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How to model the temporal constraints ?

A set covering formulation for VRPTW Ω a set of feasible trips, xed in time θ k indicates the number of times where trip r k is selected for covering, c k cost of trip r k a ik = 1 if the customer i is visited by r k , 0 else minimize 
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one time interval δ t by instant ⇒ b tk are binary combinatorial explosion of constraint number related to temporal precision

r k b (t+2)k =1 temps δ 1 δ 2 δ 3 δ 4 δ 5 δ 6 … δ 0
one time interval δ t by instant ⇒ b tk are binary combinatorial explosion of constraint number related to temporal precision time interval length = minimal duration of possible trips 

∆ t+1 ∆ t+3 ∆ t ∆ t+2 r k b (t+2)k =1
∆ t+1 ∆ t+3 ∆ t ∆ t+2 r k b (t+2)k =1 b tk = 0 b (t+3)k =0.2 b (t+1)k =0.8
temps Ω a set of feasible trips, xed in time θ k indicates the number of times where trip r k is selected for covering, c k cost of trip r k a ik = 1 if the customer i is visited by r k , 0 else b tk Let L 2 and L 3 in the same group (their represent the same partial path) reduced cost formula : c r Let L 2 and L 3 in the same group (their represent the same partial path) reduced cost formula : c r

∈ [0, 1] indicates if the trip r k includes the instant ∆ t minimize r k ∈Ω c k θ k r k ∈Ω a ik θ k ≥ 1 (i ∈ V \ {0}) θ k ∈ IN (r k ∈ Ω) r k ∈Ω b tk θ k ≤ U (∀∆ t ) F.
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Let L 2 and L 3 in the same group (their represent the same partial path) reduced cost formula : c r

k + t=h k t>h k µ t ≤ c r k c r 1 = 3; c r 3 = 5; c r 2 = c r 3 + 3.5 = 8.5 comparaisons : c r 1 + 4.5 > c r 3 5 1 time ∆ 4 ∆ 1 ∆ 3 ∆ 2 3 3 3 3 3 4 3 4 L 1 L 2 L 3 Σμ t = 4.5 1 time ∆ 4 ∆ 1 ∆ 3 ∆ 2 3 3 3 3 3 4 3 4 L 1 L 2 L 3 Σμ t = 4.5
Select relative to the possible extensions it must accept all extensions accepted by at least one label of its group all labels of the group have to take into account ⇒ retardation
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Select relative to the possible extensions it must accept all extensions accepted by at least one label of its group all labels of the group have to take into account ⇒ retardation 

L p = (c r p , h p , q p , d p , rd p , V 1 p , • • • , V n p )
, where: c r p is the reduced cost of p h p is the starting time of the service of j q p is the carried quantity d p is the arrival time to the depot rd p is the possible retardation of the arrival time of the depot V i p =1 if the customer i is unreachable by p, 0 else Initialisation One label is created at the end of the planning time horizon and one label at the beginning of each time interval with a not null dual value Recall Branch and bound Branch and Price Simplexe Column generation

Branching on arcs select an arc (i,j) with a fractional ow

x ij = 1 ⇒ θ k = 0 if trip k visits customer i or j without using arc (i, j)

x ij = 0 ⇒ θ k = 0 if trip k uses arc (i, j)

Recall Branch and bound Branch and Price Simplexe Column generation

Branching on arcs select an arc (i,j) with a fractional ow

x ij = 1 ⇒ θ k = 0 if trip k visits customer i or j without using arc (i, j) 

x ij = 0 ⇒ θ k = 0 if

Ω

  a set of feasible trips, xed in time θ k indicates the number of times where trip r k is selected for covering, c k cost of trip r k a ik = 1 if the customer i is visited by r k , 0 else b tk ∈ {0, 1} indicates if the trip r k includes the instant δ t minimize r k ∈Ω

temps

  one time interval δ t by instant ⇒ b tk are binary combinatorial explosion of constraint number related to temporal precision time interval length = minimal duration of possible trips ⇒ b tk ∈ [0, 1] become the fraction of time interval ∆ t occupied by trip r k

  from j to 0 is represented by the label:

  -i∈V \{0} a ik λ i + ∆t b tk µ t

	Time interval length = minimal duration of possible trips relaxation of the problem Inspiration Simplexe algorithm Only basic varaibles are interesting How does a nonbasic variable becomes a basic variable ? Problem decomposition Restricted master problem : Set covering problem where the integrity constraints are relaxed, reduced to a subset of variables Ω w Subproblem : Find a negative reduced cost variable ⇒ Elementary shortest path problem with resource constraints (ESPPRC) Problem decomposition Restricted master problem : Set covering problem where the integrity constraints are relaxed, reduced to a subset of variables Ω w Subproblem : Find a negative reduced cost variable ⇒ Elementary shortest path problem with resource constraints (ESPPRC) Reduced cost c r k = c k µ t dual value associated to time interval ∆ t labels = L num = (T 1 num , • • • , T n num ) each node has a label list during label extension create a new label and insert it in correponding node label list set resource consumption check that the resource constraints are meet stop when no more label can be extended labels = L num = (T 1 num , • • • , T n num ) each node has a label list during label extension create a new label and insert it in correponding node label list set resource consumption check that the resource constraints are meet stop when no more label can be extended Problem too many generated labels labels = L num = (T 1 num , • • • , T n Objective 1 Objective 1 Objective 1 Objective 1 Label group denition Label group denition num ) take into account the loading times take into account the loading times take into account the loading times take into account the loading times A group of labels is a set of labels that represent the same partial path and A group of labels is a set of labels that represent the same partial path and each node has a label list during label extension The loading times are at the depot before departure The loading times are at the depot before departure The loading times are at the depot before departure whose arrival-to-destination dates belong to the same time interval whose arrival-to-destination dates belong to the same time interval The loading times are at the depot before departure create a new label and insert it in correponding node label list add a customer to a trip ⇒ delay time of service for the previous add a customer to a trip ⇒ delay time of service for the previous add a customer to a trip ⇒ delay time of service for the previous add a customer to a trip ⇒ delay time of service for the previous How to select a representative label How to select a representative label set resource consumption customers customers customers customers two main rules two main rules check that the resource constraints are meet ⇒ extend the label in backward move ⇒ extend the label in backward move ⇒ extend the label in backward move ⇒ extend the label in backward move it can be dominated by an other label if and only if all labels of its it can be dominated by an other label if and only if all labels of its stop when no more label can be extended Problem Objective 2 generate a trip with minimal reduced cost Objective 2 generate a trip with minimal reduced cost Objective 2 generate a trip with minimal reduced cost group are dominated by this label group are dominated by this label Objective 2 it must accept all extensions accepted by at least one label of its group it must accept all extensions accepted by at least one label of its group generate a trip with minimal reduced cost too many generated labels Solution apply a dominance relation after each extension on corresponding label list avoid the time interval associated with a dual value µ t not null take into account all possible departure time avoid the time interval associated with a dual value µ t not null take into account all possible departure time too many labels In our previous studies avoid the time interval associated with a dual value µ t not null take into account all possible departure time too many labels ⇒ group labels that represent the same structure and select a representative To compare the time dependent reduced cost of two dierent labels L k and L k during the dominance relation process we use this formula c r k + t=h k t>h k µ t ≤ c r k
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⇒ if the solution found is not feasible then the problem have to be solved with one time interval δ t by instant Ω is a set of feasible trips, xed in time too many variables Time interval length = minimal duration of possible trips relaxation of the problem ⇒ if the solution found is not feasible then the problem have to be solved with one time interval δ t by instant Ω is a set of feasible trips, xed in time too many variables ⇒ adressed by column generation In minimisation case : only if its reduced cost is negative Method The column generation consists to solve iteratively two problems. the restricted master problem = problem restricted to a sub set of variables (basic and nonbasic) the pricing problem = Find new nonbasic variables that can become basic Stop when the pricing problem don't nd new nonbasic variables that can improve the solution.

λ i dual value associated to customer i

  trip k uses arc (i, j) ⇒ θ k = 0 if trip k visits customer i or j without using arc (i, j) x ij = 0 ⇒ θ k = 0 if trip k uses arc (i, j)
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Ω is a set of feasible trips, xed in time too many variables

Select relative to the reduced cost Let L 2 and L 3 in the same group (their represent the same partial path) reduced cost formula : c r

Dominance relation

Label L 1 dominates label L 2 if and only if: q 1 ≤ q 2 (carried quantity) All customers unreachable by L 1 are not by L 2 too h 2 +rd 2 ≤h 1 (starting time of the service) c r 

Restricted master problem

Case when the ow matrix is integer and some variables fractional The ow matrix is such that every customer has an unique successor The ow matrix represents a set of structures In the actual fractional solution some structures are represented by several trips with dierent time positions

We consider the following issue: Is it possible to assign a single time position to every structure? Equivalent to determining the existence of an integer solution supported by the integer ow matrix