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Abstract. Recently, combinatorial optimization problems have aroused
a great deal of interest in Machine Learning, leading to interesting ad-
vances in Neural Combinatorial Optimization (NCO): the study of data-
driven solvers for NP-Hard problems based on neural networks. This pa-
per studies the benefit of Transfer Learning for NCO by evaluating how
model training can be improved taking advantage of knowledge learned
while solving similar tasks. We focus, in particular, on two famous rout-
ing problems: the Traveling Salesman Problem (TSP) and the Vehicle
Routing Problem (VRP). The latter being a generalization of the for-
mer, we study the effect of applying Transfer Learning from a model
trained to solve TSP while training a model learning to solve the Ca-
pacitated VRP (CVRP). We present adaptations of a state-of-the-art
NCO model for implementing Transfer Learning. Our results based on
extensive empirical experiments in different settings show that Transfer
Learning may help to speed up the training process while being more
sample efficient.

Keywords: Neural Combinatorial Optimization - Transfer Learning -
Vehicle Routing Problem - Traveling Salesman Problem.

1 Introduction

Recent developments in deep learning and reinforcement learning have led to sig-
nificant contributions in applying machine learning to create end-to-end' solvers
for many Combinatorial Optimization problems. Numerous Neural Combinato-
rial Optimization (NCO) models, i.e. machine learning models based on neural
networks, have thus been proposed to tackle a large variety of complex combina-
torial optimization problems [13]. Interestingly, compared to traditional Opera-
tional Research approaches, such models do not rely on handcrafted and costly-
to-define heuristics. They correspond to parametric models that are trained using
supervised or reinforcement learning based on examples of problem instances.

! These approaches are to distinguish from hybrid approaches mixing machine learning
models and traditional problem-specific heuristics.
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Two of the ubiquitous problems widely studied under the NCO framework
are the Traveling Salesman Problem (TSP) [21,2,10] and the Vehicle Routing
Problem (VRP) [10,7,14]. Nevertheless, even if state-of-the-art NCO models
compete with optimized solvers for TSP or VRP of small sizes, new techniques
have to be proposed to make such models competing dealing with bigger in-
stances [21,2,10]. In this context, one of the Machine Learning approach that
deserves to be studied is Transfer Learning: an approach that can be used to take
advantage of knowledge obtained solving similar tasks prior to start training a
model to solve a new problem. Yet, it is known in the literature of Combinatorial
Optimization that TSP and VRP are related, since the latter is a generalization
of the former.2 From this perspective, we propose to study the following ques-
tion: Does Transfer Learning from TSP to VRP under the NCO framework can
be used to obtain better NCO models adapted to VRP?

To contribute to answering this question, we evaluate Transfer Learning (TL)
from TSP to VRP. This is the first study of this type to our knowledge. Our
findings show that TL (i) speeds up the learning process even with relatively
few instances, and (ii) improves the results (tour lengths) compared to a model
trained from random weights.

The rest of the article is organized as follows: Section 2 presents the TSP
and the VRP, and exposes the relationship between the two problems that make
them suitable candidates for TL. The NCO framework under which comes the
models that we train for our experiments as well as Transfer Learning are also
introduced. Section 3 describes the model used in our experiments. Section 4
presents the experimental protocol adopted to train and test our models. Section
5 presents and discusses the main results of our experiments. Finally, Section 6
sums up our findings and gives future perspectives.

2 Literature Review

2.1 The Vehicle Routing Problem (VRP)

The Vehicle Routing Problem (VRP) is a widely studied NP-Hard combinatorial
optimization problem with numerous applications in transportation and logistics.
In general, the VRP considers a set of clients to which goods have to be delivered
by a fleet of vehicles initially parked in depots. Each vehicle has a limited capacity
of goods it can carry; this capacity can either be similar among the vehicles
(homogeneous fleet) or different (heterogeneous fleet). Each client has a specific
demand of goods to be delivered. The goal is then to find an optimal plan with
regard to an objective function to optimize so that all clients are satisfied. The
objective function to minimize can be the total distance to be traveled by the
fleet of vehicles, the total traveling time, or a combination of economic costs such
as the price of fuel. Constraints such as a time windows that limit the visiting

2 Note that algorithmic advances on the TSP often lead to advances on the VRP, we
can cite, for example, the k—opt algorithm and LKH heuristic.
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time of clients to specific time intervals can also be considered. Such constraints
lead to a rich family of VRP variants [19, 6].

In our study, we consider the Capacitated Vehicle Routing Problem (CVRP)
which is a simple VRP variant [19]. The CVRP considers a single depot and
a unique vehicle with a capacity C. In our setting, a CVRP instance (X, D) is
characterized by a set of locations X and a set of demands D. X is the set of n—1
clients and the depot represented by their 2D-coordinates in the Euclidean plan,
ie. X ={z; € R2}ie[[0,n—1]] with 4 = 0 the depot index.? D = {d; € R}iefo,n—1]
represents the set of demands (dg = 0). X can be seen as a complete graph, with
nodes being the clients and the depot, and the edges being the roads connecting
the locations. All locations are connected, and the distance between two locations
(74, 75)i jefo,n—1] is defined by |lz; — 2|2 (L2 norm). Finding a solution to the
CVRP consists in finding T" simple circuits called tours. These tours must have
a minimum cost defined as the sum of the distances between the successive
locations composing each tour. In addition, the following conditions must be
verified (with C' the capacity of the vehicle): (i) each tour begins and ends at
the depot; (ii) each client belongs to only one tour (d; < C,Vi € [0,n — 1]); (iii)
the sum of clients’ demand in a tour does not exceed C.

2.2 The Traveling Salesman Problem (TSP)

The Traveling Salesman Problem considers a set of cities and seek for a Hamilto-
nian cycle with the minimum traveling distance, i.e. a visiting plan that crosses
each city once and only once and returns to the departure city, such that the to-
tal travelled distance is as low as possible. It is a special case of the VRP: a TSP
is a VRP with one single vehicle with an infinite capacity. In our setting, a TSP
instance X consists of n connected cities represented by their 2D-coordinates;
X ={x; € R2}i€|{(),n71ﬂ- It can thus be seen as a complete graph with the nodes
being the cities and the edges being the roads connecting them. We here consider
Euclidean TSPs, i.e. distances between cities are defined by the Lo norm.

For the rest of this paper, we designate by node either a city in the TSP, or
the depot or a client in the VRP.

2.3 Neural Combinatorial Optimization

Neural Combinatorial Optimization (NCO) refers to the use of deep neural net-
works to tackle difficult combinatorial optimization problems. Although early
work exist on approaching such problems using neural networks [17], the NCO
framework focuses on the recent developments based on deep learning and deep
reinforcement learning. The TSP and the VRP are among the two widely stud-
ied problems within this framework, e.g. [21, 2,5, 10,8, 12, 15, 4]. We here provide
a brief overview of the main developments in the NCO framework, assuming
knowledge in Deep and Reinforcement learning. Readers can refer to the recent

3 [0,n — 1] denotes the set of integer between 0 and n — 1 included.
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survey proposed by Mazyavkina et al. for an overview of this framework applied
to combinatorial optimization problems [13].

In NCO, a sequence-to-sequence model [18] is considered to map a problem
instance X seen as a sequence of nodes, to the order in which each node x; € X
should appear in the tour(s); such an order is also a sequence. In an autoregres-
sive setting, this mapping is made possible by learning a stochastic policy py that
computes, at each time step, a probability distribution defining the probability
to select a given node. The stochastic policy is in this case a neural network
parametrized by 6. Let n € N be the number of nodes in an instance?*, (i.e.
|X|=n),and Y = (y;)ic[o,x] be a solution of a problem instance, i.e. the order
in which we visit the nodes. K = n—1 for the TSP, K > n—1 for the VRP, since
we may come back many times to the depot to refill. Under these notations, we
define our policy, which gives the probability of a tour Y for an instance X using
the probability chain rule as follows: Pyp(Y|X) = Hfio o (Yilyos -y Yi—1, X).
Each term pg(y;|yo, -, yi—1, X) is estimated using a parametric model. As we
will see, different neural networks have been used to that end.

Generally, sequence-to-sequence models are made of an encoder and a de-
coder. The encoder is a neural network that computes a d-dimensional embed-
ding of each node z; € X. These node embeddings are passed to another neural
network called a decoder to estimate py. To do so, the decoder computes a query
vector that corresponds to a decoding context (i.e. a vector representation that
keeps track of the nodes already selected). The query vector is used along with
node embeddings in an attention block to compute the probability distribution
py. The attention block confronts the query vector to the node representations
either with an additive module (additive attention) or a dot product module
(dot product attention) to give scores. In the additive attention, the node repre-
sentations and the query are processed using a linear transformation and added
up together. A dot product with a parametric vector is then used to compute
the attention scores. In the dot product attention, the query and the node rep-
resentations are directly confronted using a dot product to give the attention
scores. The given scores are then passed into a softmax to output a probability
distribution. In the next paragraph, we present some of these architectures.

Pointer Network [21] is one of the seminal models used to train to solve the
TSP via supervised learning. It consists of an encoder-decoder Long Short-Term
Memory (LSTM) architecture with an additive attention mechanism used to
learn a parametric policy to solve the TSP. This work was later on improved
by training the Pointer Network with a reinforcement learning algorithm (RE-
INFORCE) using a masking procedure that excludes already visited cities [2].
LSTM cells were later replaced by a Transformer encoder and a multi-layer
perceptron decoder [5]. An encoder-decoder architecture fully based on the at-
tention mechanism that considers a simple baseline based on a copy of the policy
network has also been proposed [10]. It uses a dot product attention to compute
the probability distributions. This approach can be used to solve a wide variety
of routing problems, e.g. TSP and CVRP. The approach mixing Pointer Net-

4 TSP and VRP instances have been formalized in Section 2.
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work and REINFORCE [2] have been adapted to the VRP [14]. It considers a
multi-layer perceptron encoder and a LSTM decoder, and introduces a mask-
ing procedure that takes into account the CVRP constraints. Other approaches
consider iterative improvement methods which integrate deep neural networks
[7,3,22].

Obtaining good quality labels for hard combinatorial optimization problems
is challenging and time-consuming, this is why it is more convenient to train these
approaches using reinforcement learning. Models trained that way achieve good
performance on instances up to 100 nodes [10,2]. Some approaches are even
able to give good quality results on instances up to 300 nodes [7]. One main
issue with reinforcement learning, especially policy gradient methods, is their
sample inefficiency which require them a huge amount of interactions with the
environment to perform well. In order to tackle this, we investigate whether we
can save interactions for the CVRP by taking advantage of the representational
capacity already obtained during learning to solve the TSP.

2.4 Transfer Learning

Transfer learning (TL) refers to transferring knowledge across different but re-
lated domains. It is a widely studied technique in supervised learning [16]; it has
also proven very useful in reinforcement learning (RL) since it helps accelerate
the learning process. Successful applications of TL in RL range from machine
translation to Visual Question Answering and Image captioning to cite a few
[23]. In TL, we consider a source domain Dy and a target domain D;. The goal
is to leverage knowledge learned from the source policy P;s to help learning the
target policy P;. There are several ways to approach TL in RL depending on
many factors such as the domains differences, the transferred knowledge, the
sample efficiency, etc [23,11].

In our setting, we want to perform TL from TSP to CVRP. Since the two
domains only differ in the transition dynamics (in the CVRP we can come back
to the depot many times to refill while in the TSP we never visit twice any
node), we will use the same policy P; trained to solve the TSP and adapt it to
the CVRP domain via RL. The following metrics will be monitored:

— Jump-start performance: indicates the initial performance of the target net-
work. Based on that, we can deduce how sample efficient is Transfer Learning;
i.e. it can either be (i) a zero-shot transfer, in that case the P is directly
applicable to the target domain; (ii) a few-show sample that requires only
few interactions from the target domain to adapt Ps or (iii) sample efficient
meaning that it requires more interactions with the target domain than the
few-shot setting but P still adapts to Dy.

— Asymptotic performance: to measure the final performance of P;.
— Performance with fixed training epochs.
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3 Model Description

This section presents technical aspects of the model and training strategy con-
sidered in our study. The approach adopted is based on the NCO architecture
proposed by Kool et al. [10] which has proven to be a good candidate for both
TSP and VRP. Adaptations to the original formulation have been made in order
to fit the TL setting considered in this paper; they will be presented hereafter.

3.1 The Model

In our experiments, we propose to use the same number of parameters 6 for
solving the two problems in order to adapt them directly from TSP to VRP
without the need of learning any additional parameter. To do so, we use an
Attention Model [10] with few adjustments in order to fit our TL setting. This
model is an encoder-decoder architecture that iteratively computes, at each step
t, the probability of choosing a node over the others as described in Section 2.3.
In the original implementation, the inputs of the model for the TSP are
the cities 2D-coordinates; for the VRP in addition to the clients 2D-coordinates
there is their respective demand. In our formulation, in order to avoid introducing
additional parameters to the model, we use for both problems only the 2D-
coordinates. Demands are only used in the masking operation, as it will be
described later. In the seminal work of Nazari et al. [14], the authors mention
that using the demands along with the embedding of the 2D-coordinates for the
decoder brings no significant improvement, thus we pushed further this idea by
only using the clients’ coordinates in the whole encoder-decoder approach.
Figure 1 shows the overview of the Attention Model architecture with a linear
embedding followed by an encoder and a decoder that we detail below.

3.2 The Encoder

The encoder is made of two main components: an embedding layer which maps
the 2D-coordinates to a vector in a d—dimensional feature space, and a trans-
former encoder [20] that acts like a graph neural network on instances (recall
that here we consider an instance as a complete graph).

The embedding layer consists of a linear transformation of the node’s 2D-
coordinates, following the equation: h; = W, - z; + b, Vi € [0,n — 1], with
hi b, € RY z; € R? (column vector), and W, € R9*2. Unlike the original
model, we do not use a separate linear embedding for the depot. Although it is
a special node in the VRP, using the same linear embedding used for the clients
aims at benefiting from the TL’s representation of the coordinates learned while
solving the TSP.

For the transformer encoder, it consists of N layers of similar transformer
blocks. The first block takes as input the resulting embeddings of the 2D-
coordinates, while the others take the output of the previous layer. Each trans-
former block consists of two components: a multi-head attention and a feed-
forward layer. We used 3 transformer blocks with 8 heads, as suggested in the
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Fig. 1. Overview of the Attention Model architecture with its main components.

literature [10]. The result of the encoder is a set of d—dimensional node embed-
dings; the final embedding of a node x; is denoted hY.

3.3 The Decoder

The decoder is used to compute the probability distribution that will provide the
probability that a partial solution has to be extended by a given node. As we will
explain hereafter, this probability distribution will be computed confronting a
context embedding with the node embeddings. In the original model, the number
of parameters defining the context embedding varies whether we are dealing with
TSP or VRP. Here, we also introduce modifications in order to preserve the same
number of parameters for both problems.

For the TSP, at each time step ¢, the context embedding h. is defined as a
(3 x d)—dimensional vector resulting from the concatenation of: (i) the repre-

n

—N
sentation of the graph (b = 137
selected node hy, ,, and (iii) the representation of the first selected node hy,.
At t = 0, two parameter vectors v! € R? and vf € R? are used to substitute

the undefined values of (ii) and (iii). The context embedding is thus defined by
he. = [EN,hyt_Uhyo} when ¢t > 1, and h, = [EN,vl,vf} when ¢t = 0.°
For the VRP, the context embedding h. is the concatenation of the repre-

o hY), (i) the representation of the lastly

—N
sentation of the graph h , the representation of the lastly selected client (at
t = 0, we use the representation of the depot h)') and the representation of

% [.,.,.] denotes the concatenation operation.
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the remaining capacity. In order to keep the same (3 x d)—dimensional embed-
ding for the VRP, we did not use the remaining vehicle capacity C' using the
strategy considered in [10] - which results in a (2 x d + 1)—dimensional vector.
Instead, we compute an embedding of the remaining capacity C=Ww,- C, with
C eR,W, € R h, = [EN,hyH,é] Vi,

A glimpse mechanism [2] is then used to enhance the context vector into a
d—dimensional query vector g(.) that will be used by an attention mechanism to
compute the probability of selecting the next node. This mechanism consists of
a multi-head attention that computes the context vector interaction with regard
to the nodes that have not yet been selected. Finally, a scaled dot product
attention mechanism [20] is used to compute the probability of choosing a node
over another. This dot product uses the query vector g(.) and the keys k; = wk.
RN Vi€ [0,n— 1] that result from a linear projection of the node embeddings.

A mask is used to prevent selecting already selected nodes. The mask mech-
anism differs for TSP and VRP. For the TSP, it is straightforward as we mask
already visited cities. For the VRP, the masking policy is more complex. Com-
puting the probability distribution defining the node to visit at ¢, we mask: (i)
clients with demands greater than the remaining capacity; (ii) already satisfied
clients; (iii) the depot if it has been selected at ¢ — 1, to prevent selecting it at .

3.4 Model Training

We trained the model using Reinforcement learning (RL) as it tends to express
interesting generalization properties [9] that may benefit Transfer Learning.® The
parametric policy is more particularly trained using REINFORCE with a greedy
rollout baseline as used in Kool et al. [10]. Given nodes’ coordinates of a TSP
or VRP instance X, the loss function £ used during training is the expectation
of tour lengths considering a tour generation strategy ¢ taking advantage of the
parametric policy Pp: L(0|X) = Ey wg(p,(.|x) [L(Y|X)].

During training, the tour generation strategy ¢ is set to be the sampling
strategy, i.e. at each step the selected city is sampled according to the current
estimation provided by the stochastic policy Py. Minimization of £ is performed
using a gradient-based approach, namely REINFORCE with baseline st.:

VLX) = Eypy (1) [(LY]X) = (X)) Viog Fy(Y|X)]

b(X) is a parametric baseline used to predict tour lengths. These predictions
enable to reduce the variance of the gradient estimation. The baseline is also a
deep neural network with the same architecture used for defining pg. Using b,
tour lengths are however computed using a greedy strategy: at each step the node
maximizing the probability is selected. During training, baseline parameters are
obtained copying policy parameters (i.e. §). Updates of baseline parameters are

6 Supervised learning, e.g. with optimal labels obtained wvia the Concorde solver [1]
can also be used for TSP. RL however does not require labelled data that may be
time-consuming to obtain.
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performed after each epoch if the improvement of the current policy over the
baseline is significant (according to a paired t-test comparing current baseline
and current training policy, both using a greedy strategy). Details of the training
approach adopted in our experiment are provided in the paper introducing the
original approach adapted in our work to fit our TL setting [10].

4 Experimental Protocol

This section presents the experimental protocol defined in our study.

4.1 Model Pre-training on TSP

We first pre-trained our model to solve the TSP using the approach defined in
Section 3.4. We used the same data generation and training protocol commonly
used in the literature, e.g [10]; for each training epoch, 2500 batches of 512 in-
stances have been generated (1.28M instances per epoch). The data generation
process consists of uniformly drawing 2D-coordinates from the [0, 1] unit square
[2]. For the validation, we used 10k instances sampled from the same uniform
distribution. Two models named TSP20 and TSP50 have been trained consid-
ering different datasets composed of instances of 20 and 50 nodes respectively.
Both models have been trained during 100 epochs using the Adam optimizer
with a learning rate of 10~#. These models reach state-of-the-art performance
reported in Kool et al. [10]. We also save the optimizer’s state so that we can
later load it for adapting the model’s parameters for the VRP performing TL.

4.2 Transfer Learning to VRP

Settings commonly considered evaluating TL have been adopted in our experi-
ments. Indeed, TL is preferred when the destination task has less training data
than the source task, but the tasks are similar enough so that our model cap-
tures a representation that can be useful to help tackle the problem. We therefore
used less training data than the usual training protocol. Three different settings
have been tested: 16k, 32k and 64k instances per epoch, and models have only
been trained for 50 epochs, thus resulting on models trained on 800k, 1.6M and
3.2M instances respectively. Considering this setting, our models are trained on
respectively 160, 80 and 40 times fewer data than the original models.

Comparisons have been made considering different models trained with and
without TL using the same amount of data and number of epochs. When no TL
is applied, the models are trained from randomly initialized parameters using
Adam optimizer with a learning rate of 10~ (see [10]). When TL is applied, the
learning rate is set to 107° in order to exploit the optimizer’s saved state from
the TSP, and to gradually adapt the model’s parameters to the VRP.

VRP instances have been generated using standard protocols [14,10], sam-
pling 2D —coordinates uniformly from the unit square [0, 1]?. The demands d; of
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clients (¢ € [1,n — 1]) are uniformly drawn from [1,9] C N. Vehicle capacities
are 30 for instances with 20 nodes and 40 for instances with 50 nodes.

We conducted 3 series of experiments:

1. Same: Training a VRP model with a pre-trained TSP model trained on
instances with the same size and data generation distribution.

2. Diff size: Training a VRP model with a pre-trained TSP model trained on
instances with different size and the same data generation distribution.

3. Diff dist: Training a VRP model with a pre-trained TSP model trained on
instances with the same size and a different data generation distribution.

5 Results and Discussion

This section presents and discusses the results obtained in our experiments.”

5.1 Pre-training Results

Two models, respectively denoted TSP20 and TSP50, have been trained on
instances of 20 and 50 cities during pre-training on T'SP. The learning curves that
have been obtained are similar to those obtained for the original implementation,
and average tour length performances obtained by our model are on par with
the original model [10].%

5.2 Transfer Learning Results

We now present the results obtained in the different settings.

Same - Applying TL using pre-trained models trained on TSP with the same
size and data generation distribution as the VRP instances. Figure 2 shows the
average tour length of VRP models in validation with greedy decoding. Both
models are presented: (i) trained from scratch with a random weight initialization
(NO-TL in blue), and (ii) trained starting from a pre-trained TSP model (TL in
orange). Plots a-b-¢ correspond to VRP20 with TL from TSP20 models, while
plots d-e-f correspond to VRP50 models with TL from TSP50 models. Each
plot corresponds to a number of instances per epoch used to train our model,
respectively from left to right, 16k, 32k and 64Kk.

Three phases can globally be distinguished in the learning process:

" See https://github.com/AYaddaden/TL_TSP_VRP for source code and additional
documentation.

8 Tested on 10k TSP instances with 20 and 50 cities and report the average tour
lengths obtained using greedy decoding. The original model achieves tour lengths of
3.85 and 5.80 for TSP 20 and TSP50 [10]. Our model respectively achieves 3.84 and
5.82.
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Fig. 2. Comparison of the evolution average tour lengths per epoch in validation be-
tween VRP models trained without Transfer Learning (NO-TL/blue) and VRP models
trained using TL (TL/orange) with different number of instances per epoch (16k, 32k,
64k) with 20 nodes (plots a, b and ¢) and 50 nodes (plots d, e and f).

— Epoch 0 to 5: Initial phase, the learning curve is rather in favor of models
without TL, with a rapid decrease of tour lengths for both types of models.

— Epoch 5 to 30: There is a shift in the training curves in favor of the TL
models. The average tour lengths per epoch decreases faster using TL. The
shift happens early in the learning process, so it seems that our models need
few-shot samples to adapt to the VRP domain. Results however differ for
VRP50 with 64k instances per epoch.

— Epoch 30 to 50: the learning curves of the two models continue to decrease,
but more slowly than in the previous phase. TL models still outperform
models without TL.

Based on our findings, it appears that for the jump-start performance metric,
our models do not perform zero-shot adaptation since the initial performance is
poor compared to the NO-TL models. This can be partially explained by the fact
that the context embedding h. differs for the TSP and the CVRP. The early shift
seems to indicate that our models can adapt in a few-shot way, especially when
there are fewer instances per epoch. For 64k instances/epoch models, our results
suggest that they are still sample efficient, but with no significant improvement.

The curves also show that the more data we have, the better and faster is the
convergence of the models. The asymptotic performance between the two models
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gets close to each other by augmenting the number of instances per epoch. But
the gap between the TL and NO-TL models is more significant when we have less
training data, which means that in this setting, we can achieve better average
tour lengths by considering a pre-trained model and Transfer Learning.

For our last metric, training on 50 epochs showed that for 16k and 32k
instances/epoch, TL models outperform NO-TL models while for the 64k in-
stances/epoch models, it is still difficult to decide between doing Transfer Learn-
ing and not. At least, it slightly improves the learning process.

Diff size — using a pre-trained TSP model trained on instances of sizes that
are different from the VRP instances used to train our VRP model. We took as
a comparison baseline our models trained with 32k instances per epoch as they
are a good trade off between training time and average tour lengths achieved
after 50 epochs. We tested two settings: (i) when the pre-trained TSP model was
trained on instances with size smaller than the VRP’s instances and (ii) when
the pre-trained TSP model was trained on instances with size bigger than the
VRP instances. We report results on two experiments: a VRP20 model trained
on VRP instances with 20 nodes using a TSP50 pre-trained model and a VRP50
model trained on VRP instances with 50 nodes using a TSP20 pre-trained model.
Figures 3-a, 3-b show the evolution of average tour length in validation for
VRP20 and VRP50, respectively. Using a pre-trained TSP model trained on
instances with the same size as the VRP instances brings better average tour
lengths. In Figure 3-a, for the VRP20 model, we can see that using a pre-trained
TSP50 model (TL-TSP50) gives a jump-start performance similar to the model
with no Transfer Learning (NO-TL) and better than the model that uses the
TSP20 pre-trained model (TL-TSP20). In phase 2 (from epoch 5 to 30), we
can see that Transfer Learning brings an improvement in average tour lengths in
both settings (curves orange and greed are both under the blue curve). However,
we can notice that the average tour lengths are better when we use a TSP20 pre-
trained model. In phase 3 (epoch 30 to 50), the model with a TSP20 pre-trained
model is still better and leads to a faster learning and brings better asymptotic
performance. Surprisingly, at this phase, the TL-TSP50 model behaves exactly
as the NO-TL model with no significant difference in asymptotic performance
between the two models. In the VRP50 case (Figure 3-b), we observe that using
a TSP20 pre-trained model gives worse jump-start performance than using a
TSP50 model or not using Transfer Learning at all. The asymptotic performance
are on par with the NO-TL model while being slightly in favor of the latter.
Our findings suggest that using a pre-trained model trained on TSP instances
bigger than the VRP instances is more efficient than using a pre-trained model
trained on smaller instances than the VRP instances, since there is a region in
phase 2 where it behaves better than not using pre-training. Especially if we
have a limited time budget to train (number of epochs), it is still beneficial to
use Transfer Learning and in any case, it does not harm the learning process
as similar asymptotic performances are obtained in the worst case. Intuitively,
we would expect that using a TSP50 model to pre-train for VRP20 would bring
a better improvement to the learning process or that using a TSP20 for pre-
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training for VRP50 would be better than starting learning from scratch, but it
appears based on our results, that it is not the case. We can suppose that while
learning to solve the T'SP on a specific instance size, the size of these instances
is somehow encoded in the learned policy and that it influences its behavior.

(a) VRP20 (b) VRP50
— NO-TL 24' — NO-TL
9.3 TLTSP20 || TL-TSP20
£9.0 — TL-TSP30 | —— TL-TSP50
e . e
2 2 204
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5 7.51 & 161
> >
© ©
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Fig. 3. Average tour lengths for VRP models, (a)- VRP20 and (b)-VRP50, trained
without Transfer Learning (NO-TL/blue), using a TL with pre-trained TSP20 model
(TL-TSP20/orange) and TL with pre-trained TSP50 model (TL-TSP50/green).

Diff dist — training a VRP model using instances generated from a different
distribution than the distribution used to generate the TSP instances for the pre-
trained models. Note that our TSP pre-trained models were trained on instances
generated from a uniform distribution. We generate clients’ coordinates of the
VRP instances using a truncated normal distributionso that all city coordinates
are inside the unit square. The demands are generated the same way as in the
uniform case. Figures 4-a and 4-b show a comparison between average tour
lengths of models trained from scratch (NO-TL) and with a pre-trained model
(TL) with respectively 20 and 50 nodes.

Surprisingly, as we can see in Figure 4-a, using a pre-trained TSP20 model
to train a VRP20 model brings an improvement in terms of speed of learning
even if they are trained on instances coming from different distributions. The
asymptotic performance of the TL model is better than the one of the NO-TL
model. The model is able to achieve the performance of NO-TL in approximately
half the epochs. From the jump-start performance perspective, we can see that
neither the VRP20 nor the VRP50 can do zero-shot transfer. While the VRP20
is able to adapt in a few-shot way, the VRP50 struggles to do so. Figure 4-b
shows that the pre-training does not bring significant improvement for learning
a representation that would help tackle the VRP50, at least for a 50 epochs
training. Indeed, while the asymptotic performance are on par with the NO-TL
model, we can suppose that a shift can happen after the 50" epoch in favor of
the TL model. We can hypothesize that the size of the problem to tackle makes
the learning process more difficult. There is probably an inductive bias induced
in the learning process of TSP50 from the instances’ distribution (how the cities
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are spread in the unit square) that is not helpful for solving the VRP50. This
bias may be less significant when the size of the instances is small.
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Fig. 4. Average tour lengths per epoch in validation between VRP models trained with-
out Transfer Learning (NO-TL/blue) and VRP models trained using TL (TL/orange)
with 20 nodes, (a) VRP20 and 50 nodes (b) VRP50.

6 Conclusion and Perspectives

In this paper, we have presented an empirical evaluation of Transfer Learning
(TL) from TSP to CVRP in the context of Neural Combinatorial Optimiza-
tion (NCO). Three metrics - jump-start, asymptotic and fixed training epochs
performance - have been studied under three different training settings varying
according to the instances distribution and the instance sizes of the pre-trained
models. We observe that, applying NCO to CVRP, TL from TSP (i) speeds up
the learning process even with relatively few instances, and (ii) improves the
results (tour lengths) compared to a model trained from random weights. Our
results also stress that in the worse settings, TL does not harm the learning
process as asymptotic performances similar to those obtained by models with
no pre-training are achieved. We also note that results vary depending on the
size of the instances used in the pre-training phase: better models are obtained
using pre-trained models trained on TSP instances with the same size.

Future work is required to investigate how to create models that are agnostic
to the size of instances. Also, training on VRP instances sampled from a different
distribution than the TSP instances proved to be more challenging when using
a pre-trained model; it does work for small instances but struggles to scale to
bigger instances. We encourage future contributions to investigate this specific
aspect of TL for NCO applied to VRP. Indeed, if we can pre-train and train
models on TSP and VRP instances sampled from different distributions, this
would lead to significant improvements since it would be possible to pre-train
on synthetic instances to next efficiently train the model on real-world VRP
instances. Finally, it would also be interesting to investigate the application of
the TL from TSP and/or CVRP to other VRP variants.
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