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We propose a new neural network architecture for learning vector representations of items with attributes, specifically hotels. Unlike
previous works, which typically only rely on modeling of user-item interactions for learning item embeddings, we propose a framework
that combines several sources of data, including user clicks, hotel attributes (e.g., property type, star rating, average user rating),
amenity information (e.g., if the hotel has free Wi-Fi or free breakfast), and geographic information that leverages an hexagonal
geospatial system as well as spatial encoders. During model training, a joint embedding is learned from all of the above information.
We show that including structured attributes about hotels enables us to make better predictions in a downstream task than when we
rely exclusively on click data. We train our embedding model on more than 60 million user click sessions from a leading online travel
platform, and learn embeddings for more than one million hotels. Our final learned embeddings integrate distinct sub-embeddings
for user clicks, hotel attributes, and geographic information, providing a representation that can be used flexibly depending on the
application. An important advantage of the proposed neural model is that it addresses the cold-start problem for hotels with insufficient
historical click information by incorporating additional hotel attributes, which are available for all hotels. We show through the results
of an online A/B test that our model generates high-quality representations that boost the performance of a hotel recommendation

system on a large online travel platform.
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1 INTRODUCTION

Learning semantic representations of different entities, such as textual, commercial, and physical, has been a recent and
active area of research. Such representations can facilitate applications that rely on a notion of similarity, for example
recommendation systems and ranking algorithms in e-commerce [2, 5, 6, 9, 18, 22, 39].

In natural language processing, word2vec [28] learns vector representations of words from large quantities of text,
where each word is mapped to a d-dimensional vector such that semantically similar words have geometrically closer
vectors. This is achieved by predicting either the context words appearing in a window around a given target word
(skip-gram model), or the target word given the context (CBOW model). The main assumption is that words appearing
frequently in similar contexts share statistical properties (the distributional hypothesis). Crucially, word2vec models,
like many other word embedding models, preserve sequential information encoded in text so as to leverage word

co-occurrence statistics. The skip-gram model has been adapted to other domains in order to learn dense representations
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of items other than words. For example, product embeddings in e-commerce [12] or vacation rental embeddings in the
hospitality domain [11] can be learned by treating purchase histories or user click sequences as sentences, and applying
a word2vec approach.

Most of the prior work on item embedding exploit the co-occurrence of items in a sequence as the main signal for
learning the representation. One disadvantage of this approach is that it fails to incorporate rich structured information
associated with the embedded items. For example, in the travel domain, where we seek to embed hotels and other
travel-related entities, it could be helpful to encode explicit information such as user ratings, star ratings, hotel amenities,
and location in addition to implicit information encoded in the click-stream.

In this work, we propose an algorithm for learning hotel embeddings that combines sequential user click information
in a skip-gram approach with additional structured information about hotels. We propose a neural architecture that
adopts and extends the skip-gram model to accommodate arbitrary relevant information of embedded items, including
but not limited to geographic information, ratings, and item attributes. In experimental results, we show that enhancing
the neural network to jointly encode click and supplemental structured information, outperforms a skip-gram model
that encodes the click information alone. The proposed architecture also naturally handles the cold-start problem for
hotels with little or no historical clicks. Specifically, we can infer an embedding for these properties by leveraging their
supplemental structured metadata.

Compared to previous work on item embeddings, the novel contributions of this paper are as follows:

(1) We propose a novel yet straightforward framework for fusing multiple sources of information about an item (such
as user click sequences and item-specific information) to learn item embeddings via self-supervised learning.

(2) We generate an embedding that consists of three sub-embeddings for clicks, geography, and amenities attributes,
which can be employed either as separate component embeddings or a single, unified embedding.

(3) We address the cold-start problem by including hotel metadata which are independent of user click-stream
interactions and available for all hotels. This helps us to better impute embeddings for sparse items/hotels.

(4) We show significant gains over previous work based on click-embeddings in several experimental studies.

The structure of the remainder of this paper is as follows. Section 2 gives an overview of some of the recent works
on neural embedding. Section 3 provides details of the proposed framework, including the neural network architecture,
training methodology, and how the cold-start problem is addressed. In Section 4, we present experimental results on
several different tasks and a comparison with previous state-of-the-art work. Section 5 highlights online A/B tests
obtained for ranking hotels on a search result page by including as features these embeddings in the search ranking

model. Section 6 concludes the paper.

2 RELATED WORK
2.1 Embeddings from user sequences for different application domains

Recommendation is an inherently challenging task that requires learning user interests and behavior. There has
been a significant body of research on advancing it using various frameworks [3, 13, 25, 30, 42]. Learning a semantic
representation/embedding of the items being recommended is a critical piece of most of these frameworks. Building
recommender systems for hotels is an specially hard task due to challenges such as balancing between the popular

hotels and the newly added ones (without enough clicks), and the very large space of candidates.
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Neural network models have been widely used for learning embeddings from user sessions [37, 38]. One prominent
use case is learning product embeddings for e-commerce. In [4, 12], the authors develop an approach based on the skip-
gram model [28], frequently used in natural language processing. They leverage users’ purchase histories obtained from
their e-mail receipts to learn a dense representation of products. Each user’s complete purchase history is represented
as a sequence, which is treated as a sentence in which the items are considered words. For music recommendation,
authors in [16] define track representations considered as ground truth with a word2vec continuous bag-of-word
model and a music session (a collection of tracks) as the average of track embeddings it contains. A session-level
user embedding is further learned via a LSTM model to maximize the cosine similarity between the predicted user
session-level embedding with the observed ground truth music session representation. In the online travel space,
authors in [11] use the skip-gram framework to learn embeddings for vacation rental properties. They extend the
ideas in [12] to take into account a user’s click stream data during a session. A key contribution of their method is
the modification of the skip-gram model to always include the booked hotels in the context of each target token, so
that special attention is paid to bookings. They also improve negative sampling by sampling from the same market,
which leads to better within-market listing similarities. Nevertheless, their model relies exclusively on large amounts of

historical user engagement data, which is a major drawback when such data are sparse.

2.2 Link to graph approaches

The skip-gram loss can be seen also as a graph-based one and this paves the way to graph embedding approaches
which share the same similarity assumption. Graph embedding methods aim at learning in an unsupervised manner
embeddings for pairs of edge-linked nodes which are more similar to each other than the embeddings of pairs of
nodes without an edge between them. In that case, the considered graph is constructed from the co-clicks: nodes are
the items and an edge designates a co-click between two items. In this area, graphSAGE [15] is the first approach to
work in the inductive mode. By learning aggregation functions, graphSAGE predicts the embedding of a new node
without a re-training based on its features and neighborhood. Two recent methods PyTorch-BigGraph (PBG) [24] and
Cleora [33] offer more scalability by partitioning the graph. PBG proposes a margin-based ranking objective function
between positive and negative pairs of nodes. Cleora relies exclusively on the graph structure and does not use a
contrastive learning objective, hence does not require to sample positive or negative examples. Instead Cleora obtains
node embeddings by iteratively aggregating each node’s neighbor embeddings followed by an Ly-normalization. Cleora

prevents the embeddings from collapsing through a careful initialization and the normalization step.

2.3 Merging all side information to capture "context" of user activity

In another relevant work, [7], authors propose a framework for YouTube video recommendation which fuses multiple
features (e.g., video watches, search tokens, geo embeddings) into a unified representation via a neural architecture.
They then use these embeddings for candidate generation and ranking. The main limitation of this work is that the
individual embeddings are learned separately, and then combined via a neural network to perform classification.

There are also several works which try to use attention mechanism as a tool to capture "context” of users’ activities
on the basis of actions they have performed recently, such as contextual self-attention network for user sequential
recommendation [19], multi-pointer co-attention network [35], multi-order attentive ranking model [40], neural
attentive interpretable recommendation system [41], self-attentive sequential recommendation [21, 29].

Similar to our work on hotel2vec, there are also some works which attempt to include explicit item attributes (e.g.,

size, artist, model, color) within the sequence prediction framework using various strategies. In [36], the item metadata

Copyright © 2021 for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).



loannis Partalas and Anne Morvan, et al.

is injected into the model as side information to regularize the item embeddings. Their approach only uses one feature
(singer id) in the experiments. In addition, it does not accommodate learning independent embedding vectors for each
attribute group. Most recently, [34] propose a method where they train separate encoders for text data, click-stream
session data, and product image data, and then use a simple weighted average to unify these embeddings. The weights
are learned using grid search on the downstream task. While their approach allows for exploring independent embedding
vectors, the sub-embeddings of different attribute groups are learned independently rather than jointly. In addition to
efforts extending the skip-gram framework, emerging research attempts to extend GloVe [31] by incorporating various
attributes. Authors in [20] incorporate attribute information into GloVe by modifying the loss function such that the

representation of a location can be learned by combining both text and structural data.

3 THE PROPOSED FRAMEWORK

Similar to word2vec [28], by treating the clicks made by users within an interactive web session as words, and sequences
of clicks as sentences, we seek to predict the context hotels (words), given a target hotel (word) in the session (sentence).
On a high level, this is the approach proposed in [11, 12]. We refer to this approach as a session-only model.

As mentioned earlier, one drawback of this approach is that it does not use any information apart from the click
data, making it very challenging to make predictions for unseen hotels or hotels with sparse click data. In addition,
the model may be forced to learn certain semantic features which capture aspects of user interest, hotel geographic
information, hotel attributes, and so on, as latent variables as opposed to leveraging them as explicitly-provided input
features. To address these shortcomings, we propose adding more explicit information about the hotel as model input.
Intuitively, this should make the model more efficient during training as well as provide information that it can use
when making predictions on unseen or sparse hotels.

Another major advantage of our model is its use of different projection layers for various hotel/item attributes. This
enables us to learn independent embedding vectors representing different facets of the property, in addition to an
enriched, unified embedding for each hotel. This model also provides a dynamic framework for updating the embedding
of a hotel, once its user-rating or other attribute information changes over time. This is not trivial in session-only
models, unless we re-train a new model based on recent click data post attribute changes. In the remainder of the paper,

we refer to our proposed hotel2vec model as an enriched model, in contrast to the session-only model introduced above.

3.1 Neural Network Architecture for the enriched hotel2vec

Figure 1 illustrates the proposed architecture for an enriched hotel2vec model. Each aspect of the hotel 1) the one-hot
encoding of the clicked property ids within the same session, 2) the associated amenities and 3) the geographical
information is embedded separately, and these representations are later concatenated and further compressed before
being used for context prediction. Formally, a click session is defined as a sequence of hotels (items) {h1, ha, - - , hp}
clicked on by a user during a defined window of time or visit. For a given hotel, we denote the click, amenity, geographic,

and enriched embedding vectors with V¢, Vg4, Vg, and V, respectively. These are defined as follows:

Ve= f(I;; W)
Vo= f(Is;Wa)
Vg=flg: Wy)
Ve = ReLU([V, Vg, Vo] TW,) @

Copyright © 2021 for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).



Hotel2vec: Learning Hotel Embeddings from User Click Sessions with Side Information

Enriched Embedding
A

ar 1oy 10g-1
&
M
il

Amenity embedding <

someay Apuawy
=
M

Geo embedding €---------------» N
b=

Fig. 1. The 3-block-diagram of the enriched hotel2vec model with a single encoding layer.
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where I is the one-hot encoding of hotels in the click session, and I, € RY is a continuous vector with geographical
information of the hotel which we will explain later what type of information contains. f(x; W) is a normalized
projection layer parameterized with trainable weights W, i.e., f(x; W) = ReLU(”;‘—V“‘;”z) where ReLU is the rectified

Linear Unit activation function [10].

3.1.1 Geographical features. As geographical features we use a spatial encoder [26] (later called space2vec) as well as
the H3 hierarchical geo-spatial system!. H3 maps the world in hexagons which can be defined in different resolutions.
Both space2vec and H3 embeddings are concatenated to form Ij.

To obtain space2vec embedding, we encode a spatial point x (PE for Point Encoder) as a concatenation of multi-scale

representations where S is the total number of grid scales
[PEK (x);...; PER(x);...; PEE | ()]
and each component of x is used separately (in our case the latitude and longitude of the hotel) as follows:
Vs € {0,...,S - 1}, PEF(x) = [PEX (x): PEF,(x)]

Al
DI R ST

where Apin and Apmgx are the minimum and maximum grid scale and k = f{”‘?x = %. The multi-scale representation
min

VI € {1,2}, PEX,(x) = [cos ]

Amin

is encoded with a fully connected layer in the hotel2vec model. As activation function we tried both ReLU and linear
one and we found out that linear works the best.

To obtain H3 embedding, we use the index at resolution 8 which we find reasonable for our use case. From the
latitude and longitude of a hotel we can get the unique id (given a resolution) of the H3 hexagon which we embed in
the model.

!https://eng.uber.com/h3/
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3.1.2  Amenity features. Amenity features (e.g., PetsAllowed, GuestRating, SpaServices, etc.) can be categorical or
numerical with possible missing values. Thus, I, € R*® is partitioned per feature, where for numerical features we
simply use an element of I, assigned with the value of that feature, and for categorical features with m categories, we
assign m elements of I, and set the corresponding category to 1 and the others to 0. If the feature is missing, we set

everything to 0.

3.1.3  Loss function. We train our model by optimizing the Noise Contrastive Estimation (NCE) loss [14]. More formally,

given h; as the target, we estimate the probability of k. being a context hotel to be

log P(hc|h;) = log G(V;Wc’;) 2
where o is the sigmoid function, Ve, is the enriched embedding of h;, W . is the ¢! row of the output projection weights,
Wyeg- The Iy, - -+ Iy, vectors in Figure 1 represent the one-hot encodings of other hotels in the training window of

I (in the window, stride length is 2 before and after the hotel). We find parameters of the model by maximizing the
probabilities of correct predictions. We train the model using backpropagation and by minimizing the following loss

function (La-regularization is also applied):

T
1
T0) =~ . (1ogPthe, o) + 3" Toga(-VE, W) G
t=1 hieNc
where 6 includes all the parameters of the model, T is the size of the batch, W;. is i row of Wy, Ne = {hi|1 <

i < N,h; ~ Py(h¢)} is the set of negative examples, and Py, (h) is the distribution which we use to pick the negative
samples which we discuss in Section 3.2. Finally, we train the model by maximizing Eq. 3 using batch stochastic gradient

descent.

3.2 Negative Sampling

It is well known [14, 28] that using negative sampling, a version of noise contrastive estimation, significantly decreases
the amount of time required to train a classifier with a large number of possible classes. In the case of recommendation,
there is typically a large inventory of items available to recommend to the user, and thus we train our skip-gram model
using negative sampling. However, it is not uncommon that users frequently search exclusively within a particular
subdomain. For example, in hotel search, a customer looking to stay in Miami will focus on that market and rarely
across different markets. This motivates a more targeted strategy when selecting negative samples: we select negative
samples within the market that the target and context hotels belong to. Throughout this paper, a market is defined as a
set of hotels in the same geographic region. It’s worth noting that there may be multiple markets in the same city or

other geographical region.

3.3 Cold Start Problem

In practice, many hotels/items appear infrequently or never in historical data. Recommender systems typically have
difficulty handling these items effectively due to the lack of relevant training data. Apart from the obvious negative
impacts on searchability and sales, neglecting these items can introduce a Matthew’s effect where "rich get richer and
the poor get poorer". That is, the less these items are recommended, or the more they are recommended in inappropriate

circumstances, the more the data reinforces their apparent lack of popularity.
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Dealing with such hotels/items and choosing appropriate weights for them is referred to as the "cold start problem."
One of the main advantages of the enriched hotel2vec model over session-only approaches is its ability to better handle
cold start cases. Although an item might lack sufficient prior user engagement, there are often other attributes available.
For example, in our use case, thousands of new properties are added to the lodging platform’s inventory each quarter.
While we do not have prior user engagement data from which to learn a click embedding V¢, we do have other attributes
such as geographical location, star rating, amenities, etc. hotel2vec can take advantage of this supplemental information
to provide a better cold-start embedding. For newly listed hotels with no click-session information, one can simply
choose V. for new hotels at random and hotel2vec computes V, using the randomly initialized V. and the other hotel
attributes which are known even for recently listed hotels. In Section 4.4, we compare with the session-only model [11]
when setting V; as the average of other hotels’ embeddings in the same market and show a 70% gain on Hits@10 for

the cold start hotels.

4 EXPERIMENTAL RESULTS

In this section, we present several experiments to evaluate the performance of the trained hotel2vec embeddings. We
refer the reader to next Section 5 for results on an online A/B testing. Before diving into the details of the experiments,

we first describe the dataset and model parameters.

4.1 Experimental Framework

4.1.1 Real-world large-scale dataset from Expedia Group, a leading Online Travel Agency (OTA). Our dataset collected
in 2019 (pre-Covid period) contains more than 65 million user click sessions, which includes more than 1.4 million
unique hotels. A click session is defined as a span of clicks performed by a user with no gap of more than 7 days for the
same destination and search parameters. Data are summarized in Table 1. We randomly split the sessions into training,

validation, and test with a ratio of 8:1:1.

Table 1. Dataset statistics.

Number of user click sessions ~ 65M
Number of unique hotels 1.4M
Avg # of clicks per user session 6
Min. # of clicks per user session 2
Max. # of clicks per user session 50

4.1.2  Experiment configuration. We use a system with 64GB RAM, 8 CPU cores, and a Tesla V100 GPU. We use Python
3 as the programming language and the Tensorflow [1] library for the neural network architecture and gradient
calculations. All weight matrices are initialized with a he_normal [17] initializer, and click embedding vectors are
initialized uniformly at random. As mentioned previously, Ly-regularization is applied on the weights which we add in

the loss function.

4.1.3 Downstream tasks. In the following sections, we provide the performance evaluation of our trained embeddings
on several experimental tasks. We start with the quantitative results focusing on the next-item prediction task based on

model’s output probabilities (Section 4.2.1) and cosine similarity (Section 4.2.2), then present some qualitative results.
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We also evaluate each model’s performance on the cold start problem and provide insights on the effect of some of the

hyper-parameters.

4.1.4 Comparison against state-of-the-art embedding baselines. For next-item prediction task based on cosine similarity

in Section 4.2.2, we compare results against the following embedding methods:

o the state-of-the-art session-only model proposed in [11]. As explained in Section 2, this model can only learn
from historical user click sessions without direct use of the item’s attributes.

e our hotel2vec which combines both hotel/item attributes and the click session data.

e Matrix Factorization (MF) approach [23], where we factorize the matrix of the co-occurrence of the clicked hotels.
Specifically, we factorize the log of the co-occurrence matrix.

e Cleora [33] and,

e graphSAGE [15] presented in Section 2. We used the implementation from Stellargraph 2.

For all considered experiments, we tune the hyperparameters of all models on the validation set. In particular for
the state-of-the-art baseline session-only model [11], we search for a learning rate from {0.01,0.1,0.5, 1.0, 2.5} and
embedding dimensions from {32, 128}. To train the model weights, we use stochastic gradient descent (SGD) with
exponential decay (power=0.99 and staircase steps per 40k training steps) since it performed better than other optimizers
in our case, and a batch size of 1024. We found that a learning rate of 0.5 and an embedding dimension of 32 worked
best. Hence, throughout the remainder of the paper, all embeddings will have dimension 32.

For hotel2vec, an initial learning rate of 0.05 worked best; for the dimensions of the embedding vectors, we found
that letting V;, Ve € R32, V, € R" and Vy € R3¢ worked best. For the multi-scale parameter in space2vec module we
tuned S to 16 and the output dimension to 28 with linear activation. For H3 layer we set the embedding size to 8 also.
These two representations are concatenated to form the geo-embedding part of the model. For both session-only [11]
and hotel2vec models, the number of negative samples is 2000.

For the MF approach we constructed the co-click matrix using a skip window of size 2 and factorized it with Alternate
Least Squares algorithm where we tuned the maximum iterations at 10 and the regularization parameter at 0.02. Note
that as the result are two matrices, one for the target hotel and one for the context hotel, we obtained the best results
by averaging the two corresponding vectors for each hotel in order to obtain the final representation.

To make fair comparison with graphSAGE, we choose then 200 neighbors to sample from the direct neighborhood
and 10 from the 2-hop neighborhood. Stellargraph’s implementation of graphSAGE samples as many negative as
positive neighbors. We then follow recommendations of the authors and set no dropout, Lz-regularization and ADAM
for the optimizer. The binary cross entropy loss is used for the link prediction task to learn the embeddings as well as

the sigmoid function for the activation.

4.2 Quantitative Analysis: Next-item prediction task

A robust metric for evaluating a set of hotel embeddings (or, more generally, any set of items displayed to a user in
response to an information need) is its ability to predict a user’s next click/selection. In this section, we compare our

model based on the Hits@k and MRR@k metrics in various cases.

Zhttps://github.com/stellargraph/stellargraph
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e Hits@k measures the average number of times the correct selection (i.e. the hotels clicked by the users in a
session) appears in the top k predicted hotels (i.e. the hotels with highest predicted probabilities, conditioned on
the current hotel).

o MRR@k (for Mean Reciprocal Rank) evaluates the average list quality of k items returned by the model (ordered
by predicted probabilities) by looking at the rank of the first correctly predicted item.

4.2.1 Next-item prediction task based on model’s output probabilities. We consider two main scenarios:

® Raw evaluation: We are given the current hotel clicked by the user, and we try to predict the next clicked hotel
among all approximately 1.4M hotels.
o Filtered evaluation: The second scenario is identical except we limit the candidates to hotels within the same

market.

For the last scenario, three simple baselines are also included where we rank the properties according to their average
guest rating and their last week and last year popularity which is the raw number of bookings that the property received
the last seven days and last twelve months respectively.

Table 2 shows Hits@k and MRR@k for k € {10, 100} for hotel2vec and Session-32 [11] approach. We also present
results for hotel2vec when we drop the geographical features.

We notice that hotel2vec outperforms the session-only model by a huge margin, demonstrating the utility of including
item attributes when learning embeddings. By removing the geographical part we experience a drop in all the metrics
for hotel2vec.

We also compare both models in the filtered scenario. This is a more realistic case because limiting hotels to the same
market reduces the effect of other information the recommender system can use to provide more relevant suggestions
to the user. Table 2b shows predictions results in the filtered scenario. The proposed hotel2vec model outperforms the

"highest rated" and "most popular” baselines with a large margin.

Table 2. Prediction results of the most likely hotel the user will click next among all possible hotels.

(a) Results for the raw evaluation (no restriction on the candidates).

Methods Hits@10 Hits@100 MRR@10 MRR@100
Session-32 [11]  0.1565 0.5352 0.0512 0.0689
hotel2vec-no-geo  0.1763 0.5585 0.0587 0.0728
hotel2vec 0.1807  0.5671 0.0604 0.0746

(b) Results for the filtered evaluation, when hotel candidates are restricted to the same market as the current hotel.

Methods Hits@10 Hits@100 MRR@10 MRR@100
Highest Rated 0.0158 0.0102 0.0029 0.0032
Most Popular (last year) 0.0739 0.1789 0.0187 0.0230
Most Popular (last week) — 0.0928 0.2397 0.0233 0.0292
Session-32 [11] 0.1583 0.5562 0.0605 0.0752
hotel2vec 0.1998 0.5987 0.0675 0.0825
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As demonstrated by Table 2, the hotel2vec model outperforms the baseline session model from [11] significantly in
both scenarios. This shows the effectiveness of hotel2vec in incorporating both click sessions and item/hotel attributes

for better recommendations.

4.2.2  Next-item prediction task based on cosine similarity. In this section, rather than using the model’s output probabil-
ities to induce a ranking over hotels, we measure Hits@k and MRR@k over the ranking induced using cosine similarity
of the embedding vectors. This is useful in scenarios where it is not feasible to directly use the model’s probabilities.
In particular, it is easier to compare the different baselines based solely on the embeddings, that is why we present
here more competing baselines. Table 3 shows the results for various embeddings: Session-32 [11] and hotel2vec but
also Cleora [33], MF [23] and graphSAGE [15]. The simple baselines "Highest rated", "Most Popular (last year)", "Most
Popular (last week)" which are not embedding approaches were removed since they were already performing poorly in
the previous experiment. For conciseness, we focus only on the raw evaluation scenario.

Hotel2vec embeddings achieve the highest performance. We believe that bad performance obtained by graphSAGE is
due to its scalability issue. By increasing the number of sampled neighbors, it would probably increase the metrics’results

but training time would be prohibitive (about 150h of training were already needed to obtain these results). We also see

Table 3. Results of predicting the next click among all possible hotels using cosine similarity of the vectors (raw evaluation scenario).

Vector used in cosine similarity Hits@10 Hits@100 MRR@10 MRR@100

graphSAGE [15] 0.0040 0.0212 0.0009 0.0014
MF [23] 0.964 0.4689 0.0297 0.0417
Cleora [33] 0.1360 0.4160 0.0350 0.0449
Session-32 [11] 0.141 0.491 0.0389 0.0512
hotel2vec 0.1676  0.5341 0.0413 0.0546

from Table 3 that using cosine similarity instead of the whole network does not result in a huge decrease in performance.

4.3 Qualitative Analysis

The learned hotel embeddings can be used for recommending similar hotels in various situations. In this section, we

show examples of how these embeddings are helpful with real examples of hotels from our dataset.

4.3.1 Visualization of embedding clusters. To further illuminate the nature of the embeddings learned by the hotel2vec
model, we examine a low-dimensional projection (UMAP [27]) of hotel embeddings in the Miami market (Fig. 2b and 2a).
The colors signify the grouping of hotels into various competing subcategories (i.e., similar hotels), manually annotated
by a human domain expert. The hotel2vec model is significantly better at clustering similar hotels than the session-only
model [11].

4.3.2 Finding the top-k most similar hotels. A common scenario is finding similar hotels to a target hotel in other
destinations. For example, when the user searches for a specific hotel name (e.g., Hotel Beacon, NY) we would like
to be able to recommend a few similar hotels. The learned embeddings can be used to find top-k most similar hotels
to a given one. Given a target hotel h, we compute the cosine similarity of every other hotels with h and pick the
most similar hotels. Rigid evaluation of this system requires A/B testing; here we show a few examples comparing our
hotel2vec embeddings and the session-only [11] embeddings in Fig. 3 to provide some intuition for the behavior of the

two models.
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Fig. 2. Low-dimensional visualization (UMAP [27]) of hotel embeddings from the Miami area. Different colors represent expert
annotations of competing hotels. Our model has successfully captured most of the similarities.
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Fig. 3. Example of recommendations based on cosine similarity of hotel2vec embedding vectors. Ranking by the session-32 [11]
model placed 3'd before 15 (3,1,2), though it is a hostel, cheaper, and has a lower user rating than the target hotel.

4.4 Addressing the Cold Start Problem

Here we analyze how well the model learns embeddings for hotels with no presence in the training data. To demonstrate
the effectiveness of our model, we compare the hotel2vec’s Hits@k with the session-only model [11]’s Hits@k, for
target hotels that were absent during training for same-market predictions (filtered evaluation). For hotel2vec, cold-start
concerns the V; embedding associated to co-clicked properties within the same session. We use a simple heuristic
for cold-start imputation and compare the results with hotel2vec model for cold-start hotels. To impute vectors for
cold-start hotels, we borrow the idea in [11] and use price, star rating, geodesic distance, type of the property (e.g.,
hotel, vacation rental, etc.) size in terms of number of rooms, and the geographic market information. For each imputed

property, we collect the top 100 most similar properties in the same market based on the above features, considering
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only those properties that fall within a radius of 5km of the target hotel and for which we have an existing V; (resp.
session-32) embedding. We then average these embeddings to obtain the V; (resp. final) embedding of the hotel to
impute. Results are shown in Table 4. The proposed enriched embedding by hotel2vec model significantly outperforms

the session-based embeddings for cold-start hotels.

Table 4. Cold start experiments: Same-market prediction results when the target hotel is an unseen hotel, click embeddings imputed
by averaging the top-100 similar hotel embeddings in market.

Imputed Hits@10 Hits@100 MRR@10 MRR@100

Cleora [33] 0.0131 0.0067 0.0019 0.0022
MF [23] 0.0196 0.0380 0.0053 0.0061
Session-32 [11] 0.0296 0.0632 0.0079 0.0093
hotel2vec 0.0513 0.1248 0.0132 0.0162

4.5 Training Convergence Analysis
In this section, we first look at the learning curves for both the session-32 [11] and hotel2vec models. Then, we analyse

the effect of N (number of negative samples), and Ir (learning rate) alongside the optimization algorithm on the

performance of our model.

4.5.1 Learning curves. Fig. 4 shows the overall training progress of both the session-32 [11] and hotel2vec models with
their respective best hyperparameters optimized for Hits@100. Our model achieves similar performance with fewer
data.

Hotel2vec Hits@100 and val. loss Session-32 Hits@100 and val. loss
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Fig. 4. Training progress of both models the session-32 [11] and hotel2vec models with their respective best hyperparameters
optimized for negative sampling loss on validation set and Hits@100.

4.5.2  Number of negative samples. An interesting phenomenon is the effect of increasing the number of negative
samples on training time and accuracy. Although it takes more time to create a large number of negative samples, as

Fig. 5a shows, using more negative samples results in faster training times.
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4.5.3 Learning rate and optimization techniques. We show empirical experiments with various optimization algorithms
and learning rates, summarized in Fig. 5b. Surprisingly, we see that SGD with exponential learning rate decay outperforms
most optimizers with sophisticated learning rate adaptations. We believe this is due to large variance and overfitting in
the early stages of training. These issues have been observed in other tasks such as [8, 32], suggesting the need to use
tricks such as warm-up heuristics when using momentum-based optimization algorithms to learn embeddings on large,

diverse datasets such as ours.

05 ) //
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(a) Effect of negative sampling on prediction.

Higher number of negative samples results in faster ~ (b) Various optimization algorithms and learning rates. Sophisticated
training times. momentum methods seem to overfit to the early batches too quickly.

Fig. 5. Effect of negative sampling and optimization methods.

5 ONLINE A/B TESTS

We performed online tests on search ranking in order to evaluate the embeddings. Specifically, we use the embeddings
as input features in the ranking model. The model implements a neural architecture and takes as input search features
(destination, dates, number of travelers, etc.) and property features (price, geographical information, ratings, etc.). The
model is trained in the context of Learning to Rank with a pairwise loss approach and the main off-line metric is NDCG.

We performed two tests in order to validate the effectiveness of the embeddings. In the first test, we compared the
ranking model with hotel embeddings learned with the MF approach (described in Section 4) against the ranker that
was trained without hotel embeddings. This was our initial version of hotel embeddings.

In the next test we compared the ranker model trained with hotel2vec embeddings and compared against the ranker
that leverages MF embeddings. Note that these tests were ran in a sequential manner because the two approaches have
been designed one after the other.

Tables 5a and 5b present the results of the tests in terms of the main metrics, that is conversion rate (CVR) and gross
profit (GP). The first test had no effect in terms of CVR while it was significantly improving GP3. Our analysis showed
that this was due to the fact that the embeddings would favor better quality hotels which are slightly more expensive.

Table 5b shows the results of the second online test in terms of CVR and GP uplift. In this case we have observed a
positive uplift in terms of CVR while not hurting GP. Hotel2vec is able to capture better similarities and as a consequence
would help the ranker to propose properties with higher utility for the user. Also, the fact that we could impute hotels
that were not seen during training of hotel2vec had a positive effect as we observed an uplift on the main metrics for

new and less popular hotels.

3Disclosure of specific numbers was not allowed by Legal Department.
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After the tests were completed, as the ranking model is linear, we also looked at feature importances on logged
searches in order to understand the different behavior. We found out that hotel2vec features were 4 times more important
than the MF approach. This result reinforced the conclusion that hotel2vec can capture better similarities among hotels

which are later leveraged by the ranker in order to propose higher utility hotels for the user.

Table 5. Results of online tests.

(a) MF embeddings approach. (b) hotel2vec approach.
Metric  CVR GP Metric CVR GP
Uplift Neutral Positive Uplift Positive Neutral

6 CONCLUSION

In this work, we propose a framework to learn a semantic representation of hotels by jointly embedding hotel click
data, geographic information, user rating, and attributes (such as stars, whether it has free breakfast, whether pets
are allowed, etc.). Our neural network architecture extends the skip-gram model to accommodate multiple features
and encodes each one separately. We then fuse the sub-embeddings to predict hotels in the same session. Through
experimental results, we show that enriching the neural network with supplemental, structured hotel information
results in superior embeddings when compared to a model that relies solely on click information. Our final embedding
is composed from the stack of multiple sub-embeddings, each encoding the representation for a different hotel aspect,
resulting in a modular representation. It is also adaptive, in a sense that if one of the attributes or user ratings changes
for a hotel, we can feed the updated data to the model and easily obtain a new embedding. Although we mainly focus
on learning embeddings for hotels, the same framework can be applied to general item embedding, such as product

embedding on Amazon, Ebay, Netflix, or Spotify.
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