提供之服務的品質與承載必須之流量。為了求得最佳的路由與最佳的動態網路資源(Bandwidth and Buffer)配置，我們先後採用了拉格蘭氏鬆弛法(Lagrangean Relaxation)及懲罰函數方法(Penalty Function Method)。


對於上述高速網路規劃之問題，本研究中亦以具跨平台特性之程式語言-Java實做，進行大規模的實驗測試，以驗證提出之解題方式的效率及效果。根據實驗的結果，可以證明本研究所提出的方法穩定度高，亦即在不同的測試條件下，如不同的群播服務數量(Number of User Groups)、網路的綿密性(Density of Links)等，能有接近最佳解的解決方案。相對於直覺性的經驗法則(Heuristic)，亦有明顯的改進，平均可降低24%的成本支出。此外，為了檢驗本研究所提出考量網路適存性的整體方案所能產升的效益，我們以兩種不同的方式使用我們所提出的方法。一種是將每一種單一線路失效視為一種新的網路拓樸(Topology)，然後執行我們的方法求得該情境下之最佳解，然後擷取各種情境中最大的資源配置為最終解。以此可以模擬採用非整體性解決方案的結果。另一種則是同時考量各種單一線路失效的情境，以執行一次我們的整合性方案求得最佳資源配置。根據實驗結果，可以發現整合性方案更能降低適存性網路的建置成本。平均的成本降幅可達7.9%。

關鍵詞：群播服務、服務品質、適存性、高速網路、網路設計、最佳化、拉格蘭式鬆弛法、懲罰函數方法。
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SURVIVABLE HIGHT-SPEED NETWORK DESIGN FOR 

REAL-TIME MULTICAST SERVICES

The burgeoning network technologies are changing the whole world.  A wide range of communication-intensive real-time multimedia applications have been launched in the network.  As the more and more applications with very different traffic characteristics are developed, what the current and upcoming networks confront are not only the rigorous requirements of bandwidth but also the quality of service (QoS) and survivability.  In the past, network designers tended to give way to one of these issues.  Thus, an integrated solution to the problems of designing networks and selecting facilities is surely in need.  This thesis focuses on the minimum-cost network design while considering the impacts of link failure on the level of service that the network offers to its users.  Our objective is to design a network topology that minimizes the total network cost under the constraints of the end-to-end QoS and survivability.
This survivable network topological design problem with capacity constraints and end-to-end QoS constraints is characterized by large dimensionality.  To solve the combinatorial optimization problems, we adopt the techniques of Lagrangean relaxation and subgradient optimization procedure, which are successfully applied to numerous thorny problems.  Because of the nature of this problem, we can further divide the procedure to get the primal feasible solutions into three stages.  First of all is to make routing decisions.  Second, we have to optimally allocate resources on each component.  And finally, we can decide the most suitable facilities to compose the network.  For (near-)optimal allocation of resources, we apply another gradient-based method, the penalty function method, in the second stage.

In this work, we also implement our proposed procedure by a platform-independent PL, Java.  In light of our experiments, our proposed procedure is much better than other two intuitive heuristics.  The improvement on the reduction of total costs can reach 23.6% on the average.  Besides, we further inspect the effect of the integration of how to cover one-link failure scenarios into our procedure.  For this reason, we compare the costs generated by 2 different ways of using our procedure.  In those experiments, we observe a special relation between the level of improvement and the complexity of candidate topologies in these experiments.  The more complex the candidate topology is, the clearer improvement our integrated procedure can create.  The average reduction of costs can reach 7.9%

Keywords: Multicast Service, Quality-of-Service, Survivability, High-Speed Network, Network Design, Optimization, Lagrangean Relaxation, Penalty Function Method
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