Chapter 3 Solution Approach

3.1 Lagrangean Relaxation

For the convenience of relaxation, we transform the original problem (IP1) to another form for the purpose of minimization.

An equivalent formulation of Problem IP1 (IP2) : 
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We transform IP2 into the following Lagrangean relaxation problem (LR) where constraints (20), (23), (25), (27), (29), (30), (31), (34), (35), (36) are relaxed:

	Problem (LR)
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(LR) can be further decomposed into the following five subproblems.

	Sub problem 1 (For decision variable zv)
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This problem can be decomposed into |V| subprobelms and we can solve each problem by the value of the polynomial expression
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	Sub problem 2 (For decision variable xvp)
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This problem can be decomposed into |V| x |W| subproblems and each subproblem is to solve the routing problem in the IP layer with hop constraints of each OD pair in each VPN. We can apply Bellman-Ford shortest path algorithm [19] to solve each subproblem optimally. If we can’t find a path for a specific OD pair, we’ll assign an artificial path p’w to the OD pair, prohibiting the traffic of the OD pair flowing into the physical network.

	Sub problem 3 (For decision variable yqj)
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This problem can be further decomposed into |L| subproblems. Each subproblem can be solved by applying K-shortest path algorithm [19][12][11] if we replace constraints (27)、(29) and (30) with constraints (39)、(40) and (41) which are looser constraints.

	Sub problem 4 (For decision variable bwl、 gl and Cl)
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This subproblem, though looks very complicated due to the coupling of { gl }, { Cl } and { bvwl }, can be solved analytically [13]. We can further decompose this problem into |L| subproblems, of which each trys to get the value of  gl that minimize the objective value of Zsub4 and decides the best value of Cl for each IP link.

	Sub problem 5 (For decision variable Dvw and Evw)
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This problem can be further decomposed into |V| x |W| subproblems which are to solve the overdue probability problem of each OD pair by using exhaustive search to obtain the set of Dvw and Evw that not only cause the overdue probability to be within an given value, but also maximize the value of the polynomial expression u8vwDvw+u9vwEvw.

3.2 The Dual Problem and the Subgradient Method

According to the weak Lagrangean duality theorem [2], for any set of multipliers ( u1, u2, u3, u4, u5, u6, u7, u8, u9, u10) 
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. The following dual problem is then constructed to calculate the tightest lower bound.
	Dual (D) 
   ZD =max ZD( u1, u2, u3, u4, u5, u6, u7, u8, u9, u10)

   s.t. ( u1, u2, u3, u4, u5, u6, u7, u8, u9, u10) 
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There are several methods for solving the dual problem (D), of which the subgradient method [15] is the most popular and is adopted as our solution approach to the dual problem. Let a (2|L| + |V|x|W|(3 + |L|) + |K|x|J| + 2|N||J| + 1 )-tuple vector k be a subgradient of ZD( u1, u2, u3, u4, u5, u6, u7, u8, u9, u10). Then, in iteration p of the subgradient procedure, the multiplier vector λ= ( u1, u2, u3, u4, u5, u6, u7, u8, u9, u10) is updated by
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 is the primal objective function value for a heuristic algorithm and δ is a constant, 0
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2.δis initiated with a zero value and halved whenever the  largest objective function value doesn’t improve within i iterations, where i is our upper bound of improvement counter. The multipliers are also initiated with a zero value and reset to λp+1 whenλp+1
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