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Introduction

Motivation

Optimization algorithms are often designed and tested on

benchmark problems.

Benchmarks are useful to investigate facets of difficulty but

have limitations.

Real-world problems usually have multiple components

that interact.

Solution representation might not be straightforward.

Developing algorithms for these problem is a challenging

problem.
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Introduction

Goals

Investigate a bi-objective variant of TTP, an example

multi-component optimization problems.

Incorporate dynamic programming (DP) as a local

optimization operator of population-based approaches.

Evaluate the efficiency of the DP-based operators.

Evaluate scalability. TTP instances of up to 33810 cities

and 338100 items.
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TTP

The two components of TTP are the TSP problem and the

knapsack problem.

In TTP, a thief has to travel n cities and go back to the

origin.

In each city he may get one or more items for his

knapsack, which has a maximum capacity.

Items add value to the bounty collected by the thief but

also add a weight.

The weight reduces the speed of the thief.
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Goals

Single-objective TTP

Maximize the revenue which is calculated adding the

values of all stolen items and deducting the cost of renting

the car.

Bi-objective TTP

1 Maximize the gain obtained from the items taken by the

thief during the tour, constrained on the maximum capacity

of the knapsack.

2 Minimize the time spent on the tour.
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TTP problem

π = (π1 = 1, π2, . . . , πn) represent a tour such that πi = j iff j

is the i th visited city of the tour.

pi,j : Profit for taking object j in city i

wi,j Weight of object j in city i .

ρ = (ρ2,1 . . . ρ2,k , . . . , ρn,1 . . . ρn,k ): packing plan of the thief

M. R. Bonyadi, Z. Michalewicz, and L. Barone. The travelling thief problem: the first step in the transition from theoretical problems to realistic problems. In 2013

IEEE Congress on Evolutionary Computation (CEC). pp. 1037–1044. IEEE. 2013.
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TTP representation.
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Definitions

TTP objectives

g(π, ρ) =
n

∑

i=2

k
∑

l=1

pi,lρi,l , st .
n

∑

i=2

k
∑

l=1

wj,lρl,k < C (1)

h(π, ρ) =





n−1
∑

i=1

dπi ,πi+1

vπi



 +
dπn,π1

vπn

(2)

g(π, ρ): Gain obtained from the items taken by the thief

during the tour

h(π, ρ): Time spent on the tour.
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Previous approaches

Separate the tour improvement stage and the item packing

stage

CoSolver algorithm [Bonyadi et al:2014]

Cooperative Co-evolution approach [Mei et al:2016]

Two-Stage Memetic Algorithm (TSMA) [Mei et al:2014]

CS2SA [ElYafrani and Belaid:2016]

R. Santana and S. Shakya Dynamic programming operators for the bi-objective TTP



Introduction

TTP problem

Hybrid evolutionary-DP search

Experiments

Conclusions

Previous work

Bi-objective approaches

Comparison of greedy approach, an independent sub-problem algorithm, and
NSGA-II for instances of up to 100 cities and up to 10 items per city [Blank et
al:2017]

Combination of a dynamic programming approach and evolutionary search for a
class of bi-objective TTP [Wu et al:2018]

Packing Routine Heuristic (PRH)

PRH [Faulkner et al:2015] assigns a score si,l =
pα

i,l

wα

i,l
dπi ,πn

to item ρi,l .

PRH has been acknowledged as an important component of successful
algorithms [Wagner et al:2018]
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Hybrid evolutionary-DP algorithm (MO-DP)

Main idea: Hybrid algorithm

Apply dynamic programming (DP) as an operator that

improves the quality of the solution.

DP can find an optimal packing plans for small instances of

the problem but it requires a high computational time.

DP application

1 Initialization of the packing plans

2 During the evolution as a local optimizer
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Hybrid evolutionary-DP algorithm (MO-DP)

Applied as a local optimizer

A packing plan for the solution already exists.

Key question is how to select the candidate items to be

optimized

The capacity constrained is that of the currently selected

items.

Item selection

1 Methods based on item importance computation.

2 Methods based on item pre-selection.
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Hybrid evolutionary-DP algorithm (MO-DP)

Parameters of the method

Window size (WS): Number of items selected as

candidates.

Value metric (VM): This can be the profit or a

distance-based metric computed from the TSP tour.

Weight proportion (WP): Proportion of weight from the

original solution that is set as maximum capacity.

Intensity (In): Number of times DP is applied to the same

solution.
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Complementary operators

Profit improver operator (PI)

Searches for a change to the packing plan component that simultaneously
improves the two objectives of the problem.

Rotation operator (PR)

Makes a rotation of l positions in the sub-sequence comprised by π2, π3, . . . , πn.

It can be applied clockwise or anticlockwise.

Exploits the fact that only two neighbor distances will be affected as a result of a
rotation.

PRH operator

A variation of the PRH technique

Each time the operator is called, a random 1 ≤ α ≤ 6 is selected.

The candidate packing plan ρ is constructed using α
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Hybrid evolutionary-DP algorithm (MO-DP)
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DP operators

DP variants

DP20: In = 20.

Rot_PP_DP10: First a rotation operator is applied. Then, the packing routine
heuristic is used to initialize the packing plan. Finally, DP is applied,

Rot_PP_DP10_PI: First a rotation operator is applied. Then, the packing routine
heuristic is used to initialize the packing plan. Subsequently DP is applied,
In = 20. Finally, a profit improver algorithm is applied.

DP10_PI: DP is applied, In = 10. Then, a profit improver algorithm is applied.

DP_30_PI: DP is applied, In = 30. Then, a profit improver algorithm is applied.
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Instance Benchmark

Results

TTP function benchmark, originally proposed as part of the

GECCO-2019, and used in the experiments.

Instance n k bound type corr. w corr.

a280-n279 280 1 bd strong 0.1
a280-n1395 280 5 uncorr. ≈ 0.5
a280-n2790 280 10 uncorr. 1.0
fnl4461-n4460 4461 1 bd strong 0.1
fnl4461-n22300 4461 5 strong ≈ 0.5
fnl4461-n44600 4461 10 uncorr. 1.0
pla33810-n33809 33810 1 bd strong 0.1
pla33810-n169045 33810 5 strong ≈ 0.5
pla33810-n338090 33810 10 uncorr. 1.0
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Experiments

Parameters of the algorithm

Population size: This was selected according to the PF

size defined for the GECCO-2019 challenge.

Maximum number of generations: g = 1000.

Window size for DP variants: w = 150.
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Experiments

Results

Joint ranking of the DP-based and the state-of-the-art algorithms.

Algorithm

HPI 26
Jomar 13

DP_30_PI 5
Rot_PP_DP10_PI 4

NTGA 3
Rot_PP_DP10 2

DP20 1
DP10_PI 0
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Conclusions

Introduced variants of DP that incorporate more

information about the TTP characteristics.

The use of DP as a variation operator can lead to more

accurate approximations of the Pareto front.

Some of the DP variants are competitive with the best

contenders for the bi-objective TTP.
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