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The Double TSP with Multiple Stacks (DTSPMS)

Introduced by Hanne L. Petersen (2006) 

real life application in Easy Cargo Systems A/S

Extension of the well known TSP

pickups & deliveries two separated graphs

sequencing constraints multiple stacks

Each order consists of a pickup location and a delivery location

Load is organized in several rows in the container 

different stacks obeying LIFO principle (Last-In-First-Out)
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Pickup & delivery problem with precedence constraints

Two separated networks, one for pickups and one for deliveries

All items are uniform

No repacking allowed

Transport between the depot of the pickup network and the

depot of the delivery network ( longhaul transport ) 

Not part of the problem

The Double TSP with Multiple Stacks (DTSPMS)
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Input:

Set of orders (pickup location and delivery location)

Output:

pickup route in the first graph

delivery route in the second graph

loading plan: how to store items

Objective:

Minimize the sum of travelled distances

The Double TSP with Multiple Stacks (DTSPMS)
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Mathematical Model

1. Introduction 2. Mathematical model

n nodes in each graph

depot

m available stacks

maximum capacity:

n orders
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Variables
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Routing variables:

Precedence variables:

Loading variables:
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1. Introduction 2. Mathematical model
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Constraints

Flow balance:

Precedence:
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1. Introduction 2. Mathematical model
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Constraints

LIFO principle:

Loading plan:

Binary variables:
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1. Introduction 2. Mathematical model
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Objective function

Minimize the sum of travelled
distance in both graphs

Exact solutions

DTSPMS is a NP-hard problem, more difficult than TSP

Mathematical model can be solved up to 12 orders in
reasonable time

HEURISTICS
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route 1 (pickups) route 2 (deliveries)

loading plan

Representation of solutions
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Before operator

route 1 (pickups) route 2 (deliveries)

loading plan

After operator
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Neighborhood structures

1. Introduction 3. Neighborhood structures2. Mathematical model

The Double TSP with Multiple Stacks: a VNS approach EURO XXII, Prague, 2007

Route Swap (RS)

Complete Swap (CS)

In-Stack Swap (ISS)

Reinsertion (R)

k – Route Permutation (k-RP)

k – Stack Permutation (k-SP)

2 operators borrowed from
Hanne L. Petersen (2006)

Tabu Search, Simulated Annealing

4 new operators
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Route Swap
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pickups deliveries
stacks
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Complete Swap
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pickups deliveriesstacks
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In-Stack Swap
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pickups deliveriesstacks
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Reinsertion
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Choose:

An order u

A stack k

A position i* in route 1

A position j* in route 2

Order u is assigned to
stack k  and moved to

position i* 
in route 1 and position

j* in route 2

Stack k must have room for new items

Positions i* and j* have to be compatible

The way reinsertion is implemented in route 1 (route 2) 
depends on the relative order between the position of u
in the corresponding route and i* ( j* ).
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Reinsertion
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Move order u to position i* in route 1
Reassign order u from stack k1 to k2
Reinsertion in route 2 is done the same way
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Reinsertion
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Move order u to position i* in route 1
Reassign order u from stack k1 to k2
Reinsertion in route 2 is done the same way
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k - Route Permutation
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u1

u2u3

u4
u1

u2u3

u4

4-Route Perm

Choose k consecutive orders in one route, assigned
to different stacks, and permute them

The other route and the loading plan do not change

k ≤ m

1 2 3 4 3 2 4 1
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k - Stack Permutation
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Choose k consecutive orders in 

one stack and permute them
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k - Stack Permutation

1. Introduction 3. Neighborhood structures2. Mathematical model

The Double TSP with Multiple Stacks: a VNS approach EURO XXII, Prague, 2007

Choose k consecutive orders in one stack

and permute them

pickups deliveriesstacks
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Variable Neighborhood Search (VNS)
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3. Neighborhood structures

Metaheuristic introduced by Hansen y Mladenovic (1997)

Main idea: use different neighborhood structures and
change between them when finding a local
optimum

Local optimum with respect to one neighborhood structure
is not necessarily local optimum with respect to another one

Global optimum is local optimum with respect to every
neighborhood structure

Using different neighborhood structures usually
provides local optima closer to the global optimum
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Variable Neighborhood Descent (VND)
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General Variable Neighborhood Search (GVNS)
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Test Problems
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Testing has been performed on two sets of 10 
randomly generated problems with 33 orders, 
3 available stacks with capacity of 11 units.

Euro pallets

Algorithm used: GVNS

4 operators for Perturbation:  RS, CS, ISS, R

6 operators for VND :  RS, CS, ISS, R, k-RS, k-SS

Best results obtained using Simulated Annealing

(Hanne L. 
Petersen, 2006)



Set 0
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Set 1
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Comparison between Operators
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Set 0

Set 1

More operators Better solution

5. Results & Further Work

Reinsertion is the most effective neighborhood structure



Further work
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Generate initial solutions using different methods

Use different versions of Variable Neighborhood Search

algorithms

Try other metaheuristics: GRASP, Genetic algorithms,   

Ant Colony Systems, etc.

Examine exact approaches

5. Results & Further Work
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