多波長分工網路上虛擬私有網路之建置

VPN Provisioning over WDM Networks

中文摘要

虛擬私有網路（VPN）的興起對於想要架設自身內部私有網路的個人或企業,不僅降低了建置網路的成本，建置的時間也大幅度的縮短。而對於提供網路服務的業者而言，建置新的虛擬私有網路雖然可為其帶來收益，但是也會消耗底層有限的網路資源，進而甚至會影響現有使用者的通訊品質。本文的主旨即在於發展一個針對虛擬私有網路於多波長分工網路（WDM）上作允入控制（admission control）的演算法，在不影響現存使用者的通訊品質的前提之下，於固定有限的多波長分工網路上允入新的虛擬私有網路，以期達到長期收益的最大化。

整個演算法的架構可以被分為三個主要的子問題：

1. 虛擬私有網路（VPN）允入控制子問題：決定哪一虛擬私有網路可被允入。

2. 網際網路層（IP layer）路由子問題：於網際網路層為一組通訊要求的起點和終點選擇一條最適的路徑來傳輸資料流。

3. 多波長分工網路層（WDM layer）光徑分派子問題：於多波長分工網路層決定每一光徑（lightpath）之路由以提供網際網路層每一組通訊要求的起點和終點做實體資料流的傳輸。

我們將整個問題仔細地分析轉換成一個最佳化數學模型，並經過數次的修正與改進。這個數學問題在本質上是一個非線性混和整數規劃問題(non-linear non-convex mixed integer programming problem)。由於我們試圖將所有決策變數同時考慮在一個規劃問題之內，使得問題的本身具有高度的複雜性和困難度。我們採用以拉格蘭日鬆弛法(Lagrangean Relaxation)為基礎的方法來處理此一複雜問題，並根據所得到的結果來發展了一些簡易的演算法，讓我們可以同時決定虛擬私有網路、網際網路與多波長分工網路三層的決策變數。我們也設計數項實驗以測試所提出之演算法的效率及效能。實驗結果顯示，在綜合考慮三層決策變數的情況下，相較於其他設計演算法呈現出大幅的改善。
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Abstract

The emergence of virtual private networks (VPN) provides an alternative choice for people or companies who want to have their own networks. It not only substantially reduces the cost, but also speeds up the construction of private networks. In the operators’ point of view, admitting new VPNs can bring them additional revenue, but that’ll also consume some resources of the limited physical network and even influences the transmission quality of the existing users. In this thesis, we want to develop an admission control algorithm for VPNs over WDM networks, where the objective function is to maximize the total revenue, subject to various QoS requirements as agreed upon in the SLAs signed with the VPN users.

The whole design problem can be further decomposed into the following three subproblems:

1. VPN admission control subproblem: to determine which VPN can be admitted into the network.

2. IP layer routing subproblem: to decide an optimal path for an given OD pair.

3. WDM layer lightpath assignment subproblem: to construct and decide the wavelength assignment of lightpaths for each IP link.

We develop a mathematical programming model to describe the joint design problem. It turns out to be a non-linear non-convex mixed integer programming problem which becomes more difficult and complicated for jointly considering many decision variables at the same time. A number of heuristic solutions based on Lagrangean relaxation methods are proposed to solve the complicated problem, which solve the above three subproblems simultaneously. According to the computational experiments, the Lagrangean relaxation based algorithms achieve up better performance than that of other primal based heuristics.
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